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FOREWORD
 

These Proceedings consist of the papers presented at the lEA Second International Conference 

on the Clean and Efficient Use of Coal and Lignite: Its Role in Energy, Environment and 

Life, which was held in 1-ong Kong on 30th November-3rd December 1993. The Conference 

was jointly sponsored and organised by the International Energy Agency, the Australian 

Department of Primary Industries and Energy, the Ministry of International Tradc and 

Industry of Japan, the United States Department of Energy, the United States Agency for 

hlternational Development, the US-Asia Environmental Partnership, and the United Nations. 

Supporting organisations were: China Light and Power Company, Exxon Energy, Hong Kong 

Electric Company, the World Energy Council and tile United States Energy Association. 

Over 250 senior representatives from 27 countries and economies participated in the 

C,nfercnce. Experts from the ministries and public entities of IEA countrics and the Asia-

Patific region were actively involved, in particitlar those responsible for decision-niaking on 

ener.y and environment policy, coal technology programmes and trade. Other participants 

includ,'d executives and managers of the coal industry, electric utilities, engineering and 

equipln t supply companies, financing institutions, and R&D organisations. 

The Conference was the successor event to the lEA International Conference on Clean and 

Efficient Use of Coal: The New Era for Low-Rank Coal which wits held on 24th-27th 

February 1992 in Budapest. 1-ungary. Energy and electricity demand in tle Asia-Pacific 

region has experienced extraordinary growth rates in the 1980s. In order for the Asia-Pacific 
region to meet increased power generation requirements, a concerted effort is being made to 

develop indigenous energy resources. Coal and lignite resources are available in several 

countries :und represent a major energy option. In this context, general aims of the IEA 

Conf'eren~ce in Ilong Kong were: to provide data on the economic, environmental, safety and 
technical aspects of modern day coal ard lignite production and Ltse throughout Member 

countries and identify the technological options for the Asi,-Pacific region; sugge.-,i methods 

for analysing energy needs of individual countries; anulysc factors that will influence 

technological choices; increase collaboration among industry and governments from IEA 
Member and other Asia-Pacific countries; facilitate the transfer to and incorporation of clean 
use of coal technologies in the region. 
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Conference participants looked at a wide range of specific options for improved technologies 
for coal and lignite production and use, as well as neans for financin', technology 
deployment, establishing and enhancing iaternational collaboration, meeting regional needs, 
and developing environmental response strategies for governments and industries. "Best 
practice" clean coal technologies applicable to the Asia-Pacific region were identi fiCd while 

oppoirtturities emerged for the ir.crased understanding of tile technical and non-tcchlnical 

barriers to introduct ion of such technologies. 

The analyses, evalLations and suggestions that were debated at the Conference, and are 
contained in this voluime of Proceedings, may not neccssarily reflect the views of the lEA. 
the 0EC D and their Member governinents. It is hoped, hwcver, that these proceedings will 
make a signil cait con tribu li on towards better tn deisltand ing of the prospects for clean coal 
technology progress and R & D initiatives that can be conside red at the national, regional and 
international level. 

Jack Siegel Sergio F. Garribba 
Acting Assistant Secretary Director 
Fossil Energy Energy Technology and R&D 
US Department of Energy International Energy Agency 
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FORMAL OPENING OF THE CONFERENCE
 

by 	 Sergio F. Garribba 
Director 
Energy Technology and R&D 
International Energy Agency 

Distinguished Conference participants, ladies and gentlemen, good morning to all of you. It is 
a pleasure and an honour to be here with Dr Jack Siegel, Assistant Secretary for Fossil Energy 
of the United States Department of Energy, to co-chair this IEA Second International 

Conference on the Celan and Efficient Use of Coal and Lignite: Its Role in Energy, 
Environment and Life. 

On behalf of the International Energy Agency, I also want to express our gratitude to those who 
contributed to the design, planning and organisation of this event: the Australian Department 
of Primary Industries and Energy, the Ministry of Intern.tional Trade and Industry of Japan, 
the United States Department of Energy, the United States Agency for International 
Development, the United States - Asia Environmental Partnership, and the United Nations. And 
I will not forget our co-sponsors, China Light and Power Company, Exxon Energy, Hong Kong 

Electric Company, the World Energy Council, and the United States Energy Association. For 
those of you who may not know the International Energy Agency (lEA), I should recall that the 
lEA is an inter-governmental organisation which was established in 1974 after the first oil shock 

in the framework of the Organisation for Economic Co-operation and Development (OECD) to 
promote the collective energy security of its Member countries and their environment through 

the establishment of free and open markets as a fundamental point of departure. The shared 
objectives of lEA Member goverilments are: to improve the world's energy supply and demand 
structure by developing alternative energy sources and increasing the efficiency of energy use; 
to maintain and expand systems for coping with oil supply disruptions; to operate a permanent 
information system on the international oil market and other sources of energy; to assist the 

integration of environmental and energy policies; to approach energy developments in a global 
context through co-operative relations with non-Member countries and international 
organisations. Countries co-operating as lEA Members are: Australia, Austria, Belgium, 
Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, Luxembourg, the 

Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United 
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Kingdom and the United States. The European Commissior also participates in the IEA's work. 

This is the second IEA International Conference on the Clean and Efficient Use of Coal and 
Lignite. The first Conference was held in Budapest, Hungary in February 1992 and generated 
and added momentum to a host of collaborative initiatives between entities from our countries 
and the corresponding interests in the countries of C..ntral and Eastern Europe, which after 
years of communist rule are finding their way towards a market-based economy. 

The Conference that we have here during these three days in Hong Kong is aimed at 
establishing once more a bridge towards the countries of South East Asia and the Pacific Rim. 
In tile announcement it was said that aims of this Conference are: to discuss current coal 
technology options to meet future energy needs ,f the Asia-Pacific regie;i through increased use 
of coal and lignite; to learn about the economic and environmental issues, regulations and 
legislation affecting tile use of coal and the market deployment of clean coal technology; to 
receive first-hand country-specific information on current energy situations and their anticipated 
evolution; to debate means for financing projects in the region; and to participate in the 
formation of international technology partnerships and transfer of knowledge. In essence, our 
shared goal is to develop a stewardship between those countries that intend to rely upon coal 
as a basic energy resource for their energy security, better environment and life quality. This 
Conference, I believe, will be an excellent forum to discuss the issues that are in front of us and 
to prepare options and practical mechanisms for enhanced international co-operation and 
promote progress in coal and lignite use and technology. 

As you can see from the Conference programme, after the welcome remarks, and during the 
entire morning session, we will have a series of keynote speeches that will set the tone of the 
Conference and define its leading themes. In the afternoon, another plenary session will address 
the Asia-Pacific coal use strategies, in particular the needs, plans and opportunities which 
characterise the present energy and economic context. Then, there will be seven regional forums 
on opportunities for international collaboration. Government policy makers and industry 
executives of the People's Republic of China, India, Indonesia, Republic of Korea, Malaysia, 
The Philippines, Thailand and Vietnam will provide attendees with first-hand information on 
and insight of coal development projects and prospects in their respective countries. Tomorrow, 
a second plenary session will focus on how to integrate clean coal technology into the energy 
systems of the Asia-Pacific region. Next, a first series of five parallel workshops will address 
key themes such as project financing, technology options and their evaluation, emissions control 
and coal preparation, regional needs, and environmental strategies. Each workshop will have 
two co-chairs and a rapporteur who should summarise the results of the discussion. Finally, a 
panel comprising various members of the press will put forward suggestions on how to inform 
the publiz and gain public acceptance. 
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The second series of five parallel workshops will be held during the morning of the third and 

last day of the Conference. The leading themes will include international co operation and 
partnership, technologies for coal desulfurisation and integrated gasification combined cycles, 
coal pyrolysis and fluidised bed combustion, regional needs and public outreach, and again, the 
environmental issues and strategies. The Conference will continue in the morning with a third 
plenary sessiun consisting of a panel of experts who will further debate how to respond to the 

environmental challenges in front of us and take advantage from opportunities. In the afternoon, 
we will have the closing session with reports from all the workshops and the closing speeches. 
This is a dense programme, prepared to offer plenty of opportunities for investigation, exchange 
of information, and new ideas upon which to build a better future for the TEA region and the 

countries of the, "d. 

Thank you Conference participants, ladies and gentlemen, for your attention. I declare this 

Conference open. I will now give His Excellency Mr Gordon Sin, Secretary for Economic 
Services, Hong Kong Governor's Office, the floor for the welcome to the Conference. Mr Sin, 
please have the podium. 
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INTRODUCTORY REMARKS OF 

DR. SAMUEL SCHWEITZER
 
U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT
 

AT
 

IEA Second International Conference on the
 
Clean and Efficient Use of Coal and Lignite
 

HONG KONG 
December 1, 1993 

Good morning:
 
The Honorable Christopher Patten, Governor of long Kong;
 
Your Excellency, Mr. Wang, Minister of Coal Industry,
 

People's Republic of China; 
Your Excellency, Mr. Salve, Minister of Power, India; 
Mr. Ji Chaozhu, Under Secretary General for Development Support and 

Management Services, United Nations; 
Mrs. Helga Steg, Executive Director, International Energy Agency; 
and, many distinguished guests': 

Ms. Margaret Carpenter, USAID Assistant Administrator for Asia and the Near East regrets very 
much not being able to be with us today. She has asked me to address you on her behalf. 

The U.S. Agency for International Development is pleased to have this opportunity to co-sponsor 
this critically important conference. 

We would like to thank and congratulate the organizers and co-sponsors of this conference: 
especially the International Energy Agency, Australia, Japan, the United Nations, the U.S. 
Department of Energy, and the many participating nations. You have assembled a remarkable 
program and an impressive audience. 

Clearly, one of the most significant problems facing Asia is how to provide the energy required 
for sustainable development while improving the environmental quality of the region. 

USAID firmly believes that partnerships between host countries, donor nations, multilateral 
development banks, and the private sector are the key to overcoming this problem. We recognize 
that private sector innovation and resources are important engines for development. 
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Cooperative action with the private sector enables tie public sector to magnify the impact of 
development assistance funds. Consequently, we are pleased that so many high level 
representatives have chosen to attend this conference. 

As you may know, the U.S. Government, under President Clinton, is firmly committed I() 
addressing environme~ital issues -- including global climate change, environmental degradation 
and biodiversity protection -- whose continued deterioration will undermine the sustainable 
productivity of both man and nature. 

USAID's new development strategy places great emphasis on the goals of achieving sustainable 
economic development and protecting the environment. The future role of coal must be seen in 
relation to both goals. We who aie attending this conference must find ways to ensure thAt clean 
coal technologies and practices are rapidky deployed through the region. Hopefully, this 
conference will enable us to find ways to establish new forms of collaboration between 
governments and the clean coal technology industry. 

We at USAID are convinced that this conference will improve our understanding of how the 
clean and efficient use of coal can contribute to environmentally sustainable development in Asia, 
and wish all of you a very successful and productive conference. 

- 24 



WORLD ENERGY OUTLOOK AND TECHNOLOGY CHALLENGES 

by Sergio F. Garribba 
Director 
Energy Technology and R&D 
International Energy Agency 

1. Introduction 

The present keynote paper is extracted from the recent IEA's World Energy Outlook to 
the year 2010. This outlook is part of the lEA Secretariat's periodic review of the medium and 
long-term trends for world energy demand and supply under a number of assumptions regarding 
the price of crude oil, economic growth, and a host of other variables. The paper is organised 
into three parts. First, there are the key assumptions regarding future economic trends and 
world energy prices. Second, is the energy demand outlook and the expected projections for the 
different energy sources, oil, natural gas, coal and solid fuels, nuclear and renewable energy. 
These projections are not a prediction of what will happen, rather they are a tool for policy 
makers to increase understanding about the way energy markets may work. Third, is the issue 
of greenhouse gas emissions, with the role of technology piogress and international co
operation. 

Forecasting energy developments is fraught with considerable uncertainty. The 
projections of the IEA's Energy Outlook are based upon an econometric model as adjusted by 
the best judgement of the IEA's Secretariat concerning, among other things, the availability of 
oil, natural gas and coal reserves, and their associated costs of production, and the future 
developments in transportation, power generation and other technologies. In addition, there are 
further determinants of energy markets that are impossible to predict with confidence. These 
include policy changes, the geological potential of unexplored regions, technological 
breakthroughs , the availability of non-commercial fuels in the countries of the rest of the 
world, government policies with regard to environment, and the future preferences of energy 
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users. The links between energy supply and demand, energy prices and economic activity are 
also imperfectly understood. Price and macroeconomic assumptions and their evolution in time 
depend upon a number of circumstances. In particular, the economic future of the New 
Independent States (NIS) and countries of Central and Eastern Europe is hard to predict. 
Because of all of these variables and the very long-term nature of most energy decisions, the 
following outlook is intended only to be indicative of the general direction and possible 
evolution of worldwide energy tuends. Its seeming numerical precision, therefore, must not be 
seen in isolation from the assumptions made or from the above noted uncertainties. Other 
scenarios are possible. 

The reference case energy projections given here can be seen as a likely outcome only 
if the many assumptions on which these projections are based come to reality. One of the key 
assumpi ns in this outlook is that the policy framework, as currently enacted, prevails. The 
policies adopted will depend to some extent on the underlying energy and environment outlook. 
Yet, it is unlikely that no new policy initiatives will be adopted over the next several years. In 
order to indicate the possible effects of policy, selected sensitivity analysis iP needed for 
instance, to show the effects of lower oil prices, or how carbon taxation and other 
environmentally-related measures may work. However, it is beyond the scope of this keynote 
paper to examine detailed policy packages that could ultimately modify or even reverse many 
of the trends presented. 

2. Macroeconomic Assunq)ions 

Notwithstanding current uncertainties about short term economic prospects, the IEA's 
Outlook to 2010 expects modest gross dlomestic product (GDP) growth when compared to past 
trends. This general slowdown in growth reflects the maturing of OECD economies, 
particularly in the OECD Pacific countries, where long-term GDP growth slows to 2.9 per cent 
per year compared with 4.2 per cent growth from 1971 to 1991. Western Europe and North 
America are expected to grow at an average rate of just over 2 per cent over the next 17 years. 

The current economic slowdown in the OECD is expected to have an adverse short-term 
impact on growth in the rest of the world. In the longer term, however, the developing 
countries are assumed to grow at an average of 5.1 per cent per annum, although this hides 
considerable regional variations. For example, China is assumed to grow at 7.6 per cent per 
annum, East Asia at 5.8 per cent, and Africa at 3.4 per cent. In general, the growth prospects 
for the non-OECD Asian economics remain the brightest. Nevertheless, the NIS and the 
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countries of Central and Eastern Europe, do not lend themselves to the kind of economic 

analysis undertaken for the OECD and the developing countries. Historical data for the principal 
energy flows in the era of central planning provide little guidance during a period of transition 
to a market economy or to energy production and use once tie transition is complete. 

Furthermore, the dissolution of the Soviet bloc and the ending of the rouble-doninated bilateral 
trade between the NIS and Central and Eastern Europe and, later, the collapse of inter-republic 
trade associated with the break-up of the NIS introduced a number of logistical and financial 

constraints on the supply side of many of these former centrally planned economics, the effects 
of which are likely to impinge on domestic energy demand for some time. 

In view of the uncertainty surrounding both the NIS and some countries of Central and 
Eastern Europe, the projections herein used represent a best guess of the likely path of energy 
production and use for the period to 2010. In many countries in Central and Eastern Europe, 
where reforms started earlier, GDP has already fallen significantly. It is assumed not to fall as 
dramatically in the next few years as the NIS and Central and Eastern European economies are 
also assumed to grow at a faster rate thereafter. The hypothesis is that GDP in Central and 
Eastern Europe will show more lively growth into the first decade of tile next century. GDP in 

the NIS is assumed to fall rapidly until 1995 when GDP will be no more than 65 per cent of 
its 1990 level. Industrial output and energy demand will follow the decline of GDP with a 

substantial contraction of heavy industry. The NIS economy is assumed to recover after 1995 
but, even by 2010, it would only be 12 per cent larger than in 1990. With progressing market 
reforms, and as energy prices continue to approach world levels, the energy structure of the 
region moves towards that of OECD economies. Thus, during the recovery process, energy 

demand growth is concentrated on light industry, the residential and commercial sector, and 

transportation. Consequently, energy intensity in the NIS and Central and Eastern Europe 
resumes it decline after 1995. 

Oil production in the NIS is currently below 7.5 million barrels per day, down from a 

peak of 12.5 million barrels per day in the years 1987 and 1988. This is expected to fall further 

over the medium term before picking up in the later part of the outlook period. But oil 
consumption is assumed to continue falling until 1995, before beginning the raise in the late 
1990s and beyond. As a result, net oil exports from the NIS are assumed to remain in the 
region of 2 million barrels per (lay. Gas consumption is also expected to show some reduction 

by 1955. This and the growing potential importance to the Russian economy of gas revenues 
mean that it is likely that gas exports from the NIS will be able to meet a large proportion of 
incremental demand in both OECD Europe and Central and Eastern European countries. 
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3. Energy Price Assumptions 

The reference case outlook is based on an average lEA imported crude oil price rising 
gradually to $30 per barrel by 2005, and remaining constant thereafter. Unless otherwise stated 
all prices refer to constant 1993 US dollars. A 1993 price of $30 is close to the average price 
between 1974 and 1992 and just over half the level of the 1980-81 oil price peak of nearly $55 
per barrel. To reflect possible capacity pressures, the rise in prices is assumed to be faster in 
the 1990s. 

The above reference case oil price is significantly below that of the lEA Secretariat's 
1991 energy outlook where it was assumed that oil prices would rise to slightly above $38 by 
2000 ($35 in $1990), and stay at that level beyond that date. The reduction in the assumed 
reference oil price reflects, to some extent, an optimistic supply outlook (i.e. gL iogical 
prospects), as many countries that were basically closed to OECD-originated capital and 
technology until very recently, are gradually opening up. Also major producers such as Saudi 
Arabia currently seem to be paying more attention to maintaining their market share rather than 
to supporting a specific crude price level. 

An alternative crude oil price assumption which is examined in the IEA's World Energy 
Outlook (and not presented in this keynote paper) has crude oil prices, in real terms, averaging 
$20 per barrel throughout the period. This is approximately or slightly above the current price 
level. The flat real price scenario implies a more substantial increase in demand over the 
outlook period and, consequently, an increased call on the production of regions with large, 
relatively inexpensive oil resources, like Middle East and Venezuela. In addition, the low oil 

price scenario would reflect greater optimism on the part of industry regarding improvements 
in oil exploration and production technology. Yet, there is little doubt about the geological 
potential to satisfy the world's oil requirements tinder this scenario, but the timely undertaking 
of the large investments required and the willingness of some countries to allow the required 
sharp increase in the exploitation of their oil reserves may be questioned. 

The assumption of very smooth oil price increases should not be interpreted as a 
prediction of smooth developments in the oil markets. There is no reason to expect that the oil 
price will be any less volatile over the next 17 years than it has been since 1974. Indeed, the 
weakened link between crude oil prices and the prices that consumers of oil-derived products 
face has led to an oil demand that is rather insensitive to price changes and may have increased 
the role of supply responses and the scope for price volatility. The link between crude oil 
prices and the prices of oil-derived products in OECD countries has been weakened by the 
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introduction over many years of significant taxes on most products. For example, the price of 
crude oil can be as little as 10 per cent of the price of gasoline produced from a barrel of oil. 

Concerning natural gas, the producer gas price in the United States is assumed to rise 
rapidly in the 1990s and to reach aplateau of $3.5 per million BTU. This trend reflects a sharp 
change int the perception of the availability in North America of gas resources at a relatively 
moderate cost. The prices at which gas is imported into Europe and Japan are expected to rise 
broadly in line with crude oil prices. In thermal equivalent terms, LNG is assumed to remain 
the most expensive form of primary energy in Japan. Little growth in the prices of 
internationally traded coal isanticipated, despite the growth of imports into Europe and Japan. 
The increase in coal demand in North America will necessitate a substantial rise in the 
minemouth price. Regardless, coal will remain the least expensive form of primary energy in 
the OECD region. 

4. The Energy Demand Outlook to 2010 

Under the reference case scenario, OECD total energy demand is forecast to grow at a 
moderate average rate of about 1.3 per cent per year over the period to the year 2010. Energy 
demand in the N!S and Central and Eastern Europe will slightly exceed its 1990 level by 2010. 
Between now and 2010, total energy demand in the rest of the world isprojected to grow at an 
average rate of 4.0 per cent per annum, which is significantly faster than in the OECD. This 
would imply a fall in the OECD share of world energy consumption from 53 per cent to 46 per 
cent. Rapid growth in energy demand among developing countries is projected to occur for 
several reasons: rapid growth in population and economic activity; increasing industrialisation 
and road transportation; and diminishing availability of non-commercial sources of energy. The 
less developed countries, especially, consume significant quantities of non-commercial biomass 
fuels ;t present. The consumption of these fuels is difficult to estimate. However, the present 
outlook assumes that incremental demand in the rest of the world will increasingly be met by 
commercial-type energy. 

The share of oil in total world energy requirements is expected to continue to decline 
as it has since 1973. The share of oil in OECD countries would aLo diminish from about 42 per 
cent in 1990 to 38 per cent in 2010, and a similar change is projected for the rest of world. 
The share of natural gas in total world energy requirements is expected to rise by about 
3 percentage points, from 21.6 per cent to 24.2 per cent, with the largest increase occurring in 
the rest of world (which excludes the NIS and Central and Eastern Europe), namely from 12.6 
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per cent to 17.6 per cent. Solid fuels'
 
contribution to total world energy
 
requirements is expected to remain fairly WORLD PRIMARY ENERGY SHARES
 
constant at about 29 per cent. Moreover, on
 
a worldwide basis, the shares of nuclear
 
and hydro will remain relatively constant
 
and satisfy smaller percentages of world
 

energy requirements. 

5. Oil 

The IEA Secretariat's analysis points 
to a moderate rise in world oil derand 171 l0 I oo 
over the period to 2010, under the 
reference case assumption of oil prices 
rising to $30 per barrel by 2005 and remaining flat thereafter. World oil demand would be 
expected to rise at an average rate of about 1.9 per cent per annum over the period, with the 
rate of growth being higher over the medium term and lower over the latter part of the period. 
Oil demand is expected to rise rapidly in the countries of the rest of the world (3.5 per cent 
per annum), largely because of rapid population growth, ,irbanisation and greater transportation 
needs. One of the reasons for the relatively rapid growth in oil use is the lack of established 
infrastructure for natural gas (e.g., pipelines, port facilities, etc.). Demand will increase less 
in OECD countries (0.8 per cent per annum). As a result, the non-OECD share of world oil 
consumption could rise from 44 per cent in 1990 to about 52 per cent in 2010. 

In the reference case, the increase in OECD oil demand is expected to come mainly from 
the transport sector (road and air transport) which would grow at an average rate of about 
1.5 per cent per annum over the outlook period. It accounts for almost all of the incremental 
oil demand in the OECD. The trend towards a lighter barrel, together with the many recent 
changes in legislation regarding the quality of transportation fuels, implies large investment 
requirements in the refinery sector. 

With OECD oil production expected to decline, future growth in oil demand is projected 
to be met by non-OECD oil production with the main growth area continuing to be the Middle 
East. The ongoing trend towards liberalisation in upstream regimes will facilitate the expansion 
of OPEC and non-OPEC production with the attendant benefits of supply diversification. lEA 

- 30



governments can assist in this by 
encouraging asound basis for investment in 
production capacity in non-OECD WORLD OIL CONSUMPTION 
countries, and, in particular, in the New 
Independent States, to arrest the decline in 
their production. Successful completion and 
implementation of the European Energy -
Charter and other co-operation agreements 

may contribute to achieving this objective. 40' 

Continuing growth in oil demand -

and reduced 
Middle East 

product 
and the 

exports from the 
New Independent 1,71 1o 1 M 2010 

States has led to increasing refinery OEM WW-C° 

throughput and acorresponding decrease in 
spare capacity. However, the refinery 
industry demonstrated its flexibility in the Gulf crisis and this flexibility has been enhanced by 
continued investment in upgrading facilities and by the beneficial effects of more transparent 
markets. While most of the additional global refinery capacity in the coming decade isexpected 
to be built in those non-OECD regions with the highest oil demand growth, most of the 
substantial investments in the OECD refinery industry would assist in meeting stricter 
environmental standards. 

6. Natural Gas 

Demand for natural gas is expected to grow rapidly in most IEA countries over the next 
two decades. This anticipation of expanded gas use mirrors, in some respects, the rapid post-
Second World War increase in oil use: ease of handling and other technical and economic 
attributes were to oil in the fifties and sixties, as the technical, resource and environmental 
attributes are to gas n the current policy and economic environment. The expansion of natural 
gas could entail significant environmental benefits by reducing atmospheric emissions. In the 
OECD region, the fastest growing area will be in gas-fired power generation by utilities and 
cogtiteration by independent producers. The possibilities of natural gas playing a more 
important role as a vehicle fuel before the end of the century are improving. In the longer tern, 
there aie prospects of reducing the share of oil in the tansport sector, while in the shorter term 
there will be use in the production of oxygenates for gasoline reformulation. 
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World natural gas markets tend to be 
regional and largely unconnected, with Gas Demand inOECD 

different resource prospects, transportation 
systems, costs and demand patterns. The 

regional nature of gas markets is 2n important ?-

factor that increasingly binds OECD energy -
markets to neighbouring non-OECD natural -

gas producers and consumers. The further1 
development of these regional gas markets will I 
depend on the cost of developing the gas and 
transporting it, and on the value attached to 
natural gas in the end-use. I 

AuPrft OECOEuro NorthA"-

Physical reserves of natural gas in the 
areas supplying the IEA countries are 
abundant and overall the IEA is less reliant on gas imports than it is for oil. However, the 
distribution of reserves varies among Member countries. Also, many Member countries are 
counting on the increased use of natural gas, along with energy efficiency, to help achieve their 
environmental goals. The consequence, except perhaps in North America, will be a greater 
dependence on imported gas, with a tendency for more costly supplies to come from more 
remote areas. This has implications both for prices and for energy security. In certain regions, 
longer and larger supply chains, with more transit countries involved, inevitably complicate the 
process of delivering gas to markets. As to price, there will be increased focus on more cost 
effective solutions both in production and in transportation but even then there is likely to be 
some upward pressure. The cost of producing and transporting new gas supplies to the market 
especially in the case of LNG, may present an obstacle to additional major expansion of the gas 
market. 

The development of more competition in the production, transportation, trade and sale 
of natural gas would help to ensure the exploration, development and production of gas 
resources when and where commercially justifiable and would encourage flexibility in the 
natural gas industry and in gas markets so that adaptation to changing .ircumstances can take 
place. The long-term availability, deliverability and security of sources of gas supply will, of 
course, have to be taken into account. Governments will need to satisfy themselves that 
adequate steps have been taken by the gas industry (for instance, in diversification of supplies, 
investment in storage and development of new technologies) to ensure that gas supplies are as 
reliable as possible. It is projected in the reference case that the share of NIS natural gas in total 
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gas consumption of OECD Europe will be maintained at current levels. Consequently, the 
foreign exchange potential from natural gas will most likely exceed the importance of oil for 
the NIS. 

7. Coal and Solid Fuels 
Coal Demand In OECD 

Sources of coal and solid fuels are __ 

widespread, providing both secure indigenous : _ 

supplies to those countries with such resources I 
and the opportunity for coal importers to make 
commercial arrangements with a diversity of Z 
suppliers. Over the period since 1973, coal 4W 

has increased its share of total OECD primary 
energy consumption from 22 per cent to 25 
per cent, mainly due to the substitution of 
steam coal for fuel oil in electricity A"VKFK OECDEow N , 

generation. In addition, international trade in 
coal is highly competitive. The prices of 
internationally traded coal are determined mainly by supply and demand in coal markets ratier 
than by movements in oil prices, as was demonstrated during the Gulf crisis when traded coal 
prices and volumes were largely unaffected by events. Considerable progress has been made 
in the last several years in reducing barriers and other distortions, and in restructuring of high
cost coal production heretofore supported by government financial aids. Many barriers to trade 
nonetheless remain: these need to be further reduced with a view to their elimination, although 
the social, economic and regional impacts of mine closures require continuing attention. 

According to the most recent IEA's Coal Information report, coal demand fell 1.2 per 
cent in the OECD countries in 1992 compared with 1991. As total primary energy supply grew 
slightly (0.6 per cent) coal's share of this supply fell slightly to 21.3 per cent. Total electricity 
generation rose 'o 7.248 TWh in 1992, a gain of 0.6 per cent over 1991. Coal-fired electricity 
generation, which accounts to over 70 per cent of coal consumption, was up 0.4 per cent, while 
generation from natural gas and nuclear power rose 5.5 per cent and 1. 1 per cent, respectively. 
Generation from oil fell 0.5 per cent. World steel output declined by 2.6 per cent in 1992 to 
717 Mt. 

Conversely, world hard coal production in 1992 is estimated to have increased by less 
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than 1 per cent over 1991 levels to reach 3.499 Mtce. Production in OECD countries 
contributed 35 per cent of total world production; about the same level as in 1991. The main 
developments in 1992 included in the continued decline in production in Central and Eastern 
Europe, Russia and the Ukraine (down 27 Mtce in 1992), the continued restructuring of the coal 
industries in the European Union, particularly in Germany and the UK, and the rise in 

production in several non-OECD countries, mainly in Asia, such as China, India and Indonesia. 
China remained the world's largest coal producer with an output of 1 095 Mtce in 1992. 

About 11.5 per cent of world hard coal production in 1992 was traded on the 
international market, reaching 403 Mtce, for a gain of less than I per cent over 1991. The 
overall trend masked the diverging developments in seaborne trade and overland trade, however. 
The overland trade, largely consisting of trade between the United States and Canada, within 
the European Union and within Central and Eastern Europe, declined, while seaborne trade rose 
further to 361 Mtce, about 5 Mtce above 1991 levels. Worldwide total steam coal exports, at 
235 Mtce, were 12 Mtce higher than in 1991, although seaborne trade rose by 14 Mtce. 
Australia and South Africa remained the largest exporters, with about 25 per cent and 20 per 
cent of the total market, respectively. The United States' exports declined. Indonesian steam 
coal exports more than doubled to reach 13.4 Mtce. 

As to the future, adequate low-cost, high quality coal supplies will be available into the 
next century. It can be recalled that based upon the lEA's Energy Outlook projections, coal and 
solid fuels' share in total energy requirements is expected to remain fairly constant at about 29 
per cent worldwide, and 25 per cent in OECD countries. Coal consumption in the rest of the 
world is expected to more than double between 1990 and 2010, with an average growth rate of 
3.7 per cent per annum. This implies about a 45 per cent increase in worldwide solid fuel 
demand. 

The growth in the developing countries which actually represents a deceleration when 
compared with the previous twenty years, will be spread unevenly among the various regions. 
Strongest growth is expected in East and South Asia where coal will play an increasingly 
important role in power generation as well as maintaining its share of final energy demand. 
China, the country with the largest hard coal reserves in the world, is expected to continue to 
expand both its production and consumption of solid fuels (3.0 per cent per annum to the year 
2000, and 2.8 per cent thereafter). It is anticipated that in view of the modernisation of the 
Chinese economy which is assumed to proceed throughout the forecast period, the weight of 
power station use in total coal consumption will continue to increase. Growth in coal 
consumption will also be robust in India, where coal will form the mainstay of the electricity 
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sector as well as an important form of energy for both industry and households. 

In the NIS and countries of Central and Eastern Europe, dislocations associated with 
institutional changes, together with the major contraction of the intra-bloc trade have resulted 
in a sharp contraction of the national economies and of domestic coal consumption. As with the 
other sectors of the economy, coal production and use are undergoing major structural changes 
in order to be competitive in the new economic environment. Both production and consumption 
of coal in this region are expected to decline over the outlook period. It should be kept in mind, 
however, that coal for most of the NIS and countries of Central and Eastern Europe represents 
a major if not the only indigenous energy resource. A fact which is likely to be a mitigating 
element in the decline of coal use. 

OECD total coal production between 1991 and 2000 is forecast to grow at 0.6 per cent 
per year to approximately 1460 Mtce (870 Mtoe) in 2000. Beyond this, growth is expected at 
an annual rate of 1.3 per cent to 2010. There are, however, considerable regional differences. 
Coal production in North America is forecast to grow 1.3 per cent per annum to 2000. In 
Australia, the level of coking coal production in 2000 is forecast to remain almost unchanged 
compared to its 1991 level, while steam coal output increases by 43 per cent. A large share of 
the incremental steam coal production would be exported. These long-term production and 
export increases will depend to a certain extent on tile development of new mines, which 
actually will only be triggered by adequate price levels. Inthe European Union, coal production 
is expected to drop by an unnual average of nearly 3 per cent. A general trend toward 
restructuring of the coal industry isnow acommon feature of most Western European countries. 

In general, the power generating sector will remain the overwhelmingly predominant 
market for coal throughout the period. Consumption of solid fuels in power stations in the 
OECD is forecast to increase by an average of 1.5 per cent per annum to 2010. With the 
deceleration in the rate of expansion expected for nuclear capacity, coal will remain the major 
alternative for base load generation. This should be particularly the case once oil and gas prices 
start rising in real terms with hard coal prices following only very partially. The cost 
effectiveness of hard coal vis-A-vis hydrocarbon fuels, especially in North America, and its 
siting flexibility when compared with brown coal or hydro should ensure, environmental 
standards notwithstanding, hard coal's share of power generation at a high level even after the 
turn of the century. 

Nevertheless, coal and solid fuels are affected by tightening environmental requirements 
and competition from other fuels. Available technologies are extensively used to control 
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particulates, SO 2 and NO. emissions. Coal burning electricity generating plants with additional 
environmental control facilities are broadly competitive with other baseload plants in many 
countries, though competition from gas is increasing. Noxious and CO 2 emissions from coal
firing can be reduced by using clean coal technologies that have higher conversion efficiencies 
and cleaner-burning characteristics. It is the responsibility of coal producers, electric utilities 
and plant manufacturers to ensure the commercial availability of these technologies. 

Governments will need to recognise the economic and energy security advantages of the 
low-cost, extensive and secure availability of coal together with the variety of high efficiency 
technologies now available and in prospect for its cleaner use in the light of concerns over 
possible impacts on climate change. Progress in expanding international co-operation, 
information exchange, and technology commercialisation and transfer can contribute to raising 
the efficiency of coal production and use in developing countries and countries in transition to 
market economy, as well as in lEA countries. 

8. Power Generation 

Electricity demand in the OECD 
continues to grow strongly. Its share of total Electricity Generation by Fuel 
final energy consumption has more than ToW,(OECD 

doubled since 1960 and appears bound to "4
 
increase. Substantial new generating capacity - 71 ii i i .i .I, , : : :
 

will be required even with significant ...... .
 

improvements in end-use and generating .
 

efficiency. The environmental debate tends to .
 

focus on the electricity sector, a highly visible I
and easily regulated source of pollutants. In 91995 2000205 2010
 
fact, further electrification has the potential to 0 .Sa F is NauralGS 

benefit both the environment and economic
 

growth - electricity is a clean source of
 
energy at its point of use and opportunities for
 

mitigating its environmental consequences
 
exist on the supply side as well as through improving the efficiency of fuel consumption,
 
changing the fuel mix, and introducing and strengthening demand side management practices.
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Electricity, in its generation, transmission and end-use, is a major area of technology 
progress. Govern:nents have a special role in ensuring that safety, efficiency and the reduction 
of pollutant emissions are overriding attributes of new technologies. There are many advantages 
from electricity interconnection and trade in terms of security of supply and economic 
efficiency. Governments should encourage their electrical industries to participate with 
neighbouring utilities, where inter-connectable, to maxinise the efficiency of plant utilisation. 
The move towards a sepai ation of the various elements of the vertically-integrated electric utility 
industry in some countries is increasing the scope for competition in generation and affecting 
the fuel mix of the new generating capacity being developed. While the choice of fuel for new 
generating capacity will be based on local circumstances, well-diversified fuel sources will be 
required to improve energy security. Governements need to address public opposition to siting 
new facilities that will otherwise limit the availability of future capacity. 

Since electricity can be produced from a variety of fuels, itcan also contribute to energy 
security, so long as fuel switching capabilities are maintained. Electricity is also the only 
effective way of using such sources of energy as nuclear and some renewable. But due to the 
limited expansion of power generation from nuclear and hydroelectric sources, and the limited 
economic viability of other renewable sources, total fossil fuel-based generating capacity in the 
OECD will grow faster than total capacity (by 1.6 per cent per annum in the 1990s and by 2.7 
per cent per annum thereafter). As a result, the share of the fossil fuel capacity will increase 
from 61.2 per cent in 1990 to 65.5 per cent in 2010. Among the fossil fuel-based capacities, 
oil capacity is expected to decline slightly in all OECD regions, while coal and gas capacities 
are expected to increasc significantly: gas capacity by 4.9 per cent per annum and coal capacity 
by 1.3 per cent per annum. In North America and Europe, gas will account for a large share 
of new base load capacity. In Japan, on the contrary, new coal plants are less expensive than 
combined cycle gas plants and, thus, zoal capacity will increase faster than natural gas capacity. 

Electricity demand in the OECD is forecast to rise by 2.2 per cent per annum (versus 
an average GDP growth rate of 2.4 per cent). An ilcreasing amount of output will come from 
natural gas, which is forecast to represent almost a quarter of all OECD electricity output by 
2010 compared to just over 10 per cent at present. All regions show an increase in the share 
of electricity generated by natural gas, but it is the most spectacular in Europe. From a share 
of 6.5 per cent in 1990, natural gas rises to 13.6 per cent of electricity output in 2000 and 23.7 
per cent in 2010. 

In the developing countries, electricity demand is forecast to grow by 5.5 per cent per 
annum. The growth in electricity demand will mainly be met by coal, which increases its share 
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in the output mix from 38.3 per cent in 1990 to 43.9 per cent by 2010, although gas also enjoys 
and increase in share from 8.9 per cent to 15 per cent. As it has been said, the result of the 
abundance of coal reserves in some developing countries and of the capital constraints wh, -h 
prevent significant nuclear or hydro expansion, is that growth in the non-OECD electricity 
demand is inexorably linked to an increase in coal inputs to power generation and all that this 
entails for carbon emissions. 

The future of electricity generation in the NIS and Central and Eastern Europe iseven 
more problematic to predict than it is for oil and natural gas production, primarily because of 
the uncertainty surrounding the tuture of nuclear facilities in that region. The outlook for 
nuclear power in the region reflects on one hand concerns about nuclear safety, the reduced 
need for power generation brought about by economic restructuring and inadequate availability 
of funds for investment in large capital projects such as power plants. On the other hand, some 
Central and Eastern European countries with limited indigenous resources are concerned about 
asecure supply of electricity. In aggregate, nuclear power isassumed to decrease from around 
40 gigawatts of installed capacity at present to just over 30 gigawatts by 1995. Thereafter, some 
new nuclear plants will be built which gradually increases total installed capacity to more then 
40 gigawatts by the end of the outlook period. 

Conversely, in the OECD region, nuclear er.ergy will continue to make a substantial 
contribution to the diversification of energy supplies as it is a proven technology that emits no 
sulphur dioxide, nitrogen oxides or greenhouse gases in power generation, thereby providing 
one means of response to the environmental challenges now confronting the planet. However, 
given the serious public concerns over nuclear safety and waste disptsal, nuclear's share is 
declining. Since 1985, there has been a slowdown in the rate of growth of nuclear capacity. 
Indeed, as the rate of closures of nuclear stations increases towards the end of the decade, and 
given the current low rate of addition to rmiclear capacity, it is expected that nuclear power's 
share of total electricity generation may hrve reached a tenpora'y peak. Some IEA countries 
intend to continue their nuclear construction programmes because they consider nuclear energy 
to be an important contributor to energy security and that it can play a significant role in 
reducing the growth of greenhouse gas emissions. Other countries are not developing nuclear 
power either because they have ample supplies of other fuels or for what they perceive as its 
potential adverse health and safety consequences. Also, in some countries the economics of 
nuclear power have appeared less favourable, compared with other sources such as natural gas. 
In a number of countries the development of nuclear power iseffectively in abeyance as these 
issues are debated. But, all lEA countries appear to agree on the necessity for continuing to 
apply the highest available standards of nuclear safety and to co-operate with the appropriate 
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international organisations. Losing the nuclear option would reduce the diversification 
opportunities that enhance energy security, and could increase the difficulty of meeting growing 
electricity demand economically and addressing global climate change. 

On the other hand, with regard to the amount of energy that renewable energy 
technologies presently contribute in most of the OECD countries, it is apparent how such an 
amount is quite small compared to the technical potential of the physical resource base. The 
limited technology progress, coupled with uncertainties regarding the economic viability of 
renewable energy resources, market factors and institutional constraints, account for their 
relatively small contribution. The main renewable source of electricity is hydroelectricity, 
though little potential remains for the development of hydro in the OECD region. Thus, its 
share of electric generation in lEA countries is expected to remain at its current level of around 
16 per cent. Non-n)drczc1ctriL; renewabL cieigy resources, in particular biomass, geothermal, 
wind, and solar energy, are increasing their contribution to the electricity generating mix, albeit 
slowly and from a low baseline. 

But new renewable energy technologies have a long-term economical and market 
potential. Heightened concern about pollutant emissions and growing recognition that renewable 
energy can further energy security and promote environmental objectives provide an impetus 
to efforts to deveiop, demonstrate and deploy renewable energy technologies. Incorporating such 
external factors as environmental and energy security concerns into energy system costs might 
enable renewable energy technologies to display improved economics, and therefore contribute 
a more significant proportion of their technical potential. Furthermore, because of the 
technological and economic challenges associated with facilitating the market entry of renewable 
energy technologies, the pace of application may depend highly on the degree of government 
support and international co-operative effort given to this strategic area. 

9. Energy Intensity and Efficiency 

IEA Member countries have improved the energy intensity of total final consumption 
(i.e. energy consumption per unit of real GDP) by 32 per cent since 1973 through changes in 
energy efficiency, structural and output changes in the economy, and fuel substitution. An 
examination of intensity trends by energy type (i.e., oil, natural gas, electricity) shows the 
change was not uniform among energy sources. Oil intensity improved the most, reflecting the 
importance that lEA Member countries have placed upon both improvements in end-use 
efficiency and substitution away from oil. Natural gas intensity also improved but electricity 
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intensity increased, in part due to the larger 
share of electricity in total final consumption. 

CH4GES INENERGY INTENSFY' 

Over the entire 1973-1991 period, the 
(1973-1991) 

-11 
pace of change in energy intensity vaied, 105 

exhibiting a particularly strong improvement 15 
between 1979 and 1983, while in recent years W 
it has been slightly less than the average 
exhibited over the entire period. In the years 7 

to 2010, overall energy intensity is expected to ... .FC 
continue to decline at an annual rate of about 6i 
one per cent. This decline is due to further n9731975 1977 U79 198 193 19 5 1987 1989 1991 

technological advances, the ongoing move in 
OECD economies toward less energy intensive 
sectors, and continued investments in energy 
efficiency. It also reflects the long-term price effects associated with the 1970s oil price 
increases through the continued roll over and replacement of old capital stock with newer more 
energy efficient equipment. The rate of decline in the OECD is expected to be less than the 
average in the previous twenty years. 

The apparent peaking in energy intensities of developing countries in the years 1990
1991 appears to be the result of the recession and not of any shift from the decline in energy 
intensity which had started in 1988-1989. In the developing countries energy intensity rose by 
over one per cent per annum from 1971 to 1990. In part, this can be viewed as the result of 
population and economic pressures which, together with limited financial resources, tend to 
reduce the flexibility of developing countries to take maximum advantage of improvements in 
energy production, distribution and consumption technologies. The projections for total energy 
demand for the rest of the world as a whole imply a decline in energy intensity for the period 
to 2010 of around one per cent per annum although this estimate disguises some large regional 
variations. Significant energy intensity improvements are expected to continue in China, at 
about the same rate as in the recent past. Intensities in East Asia and Latin America are also 
expected to decline as a result of structural changes and efficiency gains. In the Middle East 
and South Asia, however, the reverse trend -s likely to be evident. In the former, most pressure 
for higher intensities will come from the industrial sector where continued development of 
resource based activities, especially petrochemicals, will be important. In the latter, continued 
development of energy intensive industry will play a majoi role, as will the development 
aspirations of a rapidly growing population. There is much scope for energy intensity 
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improvement in Africa, where energy demand is dominated by South Africa, Nigeria and the 
principal North African oil exporters. The ending of South African isolation will play a 
significant role in increasing access to newer technologies. Elsewhere, movement towards 
market-based economies should lead to increased price -.nduced conservation, although overall 
improvement in energy intensity in the region will be relatively slow. The net result according 
to this view is a decline in world energy intensity. 

Interest in energy efficiency has 
been rekindled in Member countries in ENERGY INTENSITIES OECD 
recent years. Improving energy efficiency (1975 = 100) NIS/CEE 
has appeared increasingly to be a promising 301 ROW 

strategy for achieving simultaneously tile120 
goals of energy security, environmental o 
protection and economic growth. Most
TEA countries that have declared targets for D 

greenhouse gas emissions, have placed
great reliance on accelerated gains in 

90 
80 

energy efficiency to generate the required 70 
emissions reductions, especially of carbon 
dioxide. 60 1980 1990 2000 2010 

While there is a large technical 
potential for increased energy efficiency, there exist significant barriers to its achievement. 
Reliance on market forces alone is unlikely to achieve the necessary level of efficiency 
improvement implicit in most environment-oriented energy policies. 
Some Member countries have therefore strengthened their energy efficiency programmes. For 
example, financial incentives have been introduced or revived in certain countries. Energy 
consumption standards have been revised and extended both geographically and by category. 
Included are minimum performance standards on appliances, such as refrigerators, washing 
machines, lighting systems and motors, and on buildings, including homes, offices, commercial 
enterprises and factories. Voluntary agreements between government and industries have been 
established. More attention has been given to consumer information activities. In the electric 
utility industry, demand-side management programmes have been more widely pursued. 

While these policies are encouraging, much more attention to technology progress and 
energy efficiency incentives are needed. Analysis to date has identified transport and electricity 
as the energy consuming sectors perhaps requiring the greatest policy attention, partly because 
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of ixr dominance as sources of emissions, but also importantly, because they are the sectors 
with the highest current and projected rates of growth. Increased emphasis should be given to 
promoting cost-effective energy efficiency investments inthe building sector. Governments may 
wish to ensure that reliable statistics are available on energy end-use, the costs of new 
technologies and the actual energ efficiency potential they offer. Such market information is 
an essential prerequisite to evaluating of efficiency programmes and to developing policies to 
accelerate energy efficiency improvement in the economy. Moreover, efforts are needed to 
share policy experience and approaches with developing countries and countries in transition to 
a market economy. 

10. Energy and Environment 

A broad range of environmental concerns exists among countries, most of these 
concerns have clear energy implications. Developing countries are troubled about clean water 
and air and adequate waste disposal. The NIS and countries of Central and Eastern Europe 
focus on environmental legacies and inefficient, obsolete infrastructure. In non-OECD 
countries, the problc,;.s are more those of having adequate funds and of building the capacity 
to take the needed corrective or preventive actions. 

These preoccupations, in the context of the intense competition for scarce financial 
resources, are vastly different from those animating environment policy in OECD countries 
(e.g., acid rain, climate change and ozone depletion, which of course will affect all countries). 
Technological and management solutions exist for preventing or mitigating the "conventional" 

environmental effects from the energy sector, such as SO2 and NO, emissions. These will 
remain important areas for action. For OECD countries the issues are finding the most 
effective and economically efficient means by which to proceed and the ranking and timing of 
the needed actions. There are often direct links between the environmental concerns, the 
adequacy or type of energy supply, and the inefficiency of energy use. 

It is the issue of climate change, however, that is the focal point of continuing 
international debate. With aview to the continuing globalisation of the world's economies, the 
United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro on 
3rd-l4th June 1992 underscored the necessity of linking economic growth and the environment 
as part of global sustainable development and energy's key role in that pursuit. The Framework 
Convention on Climate Change signed by most countries of the world at UNCED poses the 
biggest challenges for energy policy makers. OECD countries and countries in transition to a 
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market economy have assumed obligations 
under the Framework Convention on Climate 

PROJFCTED AND TARGETED
Change to "adopt national policies and take OECDCO2.ESIISSIONS INTHEYEAR 20O) 

corresponding measures... to modify longer
term trends in anthropogenic emissions" of , .'.+,*: 
greenhouse gases. Most OECD countries have , . 
not yet fully identified the set of measures 
which would enable them to reach their goals. Box 

In preparing and implementing response 
strategies, countries will want to choose the 
best combination of policies and measures 
available to them, drawing upon a mix of the , 
instruments. These include: information, ,, ,, 
regulation and voluntary agreements as well as 
economic instruments (taxes, charges and 
subsidies). In addition to signing the Convention, several OECD countries have made other 
climate-related policy commitments, mainly adopting greenhouse gas (GHG) emissions 
stabilisation or reduction targets, developing national emissions inventories, implementing 
national programmes to mitigate climate change and communicating progress on these actions. 

The international discussion of climate change policy instruments, notably carbon and 
energy taxes, and of their economic effects is intensifying. While some IEA countries have 
adopted carbon taxes, most OECD countries are reluctant to introduce carbon taxes unilaterally 
because of the uncertainty about their effects, such as those on international trade 
competitiveness. On their side, many non-OECD countries, especially the fossil fuel exporters, 
are concerned about the possible distributional effects on their economies. Others argue that 
such taxes could result in barriers to trade in energy and energy-efficient technologies and result 
in investment distortions. 

Economic analyses on the potential effects of carbon taxes yield important conclusions 
bearing directly on policy making. They generally agree that it would take substantially 
differeut levels of tax between regions and countries to meet, in each IEA country separately, 
any international goal of stabilisation of CO2 and other GHG emissions. To continue to be 
effective in keeping emissions stabilised, these taxes would have to be increased. The figure 
compares emission growth rates under the imposition of a $ 100 carbon tax by 2010 and under 
a $ 300 tax per tonne of carbon emitted. In both cases, nearly a third of the tax is assumed to 
be imposed in 1993 with the remainder added in increments. These are in addition to any other 
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excise or other taxes currently in place. A $ 100 per tonne carbon tax corresponds to almost 
$ 12 per barrel for oil equivalent. It can be seen from the graph that emissions in 2010 under 
the $ 100 tax fall to 3300 million tonnes compared to 3620 million tonnes in the reference case. 
This is still well above the 1990 level of 2830 million tonnes per year. Under a tax of $ 300 
per tonne of carbon (applied in the same pattern as the $ 100 tax), emissions decline to 2990 
million tonnes, somewhat above the 1990 level. The most important reson for this apparent 
insensitivity of emissions to high levels of carbon taxes is the relatively modest impact of the 
taxes on the prices that energy consumers pay. 

In order to emphasize the potential for divergence from the reference case, an efficiency 
driven scenario has also been constructed by the lEA Secretariat. Under this scenario, 
commercially available and environmentally-friendly technologies are implemented to a much 
greater extent than in the reference case, where the rate of take-up to technology is based on 
historical trends. In this scenario, by 2010 emissions in Europe and North America are nearly 
stabilised at 1990 levels by 2010 while in OECD Pacific some giowth in emissions still occurs. 

Beyond these analyses however, 
different models yield vastly different 
outcomes. For example, wide ranges result OECD CARBON EMISSIONS 

for estimates of projected CO 2 emissions from . 1. 
region to region. Also, GDP losses associated 

with sizeable cuts in CO 2 emissions vary 
among models.-

31C0 

All projections show that actions taken . 

which would stabilise GHG emissions in .. ..,. 
OECD countries would have little effect on the 90 2 

level of world emissions - mainly because of 
the very strong economic growth and resulting F I C S.... tc Ta. $ 0 T7 

increase in emissions taking place in countries 
outside the OECD where there is as yet no 
comparable serious intent to stabilise or reduce emissions. It is the recognition of this, and the 
fact that some of the most costly emissions reduction options are in the industrialised countries, 
which leads policy-makers to suutions which engage both OECD and non-OECD countries in 
an effective, least-cost way. 

Along this approach three steps can be as in the following. First, the topic of energy 
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subsidies is getting more attention as governments seek policies with the least costs. It appears 
that eliminating certain energy subsidies (for instance, those keeping energy costs below costs 
of production) would result in a significant reduction in emissions and yield net economic 
benefits, especially outside the OECD region, wheie the largest subsidies exist. The economic 
inefficiency of providing environmental financing to countries with large energy subsidies seems 
evident. 

As a second step, technological progress should be accelerated to prepare less carbon
intensive options. The need continues for greater understanding of the energy market effects of 
policies and of their impact on particular sectors. The transport and electricity sectors in 
particular, appear as requiring special attention. Third, whatever sets of policies are chosen by 
countries as part of an international response to global environmental commitments, industry's 
involvement will be essential. Compensation mechanisms could be designed whereby emissions 
reductions credits resulting from foreign industry investments can be transferred. This could 
help achieve joint implementation with developing countries and countries in transition to a 
market economy, where often the lowest cost options are to be found. 

11. Energy Research and Technology 

The needs for new and efficient energy technology occur against the background of the 
expected change in the energy market as well as environmental concerns. Decision makers and 
industry in Member country governments have their own priorities for energy technology 
development and deployment which reflect specific ihational circumstances. However, 
colleciively across the TEA Member countries, the strategic focus for the next ten to twenty 
years may rest on technology directions that include: more efficient energy end-use and 
environmentally conscious equipment and processes; demand-side management; advanced 
technologies for clean coal supply and use; improved natural gas transportability and 
conversion; enhanced hydrocarbon exploitation; environmental protection in the oil chain; 
extensive use of new and renewable energy sources and their integration into the conventional 
energy systems; feasibility demonstration of advanced nuclear and fusion systems; optimal 
resource use in electricity production; "clean car" technologies and alternative transport fuels; 
and mitigation of emissions of greenhouse gases and their disposal. 

Since energy R&D generally is an evolutionary and not a revolutionary process, 
spectacular breakthroughs cannot be anticipated. R&D and the necessary demonstration and 
commercial implementation of new solutions take time. There are also major long-term 
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technology advancements which cannot be justified for private sector investment because of the 

time involved, the high capital and manpower requirements, and the uncertain outcome. 

Examples comprehend several renewable energy technologies, hydrogen fiels and nuclear fusion 
power. Conversely, potentially important and promising energy technology advancements do 
not attract private sector initiative because of uncertainties and barriers to the eventual market 

deployment. A critical issue is the respective roles of the private sector and governmcnts in 
fostering R&D and applying the resulting new and improved energy technologies. The 

appropriate roles will change during the course of the technology R&D and comniercialisation 

cycle. Governments should continue their policies of providing support for energy R&D until 
it becomes feasible to transfer the activities to the private sector for final demonstration and 
implementation. In addition, governments should actively pursue their efforts to identify and 

remove barriers to technology adoption. 

The perception that national c.:ergy R&D is the only means for developing new and 

improved energy technology is diminishing with the growing costs of the programmes and the 
increasing world wide basis for business activities and technological innovation. While IEA 

Member countries and their energy industries compete in the short-term perspective, they may 

prefer to co-operate through integrated multilateral programmes with a view to respondig to 
the global energy security and environmental issues. Intensified international collaboration will 
provide a means to accelerate progress in developing new and improved technologies by sharing 

limited financial and human resources, and broadening the prospects of market deployment in 

all countries. 

It should be repeated that energy technology advancement is critical to achieving 

Member countries' objectives of energy security, while protecting the environment and ensuring 
sustainable development. The development and effective deployment of advanced technologies, 

as well as improvements to existing technologies, have the potential to significantly reduce and 
alter future energy requirements in all countries and thus help achieve these broader objectives. 
Thus lEA countires are called on to reinforce the existing technology co-operation initiatives, 

establish appropriate new collaborative agreements on critical energy technologies, and prepare 
flexible and effective mechanisms for joint internatinal R&D work. An important element of 

the collaboration activities will continue to be the establishment and maintenance of mechanisms 
and facilities to identify, compile and disseminate technical, economic and environmental 
information on current and emerging technology options. To achieve this purpose, since its 

origin the IEA has created a legal mechanism for the collaborative energy technology projects 
and programmes it sponsors. These projects and programmes are set up under international 
Implementing Agreements and adjusted to suit the requirements of the individual participants. 
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Implementing Agreements set down the commitments of the contracting parties and establish 
a management structure. The Implementing Agreements contain provisions concerning the 
handling and protection of information and intellectual property rights and they keep records 
on special arrangements for the commercial exploitation and distribution of the benefits to 
participants. 

12. Co-operation with Non-Member Countries 

The expanding interdependences in the global energy system suggest that IEA Member 
countrv interests can also be pursued through improved contacts and co-operation with selected 
non-Member countries to help them plan and develop efficient and environmentally sound 
energy supply and end-use syst..ms. 

The importance of non-Member countries has grown significantly over the past years as 
their energy activities more and more affected IEA Members' own interests. Four major 
developments seem to illustrate this. First, non-lEA Member countries are playing and will play 
an increasingly important role in determining global energy demand. Second, a greater portion 
of global energy-related environmental problems will be concentrated in the non-Member 
regions, as incremental energy demand growth there continues to O'utpace that in lEA countries. 
Third, in a number of key areas, IEA energy supplies are more frequently sourced in non-
Member countries, and Member countries' energy logistical systems are ir "ieasingly tied to 
them. And fourth, more and more non-Member countries are reaching a stage of development 
or transition where their energy policy concerns are leading them to seek various forms of 
relations with the lEA, including in some cases eventual full lEA membership. 

Thus, the IEA is substantially engaged in co-operating with non-Member countries to 
help them develop energy strategies and adopt energy policies that will enhance lEA Member 
countries' energy security and environmental objectives, as well as those of the non-lEA region. 
IEA Member countries'energy policy advice may provide users in the non-lEA region with a 
better understanding of the potential benefits of the technology options, as well as possible 
investment regimes and institutions that can encourage and efficiently manage structural 
atjustment, and facilitate the energy technology adoption and absorption process. 

In designing a broad programme and expanded contacts, the IEA has focused on several 
instruments for co-operation: country surveys to analyse the energy situation and to provide 

policy recommendations; conferences and seminars designed to address specific energy issues 
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relevant to non-Member regions; and focused studies or special missions. Other instruments 
for co-operation include expanded statistical exchange and collaboration in the area of energy 
technology. A significant element in this dialogue with non-Member countries is the mechanism 
for participation in international energy R&D collaboration and technology information 
dissemination. The IEA has created an "associate contracting party" status in the Implementing 
Agreements which represents an innovation and an opportunity for mutual sharing of 
experiences and know-how. 

But in its relations with non-Member countries, the lEA will continue to maintain a 
balanced and selective approach, tailoring relations with individual non-Member countries to 
the prevailing circumstances and ensuring that such contacts further IEA objectives. The most 
important criterion in deciding upon such relationships is that the non-Member country be a 
major producer or consumer of energy, whose actions are likely to bear directly upon lEA 
Members' owni energy security interests and environmental concerns. At the same time, there 
will always be special circumstances; for example, regional energy security or transboundary 
environmental concerns related to the NIS and Central and Eastern European countries, which 
have already elicited lEA involvement. 

Within this context, the Asia-Pacific region has the potential for significantly increased 
energy co-operation. The IEA's efforts to assist non-Member countries with their energy and 
environmental policies must recognise the differences among countries' states of development 
and policy priorities. IEA Members' experiences with similar issues can be highly relevant. The 
Republic of Korea has approached the IEA and requested closer association with a view to 
seeking OECD and lEA membership towards the mid 1990s. In response, the Agency is 
developing a number of co-operative activities with Korea. The IEA has also expanded it 
contacts with the Dynamic Asian Economies as they more closer to the OECD world, as well 
as with the large Asian energy producing and consuming countries and with th.e Russian 
Federation. Furthermore, the IEA has increased its contacts with Latin America, which shows 
signs of fundamental transformation and revival of its economes including a clear trend towards 
a more market-oriented energy sector. Tho challenge for energy policy makers will be to 
respond to aspirations for sustainable economic growth, energy security and environmental 
protection. Technology advancement and co-operation may represent the most appropriate and 
effective instrument. 
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Coal and Lignite: The Needs and Concerns of Developing and Industrialising Nations 

C.Ji. Under-Secretary General, United Nations, New York 

ON BEHALF OF UNDER-SECRETARY-GENERAL JI CHAOZHU, WHO 

REGRETS THAT HE IS UNABLE TO ATTEND THIS MOST IMPORTANT 

CONFERENCE, I WELCOME ALL THE PARTICIPANTS AND EXTEND HIS 

SINCERE GOOD WISHES FOR YOUR SUCCESS. SINCE YOUR AGENDA IS 

DIRECTLY RELATED TO THE TECHNICAL ASSISTANCE OBJECTIVES OF 

THE UNITED NATIONS, MR. JI HAS ASKED ME TO READ A BRIEF 

STATEMENT ON 111S BEHALF. 

THIS WEEK WE ARE CONVENED TO DISCUSS TECHNOLOGIES FOR THE SAFE, 

CLEAN AND ECONOMICAL USE OF COAL. COAL IS, OF COURSE, AN ABUNDANT 

SOURCE OF ENERGY, AND ONE THAT HAS SERVED MANKIND'S NEEDS 

THROUGHOUT RECORDED TIME. IT SUPPLIES SOME 30 PERCENT OF GLOBAL 

ENERGY AND ITS SHARE IS LIKELY TO INCREASE SIGNIFICANTLY WORLDWIDE, 

PARTICULARLY IN DEVELOPING COUNTRIES. CHINA AND INDIA WILL CONTINUE 

TO BE MAJOR COAL CONSUMERS, AND OTHER ASIAN COUNTRIES ARE ALSO 

INCREASING THEIR COAL PRODUCTION. IN AFRICA AND LATIN AMERICA, NEW 

COAL PRODUCERS ARE APPEARING, INCLUDING TANZANIA, EGYPT, AND COSTA 

RICA, AND EVEN IN THE OIL-RICH ARAB WORLD. AND FINALLY, THE COUNTRIES 

OF EASTERN EUROPE, WHICH HAVE TRADITIONALLY RELIED ON COAL, WILL BY 

NECESSITY CONTINUE TO BE MAJOR COAL CONSUMERS IN THE NEAR FUTURE, 

EVEN IN THE FACE OF THE CURRENT ECONOMIC SLOWDOWN AND OFFICIAL 

ENERGY POLICIES EMPHASIZING THE SHIFT AWAY FROM COAL. 

NOWHERE IS THIS MORE EVIDENT THAN IN THE USE OF COAL AS SOURCE OF 

ELECTRICITY GENERATION. GLOBAL DEMAND FOR ELECTRICITY SERVICES 

WILL CONTINUE TO INCREASE, SUBJECT ONLY TO CONSTRAINTS ON ECONOMIC 

GROWTH, AND THAT WILL COMPETE STRONGLY WITH OTHER ENERGY SOURCES 

- 49 



IN MANY COUNTRIES. FIFTEEN YEARS FROM NOW, SIX OF EVERY TEN 

KILOWATTS OF ELECTRICITY PRODUCED WILL BE GENERATED BY COAL. 

THESE PROJECTIONS SHOULD GIVE US ALL PAUSE FOR REFLECTION. THE 

ENVIRONMENTAL DEVASTATION PRODUCED BY STRIP MINING OF MINERALS 

ALONE IS ENORMOUS, EXCEEDING IN QUANTITY AND INTENSITY ALL OTHER 

FORMS OF MAN-MADE LAND DESTRUCTION". WORLD-WIDE, THE ANNUAL 

MOVEMENT OF SOIL AND ROCK RESULTING FROM MINERAL EXTRACTION MAY 

BE AS HIGH AS 3000 BILLION TONS, COMPARED WITH APPROXIMATELY 24 

BILLION TONS OF SEDIMENT CARRIED INTO THE OCEANS BY THE WORLD'S 

RIVERS, INCLUDING THE NILE, THE MISSISSIPPI, THE AMAZON AND THE YELLOW 

RIVER. COAL ALONE ACCOUNTS FOR MORE THAN 5 BILLION TONS ANNUALLY, 

ENOUGH TO COVER ALL OF HONG KONG'S 403 SQUARE MILES UNDER A PILE TEN 

FEET HIGH. 

EVEN BASIC ENVIRONMENTAL CONTROLS, SUCH AS PHYSICAL COAL CLEANING 

TO REMOVE ASH AND SULFUR, CARRY THEIR OWN ENVIRONMENTAL PRICE TAG. 

THE QUANTITY OF POLLUTANTS DISCHARGED TO A STREAM FROM CLEANING A 

TON OF COAL WILL BE ABOUT THE SAME AS THE QUANTITY FROM MINING A 

TON OF COAL. ACCORDING TO ONE ESTIMATE, APPROXIMATELY 2,000 GALLONS 

OF WATER IS NEEDED TO WASH ONE TON OF COAL. IN A WORLD WHERE WATER 

QUALITY AND QUANTITY THEMSELVES ARE BECOMING MORE PROBLEMATICAL, 

WE MUST NOT LOSE SIGHT OF THE NEED FOR SOLUTIONS THAT CONSIDER 

TOTAL HUMAN AND ENVIRONMENTAL COSTS. 

IN THE PAST, COAL DEVELOPMENT WAS CONSTRAINED PRIMARILY BY 

COMPETITION FROM OTHER FOSSIL FUELS AND THE HUGE CAPITAL 

REQUIREMENT FOR THE BASIC INFRASTRUCTURE. TODAY, HOWEVER, COAL IS 
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ALSO CRITICIZED AS A MAJOR SOURCE OF ENVIRONMENTAL DEGRADATION AT 

THE LOCAL, REGIONAL AND GLOBAL LEVEL. AT THE SAME TIME, ALONG WITH 

THE INCREASED UNDERSTANDING OF THE ADVERSE IMPACTS OF COAL 

COM,4BUSTION, A GREATER UNDERSTANDING HAS DEVELOPED ABOUT HOW THIS 

CRITICAL ENERGY SOURCE CAN BE EMPLOYED IN AN ENVIRONMENTALLY 

SOUND MANNER. SPURRED BY THE CURRENT CONCERN OVER POTENTIAL 

GLOBAL WARMING, IT IS INCREASINGLY URGENT THAT THESE ADVANCED 

TECHNOLOGIES, THE "CLEAN COAL TECHNOLOGIES", MUST BE DEVELOPED To 

PROMOTE THE CLEAN USE OF COAL. 

CLEAN COAL TECHNOLOGIES: TIlE UN PERSPECTIVE 

THE CONCEPT OF CLEAN COAL TECHNOLOGIES IS OFTEN INVOKED TO INCLUDE 

THE VARIETY OF METHODS FOR REDUCING THE EMISSIONS OF SULPHUR 

DIOXIDE, OXIDES OF NITROGEN AND PARTICULATES FROM POWER PLANTS 

FUELED WITH COAL, OR METHODS WHICH REDUCE THE AMOUNT OF THESE 

POLLUTANTS THAT ARE GENERATED DURING COMBUSTION. 

THE UNITED NATIONS APPROACH, WHICH IS MORE BROAD-BASED, CONSIDERS 

CLEAN COAL-BASED TECHNOLOGIES AS COMPRISING ALL TECHNOLOGICAL 

INNOVATIONS WIIICI REDUCE ENVIRONMENTAL IMPACTS THROUGHOUT THE 

COAL FUEL CYCLE. TrHE UN FRAMEWORK THUS INCLUDES MINING AND 

TRANSPORTATION ACTIVITIES, IN ADDITION TO PRE-COMBUSTION, 

COMBUSTION, CONVERSION AND POST-COMBUSTION TECHNOLOGIES. 

UN STRATEGIES IN CLEAN COAL TECIINOLOGIES 

IN THE 1970S AND 1980S, UN TECHNICAL COOPERATION PROJECTS FOCUSED ON 

EXPLORATION FOR NEW RESERVES IN HITHERTO UNEXPLORED AREAS AND 
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IMPROVING PRODUCTION EFFICIENCIES IN COAL PRODUCING COUNTRIES. THE 

PROGRAMME EXPERIENCED CONSTRAINTS DUE TO TOTAL NEGLECT BY 

FINANCIAL INSTITUTIONS AND GOVERNMENTS IN MANY DEVELOPING 

COUNTRIES IN THE COAL SECT'OR. THE TWO OIL SHOCKS HAD SOMEWHAT 

FACILITATED PROMOTION OF COAL DEVELOPMENT IN THE LATE 1980S. 

THE TWO MAJOR COAL PRODUCERS IN ASIA, CHINA AND INDIA, BEGAN TO TURN 

TO THE UNITED NATIONS TO REQUEST TECHNICAL ASSISTANCE IN THEIR COAL 

MINING OPERATIONS, WITH INCREASING EMPHASIS ON ENVIRONMENTAL 

CONCERNS. PROGRAMMES HAVE ALSO BEEN ESTABLISHED IN PERU, 

MONGOLIA, ROMANIA AND YUGOSLAVIA. ADVISORY MISSIONS WERE 

DISPATCHED TO INDONESIA, THAILAND, NORTH KOREA, VIETNAM, TANZANIA, 

COSTA RICA, MEXICO, EGYPT, OMAN, COLOMBIA, ECUADOR AND ZAIRE. WE 

FORESEE A RAPIDLY EXPANDING TECHNICAL COOPERATION PROGRAMME IN 

THESE COUNTRIES IN THE NEAR FUTURE. WITH STRONG EMPHASIS OF 

MULTILATERAL FUNDING AGENCIES ON ENVIRONMENTAL ISSUES, THE THRUST 

OF THESE PROGRAMMES WILL MOST LIKELY BE ON ENVIRONMENTAL 

ASSESSMENT, CONTROL AND MANAGEMENT. 

THE 1991 STOCKIHOLM INITIATIVE ON ENERGY, ENVIRONMENT AND 

SUSTAINABLE DEVELOPMENT CONSULTATIVE MEETING, OR "SEED", JOINTLY 

ORGANIZED BY THE UN AND THE GOVERNMENT OF SWEDEN, SENT A 

UNANIMOUS MESSAGE TO THE PREPARATORY COMMITTEE OF UNCED THAT 

INCLUDED IMPLEMENTING COST--EFFECTIVE AND ENVIRONMENTALLY SOUND 

SUPPLY-SIDE ENERGY EFFICIENCY MEASURES TO IMPROVE SUPPLY RELIABILITY 

AND HELP EASE ENVIRuNMENTAL IMPACTS OF ENERGY USE. AT PRESENT, 

IMPROVING ENERGY EFFICIENCY IS THE MOST ECONOMICALLY PRACTICAL 

SHORT-TERM SOLUTION TO THE CARBON DIOXIDE EMISSIONS PROBLEM. NEW 
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TECHNOLOGICAL BREAKTHROUGHS ARE STILL NEEDED THAT SUBSTITUTE 

OTHER SOURCES OF ENERGY FOR FOSSIL FUELS. HOWEVER, THE REDUCTION OF 

SULFUR OXIDES, NITROGEN OXIDES AND OTHER POLLUTANTS CAN BE 

ACHIEVED THROUGH ACCELERATED RESEARCH AND ADOPTION OF CLEAN 

COAL TECHNOLOGIES, AS WELL AS THROUGH PROPER POLICY INITIATIVES BY 

GOVERNMENTS. 

AGENDA 21, FOSTERED BY THE 1992 EARTH SUMMIT CONFERENCE IN RIO, HAS 

FOCUSED ON THESE INITIATIVES BY RECOGNIZING THE NEED TO COORDINATE 

ENERGY DEVELOPMENT WITH SOCIAL AND ECONOMIC DEVELOPMENT IN AN 

INTEGRATED MANNER. IN PURSUING THESE GOALS, AGENDA 21 EMPHASIZES 

THE NEED TO TAKE INTO FULL ACCOUNT THE NEEDS OF DEVELOPING 

COUNTRIES FOR THE ACHIEVEMENT OF SUSTAINED ECONOMIC GROWTH AND 

THE ERADICATION OF POVERTY. I WOULD LIKE TO PRESENT A FEW OF THESE 

CONCERNS TO GUIDE OUR DISCUSSION THIS WEEK. 

AGENDA 21 STATES THAT ACTIVITIES TO PROMOTE SUSTAINABLE ENERGY 

DEVELOPMENT SHOULD GIVE "SPECIAL ATTENTION TO TIlE REIIABILITATION 

AND MODERNIZATION OFPO IVER SYSTEMS, WITII PARTICULAR ATTENTION TO 

DEVELOPING COUNTRIES". IN MANY CASES, EMPHASIS ON MAINTENANCE AND 

REHABILITATION OF EXISTING FACILITIES OVER NEW EXPANSION, IN 

CONJUNCTION WITH INCREASED ENERGY EFFICIENCY FOR EXISTING PLANTS, IS 

NOT ONLY SOUND, SAFE AND ECONOMICALLY BENEFICIAL, BUT ALSO 

ENCOURAGES INTERNATIONAL COOPERATION. PROPONENTS OF CLEAN COAL 

TECHNOLOGIES MUST BE CAREFUL TO BALANCE THE BENEFITS OF UPGRADING 

THE OLD AGAINST BUILDING THE NEW. 
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KEEP IN MIND THAT THE CONCEPT OF CLEAN COAL TECHNOLOGIES GOES FAR 

BEYOND THE CAPITAL, HARDWARE AND SOFTWARE TO CONSTRUCT AND 

IMPLEMENT A PROTOTYPE OR "DEMONSTRATION" FACILITY. TRUE 

TECIINOLOGY TRANSFER ALSO REQUIRES AN UNDERSTANDING OF THE 

INSTITUTIONAL MILIEU, AS WELLVPHYSICAL ASPECTS, OF PROJECTS IN THE 

DEVELOPING COUNTRY. IN THIS SENSE, TECHNOLOGY IS NOT JUST HARDWARE 

AND SOFTWARE, BUT ALSO THE SUPPORTING INSTITUTIONAL ARRANGEMENTS 

AND INCENTIVE STRUCTURES. INCLUDED IN THIS IS LONG-TERM CAPACITY-

BUILDING THROUGH TRAINING OF TECHNICAL AND MANAGERIAL STAFF. ANY 

SO-CALLED "TRANSFER" THAT DOES NOT SERIOUSLY ADDRESS THESE 

CONCERNS IS DOOMED TO FAILURE, AND, IN ADDITION, REPRESENTS A 

PROFLIGATE WASTE OF SCARCE RESOURCES. 

AS YOU WELL KNOW, THE UTILITY INDUSTRY IS SEEN AS VERY CONSERVATIVE, 

IN BOTH DEVELOPING AND INDUSTRIALIZED COUNTRIES. AS A RESULT, "NEW" 

TECHNOLOGIES HAVE [HAD TO ESTABLISH A PROVEN TRACK RECORD BEFORE 

THEY WILL ATTRACT INVESTORS. TO A GREAT EXTENT, THIS IS AN ISSUE OF 

PERCEIVED RISK, AND ASSURANCE MUST BE GIVEN THAT THE NEW 

TECHNOLOGIES WILL WORK EVERYWHERE. ONE SOLUTION IS FOR DEVELOPERS 

OR VENDORS TO FULLY PROVE THE TECHNOLOGY IN A DEVELOPED COUNTRY 

FIRST, AND TO LENGTHEN THE "MIGRATION TIME" TO THE RECIPIENT 

COUNTRIES. FOR THE PRIVATE SECTOR, IT IS CHEAPER AND LESS RISKY TO 

PROVE THE TECHNOLOGY AT HOME FIRST. IN THE LONG RUN, NOBODY 

BENEFITS FROM THE FAILURE OF EXPENSIVE "DEMONSTRATION" PROGRAMMES. 

THE ABILITY TO ATTRACT FOREIGN EXCHANGE OR JOINT-VENTURE 

INVESTMENT PARTNERS IS CRITICAL. TO THE IMPLEMENTATION OF CLEAN COAL 

TECHNOLOGIES. YET MANY COUNTRIES FACE THE PROBLEMS OF MISSING OR 
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OUTMODED INFRASTRUCTURE; THIS IS PARTICULARLY TRUE IN MANY 

ECONOMIES IN TRANSITION. WITHOUT THE ACCOMPANYING INSTITUTIONAL 

CHANGES, THE NEEDED FOREIGN INVESTMENT WILL NOT BE FORTHCOMING. 

THIS SAME INVESTOR COMMUNITY IS INCREASINGLY INCORPORATING 

ENVIRONMENTAL GUIDELINES IN PROJECT EVALUATION; COMPLIANCE WITH 

EXISTING REGULATIONS IN THE COUNTRY IS A BASIC REQUIREMENT. IN 

ADDITION, THE INVESTOR-PARTNER TEAM CAN DRAW UPON INFORMATION AND 

NEW TECHNOLOGIES THAT PROMOTE ENERGY EFFICIENCY, WHICH OFTEN IS 

ACCOMPANIED BY REDUCED ENVIRONMENTAL IMPACT. SINCE THE ENERGY 

EFFICIENCY CONVERTS TO AN ECONOMIC INCENTIVE FOR THE OWNER-

OPERATOR, ALL PARTIES CAN BENEFIT. A KEY GOAL FOR THE UNITED NATIONS, 

AS WELL OTHER MULTILATERAL AND BILATERAL ORGANIZATIONS, IS TO 

FOSTER THE PARTICIPATION OF THE PRIVATE SECTOR. 

WHAT HAS THE RESPONSE BEEN TO AGENDA 21 SINCE THE EARTH SUMMIT 

CONFERENCE? UNFORTUNATELY, AT LEAST IN THE ELECTRICAL POWER 

SECTOR OF DEVELOPiNG COUNTRIES, THE ANSWER IS "VERY LI'ITLE". IN PART, 

THIS RESULTS FROM IMMEDIATE NEEDS SUCH AS POTABLE WATER AND PUBLIC 

HEALTH, OF DEMONSTRABLE BENEFIT AT THE NATIONAL LEVEL, THAT 

COMPETE WITH EQUALLY COSTLY BUT MORE DIFFUSE ENVIRONMENTAL 

OBJECTIVES, IN COMBINATION WITH RESOURCE LIMITATIONS FOR 

GOVERNMENT. WE MUST ASSIST THESE COUNTRIES IN UNDERSTANDING AND 

EVALUATING THE TRADEOFFS BETWEEN SHORT-TERM COSTS AND LONG-TERM 

BENEFITS. OTHERWISE THEY WILL FACE THE DILEMMA POINTED OUT, IN THE 

WORDS OF A USA TELEVISION COMMERCIAL, THAT "THERE IS NEVER ENOUGH 

TIME TO DO IT RIGHT....BUT THERE IS ALWAYS ENOUGH TIME TO DO IT OVER 

AGAIN". 
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OF COURSE, UNDERSCORING ALL PLANNING FOR CLEAN COAL TECHNOLOGIES 

IS THE PROBLEM IS UNCERTAINTY. UNCERTAINTY OVER FUEL PRICES. 

UNCERTAINTY OVER THE RELIABILITY AND AVAILABILITY OF NEW ELECTRICAL 

CAPACITY. UNCERTAINTY OVER ENERGY DEMAND PROJECTIONS. AND, 

UNCERTAINTY OVER POTENTIAL INTERNATIONAL ENVIRONMENTAL 

REQUIREMENTS FOSTERED BY CONCERN OVER THE PROSPECT OF GLOBAL 

WARMING. FOR EXAMPLE, MANY OBSERVERS ARE PREDICTING SOME FORM OF 

CARBON TAX TO FOLLOW ON THE HEELS OF AGENDA 21. THIS WILL HAVE 

CONSIDERABLE IMPACT ON, AND CREATE MORE UNCERTAINTY FOR, THE 

PLANNING PROCESS FOR ELECTRICAL POWER SYSTEMS. UTILITIES IN 

DEVELOPING COUNTRIES ARE LOOKING FOR INFORMATION TO GIVE THEM 

SUFFIC!ENT LEAD TIME FOR EXPANSION PLANNING, INCLUDING THE ADOPTION 

OF CLEAN COAL TECHNOLOGIES. 

IF ENVIRONMENT IS THE KEY QUESTION OF THE 90S, THEN INFORMATION IS KEY 

TO THE ANSWER. WIETI IER IT INVOLVES TECHNOLOGY TRANSFER, FINANCIAL 

AND INVESTMENT ISSUES, OR ENVIRONMENTAL QUALITY, THE INTERCHANGE 

OF IDEAS, THE SHARING OF EXPERIENCES, AND THE IDENTIFICATION OF STATE-

OF-THE-ART METHODOLOGIES FOR CLEAN COAL TECHNOLOGIES, ALL 

CONTRIBUTE TO THE KNOWLEDGE BASE AND CAPACITY-BUILDING PROCESS. I 

ENCOURAGE YOU TO BEND YOUR EVERY EFFORT TO EXPAND THE KNOWLEDGE 

FRONTIER, AND TO KEEP THE VISION OF AGENDA 21 CLEARLY BEFORE YOU. IN 

A WORLD INCREASINGLY BESET WITH CONCERNS OVER GLOBAL WARMING, 

LIMITED FINANCIAL RESOURCES, AND RISING ECONOMIC EXPECTATIONS OF 

THE DEVELOPING WORLD, WE CAN AFFORD TO DO NO LESS. 
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ENERGY FOR TOMORROW'S WORLD
 

by
 
Ian Lindsay
 

Secretary General, World Energy Council
 

1. ORIGIN
 

The WEC Commission "Energy for Tomorrow's World - the 
realities, the real options and the agenda for achievement"
 
was launched at the 1989 14th Congress 
in Montreal in order
 
to represent the global energy 
 sector, its probable
 
development over the next 30 
 years and above all to
 
demonstrate what sector
the can and cannot achieve in the
 
interdependent context of the sustainable development of the
 
economy, energy, and environment. The emphasis of the
 
report is on the "realities" of the energy world over the
 
next 30 years. 
 We have above all avoided producing another
 
computer driven demand/supply exercise by extrapolation.
 
the world has had enough of those in recent times.
 

The Commission was launched primarily for three 
reasons:
 

- to ensure that energy per se was properly represented 
following publication of the UN Brundtland Report in 
1987 which raised the whole question of the earth's 
sustainable development, but which devoted less 
emphasis to energy's role of providing the services of 
heating, power, cooking, lighting, refrigeration and
 
mobility than many thought desirable;
 

- in anticipation of the out-turn of events at the UN Rio
 
Earth Summit in 1992. It is interesting to note that
 
neither the RIO Declaration nor Agenda 21 made any
 
substantial mention of energy. 
 The subsequent RIO
 
Climate Convertion (signed by 
167 nations and ratified
 
by 18 as at June 1993) however does make considerable
 
reference 
to energy. It requires developed nations to
 
lead by example in taking precautionary action to
 
protect the environment against indicated CO
 emissions
 
targets. The developed nations are 


2 

also to provide the
 

technology and financial assistance to the developing
 
countries 
to enable them to avoid creating dangerous
 
levels of atmospheric greenhouse gas concentrations. 
Such financial assistance was quantified by UNCED at 
some US$ 125 billion annually - that is to say, more 
than double the present total aid flow from north to 
south. 
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because the WEC had since 1973 worked on global
 
supply/demand perspectives and produced in 1978 its
 
first major global report "Looking Ahead to 2020". its
 
1989 edition called "Energy Horizons 2000-2020" raised
 
as many questions as it answered and required more
 
analysis in order to be able to "aim off" on a number
 
of major issues. These included possible environmental
 
costs, likely degrees of efficiency achievement,
 
possible financing constraints and above all a
 
re-examination of developing countries demand
 
requirements.
 

Additional complicating factors also came into play:
 

- nuclear development after Chernobyl
 

- possible pinch points on global oil and gas 
resources 

- the impact of changes to markets following 
deregulation and privatisation in many parts of 
the world 

- the potential and timing of development for 
harnessing renewable, and particularly new 
renewable, energy sources 

- and the ubiquitous threat of potential global 
warming together with the related costs of
 
precautionary measures which could be taken until
 
final scientific proof was available.
 

All these, and other factors dictated that the Commission
 
should be led by energy operatives; by a non-governmental,
 
multi-energy organisation; and by one which not only had the
 
breadth of representation but also the ability to deal
 
objectively with the complicated inter-related elements
 
involved. Regional views do not necessarily share global
 
priorities or views, and it was important to initia,:e this
 
project at regional grass roots level. In the absence of
 
others who could fit these requirements the WEC had no
 
option but to offer to do the job.
 

2. OBJECTIVES
 

The Commission's aim is "to identify a realistic framework
 
for the solution of regional and global energy issues,
 
whereby adequate sustainable energy at acceptable costs can
 
be supplied to meet the needs of all people, using optimal
 
production and end-use efficiency, whilst achieving socially
 
acceptable care and protection of the environment".(1 )
 

This admirable aim, so easy to produce on paper, was to
 
prove a colossal job; much greater than the WEC or anyone
 
else first realised, and considerably more difficult when it
 
came to suggesting remedies than to identifying the
 
maladies.
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3. ORGANISATION
 

The horizon year was set at 2020, although as the Commission
 
progressed it became apparent that several features required
 
to be examined beyond that date. In its Epilogue the
 
Commission takes a number of elements and issues through to
 
2050 and in some cases to 2100 in order to keep pace with
 
other major global work such as that of the IPCC. These
 
elements all reinforce the main Commission message that
 
remedial action should be initiated now.
 

The total cost of the exercise has been estimated at
 
US$ 5 million denated in terms of man hours, travel,
 
accommodation and the costs involved in setting up and
 
running the small UK Project Management Unit which led and
 
coordinated the project. A total of some 500 specialists
 
contributed to the final regional and global reports.
 

The Commission work was initiated through nine
 
inter-disciplinary regional coordination groups comprising
 
not only representatives of all forms of energy but also
 
economists, financiers, environmentalists, consumers and
 
government and were coupled with balanced national
 
representation of the region.(2)
 

The whole Commission was supervised by a Board of 50 eminent
 
multi-disciplined personalities, and the Project Management

Unit, headed by the Executive Director, consisted of six
 
staff loaned by corporations from five countries, and
 
assisted by four part-time advisers.
 

Finally the work process was unique. No organisation other 
nhan the WEC had the spread of membership (100 member 
countries) , nor the multi-energy base, and the WEC was thus 
able uniquely to conduct the Commission "bottom-up" and 
"top-down" through an iterative process which examined
 
regional priorities and views before synthesising them into
 
its final Gobal Report.
 

4. STRUCTURE
 

Although a qnalitative document, the nature of the
 
Commission required the incorporation of a quantified
 
framework. This was constructed, after the first phase of
 
the work, by defining four Cases to reflect the main initial
 
regional data.(3)
 

These cases not only project possible development, but they

help to prepare for change. They measure dimension but are
 
not forecasts. They assist in interpreting emerging trends
 
and unify themes from among the disparate regional views.
 
They also provide information for the creation of
 
opportunities and development. Above all, they are offered
 
to orientate and influence the ideas of energy policy makers
 
in both industry and government. In brief, they change
 
mental maps.
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During the three-year lifespan of the Commisoion profound

political and economic changes have occurred in the world.
 
The Berlin Wall came down and the Soviet empire collapsed.

The extent of their pollution damage and the inadequacies of
 
thcse command and control systems were exposed. Pacific Rim
 
economic growth excelled even its own previous records, and
 
was followed by a major economic upturn in Latin America.
 
China and India have embarked, particularly the former, on a
 
pathway of breathtaking industrial development and
 
consumerism. China with a GDP of US$ 1.7 trillion 
now has
 
the third largest economy in the world, and will probably

have the largest within the next decade.
 

Privatisation and deregulation of individual markets have
 
occurred across the world. These in turn are increasingly

being thwarted internationally by regional and economic
 
trade barriers. The pace of change has been, arid is,
 
enormous. But it has been possible to accommodate the
 
energy repercussions of all these changes, thanks to the
 
adoption of this simple four-case Commission infrastructure.
 

None of the cases portrays "business as usual", and all were
 
built on the same UN population projections (Median Case) up
 
to 2020 and beyond. Above all else it is this underlying

"explosion" of global population, set to rise from
 
5.5 billion in 1990 to 8.1 billion in 2020, and mainly in
 
the developing world, which provides the basis for the
 
energy perspectives highlighted in the four Cases.
 

The Base or Reference Case (B) is an update of that used in
 
the WEC's original 1989 Energy Horizons. To this Base Case
 
have been added a variant Reference Case (Bl) with lowered
 
energy intensities, moderate technology transfer and with
 
reduced institutional change. A High Economic Growth
 
Case (A) projects very high economic development,

particularly in the developing countries (+2% p.a. per

capita income growth). An Environmentally Led Case (C)

completes the Commission framework.
 

This Environmento lly Led C Case contains very high energy

intensity figures, technology transfer and institutional 
changes, and includes 12% - .4% of global energy supplies 
derived from new renewable sources. It is considered to be 
at the extreme limits of what could be achieved within the 
Commission's time frame, but ironically it is the only Case
 
which comes near to accommodating the target of the Rio
 
Climate Convention to stabilise developed country greenhouse
 
gas emissions at their 1990 levels by 2000.
 

The results of the four Cases confirm what 
many have long

believed, that the world in the space of the next 30 years

will probably almost double its consumption of energy, and
 
that some 85% of this increase will occur in the currently

defined developing countries which will contain 90% of te 
population increase. (4) 
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From a total alobal energy consumption of 8.8 gtoe in 1990
 
the four Cases provide a range of possible demand from
 
17.2 gtoe in the high economic growth case to 11.3 gtoe in
 
the Ecologically Led Case (which is considered to be
 
virtually unachievable). The most likely 2020 global demand
 
range would appear to lie between 16.0 gtoe and 13.0 gtoe,

i.e. increases of between 48% and 82% respectively over 1990
 
consumption.(5)
 

Fuel mix projections are always speculative, but those of
 
the Commission demonstrate that all forms of energy will be
 
required, if demand to met. The fuel
is be mixes shown,

although they represent very considerable increases over
 
1990 in many cases, are considered to be both available and
 
operationally possible despite long development lead times 
-

except for Case C where the degree of penetration by new
 
'enewable energy forms is questionable.(6)
 

Vastly increased energy consumption will also mean major

increases in greenhouse gases. The IPCC estimated total
 
1990 CO2 source emissions at 200 gtC of which 194 gtC were
 
absorbed by sinks. Fossil fuel burning produced 5.5 gtC and
 
traditional fuel use 
another 0.4 gtC. Energy use therefore
 
accounted for about 
 6.0 gtC or some 3% of total co2
 
sources. (7) 

This 3%, however, represents the crucial element in 
the
 
balance to determine whether anthropogenic sources of CO2
create serious global climate change.
 

The Commission estimates 2020 emissions to increase by

between 40% and 90%, (discounting the environmentally led
 
case) over those for 2990. CO2 concentrations measured in
 
parts per million by volume increase by between 17% and 22%.
 

5. TEN PRINCIPAL MESSAGES
 

(i) The overall message of the Commission's Report is the
 
need for change. With world population expected to
 
double in 
the coming decades, and urban populations
 
more than trebling, we cannot carry on using energy in
 
the ways we currently do.
 

Deman6s for the services which energy provides 
heatinq, cooling, lighting, cooking, mobility and 
motive power - will rise massively. Energy is a 
provider of basic needs and services. It is an 
essential ingredient of economic growth and social 
development. The challenge is to balance the growing
need for energy with avoidance of environmental impacts

which could eventually become overwhelming.
 

Meeting this challenge requires change. but change can
 
only come about slowly and we need to initiate that
 
change now if we are to achieve successful, sustainable
 
development.
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Take, for example, efficiency levels included in the
 
Commission. Such changes will, if they are to succeed,
 
require the acceleration or the roll-over of capital
 
goods. This itself in turn will require accelerated
 
depreciation to permit this to happen in developed
 
countries, and considerable additional financing in the
 
developing countries.
 

(ii) 	Within the huge global energy consumption increases 
well over 85% is attributable to the developing world. 
This can only be a good thing in alleviating poverty 
and encouraging economic growth. It will, however,
 
require many changes if consumption is to equate to
 
demand. Many of these changes could mean greatly
 
increased commercial opportunities for the developed
 
world.
 

The corollary is less encouraging: because of the
 
dimensions of population increases, some regions, for
 
example Sub Saharan Africa, may well not achieve
 
greater per capita energy consumption than they had in
 
1990. Economic stagnation could result, with the
 
attendant risk of possible destabilisatiun.
 

(iii)The Commission found that the development of the
 
rational usc of energy on a cost/benefit basis was an
 
immediate priority. Interestingly, it is the change of
 
capital stock (the modernisation or replacement of
 
equipment) which appears to achieve results, rather
 
than 	the express alteration of regulation or price.
 

Much has been written into the Commission to
 
demonstrate the potential benefits of energy efficiency
 
and these will occur in step fashion across the globe
 
as countries become more efficient also in their use of
 
labour and capital. It is now up to government to
 
ensure that desirable energy intensity indicators are
 
achieved.
 

(iv) 	The development of technology to assist in meeting
 
global energy requirements and to manage the
 
environment is of overriding importance. Technology
 
transfer requires to be speeded up, preferably through
 
the market system, and with proper protection for
 
intellectual property. The industrialised world has a
 
major responsibility to develop the required
 
technologies for the future and to make them globally
 
available.
 

(v) 	Fossil fuels, particularly coal with some 250 years of
 
reserves at current consumption rates, will continue to
 
provide the bulk of needs. oil at 43 
years and natural
 
gas at 67 years appear to come under pressure only
 
towards the end of the period but import dependency on
 
oil, gas and coal will increase and supply lines will
 
lengthen.
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(vi) Nuclear power is currently faced with a dilemma. The
 
world will require to use all forms of energy to
 
satisfy demand during the next 30 years but public
 
acceptance currently curbs development in many
 
countries. The Commission assumes, after considerable
 
debate, that nuclear power will develop *on the basis
 
that solutions will be found for the whole fuel cycle
 
including operational safety, effective international
 
inspection and acceptable storage of spent fuel.
 
However, this may not happen, in which case it is coal
 
and to a lesser extent gas which will substitute.
 

(vii) The Commission's views on the development of renewable
 
energy forms are realistic and balance out the
 
over-enthusiastic views expressed in many parts of the
 
world on these fuel sources.
 

Renewable energy contributed some 18% of the world's
 
1990 consumption, mainly as major hydro and traditional
 
biomass. On the one hand great opportunities exist to
 
expand the former. For example, Africa currently
 
exploits only 4% of its possible hydro sites, having
 
such potential as the Inga Scheme on the Zaire River
 
with a potential capacity of up to 40 GWE. On the
 
other hand, it is clearly difficult to define
 
traditional biomass in many parts of the world as being
 
truly sustainable.
 

The specially commissioned 14EC study on "new" renewable
 
energy sources (solar, wind, tidal, etc.) came up with
 
the realistic conclusion that if little or no
 
government development support was available, the 2% of
 
global supply currently derived from such sources might

double to 4% of the expanded global consumption by
 
2020. If government and particularly supragovernment
 
support is given, however, this latter figure could
 
rise much higher to between 12% and 14% of global
 
supply, but this would be unlikely to occur within the
 
next 30 years.
 

(viii)No realistic possibility exists to meet the indicated
 
global stabilisation objectives for greenhouse gas
 
emissions written into the Rio Climate Convention. The
 
Commission can see no way at the moment to obtain
 
comprehensive worldwide abatement action without
 
massive north/south assistance. That this assistance
 
could in part take the form of the provision by OECD
 
states of cheap finance to export their own "state of
 
the art" energy equipment an( technology to the
 
developing world appears as merely one of the front
 
runners to assist with this issue. But here again a
 
major commercial opportunity presents itself. The
 
overall problem of an effective global. climate
 
convention, however, remains unsolved, and may remain
 
so for some time to come. In the interim the
 
Commission advocates taking practical and cost
 
effective precautionary measures for environmental
 
protection now.
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(ix)The developing countries place high priority on local
 
and regional pollution issues. Confronted with the
 
Commission's 14 key issue points only one region out of
 
nine worldwide placed global CO2 problems among its
 
priorities. Understandably, developing countries will
 
not sacrifice economic growth by allocating scarce
 
resources to global environmental concerns.
 

(x) 	Finally, energy represents some 5% of global GDP and
 
consumes 15% of global financing. Although difficult
 
to identify, some constraints to financing do appear,
 
particularly among certain developing country regions.
 
Massive global investment in energy systems will be
 
required, possibly as much as US$ 3 trillion p.a.(1993

money) by the beginning of the next century. This
 
compares with 1.990 world GDP of some US$ 21 trillion.
 
Suffice it to say that competition for international
 
financing will become increasingly competitive and it
 
will increasingly be unable to cover all energy
 
requirements. Much more local capital than hitherto
 
will be needed. This will require radical changes to
 
institutions, markets, training and energy management,
 
if such local finance is to be raised and channelled
 
into attractive energy investment in many parts of the
 
world.
 

6. 	 SUMMARY
 

In conclusion, the Commission has identified a number of key 
issues and offered at least partial solutions for them. 
Like many projects it may have its weak points - it has 
possibly under-estimated developing countries' requirements;
the assumption that oil and gas reserves will come under 
pressure early next century inducing price rises, may or may
not materialise; and the lack of more specific messages as 
an agenda for achievement, may be seen by some as 
deficiencies. However, the Commission has clearly 
identified the main priorities and required action for 
global energy development and it has demonstrated the likely
pathway of such integrated energy development over the next
 
30 years.
 

The developing countries require above all else economic
 
growth, fuelled by adequate finances and adequate energy.

In Central/Eastern Eurcp= and the former Soviet Union, the
 
priorities are to mod'2rnise existing energy systems, effect
 
the transition to desirable market conditions and improve

greatly both efficiency and pollution control. In the OECD
 
countries the emphasis i3 on greater efficiency and the
 
development of technology.(8)
 

All this is admirable, but the Conclusions and
 
Recommendations to the 15th 1992 WEC Congress made the
 
overriding point succinctly when it stated that
 

-(A



"The challenge for the world's institutions is to rise
 
above these different priorities and to progress on all
 
fronts, rather than allow sectoral or political
 
differences to inhibit necessary progress".(9)
 

Such a challenge appears today to become even greater in the 
decades after the commission's time horizon year of 2020 
hence the inclusion of the Commission's Epilogue, which 
highlights the many factors contributing to energy's
potential major strategic problems after 2020. It serves to 
emphasise that the next 30 years are essentially ones of 
managing energy transition, particularly when placed in the 
context of energy's notoriously long development lead times, 

service for world leadership, the WEC has established itself
 

in order to fit the global energy sector to surmount those 
future problems. 

By producing such a Commission and by performing this 

firmly and convincingly as a major player on the world
 
stage.
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( i) 

"The Commision's aim is to identify a realistic framework 
for the solution of regional and global energy issues, 
whereby adequate sustainable energy at acceptable costs can 
be supplied to meet the needs of all people, using optimal 
production and end-use efficiency, whilst achieving socially 
acceptable care and protection of the environment." 

(2)
 

Key: 
1. North America 5. Middle East & North Africa 
2. Latin America and Cariobean 6. Sub-Saharan Africa 
3 Western Europe 7 Pacific 
4 Eastern Europe and C I.S. 8. South Asia 
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(3)
 

4 CASES 

* High Economic Growth 
* Modified Reference 
* Reference 
* Ecologically Led 

(4) 

World Population 
9] 8.09 

5.29 
0 _4.45 

I4-3.70 
3.02 

1_ 

0_ 
1 1960 1970 1980 1990 2020 
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___ 

(5) 

Energy Demand to 2020 

_ DCs 	 172
16_ 	 160*CEE/CIS 
14 * OECD 	 134 

0 10 	 t 

S 8-	 88 

4- 33 j 

0-
 05 13 I 
1900' 1930' 1960' 1990 A 'Bi 

CASES 

(6) 

Fuel Mix 
in 20201960 1990 

A B B C 
Coal 1.4 2.3 4.9 3.8 3.0 2.1 
Oil 1.o 2.8 4.6 4.5 3.8 2.9 
Natural 0.4 1.7 3.6 3.6 3.0 2.5 

Gas _ 4 
Nuclear T- 0.4 1.0 1.0 0.8 0.7 
Large 	 0.15 0.5 1.0 1.0 0.9 0.7 

Hydro I I 
"Traditional" 1 0.5 0.9 1.3 1.3 1.3 1.1 
New" 0.2 0.8 0.8 0.6 1.3 
Renewables 

Total 3.3 17.2 13.48.8 16.0 

Energy Mix - Annual Past And Future Global Fuel Use (Gtoe) 
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(7)
 

CQ Emissions 

12_11.46 , DCs 10.23
 
S10 jECEE/CIS 8.37
 

o iOECD 

6.34 
.) 6, 5.94 

(8) 

SUMMARY
 

* The Developing countries require economic growth,

fuelled by adequate energy.


* In Central/Eastern Europe and the CIS the priorities
 
are to modernise existing energy systems, effect the
 
transition to desirable market conditions and improve
 
greatly both efficiency and pollution control.
 

* In the OECD countries the emphasis is on greater

efficiency and the development of technology.
 

(9)
 

The challenge for the world's institutions is to rise
 
above these different p~iorities and to progress on
 
all fronts, rather than allow sectoral or political

differences to inhibit necessary progress."
 

Conclusions of the Madrid congress, 1992
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CLEAN COAL PRODUCTION AND RATIOANAL USE OF COAL IN CHINA
 

Zhang Baoming
 
Vice Minister, Ministry of Coal Indutry,
 
the People's Republic of China
 

l.Economic development and environmental protection are the
 
major topics concerned worldwide at present. The Chinese
 
government pays great attention to environmental protection
 
while 
 devotes itself to develop economy. Environmental
 
protection is China's basic national policy.
 
After 
the U.N. environment and development congress last year,
 
the Chinese government approved ten 
items of policy for economic
 
development and environment 
control. It points out: to increase
 
the proportion of coal cleaning and processing; to increase
 
utilization ratio of energy; 
to control CO2 emission and reduce
 
air pollution so as to coordinate economic development and
 
environmental protection. Not long ago, 
 the second national
 
meeting of prevention and hardness of industrial pollution
 
which held in Shanghai, calls that clean industrial production
 
to protect environment and guarantee the continuous development
 
of economy should be pui'sued. The China's Mininstry of Coal
 
Industry always pays great attention to the development of coal
 
,:leaning and processing, actively adjust product structure,
 
develop comprehensive utilization and deep processing of 
 coal,
 
to increase heat energy utilization ratio of coal, reduce
 
environment pollution and increase profit. We have built new
 
coal washing plants, transformed and expanded a batch of
 
existing coal washing plants with annual 
throughput increase of
 

10-20 mt.
 
Coal is the major primary energy in China, it makes up about
 
75% of China' s energy production and consumption (Table 1 and 2),
 
2 to 3 times higher compares with other countries (Table 3), 2.8
 
times more than the figure of 27.3% which is the proportion of
 
coal in the structure of world primary energy ( Table 4)
 
China' s raw coal output accounts for 24. 04% of the total world 
coal output, therefore, China pays special attention to the 
development of clean coal technology. 
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Table 1.Proportion of Coal in,Consumption Mix of Primary Energy,1990
 

Natural
 

Category Coal Oil gas Hydroelectric
 

Proportion 76.0% 17.0% 2.0X 5.0%
 

Table 2. Proportion of Coal in Production Structure of Primary Energy,
 
1992
 

Name Coal Oil and natural gas Hydroelectric
 

Proportion,% 74.2 21 4.8
 

Table 3. Proportion of Coal in Consumption Mix of Primary Energy in
 

Some Major Coal Producing Countries, %
 

United I the Fc'mer 

States France Britain European Soviet China 

Community Union 

23.1 33.2 30.6 22.4 24 76.1 

Table 4. Change of Production Structure of World Primary Energy
 

1970 1980 1990*
1950 1960 


Total Production, mtce
 
2560.3 4243.0 7150.0 9291.8 11476.1
 

I.ternYer 


Structure, %
 

Coal 57.9 46.5 31.6 28.2 27.3
 

Oil 30.8 37.4 47.9 48.3 38.6
 

Natural Gas 9.6 14.1 18.3 20.2 21.7
 

Hydroelectric and 1.7 2.0 2.2 3.3 6.7
 

Nuclear Energy
 

100.0 100.0 100.0 100.0 100.0
 
* Figure of primary energy consumption for 1990 
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2.China has a long history in research and technology development of
 
effective coul utilization. Clean coal technology includes roughing,
 

fine and finishing processing of coal, thus complete the whole work
 

of coal cleaning.
 

Now, I would like to introduce China's basic status from coal produ

ction point of view:
 

(1). Status of coal washing and processing
 

By 1992, China has 190 coal washing plants, among which, 127 are coking
 
coal washing plants ( Fig. 1 ). The total throughput of washing plants
 

is 204.6 mt, it's development trends to linear raising ( Fig. 2 ). The
 
development of coal washing and processing play an active role to coal
 
mines to incraese economic benefit, the profit due to washing increased
 
from 650 million Yuan (chinese currency) in 1985 to 2.4 billion Yuan
 

in 1992 ( Fig. 3 ).
 

260 1 I-TOta 604eAr 0/ W4Ashij FlO4t, 
240' I-Aljiyber of Cokinj CWa Washfinj P/Aits 

2o A-Number 01 3te4 Coal iiAi 4y Plants 

140
 

go 

60 
40
 
20
 

1949 55 5To 75 80 83 0 95 
YeAr 

Fig 1. Current number of washing plants
 

and increase year by year
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I-/aw Coal trouqypu 
-C;,Y Coal Nroyupt 

21000 A- Clean Coal ouMptCoai4;,

S13,00
 

IooO 

1000 
11000 
ZO0
5ooo
 

- fooo.-~5003 

1000 

IS49 55 60 66 0 75 80 85 90 95 

Year
 

Fig 2. Raw coal , coking coal throughput
 

and increase year by year of clean
 

coal output
 

0/a -Perceildye o direct 5ale of rawv Coal(%) 4.0 
/ -Perceatapr oJ WscAe.v Coal(%)

/00 l-PerCentap? of ,Screeon,7 Coao 1 ) 20.0 

go 1-Pr/ihue to WWA (O"(100 m/lOlY,u8.0 r 

0 	 l
 

620 ., /.0/.0 -2 
0 8! 02 83.8.0..86 87 80 89, 3 / 0,02 

80 81 82 63 84 8J 86 87 66 89 80 0/ 32 

Ylear 

Fig 3. 	Curve of commercial coal structure produced by
 

China's state controlled coal mines and profit
 

due to washing
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But, the proportion of coal washing in China is very low 
( Table 5 ).
 

Table 5. Washing Proportion of Major Coal Producing Countries
 

in the World ( 1985
 

United The Former 
item Soviet Poland Auptralla Japan Britain China 

States Union 

Coal Output 80985 '72620 24938 
 17550 1644 
 9188 87228
 

(10,000 t
 

Throughput 33762 31133 
 12219.6 13338 
 1561.8 9188 14293.8
 

(10,000 t
 

Percentage 42 
 42.88 49 
 76 95 
 100 16.4
 
of Washing
 

( ) 

For protect ('v"ironment and increase economic benefit of coal enter
prises, we are vigorou3ly organizing and actively raising funds 
so 
as to speed up the construction of coal washing plants, we also hope 
the U.N. and other countries t.o introduce new technology and products 
into Chinn, welcome to China to invest fc'r building washing plants. 

About 10 of t e raw coal produced in China contnins more then 2% of 
sulphur, tuese hig- sulphur coal are mainly distributed in southwest 
and northwest. regions of China. 

Because of burning high sulphur cosl, about 15 mt of S02 exhausted to 
the air in China in 
1990. The acid rain caused by sulphur directly
 
affects industrial and agricultural production and 
human health, thus
 
the chinese government pays great attention to this problerL.
 

The Nantong Coal Mining Administratio-i in Chongqing, Sichuan province
 
found a new approach on development and utilization of high sulphur
 
coal. It washes the 
coal with 4% of high sulphur, produces clean coal
 
with less than 1.5% 
of sulphur, pyrite conzains 53% of sulphur ex
tracted 
from middlings and refuse, the residual middlings and refuse
 
for power generation, ash from power plant 
for making brick, cement
 
and building materials ( Fig 4 ).
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c~ean hiddlinss Pcwzr Ah 

fam rel"s 9et~eatmv 

Coal Pyrite cuiAdr~ ienn ra 

Fig 4. High sulphur coal utilization in Nantong Coal
 

Mining Administration, Sichuan province
 

(2). Briquette
 

In China, 84% of coal burn directly, thus the utilization coefficient
 

of coal is only about 22%. If use briquette, the heat efficiency of
 

coal would be increased by 10-20% and pollutant exhaustion can be
 

greatly reduced, see Table 6 and 7.
 

Table 6. Heat Efficiency of Different Coals 

Fuel Heat Efficiency, % Coal Saving, %
 

Bulk Coal 16-18 0
 

Coal Blank 17-18 1-5
 

Wet Coal 18-20 5-10
 

Ovoid Briquette 24-26 28-33
 

Honeycomb Briquette 40-50 55-60
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Table 7. Pollutant Exhaustion from C.:Il Burning Oven ( g/kg
 

Fuel Contamination Factor (g/kg)
 

Coal Dust So2 NO CO BaP 

Bulk Coal 2.95 15.889 0.515 44.835 99.032 

Coal Blank 1.681 5.005 o.491 42.279 30.616 

Wet Coal o.634 7.605 o.412 38.557 26.473 

Ovoid Briquette 0.48 5.472 0.385 38.052 53.572 

Honeycomb Briquette a little 3.123 0.385 0.625 not found 

According to the statistics, in China, heat efficiency of raw coal
 
burning for diffurent purposes are not same:
 

Industrial boiler 
 60%
 
Thermal power 31%
 

Industrial kiln 
 20-30%
 

Domestic stove 
 15-30%
 

Locomotive 
 5-8%
 

Briquettes produced in China include two categories: industrial and
 
domestic briquettes( Table 8 ). According to 1990 statistics, pro
duction output of domestic briquette in China reached to 33 mt/y,
 
accounted for 30% of the total domestic coal 
used in cities and towns;
 
the industrial briquette was 
about 22 mt/y, China also has machining
 
capacity of complute plants by which 5 mt/y of briquettes can be pro
duced.
 

Table 8. Classification of Briquettes according to use
 
Briquette for industrial boiler, kiln and locomotive
 
fuel
Industrial 


Briquette Briquette for smelting and casting
 

Brique- Briquette for making gas
 
tte 
 Ordinary ovoid briquette and honeycomb briquette
 

for cooking

Domestic Honeycomb briquette and combined briquettes for large
 
Briquette kitchen range, water boiler and heating
 

Briquette for roast, chafing dish and handwarmer
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In 	China, domestic briquette include the following categorias:
 

Honeycomb briquette
 

Domestic
 
Ovoid briquette
briquette 


Stick briquette
 

The 	industrial briquette mainly are:
 

a. Briquette for industrial boiler and kiln
 

China has 400,000 grate firing industrial boilers and 140,000 kilns,
 

so that research of industrial briquette is the direction of briquette
 

development, a series of new techniques have bee, developed.
 

b. Briquette ( briquette coke ) for metallurgy
 

This is one of the best ways to effective use of non-coking coal, for
 

example, add suitable binder into non-coking coal, then press to form
 

briquette coke, the successful development of briquette coke is of be

nefit 	to energy saving and reducing cost, the result to see Table 9.
 

Table 9. Property of Metallurgical Briquette Coke and Furnace Coke
 

Ash 

Coke Category 


Briquette Coke-1 12.82 


Briquette Coke-2 11.60 


Briquette Coke-3 13.84 


Briquette Coke-4 12.09 


Furnace Coke for
 
Meishan Steel Mill 14.3 

Furnace Coke 

for
 

Anshan Steel Mill 14.1 


Furnace Coke for
 
Wuhan Steel Mill 13.6 


Furnace Coke for
 
Baoshan Steel Mill 11.68 


Tumbler Reacti
'rest vity of 

ro a- Sul-
tile phurMa- ( 1)40 1ReV 

Coal GLumprain 
St*Srcl-Sizet1h 

Furnace 
Capacity3 

tter M%)(%) V r (mm) (m 

(96) 

M20 

0.96 0.32 95.3 4.0 31.0 54.4 41x32x27
 

M20 
1.01 0.50 92.7 6.6 32.0 49.4 41x32x27_
 

0.55 0.36 M20
 
92.7 6.0 31.9 49.7 41-32x27
 

0.77 0.37 M20 7 0 32.8 46.7 41x32x27
 
92.3 1 1 _ 

49.9 >1000
1.24 78.6 7.6 36.1 >40 


1.15 o.61 73.8 9.0 33.9 45.7 >40 > 2000
 

1.02 0.72 79.9 7.0 28.2 58.7 >40 )2000
 

0.98 0.37 87.3 6.4 39.1 53.2 >40 >4000 
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c. Briquette for making gas
 

We have developed gasify material for fertilizer industry - smokeless 

briquette, we also developed gasify briquette for making burning gas 

which will be used in glass mill and ceramics factory and also for 

producing domestic fuel gas by two-stage gas generator. For example, 

weakly coking coal from Datong mixed with fat coal from Kailuan, then 

add compound cementing agent, the characteristic of this briquette is 

suited to the coal requirement for gas generator and two-stage gas ge

nerator to produce gas. 

In short, briquette will have bright future due to it's energy saving
 

and environmental protection.
 

(3). Development of coal water mix technique
 

In 1988, China worked out a Important energy policy-- use less oil and
 

replaced by coal. Burning of coal water mix (CWM) is one of the effe
ctive and economic ways of techniques for high efficiency and cleanly
 

use of coal. In China , the combustior !fficiency and utilization co

efficient are quite low, the tothl efficiency is about 25%. Further

more, durinF long distant transportation, disperse storage, loading
 

and offloading, 5-7% of coal will be further lost. All these clearly
 

show the advantages of using coal water mix. The industrial demons

tration shows that burning coal slurry, the combustion efficiency clAi
 

be raised by 5-10% and energy consumption can be reduced by 20%, the
 

result is very obvious.
 

China has developed a complete set of practical production techniques,
 

China now has 6 coal water mix plants ( include being constructeu)
 

with annual capacity of 1 mt, two iddltive factory with annual capacity
 

of 500-2000 t/y and 3 coal water mix experiment and research centres.
 

The capacity of Beijing Coal Wauer Mix Plant is 250,000 t/y ( Fig 5 ),
 

the quality of it's product see Table 10.
 

Currently, coal slurry is applied in indusL.-di boilers and kilns in
 

various industries, it includes 6 industries, see Table 11.
 

In short, long experiment in some demonstration sites proved that 1.8

2.1 tons of coal slurry can 'eplace 1 ton of heavy oil, it will have
 

bright future because 30 mt of oil directly burned each year in China.
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Fig 5. Demonstration flow sheet of Beijing
 

Coal Water Mix Plant
 

Table 10. Quality of Product from Beijing Coal Water Mix Plant
 

Concentration ( weight % ) 
 65% dry coal weight 

Viscosity §c1000 cp 

Heat Value 18.8-20.1
 

Maximum Grain Size 
 ( 250Am 

K90 
 140,P m 

tAsh 
 7%
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Table 11. Application of Coal Water Mix
 

Industrial
 

Department Boiler Research Content
 

50 t/h industrial boiler Experiment and 
Light Industry for produce heat and research production

technique 
electricity 

Building Material Tunnel drying oven for Exneriment and
 
research produ-


Industry drying coal water mix ction technique
 

Metallurgical Smell steel rolling 	 Production
 
technique
hating furnace
Industry 


Machining Large forging heating 	 Production
 
Industry furnace 	 technique
 

Metallurgical Ore sintering furnace 	 Production
 

Industry 
 technique
 

Textile Industry 15 t/h industrial boiler 	 Burning technique
 

(4). Coal gasification and liquefaction
 

Coal gasification is n important way for having clean coal, it can
 

remove impurities and detrimental ingredients to the maximum, fully
 

utilize heating value of coal.
 

According to 1989 statistics, there were 273 cities from 450 cities
 
in China have gas burning installations, the popularization rate is
 

only 18% ( Table 12 ).
 
Four major oven type gasify technology currently aaopted in China
 

( Table 13 ), coke oven is better considering the economy, but car
bide furnace and two-stage gas generator are more suited to middle
 

and small cities
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Table 12. Source of Gas in China's cities
 

~Gas Heat 

Gas Source or Gasify Value 


Category Equipment ( Kj/mt 


atural Gas 	 Gas field in Luzhou,
 
Baxian, p- 33488-35999 

vince 


Associated
 
Gas in Oil Dagang oil field 37674 

Field 
Mine Gas Longfeng, I1aohutai, 

Shangli coal mine In 14651-16440 
Pushun 

CCoke Oven 8l 

Gas 	 on 1)06-1887 

Model 61 oven 20092 


Model 66 oven 14651 


f]ag innovation"
'ed 

coke oven
Vertical 

box Oven Vertical box oven 5023 
iGas 

Oveizn CniuusvriallI ~ 
'Oven Gas Horizontal oven 13395 

Wood
!Gas carbide furn!ace 16325 


: 


-__Qingdao, 
ITwo-stage 
!Generator Two-stage generator 12558 
Gas 

4ater Gas € 2740 water gas oven 11092*1 


2260 water vas oven.1 11720 


1980 water gas oven 11720 


GMeneratoor
 
s Model W-G generator, 


etor 5232*2 


Lurgi Pressure Pae-
Gas Gasify Lurgi oven 16440*3 

Liquefied
 
Petroleum ]atalytic cracker 92092 

Gas 


Three Tubular Heavy 

Oil Heat Accumulation 18- 3, 

Thermofor Catalytic 18837-20930 


Craking Oven
 

-_______ 

Cties Use Gas
 

Chengdu, 2hongoing,
 
Beijing
 

Tianjin
 

Fushun
 

Beijing, Shanghai,
 
Nanjing, Shenyang,
 
Taiyuan
 
Shanghai
 

Harbin, Changchun,

Dalinn, Tianjin 

D Ili fn 

Beijing, Jinzhou,
 
Hegang
 
Caghn
 

Changchun, Harbin
 
nventha, Changhun,
lin, ancu,
 

Dalian, Nanjing,
 

Datong
 

Fuxin
 

3hnnghaI
 

Dallan
 

Dalian
 

Shanghai, Beijing,
 
Dalian, Dandong
 

Kaiyuan Army Ferti
lizer Plant, domes

tic use in No. 1
 
Truck Factory
 

Beijing, Tianjin,
 
Shanghai, Nanjing,
 
Shenyang, Changchui,
 
Harbin
 
Xian LanzhouJinan,
 

anI, ,Sh
nan
 
Shanghai, Shenyang
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Remarks:
 

*1 Gas companies in Shanghai and Dalian use gas as mix ma
terial, directly for domestic use in Jincheng and Luan
 

Coal Mining Administration.
 

*2 Gas companies in Shanghai and Beijing use gas for heating,
 

domestic use in Xian( for example, Shaanxi Diesel Engine
 

Factory ).
 
*3 	 After built pressure gasify plant, it plans to change 

product due to low economic benefit. 

Coal liquefaction includes 
two parts: indirect and direct liQuefaction.
 

Research of liquefaction technique in China has started in the recent
 
years, research of direct liquefaction started from 1980. China Coal
 
Science Institute ha: built liboratory with world advanced level which
 
conducts coal liquefaction , processing of oil to improve quality,
 

analysis and test.
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Table 13. Comparision of Gas Coal for Different Ovens
 

Oven Carbide Lurqi Two-stipe Gan
 
Type Coke ven Furnace Oven Generator
 

Main Metallurgical City gas City gas or City gas
 
Froduct coke synthetic
 

By-produ Tar, benzene, Coke,tar No combined No combined che
cts and ammonia and
 
economic amn ammonia chemical pro- mical production
 
benefit gas combined che- duction high Cost of' gas


combined mical produ- high cost of low benefitchemical pro- ction
 

duction gas, low hone
i ncrease high benefit fit I 
benefit
 

Feled cean coking Gas coal Non-caking Non-caking and
coal coal with (Long flame lump coal weak cakinF

lean coal coal) 	 fault coal
 

Moisture moisture 2 o' moisture 1>
 
and Ash ash IH-26) ash 21-_2%
 
Content ash 19 ash 2)-4r%'
 

ment con 	 l~Iargemena c- ltnble u . tea to L:onstructscale plncetay ion 

dition p oju, lon 	 11Ajust gas production plant centrally
 
su;ply or decentrally
 

Disadvan- High inves- he
 
tages tment, strict t 'h quiteinves- ment,i high Low heating
tment, his 

coal reouire- strict coal operating cost, value, high CO 2ment, furnace src ol oeaigcs
coke fard to requirement serious pollu- content 
sale tion,hard to
 

use remaining
 
pressure, not
 
suite to he
 
gas plant for 
middle and 
small cities 

Improve- 1. To be 1. To be 1.lmprove gas 1. enhqnce de
ment large scale large scale quality -estion and ab

2. expand 2. Gas coal 2. Imps'or. sorption
 
raw material briquetting separation 2. Seriation
 
coal types, 3. Adopt result of gas research
 
adopt tamping acceleration from waste 3. complete set
 
coking gasification water, protect of technique,
 

system, in- environment for example,
 
crease car- fine coal brinue
bide gas tting, break
 
output cohere technique,
 

part of water
 
gas become me
thane
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In a word, the technolovy for coal cleaning and bricuetting has been
 

in certain level, technology of .4- is on the developing stage, but
 

gasification, especially liquefaction is the project pending further
 

developing.
 

3. According to develonment program, by 2000, 2Thina'n coal output
 

will be incronsed from current 1.11 billion tonn to 1.4 billion tons,
 
the washinr capacity of' raw coal of coal cleaning ,iants will be in

creased from current 2 mt/y 
') 

to 500-550 mt/y, the con I throughput 

will h incr sed I'om current 210 mt to 3R0 Tt.. In or jor to achieve 

this goal, it, plans to h;ii 1 1 75 new clennn plants with iat.1rlt y of 

200 mt , moreover, con Ic ts te hnol ogi cal Itrns t'ormnat ioll fr ox i sting
 

120 cleaning plants. 
itus, conl mines remove 80 mt of refuse, .ave 

haulage capacity of4 .. bi lion ton-kms. Due to improvomr..nt of coal 

qual ity, about 40 mt of coal saved each year, a 1 so re iuce a ir po

llution lue to burning coal. At the same time, gasi fication will be 

acrievd nrogressiv-ly in lArge and middle cities, monst resiltnts 
'in sinai 1 clIo. will birn briquette J n.stead of blk -oal rIurently 

burr.t . 

It, is -jti!,iatP , by '7<), 40 new briquette olanits will be nor un with 

increasing canac!i;ty of 0. mnt/y. onl slurry nI nnt.- will open i! 

market furl!ier, plnns tn hri ]d 4 coal slurry niants( lusi ran, 

"'ingdi~nr:ha:n, Yn'ar i, ) with of m/y, buildT ,iwgyiari capacity 1.4 

n,'w gas plants in mrniy nres if ti e conlition allowel, to suioly gas 
to I millior; faml lien. 

4. We hot to stply Io ) ."rr countries the following: 

(1). 2r Ilete Iplant 'in j nroject contractor of conal cl-aning plant, 

coal briqu Itln. !,tis; anI coal slurry plant; 

(2). Export s,:'vlce of treatment technology, equinment for mine 

water ,inl slime water and flocculant for .riflcation. 

We hope to niave int.ornational cooperation on the Following projocts 

throuvn U.N.. sujjpport:
 

(1). 'ire- fi rhti r) . sr-ontaneous combustion of nil ergrounl coal seam
 

in Xinjlang. t'e fir, lasts nearly 520 years. According to statistics,
 

the o:.robrnti n ra, reached to 202-<, 0 ,,m 2 , about 100 mt of coal 
b'rnt. aach yr111, , "o !rv ost 'v'ast coal but; resources, also 'seriously 

pol lut, the. 'rriV (:ir.;'*1t'.e hope ?o orwanii,, oxn(rrts to diagnose. 1.':. 

it an] provide, financial an technique support. 

(2). 'Th inn il a Coln r' with Ioss water, fresh water r,.sorce is, ver: 

iniite, Iv, rrntonly 2W0) billion tons, 24) i overae per person, 
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only accounts for 1/4 of world wrter resource. During coal min.ng,
 

large quantity of water should be drained, about 4 tons of waLer
 

drained for per ton of coal produced, except some water reused, still
 

1.5 billion tons of water have to be drained. At the same time, many
 

mining areas are seriously sh rt of water, not only short. of process 

wate-, the more serious problem is short of drinking water. If we
 

have sufficient finances, we can recover and purify mine wnt.er( in

clude slime water), if so, it. is not only benefit future t'enrntions, 

but also beautify the environment. 

(3). China has about, 1M0 re fuse heaps and wi 11 further increase with 

100 mt of refuse every year. There are more than 100 refuse heaps with 

spontaneous combustion nroblem curr'ntly. [hey are not only occuny
 

farm land, but also canuse serious nollution, are bi Ily in need of 

treatment. It is badly needs to solve the problem of fire fighting of 

refuse nerps, comprehensive utilization of refusereclanatior and 

vegetation.
 

(4). China will devote ,maor efforts to develop coal cleaning and clean
 

coal technology, now, we actively make preparation for setting up
 

a research and development centre of clean coal technique. We hope
 

to receive the support from U.N. and have cooperation with v-rious
 

countries in the world to conduct research and development work jointly.
 

Finilly, we would like to thank again the U.N. to Five this opportu

nity to us to introduce China's condition at this congress. We wel

come friends from various countries to visit China, jointly develop
 

clean coal techniques and utilize coal more efficiently.
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"THE LONG VIEW" 
TIlE PERSPECTIVES OF COAL USERS AND SUPPLIERS. 

If there's one thing that both coal industry suppliers and users have in common, it's the need to 

take a long term view. Coal producers invest in mines whose production life isusually a minimumn 

of 20 years and often much longer than that. Coal users install facilities which have lifetimes of 

over 30 years. Both are quite familiar with the idea that their investments are only worthwhile 

when looked at from a long term perspective. They are also used to dealing with the uncertainties 
I lence the title of this talk "Thethat are an inevitable part of lorg-tern planning processes. -

Long View". 

The "Long View" that I am going to describe is a view which inevitably focuses on electricity. In 

essence, it's a rightly optinmistic viev. I lowever, there are challenges which both suppliers and 

users must confront, and I will also discuss these inmy speech. 

One of the themes of this Conference is "Coal use : public perceptions of its role in energy, 
old fashioned fuel" or as "aenvironment and life". All too often coal is described either as "an 

fuel with r1o fture". Not only is such talk incorrect, it is also misleading, perhaps even 

mischievous propaganda. But it does represent a perception held iii society, probably rather 

more widely than if we in the coal industry - bnth as producers and consumers - had been more 

agile in selling the importance ofcoal in t e past. Now more than ever, we do not want to fin the 

risk of losing the argument by dehhrIrlt. We i ust be prepared to put the case for coal ourselves; 
nobody else will do it for us. Therefore, the view I amn about to share with you is aimed also at 

contritig in some way to the pronlotion of the coal industry. 

You might imagine that coal suppliers and users would have differing views of the coal business. 

I lowe\er it's my contention that, apart from tile desire of tire producer to generate positive 

margins so as to satisfy his shareholders in the long term and the user's desire to burn the most 

appropriate fuel, their respective views occupy much coriiriiori ground The main feature of this 

common ground is easy to identify. 

Coal was the nrincipal furel behind the industrial revolution in Europe. It is still tile main fuel for 

electricity - now the preferred energy source in most developed countries - and it will continre to 

be tile driving force behind the industrial revolution in developing nations. The future of coal is 

inextricably bound to the ftiture of electicity. 

Let's examine this coriion ground in more detail by looking at the coal industry in general, and 

then by studying our own " Long View" of the fture for electricity. 

Some two thirds of global hard coal production comes frori China, the USA and the former 

Soviet Union and, of this, only coal in the USA and a little in China was produced by private 
concerns until recently. But now eventual privatisatioi, and deregulation in both Russia and China 

surely means that state controlled production will decline whilst private production will increase. 

Elsewhere in tile world, coal is produced by both state organisations and private firms depending 

oil the regime of the country concerned. 

coal's customers9 Over half of all hard coal produced is used in tile generation ofWho are 
electricity and over a quarter for raising steam or providing heat in industry. The balance is 
divided between steel making and the residential and transport sectors. But these proportions are 
not static. 
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Since 1945, coal's importance as a fuel in the transport, industrial and domestic sectors has 
declined in the face of cheap oil, followed by gas and clean, convenient electricity. However not 
all of coal's markets have been on an irreversible decline. One cheap, secure and reliable way of 
meeting tile growing demand for electricity has been and still is through thermal power stations 
fuelled by coal, particularly ailer the oil price shocks of the 1970s when the price of oil went up 
by three and a half times in real terms. 

A significant consequence of the first oil shock in 1973 has been the development of the seaborne 
trade in hard coal. Although still only around 10% of total production, its growth has been rapid
particularly over the last decade. In energy equivalent terms, the seaborne thermal coal trade is 
almost twice thizesiZe of the much vaunted Liquefied Natural Gas business, although only around 
10% of the total trade in oil At this level, its contribution to the total trade in energy is, of 
course, highly significant. 1shall return to trade matters again towards the end of this paper. 

Now, let's turn to the electricity industry. 

The best prospects for growth in coal consumption in the future lie with power generation.
Nearly half of world electricity production comes from coal fired powcr stations. 

Globally, consumption of electricity grew at an annual average rate of over 8% in the 60s, about 
5.5% in the 70s and just tinder 4% in ile 80s. It is projected to grow at 2-2.5% up to 2020. 
Even though the efficiency drives prompted by the 1973 oil shock have broug,ht a reduction in 
( verall energy intensity, that for electricity has increased. The most significant statistic is that the 
share of electricity in the world's final energy consumption package grew from u;,dcr 10% in 1960 
to about 15% in !990 and is expected to be over 20% by 2020 - as such it is the fastest growing 
source of energy. 

Electricity has been gaining share in all markets where it competes because it is convenient, clean 
and efficient at the point of use. Even though in some developed countries there are signs that 
this growth may be slowing down - electricity's most favoured markets [for instance industrial 
machinery and domestic appliances] can become saturated and gas and other fuels are 
occasionally better able to compete - electricity still holds sway as the fastest growing energy 
source. However, it is in the developing countries where the real scope for energy expansion nnw 
prevails, and here demand for electricity can be expected to grow the fastest. In the residential 
and commercial sectors of countries in this category, air conditioning applications are growing
quickly as is broad household ownership of other appliances; electricity is also required for many 
expanding industrial operations. 

Convenience and efficiency are not the only reasons for growth in electricity consumption For all 
countries, electricity is the medium for consuming different sources of primary energy - coal, gas,
nuclear, hydro. Through this, electricity is not only a way of converting energy to utility; it also 
contributes to energy security and diversity - both important factors in the wake of events like oil 
supply crises and the Gulf War. 

As I have mentioned, Shell's scenarios for the future to 2020 predict electricity consumption
growth world-wide at 2-2.5% p.a. However, there are significant regional differences. Growth in 
N. America may well be less than 1%p.a.  a good example of the way that growth in electricity 
consumption slows down as society moves towards the post industrial era. Whilst in Japan, the 
rest of the Far East and S. Asia combined, we foresee a ,ate of nearly 7% p.a. Obviously it is in 
this part of the world that there is also the greatest concentration of countries undergoing 
successful major industrialisation. 
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Electricity demand here is clearly higher per unit of economic growth than in developed countries. 
In addition, fuel for domestic use in developing countries is switching from wood, coke and 
kerosene to electricity. Thus, overall coal demand is shifling away from the household sector 
towards the power generating and industrial sectors, and it is increasing. In case you're not 
entirely convinced of the argument so far, let me just give one more example: China's share of 
global electricity consumption is expected to double from 5% in 1990 to 10% in 2020. Of course 
China is the country where the statistics are the most awe-inspiring. According to our scenarios, 
by 2020 China could be us'lg more electricity than the USA did in 1980, and, with a population 
four times greater, there will be more growth to come. 

Wihat is coal's role in this impressive future for electricity? 

In 1990 coal fuelled nearly 40% of the world's electricity consumption of 10,000 Twh - twice as 
much as any other fuel (gas was 14%, oil 12%, nuclear 17%, and hydro 19%). 

Although coal's share as a fiel for power generation may well fall from this level to around 30% 
by 2020, annual consumption in absolute terms will rise from 1.9 billion tonnes/year to over 
2.5 billion tonnes/year. What makes these figures even more impressive is that an increasing 
amount of coal will be consumed in new, more efficient power stations with more electricity being 
gunerated from less coal. 

By 2030 virtually all today's coal fired power generating plants will have been replaced by new 
stations and a total of twice as much electricity as in 1990 will be generated from coal. But coal's 
growth is not without challenges: as before, there will be stiff competition on the economic front 
- the choice of fuel (factors such as cost, security and availability), and on the technological front 
in essence efficiency and environmental. 

I have already pointed out how crucial the power generation market is for the future of coal. But 
this is also true for the fiture of gas. So how do coal and gas fired power stations compare? 

In simple terms, the economics of power generation depend oii both the capitr, and operating cost 
of the plant and the cost of tbiel. For the typical new plant i Japan and per unit of electricity, a 
gas plant is likely to have lower capital and operating costs than coal. These costs reflect the 
requirements to reduce sulphur dioxide emissions, and so include FGD iuistallalion in the capital 
cost for coal anu oil. As far as the fuel costs are concerned, gas prices are still predominantly 
linked to oil prices, whilst coal prices are determined by a combination of production costs and 
supply/demaud perceptions. In addition, fuel diversity and security of supply are both crucial 
ILctors in the strategy of fuel choice for a major public utility. 

In recent years much attention, some of it r.dverse, has focused on the environmental impact of 
conventional coal fired plants. Most notable among the concerns are emissions of sulphur 
dioxides, nitrogen oxides - gases associated with acid rain - and carbon dioxide - linked with the 
enhanced greenhouse effect. Efficient clean coal burning technologies, many of which are now 
under commercial trials, represent a major advance in meeting these concerns and will help ensure 
the long-term future of coal fired power stations. 

My own company has developed the Shell Coal Gasification Process, this is being incorporated in 
an integrated coal gasification combined cycle 250 megawatt demonstration power plant 
commissioning now in the Netherlands. The gasification process converts coal into a clean 
synthesis gas (carbon monoxide and hydrogen) and offers thermal efficiencies up to 45%. In due 
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course improvements in turbine teLhnology will raise this figure to 50%, compared with about 38
45% in conventional plants. 

This process can operate on a wide variety of coal types including high sulphur coal, lignites, coal 
fines and petroleum coke. It has a much reduced environmental impact, with the removal of 99% 
of tile sulphlr and with CO-) emissions per unit of energy output up to 25% lower than when 
replacing existing conventional coal plant. 

This is just one example of combined cycle technology. But coal gasification is not itle only 
method of improving the performance of coal burning technologies for power generation. 
Combined cycle technologies can also be used with pressurised fluidised beds. In addition, 
improvements are being made to conventional technologies by way of super critical steam cycles, 
which also offier eliciencies up to 45%. A great deal of effort isbeing put behind all of these and 
success will be achieved. At the momenrt these processes involve relatively high capital costs but, 
as they mature, this should be oft'set by lower fuel costs per unit of electricity as higher fuel 
efficiencies are attained. Overall, therefore, reasons exist why coal promises to be highly 
competitive relative to gas and oil. 

As I said at the beginning, suppliers and users have to take a long term view of their investments 
and they must have the confidence that economic conditions will allow each to make a 
satisfactory retUrn I lowevcr, there are three important fIcets which all of us in the industry 
would prefer not to occur. Each of these could introduce uncertainty and volatility. 

First - the issue of suenly security. In the early days of the international coal trade, doing business 
was subject to term, and, olen, escalating cc-ntracts. This gave supply security to the user and an 
assured market to the supplier. Over-supply in the early '80s generated its own security and 
hastened the growth of a spot market. Tie change has been marked. In tie early 1980s only 
10% of coal sold to European Comm1unity utilities from the international market was spot. Last 
year the EC utility inmport had nearly doubled and the proportion of spot sales had risen to 45%. 
The main reason (hr this change is the low cost of entry into coal production. With good geology 
and access to reasonable transport and loading facilities, coal projects can be brought into 
production at relatively low cost and sometimes without regard to the status of tile marketplace. 
Tile new production then has to fight to place its volume with tile classical consequences on 
market prices at large. 

A coal producer needs to make a return on shareholders' investment and actions like reducing 
costs and selling to premium markets normally support this objective. The problem for coal 
suppliers, both export and domestic, is the over-supply trap. This results in queezed margins, 
aggressive competition between suppliers, closure of high cost production capacity and - despite 
the immediate outlook - investment in new sources of supply with even lower costs. 

This, along with tile abundance of coal resources, Would seem to enhance the security of supply 
for coal users hut, with demand for internationally traded steam coal projected to grow by nearly 
10% each year at least for this decade; this means over 100 million tonnes p.a. of new capacity 
must be developed bv. 1998. Supply may not always look so secure! 

Second - suppliers' profitahility. linlternationally traded r.ial rrices and cash costs of production 
have Idlemn by around 5/ p.a. in real terms since 1982 although, in the last five years, the decline 
has ceased when measured in suppliers' local currencies; in other words the currency in which 
they pay their costs and dividends. Although tile suppliers have suff'ered some pain, they have 
improved efficicncies, reduced costs, and by and large, survived since average prices have not 
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fallen below average cash costs in spite of many years of apparent over-supply. Although there 
may be scope for tUrther real price reductions in the foreseeable future, we shall not see them 
coming down at the same rate as the 1980s. 

For a coal supplier to invest in new capacity there must be the expectation of a reasonable return. 
However, it has long been only wise to test investments in substantial new production against 
prices that indeed reflect over-supply conditions. This implies that the financial justification of 
new production capacity will have to be much more rigorous and will act to moderate its 
introduction. The corollary is that, when major new production is committed, it will be capable of 
withstanding down-turns and will, of course, also pose strong competition to existing mines. 

Also, suppliers must understand better the impacts of new investments from the points of view 
both of timing and how new capacity might affect future price movements. If nothing else, coal 
suppliers can rest assured that they are going to operate in a highly competitive intra and inter-fuel 
environment. 

Finally, I want to touch on the issue of carbon tax. Let me emphasise, this is a concern not only 
for coal suppliers - who fear shrinking markets and falling margins - but also users - who 
emphatically recognise the value of coal as the best provider of energy security within their fuel 
supply portfolios. 

There is a wide range of uncertainty about the effects which different levels of carbon tax would 
have in reducing carbon dioxide emissions. Studies by the IEA indicate that the imposition of a 
tax of $100 per tonne of carbon emitted (equivalent to $12/boe and significantly greater than the 
current pnce of internatio..Ally traded steam coal) would produce less than 10% reduction in 
emissions in OECD countries compared with the "reference" case representing "business as 
USUPI". 

Enthusiasm for carbon taxes as a way of achieving environmental goals seems to be waning in 
many - but not all - countries. On2 can speculate on the reasons for this. The impact of coal 
burning on climate change remains uncertain, the threat to local economic advancement from 
carbon taxes levied on fossil fuels could be considerable - particularly in the developing world. 
And there are a host of practical considerations - not least, the difficulty of achieving consistent 
regional, let alone global application to what is clearly perceived as a global problem. 

But there is also a more progressive side to this dcbate. Increasingly, alternatives to carbon taxes 
are emerging. For instance, voluntary actions between governments, suppliers and users are 
going to prove very significant. Examples include :nvestmlent ir more efficient plant (here I harp 
back to my previous point), a new push for combined heat and power projects, greater emphasis 
on cooservation aloi,, the whole production-to-consumption chain, renewed consideration of 
recycling, development over the long-term of renewable energies, the protection of carbon sinks 
and possibly the encouragement of retbrestation. But most important over the medium term is 
the benefit that must potentially accruc from technology transfer and co-operation with the 
developing world. 

These measures all have the potential to be economically justified within a free market 
environment. But they are all areas that now deserve much more carefil study to assess their 
respective contributions to environmental goals and, most important, their practicality in 
implementation. For me, the challenge for our industry is to shift emphasis to the vigorous study 
of alternatives to carbon taxes. I suspect that over a reasonable period we could be pleasantly 
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surprised that practical, workable and worthwhile alternatives vill not have the adverse economic 
effects many have traditionally feared. 

I started my talk by stating firmly thai the one thing coal suppliers and users have in common is 
the need to take "The Long View". I hope that by now I have demonstrated that our view is 
indeed lucid and the landscape well defined. The plain facts are that economic development 
cannot take place without electricity and the electricity industry cainot manage without coal. 
However, both suppliers and users inthe coal industry each have important obligations. Suppliers 
must maintain coal's competitive position as a fuel by containing costs, And users must continue 
developiig technologies that will allow coal to be burnt more cleanly and more efficiently. 
Finally, neither of these commitments will yield much at all nless all of us in the coal industry 
take the lead in making the case for coal to an oflen sceptical and sometimes uninformed public. 

Afler all it is society at large - who also happen to be our end customers - who need to be assured 
that our "view" is both crystal clear and properly directed. 
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I welcome the opportunity of addressing you today on behalf of tile World Coal Institute. 

Our Institute, of some 32 coal producers in 14 countries, provides a coordinated voice for coal, 
disseminating the facts on coal. We work actively to:

# 	 promote the awareness of coal as a safe, secure and abundant of energy for thesource 
world's electricily generation and industrial markets, emphasising the world's dependence 
on coal as energy demand rises; 

* 	 disseminate knowledge of current and new technologies available to improve efficiency
and environmental performance in mining, transportation and utilisation of coal; 

+ 	 coordinate the exchange of technology in both coal production and coal utilisation, while 
encouraging governments and international bodies to facilitate and support the transfer 
of technology, particularly to developing countries. 

My address today is on "The Reality of Coal and Coal Technology". 

The RIZEALITY of coal commences with coal reserves - with estimates of coal reserves exceeding
220 years at current levels of consumption - some 4-5 times the equivalent reserves of oil and 
gas. llovever, it is not only the size, but the geographical diversity of the coal reserves that is 
the real attraction. More than reserves.100 countries have viable coal Several countries are of 
course disproportionately well endowed with coal. China, the CIS and the USA together account 
for just over three quarters of the world's proven recoverable reserves of bituminous coal. 
However, the number of countries and players involved is enough to ensure dynamic, competitive 
growth - with no fear of a COALPEC! 

The REALITY of supply diversity, and security via diversity, will have been evident from the 
preceding speech. Coal has of course been mined and burnt continuously for many thousands 
of years, since pre-historical times. The first e-ganised mining industry was evident in Britain 
some 900 years ago, and of course the Industrial Revolution was based on coal - with the growth 
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in international commerce in the 19th century being based on the switch from sail power to 
steam. 

The vitality of the international industry over recent years is shown dramatically by tile manner 
in which the relative positions of major supply countries and customers have changed - and we 
now have more than 10 countries supplying substantial tonnages in the international market 
which itself is just 10% of world production, thus offering scope for rapid growth. 

The oil era, based on the international availability of cheap, convenient and apparently abundant 
supplies, only arrived after the Second World War. The n':ed to balance the barrel, and coal 
supply problems, and of course straight economics, led to the rapid penetration of oil into the 
power generation market. 

In 1955 coal accounted for 75% of total energy use in Europe (with petroleum just 23%). By 
1972, coal's share had decreased to 22%, while oil had grown to 60% of total energy use. Over 
the last 20 years - the modern phase of the coal industry, and a period of increasing oil costs, 
the international coal market has been characterised by coal-to-coal competition throughout, and 
extended periods of over-supply. The commercial reality is that coal has displaced fuel oil from 
cement manuf. rc. ;ind regained much of the power generation market from fuel oil. an: 

We are now entering an era when methane gas (and LNG) will take a part share of the growth 
of the electricity market - apart from some doubtful economics in one or two cases, this can be 
seen as a complementary development. There is not enough gas available, technically or 
economically, and certainly not with sufficient supply security, to displace existing coal 
consumption on an international scale. It is a question of sharing tile growing market - but when 
the gas runs out, coal will still be there! 

I will not dwell on the nuclear power generation era, which had its heyday in the period 1960
1980. There have been too many accidents and incidents, reported and unreported - but most 
damaging has been the exposure, partly as a result of privatisation, of the true economics and 
security risks inherent in fuel reprocessing and in tile final decommissioning of fuel reactors -the 
first of which are now ending their economic lives. Tile nuclear industry has the time it needs 
to solve its problems - the coal industry will welcome competition in 50 years when the oil and 
gas run out, provided we don't have to subsidise the high costs of nuclear electricity! 

Other speakers will cover the rising aspirations of the third world, and the organisers are to be 
praised for the time devoted to the needs of developing nations at this Coiiference. Demographic 
considerations alone mean that an increasing percentage of the world's population will live in 
such areas, "rd no one can feel happy with a scenario which does not allow for improvements 
in per capita living standards. Over recent decades, any rapid growth in the third world has often 
been at the expense of the environment, but greater awareness of the transnational nature of 
pollution, and the relative cost effectiveness of investme- in the 

third world in solving global pollution problems, should mean more coordinated and 
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environmentally acceptable growth in coal mining and utilisation in these cc._.itries, in the future. 

The reality of the growth in the use of coal lies in increased use in the third world. l)eveloping 
countries currently account for about one third of world energy consumption but this will c!imb 
continuously, rising to more than half within 25 years. A lot of this growth will come from 
coantries such as China, India, and Indonesia - countries having large indigenous coal reserves 
and it is neither economicallv nor politically realistic to expect that the increased demand for 

electricity in these, and most other developing countries, will not be coal-based. 

It should be recognised that the problems associated with combus, ion of coal ill the developing 
world can be more severe than say, in Europe. It often makes most commercial sense to burn 
tile lower rank or lower quality coals ill tile local market - those seams with tile highest ash 
contents, or which caniot be beneficiated economically, as runl-of-iline co.l. This can pose 
problems - all of which have been solved before in Germany - or Queensland - or Southern 
Africa - or the American Mid-West. 

There are of course those who would dictate to the third world the standards that they should 
apply in providing for their future energy needs. This can be as unhelpful as the attitude that 
the first world has in obligation to fund developments in the third world to compensate for 
pollution caused over the last century. 

What is needed of course is a carefully coordinated programme - requiring a near super-human 
non-nationalistic approach to the search for global solutions. Thus far, the political agreements 
are perhaps running ahead of the true understanding of the problems. Indeed, most of the current 
environmental debates - and the regulations and taxation proposals flowing from them -are 
characterised by the reluctance to accept how little we know. There is an almost naive belief 
that improvements can be achieved at negligible cost, and that anything that involves recycling 
or reduction of pollutants is automatically sound. 

It is also becoming clearer that even if the OECD countries were to achieve CO, stabilisation via 
taxation, the global impact would be minimal. What is needed is an economically strong first 
world, financially capable of helping the third world countries to develop their economies. It is 
certainly true that the higher the level of financial stability, the greater the ability to address the 
environmental issues. 

I am sure that we will hear much on the difficulties associated with technology transfer and the 
funding of tile investments needed to meet the energy needs of the future - and Iwould certainly 
commend simplification of the legal and fiscal regimes necessary to encourage joint ventures. 
It is obvious that participation with a major first world coal mining associate will bring exposure 
to the full process of technical and economic feasibility studies, with the associated 
environmental impact statements and project funding analyses - certainly true if you are dealing
with one of the members of the World Coal Institute! My own experience of joint venture coal 
mines is also that, apart from the direct employment opportunities and staff training offered, there 
is a massive benefit in terms of the support of general educational and vocational training 
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facilities in tie area. There are also endless cominerial opportunities ill Support of the needs 
of tie mine and its associated comnmLi nlitv; - all of then very real benefits, quite apart fromi tile 
tax paid, and forcign earnings achieved in the case of export ventures. 
Similar economic and political realities also dictate that tle use of coal in first world countries 
will incre-c. The substantial role of coal in power generation in OI-CI) countries over recent 
years, or equally in the FEuropean ('ommunity countries, conies as a surprise to many people. 
There is no doubt that unless the coal indistry maintains these supplies, and takes its share of 
the growth in demand, tie surprise would be even more real, arid most unpleasant. I suppose 
one could claim that this lack of' appreciation of tie place of' coal is an indication of just how 
cleanly coal is nowv inined, transported and burnt in these areas - but tile truth is t1,1t tle lack of 

appreciation of the facts concerning tile true role of coal can lead to the development of 
economically damaging energy policies, offerig so-called "solutions" to problenms niot yet 
properly defined. 

It is now starting to emerge that the rush towards re-cycled paper needs review. Policies and 
public pressure were based on the unproven assumption that the use of re-cycled fibre was better 
for the environment - but more detailed life cycle analyses of a complex problem have led to the 
realisation that processes involved in extracting the wood fibre from the inks, clays and other 
fillers lead to significant volumes of sludge, while also producing more "acid rain" and 
"greenhouse" gas emissions. While every case is site specific, it appears that the most 
enviromertally benign solution involves the use of virgin fibre from properly managed 
reforestation programmes. There is also the example of the arbitrary regulation concerning the 
collection 30% of plastic packaging waste in Germany. 'l'his was t no much for re-cycling, so 
the excess was sold below cost - the other form of "dumping" - in neighbouring European 
countries, destroying the viability of their recycling industries - so the % is now being reduced, 
I believe. Also in Europe, one wonders whether the drive to ever lower sulphur contents of 
automotive fuels makes sense in terms of the energy expended, and tile fact that some ten times 
as much CO, is emitted compared with tie SO, eliminated. 

Overall, we certainly expect to see world consumption of coal growing at some 1.5% per annum, 
and international trade growing at some 7% for the rest of this decade, and beyond. 

Thus, one of the problems that all of us in th',, coal industry face is to improve the public 
awareness and percepion of' coal. Some of the WCI material - brochures and videos - is 
designed to assist at the scholar level. The size of tile problem is evident from a recent survey 
in New South Wales, source of much of Australia's coal. 43% of those interviewed in a recent 
survey admitted that they knew hardly anything about the industry, more than half did not know 
that Australia relied on coal for electricity generation, and this in a country which generates more 
than 80% of its electricity from coal! 

In some countries, in the early post war years, open pit coal mining opcrations were allowed to 
leave unsightly scars - the result of irresponsible operations and lack of regulatory controls. Over 
the last 15-20 years, such operations usually leave an area, after reclamation, which is better than 
before mining commenced. Regulations can of course go overboard - such as requiring land to 
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be restored as agricultural land, rather than an area of wildlife habitat or leisure parks - while 
farmers in the area are paid to take land Otl[ of agricultural Iuse! 

Not strprisingly, worldwide experience shows that there is a high correlation between knowledge 
a Mote p attitude towards it. face - anyof In industry a1nd .ostive This is tile challenge we all 

environ mental debate needs to be an infirmed debate. 
The industry aluroi seerrIs to delighl ill perpetuating the "dark and dirty" image. Advertisements, 

brochures arid repoirts have pictures of co.rl tips, coal nines and miners at the end of a shift - we 
should be extollii tIe benefits of electricity, ard tire fi-ct that it can be and is produced cleanly 
frotir coatl. The oil industry tend to advertise tile leisure aclivities associated with autonmotive 
trirnsporl - not refineries ard operators cleaning out distillation coluns! 

WCl'sjoh is to reach tire parts thal naio1nl industryl- ,SSociatirors canto *t re[ich; to speak for coal 
on a worldwide basis; aid to etiIsiie that the deCisiohimakers ih tie UN and other international 
organisalions anre fully Ivriefed on the importance of coal worldwide. 

The impact of coal utIisaliO n is a sirbect of concern to all. 

In the industrial market, combustioi of coal in modern boilers and smaller fluidised bed units 
does riiuci to alleviate thIe eltVironii ental problems oftlhe past. But in this area, and even more 
so in the domestic heating and cooking sector, there is ample scope for conversion to electricity 
bringing with ii the wider spectruM off tire benefits of civilistion, as well as a better 

erivironiient. It is well said Iliat after Iood, clothing arnd shelter, mankind needs electricity! 

About half of tihe world's coal iproduction i used in tire generation of electric power - and 
conversely, just under lialf tie world's electricity is derived from coal. Years ago, the prime 
environmeital concern was with smoke and dList - but tile ability to remove particulates by 
electlrostatic precilpitat ion and filtration, rid improved comhuslitn techniques, has led to tlie easy 
elimination of these problems in iall modern power stations. 

There are true stories fronr Sweden of Ihe conversion of a mijor oil-fired power station, situated 
close to a residential area, with lie local populace being unable to discern any difference desrni,.e 
their preconceptions of the probletm of black smoke. What a pity tha;t so many publications 
continue t feature pictures of' power station cooling towers, with their plImIe of white water 
vapour taken in silhouette, and shown in black and while, with a "dark" plume take as evidence 
of the harmful Icissiotis of fissil-felI comb LStion! 

Over more recent years, tile pressure has switched to the removal of gaseous pollutants frorir 
stack gases - in particufar, Ire Oxides of' sulph1r and nitrogen, as iheir role in acid deposition 
becaire clear. Problcris were of'en site specific - especially as many coals, and particularly 
internationally traded coals, had sulphur contents lower than tire residual fuel oils they displaced 
from power generatin, after tie til price rises o! 1973 and 1978. Various technologies for tihe 
removal of s u IlI ur are now well-refined, and flue gas desuIphun'isation techniques are well 
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established commercially - to the extent that few first world countries would permit new power 

Stations vitlhout adeqIi ate control.s of sulphur emissions. More dif'ficult, ihroughout the world, 

is the problem of justifying :GD retrofits to existing plant" -which can iea very expensive 

process. lowever, one can envisage 5,,luion,, in which elIgenliratrs ,1icencouraged Itonove 
towards the newer clean coal teclinologies, giving even greater levels Of sulphur removal as well 

as increased efficiency, albeit at aniiI1icasCd capital gis. IIn third wo rld countries, tlie 

replaceumtent of aged etltuipIrCIl hy CueIIITPF Coiubustioi technology with F(I) cail also find 

justification inl termis of inprovCd efficiency and iiiiprOvcd quality of life. 

Oxides oL nitrogen cali be controllcd to acceptable levels via the use of speci,'!lv designed 
burners, or thlirough cat;,Iav ticrCd ction. 

Many exaipes of highly eflicient, cleanit burning applications with well proveii technologies now 

SomeI10 to 15 years old abound in Scandinavia, IHolland, Germany and Japan - to name but a 
few. These are the designs which we should seek to promote in the rapidly industrialising 
econoniics of Eastern Iuroic and Asia, and 0f Course, in ile Third World. 

The newer technologies, of which we will hear niuch i) tihe next few days, are now reaching 

commercial reality - I include various designs of Pressurised aind Circulating Fluidised Beds, and 

the IGCC Integrated Gasification Combined Cycle plats - inthe latter case, the Dutch utilities 
are now commissioning the world's first commercial scale unit. These newer technologies offer 
substantially improved perfornance in teris of removal of pollutants (aind even turning them into 
saleable by-products) - and also, of course, through higher efficiencies give a means of reducing 

the carbon dioxide production per unit of electricity generated. I would suggest that many 
improvements will be achieved during the first decade of implementation of these technologies, 
which will then be ready for worldwide dissemination. 

One would like to see siate subsidies or inducemnts diverted to enicouraging conitercialisation 
of such technologies - rather than subsidising uneconomic coal, or even worse, uneconomic 
nuclear! The switch to lead-free gasoline has been achieved via inducements - why not the 
switch to improved power generation'? Some funding of Research and Development is available 
- but more is needed. 

Research into improving these newer technologies, into improvement in turbine performance and 
into alternative technologies is ongoing - but obviously could do with financial and fiscal support 
to accelerate the commercial demonstration phases. 

The reality is that clean coal technologies are now at the first step of comiiercialisation. Will 
the improvements inefficiency be enough to stabilise or reduce CO, levels'? Not on their own 
remember that CO, frot coal-fired power generation is responsible for only about 10% of the 
ianmiade enhanced greenhouse effect. 

What is most unfortunate at the present time is the swamping and near suppression of any voices 

querying the seriousness of global warming, or the supposed consequences of global warming. 
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So much depends on the modelling of climate behaviour, without having sufficient knowledge 
yet of the behaviour of sources and sinks. Unfortunately tile chaos theov thai describes the 
climate has pervaded tile e vlli '1iii mll tal de bate. 

There can be no doubt that tlhe world riceds Io do more to huishaniId scarce fosSil fuel resources 
by using them efficiently. It is perhaps less certain that tie imperative to reduce CO, emissions 
to levels below 1990 levels has been scientifically proven. Some of us reniember the dire 
warnings of tihe sev nties concerning the iimiinent onset of the next ice age - and NASA 
scientific observations show no temperalure rise over tie last 15 years. Maybe the position will 
be clearer 15 years froin now - but in the Iealnilmc lets avoid the certailliv of tile economolic 
penalties that half-baked soltiiiios such as carblon Laxes would bring. 

Although there has been sonm limited intlroduction of carbon or energy iaxes. some signs of 
reality are also apparent. In tle Netherlands. tile latest Nalional EnvironrentaI ( )tllook shows 
clearly that ctnent iMasics (including a taxI 1w equtiivalenii t to some $ 14/ton of coal) will le 
insufficienlt to stabilise, let alone reduce CO, Cissions by the year 200). The Japanese 
parliament has also. last month, backed off tile imposition of taxes that would have caused even 
more hirin to an economy already struggling to recover its momentutn. The US administration 
has been required to replace more draconian measures with a call for volunt.ay restraint. 

It is perhaps well to remind ourselves of tihe words of Article 4 in the Rio Convention on 
Climate Change: 

"The Parties sl'rll, iii accordance with Article 10, take into consideration in the 
implementation of the commitments of thi: Coi:vent ion th situation of Parties, 
parlicularly developing Countr-y Parties, with ecr,iomies that :r vulnerable to the 
adverse effects of the implementation of measures to respond to climate change. 
This applies notably to Parties with econormies that are higthy dependent on 
incone genera ted from tile pro(duet ion, processig and v.xporl, alid/or consumluption 
of fossil fuels aiid associated energy-intensive products and/or tile use of fossil 
fuels for which su 'hi parties have serious difficulties in switching to alternatives." 

As the world struggle.,, to climb out of recession, and as the most optimistic ,orecasts show the 
difficulties that the third world will face in funding the future, it is unreal to believe that 
international stability can le achieved arid inmaintaiired witlon t allowing the growing tihird world 
population to achieve a higher sta ndard of living .. and meansthat electricity, and IiatImeans
COAL. It is unreal to believe that these countries can affOrd tie more expensive, more capital 
intensive routes to electricity - even it .ilterriative full supplies were available, the money and 
skilled resources are lacking. Certainly within the World Coal Institute, our members are 
cOlnilitted to assisting ill tie development of projects throughout the world to deliver REAl. 
supplies of tile fuel oii which tie world las relied, does rely and can in therely foreseeable 
future. 

Let's help thei burn it effici,2ntly and cleanly! 
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The TechnologicaI Pathway for Coal
 

Remarks of Mr. ,Jack Siegel al the
 
IEA International Conference on file Clean and Efficient
 

ise of Coal and I ignite
 

Today I would like to share with you soie observations as to, where we have been, where we 

are and where we are going on the .oall tIchCIiiih) y lpathxwaV. Twcity +\e'at>,ap the world 

was faced with all ilnpendineg oil eibargo crisis. This led to the lealiation that wC would 

hat to rely iNo1"heavily Oil coal as a sourC of0nI . , This reliante \\ Mnil have to he 

nMade withill the CliiVirtonilental requirements establishe.d ill the relatively le'.('all Air Act. 

The Coal teclInology community was now challenged with the following: 

Technlogies must be devel ct, to reduCtC d T'cndnc1 Oin impoirted oil through 

conve rsio of' coal liquids or gases and to expand coal use in power generation anrid 

thus (lcease on tIe pende rice oil inpo rtetd ('l,. 

R,elianCC would be placed on technologies that could achieve the environmental goals 

established in the ('lean Air Act. 

Industry and govcrniments aound the world marshalled their intellectual, financial, and 

Iarilgenlelt resources to iIeel the cl.llcnge. New coal tilization tecllil o ics. such as 

atinospheric luidized-bed Combustion, pursued ill the It)70s "wotldhb corlliIrcially deployed 
ill tile ]t)s at tile itltrialSCale. The IlEA woUld be estallishd aiid %,lh pursue a 

numlber of technolth:N tlevelopient efforts. (rit- of these elfort, was the cooperative etort 

anong the Uiiited Kinporii. IFCderal Rcpul'lic of (¢rniari andite It led Statcs to develop 

pressurized llidi/ed lied c'lllUstior at Griniethorpe. Linc/limestmone fhc gas desulfurization 

woul collie illtti couiirreCi tuse Oulutility and largc industlial-sized boilers,. Although 

reliability and tpcraibilitv Ce aa sonte oi concenll) and a mlajor tChnical cilralene, they 

were oertuel-ll ill largC 11'a srte by tile work of' the Electric Power Research lIstitutC. A 

nUlblelr if coal litlIclalm p would at tile pilot plalt scale. Major,ocesses be plistlUed 
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denionstration projects would be initiated in the 1970s to ensure t1tat suipIies of' tnsportattion 

fuels would be seCur I' frotill illC trruptiol. Technolog ies, such as c al/oil anud coal water 

imixtures, which wotu allow coal to ditectly displace oil ill boilers would be developed and 

ill imany insltnces succV'e.;;fllIv esCd. IntCrst w.'ould be teitewed ill coal gasification 

technlogies Ito prlducc a substilulte iattiral Vas and synthesis P&s f01i pjlOduictioni Of liIllid 

fuels and chcmicals. ResCarch and dcvelopioeint efforts %.ouhl Ie diected toward tie 

environmelntallyv benign coal-fiec o pei and cioSed coibiind CeI'ls. When we t-m- rged from 

the 197(0s. coal technoloics w\cre being pushted along a broad front and with nallny successes. 

The technology pfittIway for coalJI II indleed been charted. 

1\s the 198(s dawited.:a significant toil wasmlepost along the pathway represented by the 

passage oftmajor legislaolio. liLItin g ew goalIs and Prograns. For example, the Energy 

Security Act of' I) 80 establishbcd goalsi for the productioni of synthetic fuels ;iilcl provided $88 

billion ill incentives t, establish a syntltetic fuels iitclustry ini the United States. The goals 

were productiotn of 500t,0(0i( barrels of oil equivalent per day of synthetic fuels by 1987 and. 

ini a second phase, 2 billioi harrels of' oil eqtuivalent by I)92. The Synthetic Fuels 

(orporation was established Ito mia na ge tie program. The use 1f the SI[C to advance 

s yntlehetic fuels technoogy ,wasa dceparture from tle traditiontil .overnment aCLtllisition 

applroach to coal technology. The S'F( was to be primnarily a financier with the industrial 

participant naintaitnilng ownership. The SI[C" had availile a variety of finatcial incentives to 

stimulte ,onistruction aind opcration of liw Iacilities by idtustry but used only loan and price 

guaritties. )nly p ice !Lutirtics prvecd to be effective. The SF' had sime success in 

attvacilig coal techlholig, ahlog the paithwaty. Most nol:O"le were the ('oolwatcr Integrated 

(tsification ( onbined (Cycle Pro ect and the Dow Syngas Project. Both of these pro'ects 

provided the teciiiicai tdirpiitings for the highly efficient I((( lroiects oft I 199(0.. 

)uring the early 1, i) Federal sIppirt to Co11 R&) was limited to) ltg-term, hi.,li-risk 

R&D thatt \\ould not ittcrwise be pursued 1y' industry. I Iowcver, theimid- I98ts saw a 

change in emlphasis oft coal technologies Which itcluded: 
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* 	 Explicit recognition of "acid rain" concerns. Retrofit cleanup technologies receied 

increased emphasis. 

* 	 Pursuit of technologies which would allow the clean use of high-sulfur coal in new 

and repowered facilities. 

* 	 Reduction in priorities given earlier to coal liquefaction because of the high cost of 

the product and reduced concern about the "liquids problem." 

* 	 Growing emphasis on technologies to assist in expanded use of coal in industry and 

other non-utility sectors. 

* 	 Recognition of electric utilities' interest in smaller, modular plants with improved 

efficiency and high environmental performance. 

In 1984, funding for the SFC was rescinded by Congress. In light of falling energy prices, 

deficits and budget cuts, the Corporation was formally abolished in 1985. However, $750 

million from the rescinded SFC funds were put into a special account, entitled "Clean Coal 

Technology Reserve." This account was dedicated to "conducting cost-shared clean coal 

technology projects for the construction and operation of facilities to demonstrate the 

feasibility of future commercial application of such technology." This began the Clean Coal 

Technology Demonstration Program, a highly significant milepost along the coal technology 

pathway. In the beginning, the program was to demonstrate those technologies which could 

lead to increased coa! use in an environmentally acceptable manner. In 1987, the President 

initiated a major expansion of the program by supporting the recommendation of the U.S. and 

Canadian Joint Envoys on Acid Rain to demonstrate technologies capable of reducing 

precursors of acid rain. The program was expanded to a $5 billion joint industry/government 

cost-shared program where industry was required to assume at least 50 percent of the project 

cost. Since that time, the program has progressed through a series of five nation-wide 

competitive solicitations conducted over nine years. Each solicitation was associated with a 

specific level of funding and with a defined objective. At the end of the five originally 
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planned solicitations, 45 projects valued at more than $6.8 billion are moving forward. 

Government funding for the projects is about $2.75 billion. Private industry provides 66 

percent of the projects' value. Today, three projects have been completed, 21 are operating 

and 21 are in design or construction. 

We have fifteen advanced power generation system projects valued at more than $4.6 billion. 

These projects are characterized by high efficiency and low SO, and NO, emissions integral 

to the combustion/conversion process. The high efficiency of these systems will allow 

reduction in CO2 emission which is so important to the gobal climate change partnership 

being forged today. These technologie.; offer a high degree of fuel flexibility which enhances 

the use of domestic and international coals. The bulk of the advanced power generation 

system projects will produce technical, environmental and economic performance data in the 

latter half if the 1990s. This is compatible with most utility expansion plans. Sufficient 

information and data should be available to impact decisions to repower existing facilities to 

meet the Phase 1Iemission requirements of the Clean Air Act Amendments. 

Environmental control systems encompass the largest number of projects; 20 valued at more 

than $0.7 billion. General characteristics include high pollutant capture efficiency which 

contributes to reduced costs and the mitigation or elimination of solid waste management 

problems. Most of these projects will have their operating experience documented by 1995, 

with almost all of the NO, control projects completed by the end of this year. Reports 

indicate that the SO, emission reduction targets, established in Phase I of the Clean Air Act 

Amendments and to be implemented by January 1, 1995, will largely be met by fuel 

switching, emission credit trading and other non-technical solutions. The more stringent 

Phase II limits which will occur in 2000 will most likely require technology solutions. These 

solutions will utilize the SO, and combined SOJNO, emissions control technologies 

demonstrated under the Program. 

There are five projects in the coal processing for clean fuels application category. The 

project value is $0.4 billion. These technologies are characterized by the production of high 

energy dense solids, stable compliance fuels, and co-production of coal derived liquids that 
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can be used as chemical or transportation fuel feedstock. The schedules for the completion of 

these projects are varied but several will be commercially available for consideration in fuel 

switching scenarios for compliance in Phase I of the Clean Air Act Amendments. 

The final applications category involves the industrial application of clean coal technology. 

This category contains 6 projects valued at over $0.6 billion. Included are 3 coke oven 

emission control projects, a highly su. cessful coal-fired cement kiln application and two 

industrial-scale combustion projects. 

The Clean Coal Technology Demonstration Program has seen a number of achievements to 

date including: 

A commercial replication of the atmospheric circulating fluidized-bed combustion 

technology at the 100 MWe scale. This is a direct consequence of demonstrating the 

technology at Colorado-Ute between 1988 and 1991. 

The first U.S. application of pressurized fluidized bubbling-bed combustion at utility

scale of 70 MWe has operated for over 5,000 hours. A circulating bed version nears 

construction so that an alternative approach can be evatlated. 

Five different approaches to the integrated gasification combined cycle systems are 

on the pathway to full-scale demonstration. These projects will cover a broad 

spectrum of gasifier types, coals, gas cleanup systems and operating condition.;. 

Advanced power generation system options are being expanded through the 

demonstration of an externally fired combined cycle system, a coal-fired diesel and 

an integrated gasification combined cycle fuel cell. 

* 	 Two advanced hot flue gas desulfurization technologies are achieving 95% SO, 

capture and prodtvcing wallboard grade gypsum. 
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Six NO, control options covering the full range of boiler types are ill tile latter stages 

of operation. Three of these systems have been adopted for commercial use by the 

host utility. At least one commercial sale outside the host utility has been realized 

for one of the technologies. 

I would now like to spend the remaining time to share my views on where the coal 

technology pathway will lead in the future. In 1992, the U.S. )epartment of Energy 

enhanced the prospects for success at both the R&D and demonstration phases of technology 

development by fostering the close integration of the Clean Coal R&D Program and the Clean 

Coal Technology Demonstration Program. The resulting Clean Coal Research, Development 

and Demonstration Program provides a continuous pathway from fundamental research 

through demonstration with a view toward commercial deployment. 

Between now and the early 2000s we will complete tile Clean Coal Technology 

Demonstration Program as originally conceived. In May 1994, we will complete an 

;is. essment of what needs to be done to assure successful completion of the program. This 

coLId involve a program to enhance the commercial potential of the technologies being 

dernoistrated by identifying opportunities to improve the technical, environmental, economic 

or opetitional performance of the technology. Then, using the existing demonstration facility, 

we can embark upon an enhancement project to improve the commercial deployment potential 

of the technology. 

There is broad recognition that the coal technology pathway leads to international markets. 

This was recognized in the export initiative contained in the Energy Policy Act of 1992. This 

initiative involves: 

* 	 DOE cost-sharing up to 50 percent of project definition activities. This includes 

efforts by U.S. industry to export U.S. technology, equipment, and/or services. 

* 	 DOE assisting the sponsor in working with financial institutions such as the
 

Export/Import Bank to ensure financing is in place when needed.
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DOE cost-sharing demonstration of some high risk but potentially high pay-off 

technologies. These demonstrations would be in selected countries where 

opportunities exist for U.S. industry. 

The Secretary of Energy recently anounced that a high priority plan by the Department of 

Energy is to support a cost-shared demonstration in China of advanced technology to produce 

clean efficient electricity. 

We have established definitive long range mileposts along the technology pathway. For 

example, by the year 2()I, it is our goal to demonstrate advanced coal-fired power systems 

with more than 55 percent efficiency while controlling SO,, NO and particulate emissions to 

less than one-tenth of the levels required by the Clean Air Act Amendments. 

We understand the deep-seated environmental concerns about coal use which abound 

worldwide. We also are convinced that the coal technology pathway we have traveled and 

will be travelling will lead to a significantly enhanced environment. We also are convinced 

that our travel along the coal technology pathway will lead to a sustainable environment for 

future generations. 
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lEA SECOND INTERNATIONAL CONFERENCE ON THE CLEAN AND
 
EFFICIENT USE OF COAL AND LIGNITE: ITS ROLE IN ENERGY,
 

ENVIRONMENT AND LIFE
 

KEYNOTE SPEECH: COAL IN THE 21st CENTURY
 

RUSSELL HIGGINS
 

EXECUTIVE DIRECTOR, MINERALS AND FISHERIES GROUP,
 
DEPARTMENT OF PRIMARY INDUSTRIES AND ENERGY,
 

AUSi"RALIA
 

This conference is addressing fundamental aspects of the most important issue we 
all face as we move through this decade: our future energy security and how we 
ensure it. 

The conference takes on extra significance because of its location Asia; and, more 
specifically, here inHong Kong - in the heart of Asia-Pacific, the region where 
energy growth into the next decade will be higher than inany other region of the 
world. 

Australia has :jeen particularly active in the Asia region - bilaterally with our regional
trading partners, as well as in the International Energy Agency and the Asia Pacific 
Economic Cooperation forums - to build up a sound edifice of common energy
security through assurance of energy supply. 

Our close association with this conference, of which we are a co sponsor, isa 
reflection of our commitment to regional energy security. 

There was a time when assurance of energy supply might have meant simply
securing access to energy resources. 

Today, it means much more. It includes the surety of political and public acceptance
of the sources of energy supply - principally the means of electricity generation. 

The !ocus of the conference is coal - the most abundant and readily accessiblr' 
energy source of the region; but a source which is particularly vulnerable to 
environmental and public expectations. 

We in this region - embracing Asia and the Pacific - need to work together and in 
cooperation with members of the International Energy Agency to ensure that our 
future energy is secured through the most economically efficient and environmentally
acceptable use of energy sources - and, in particular, coal. 

Coal has the potential to provide the bulk of our new energy requirements in a 
reliable, secure, and economically efficient way. 
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Asia-Pacific is particularly significant in terms of energy trade. Coal trade will be a 
vital key to the region's future economic growth. Between now and the year 2000, 
demand for black coal in the region is expected to increase by 1.1 billion tonnes to 
3.4 billion tonnes. 

In the year 2005, the region isexpected to consume almost three-quarters of the 
world's black coal production. 

Seaborne steaming coal trade within the region by that year will be 190 Mt per 
annum, or almost 50 percent of total world seaborne trade. 

A focus on coal trade within Asia-Pacific is appropriate because the resources and 
production capacity of the region will be more than sufficient to meet even the high 
rates of demand growth forecast for the region. This underlines the need for us all to 
ensure the optimum conditions for growth in production. 

1. Determining the destiny of coal 

This conference isabout change - the changes that are on the horizon for the coal 
industry, the challenges those changes impose on the industry, and the responses 
we might make. 

How important coal will be in the international energy economy will be greatly 
influenced by the attitudes of today's energy decision-makers. 

Coal is the most likely option for supplying the bulk of new electricity demand well 
into the next century. 

Natural gas has an important role, of course, along with nuclear and, more 
importantly, improved efficiency from all sources. Renewables will be able to make 
only a relatively minor contribution. 

With this in mind, I believe we must decide now that the industry has a positive 
growth outlook. And we must put in place commercial and government policies 
designed to bring about the future we want for coal. 

To do so, will require cooperation between the parties along the whole length of the 
coal chain - exploration, project planning and development, mining, - through the 
chain to utilisation. These parties will need to have a common commitment to 
assisting each other to ensure coal remains an economic source of energy that 
progressively improves its environmental standing and acceptance. 

This conference can and must contribute to the achievement of that goal. 
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2. Setting our Goals 

I would like to propose a list of strategic actions necessary if we are to get the most 
out of coal in the next century. These actions are directed at responding to two key 
questions: 

First: What sort of coal industry do we want in the next century? 

Is it to be an industry characterised by growth, that is environmentally responsible
and economically competitive; or will it be one that is environmentally constrained 
and subsidised and is, therefore, likely to decline? 

Given the unquestionable role that coal has to play in the foreseeable future, it is not 
necessary to take sides, pro or anti coal, in order to understand that we have an 
obligation to utilise coal in the most economically efficient and environmentally
responsible manner. 

If this is to occur, then massive investment in production, transport infrastructure and 
utilisation will be required from private and public sources. 

Investment on the scale required will simply not occur unless there is a prevailing
expectation that coal is going to be a growth industry in the long-term, with levels of 
return to investors consistent with returns available elsewhere. 

Secondly: What character and style of industry do we wish to create? 

Is it to be an industry that has general community support; or will itbe one that is 
viewed as a necessary evil? 

The size and importance of the international coal industry are barely grasped by the 
general public, whose opinions, quite properly, drive so much of government policy 
particularly environmental policy. 

Policies for growth in the industry will be insufficient unless they win the political
battle and establish coal as the leading energy material for the 21 st century. 

3. Strategies for Action 

Achieving the ambitious goals I have proposed will require agreement on actions by 
individual countries and groups of countries, to maximise the benefits of coal. 

A challenge for this conference isto formulate the mechanism by which such 
cooperation can be achieved.
 

I believe the actions required fall under four headings:
 

" technology; 

" coal promotion, linked closely with research, development and demonstration; 

" market reforms; and 
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0 international cooperation. 

I. Technology 

Technologies for coal-fired power generation - the conventional, the new and 
advanced - will play a critical role indeciding the future for coal. 

How critical this role might be will depend as much on the approach we take to its 
application, as on the technical performance standards of the technology. 

Many factors come into the choice of technology appropriate to a particular 
application, including environmental standards, choice of site, plant capacity 
required, possible uses for waste material, other plants in the system, and so on. 

Attention has focused, inparticular, on environmental performance and relative 
economics. 

The improvements that can, and are, being made inconventional technology, will 
need to be assessed next to the advantages offered by integrated, advanced 
systems. 

Comparative performance 

There is a pressing need for an improvement in the quality of information on the new 
technologies, and, inparticular, a need for comparative economic analysis of all 
alternatives. 

The cause of the new technologies will be best served if there is freely available, 
objectively based, information to determine their relative competitiveness. 

A study of advanced power generation options by lEA Coal Research concluded that 
existing publications could not be relied on for comparative studies.I 

The study suggested that such publications tend either to extol the virtues of 
particular schemes in isolation or else to evaluate a li'niied range of options in 
relation to requirements for a specific project. It considered that they seldom 
provide sufficient background detail, so that it is difficult to ensure that information 
taken from different sources iscomparable. 

Some of the literature seems to be comparing apples with oranges: hypothetical 
efficiency of the new technologies with the efficiency achieved to date in the day-to
day operation of conventional technology. 

When there are only two or three percentage points difference in such comparisons, 
as there are in some cases, it becomes critical that the comparisons be soundly 
based. 

The marginal cost of achieving these percentage points improvement appears 
primarily aimed at reducing carbon dioxide emissions. 

1lEA Coal Research: Advanced Power Generation -Acomparative study ofdesign options for coal, 
March 1993, page 72. 
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Caution is necessary if we are to avoid driving emission standards even higher by
overstating the potential of new technologies for reducing emissions, particularly
when less costly methods that do not require fundamental changes to the nature of 
our energy supply may be more readily available. 

For example, more may be gained from raising the efficiency of conventional power
plants nready operating than through investment in new technology. 

Raising the thermal efficiency of all pulverised coal plants in Asia and the Newly
Independent States to, say, thirty five perment - achievable under standard operating
conditions - could have a major impact on greenhouse gas emissions. 

Quantifying the benefits and of measures such as this would be an appropriate task 
to place in a broader context consideration of new technology. 

SOx a'id NOx control should also be compared, of course, and the merits of 
integrated technology objectively compared, in economic terms, with their control in 
,Diventional technology through add-on systems. 

Coal requirements 

Along with improved comparative information on performance characteristics, there 
is a continuing need to ensure the availability of information on coal characteristics. 
Such information is necessary to optimise performance. 

Coal suppliers can assist in ensuring the right matching of competitively priced coal 
to the chosen technology, but they require open access to the results of research 
and demonstration projects to be in a position to continue to supply their customers 
in a freely competitive market. 

Regardless of the preferred technology, the first and essential step in the clear) ual 
chain is a competitive, reliable supply of coal that meets appropriate environmental 
standards. 

In vestment analysis 

For new plants, comparative analyses of economic and environmental performance
 
are essential. I do not think that there is yet any clear-cut technical route for new
 
projects. 

Consider, for example, the following mix of claims and expectations: 

" Existing pulverised coal plants, operating at super critical pressures, can 
achieve thermal efficiencies around forty three percent, even after control of 
sulphur dioxide and nitrogen dioxides. 2 

* 	 The demonstration Integrated Gasification Combined Cycle (IGCC) at the 
Buggenum plant in the Netherlands is designed to achieve the same level of 
efficiency as this. 

2Report to the lEA Committee on Energy Research and Technology, Electric Power Technologies:
Environmental Challenges and Opportunities. 
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" Ultra super critical pulverised coal plants, operating at efficiencies in the range 
of forty five to forty seven percent, are expected to be commercial by the late 
1990s. 

" In the same tmrtu frame, IGCC plants are expected to achieve efficiencies of 
about forty six percent. 

Thermal efficiency, however, is not the complete story so far as environmental 
benefits of the new technologies are concerned. 

Nevertheless, whatever the environmental merits of the new technologies may be, 
they are not sufficient grounds, in themselves, for justifying the scale of investment 
required. It must be shown that they are the most economically efficient and 
technically feasible option for achieving environmental goals. 

In the final analysis, utilities will make decisions about the technology appropriate to 
their needs on a hard-headed assessment of benefits and costs quantifiable in 
financial terms. 

It will be of critical impo-tance that early experience of the new technologies justifies 
the claims being made of them, if they are to have a long-term future as the 
established technology. 

Failure to perform to expectations in commercial applications could be damaging to 
all our interests. 

For these reasons, it is essential to maintain an even-handed approach to 
technology that reflects the most efficient and environmentally sound use of coal. 

Ii. Promotion and Research & Develnpment 

Community Attitudes 

The Australian Coal Industry Council - a body of government, companies, and 
unions - recently published a report on community attitudes towards the coal 
industry3 . 

The report reveals that knowledge of the coal industry is poor, even though coal is 
Australia's largest commodity export. 

For example, when asked what coal is used for in Australia, electricity generation 
was specified by only forty five percent of those interviewed; and steel-making was 
specified by only fifteen percent. 

In contrast, home heating or burning was specified by twenty four percent, despite 
the fact that the use of coal for home heating in Australia is negligible. 

To appreciate the huge knowledge gap this information reveals, consider the reality: 
coal supplies forty percent of Australia's energy, far higher than in North America 
(twenty three percent) or for OECD countries in total (twenty one percent). 

3 Report on Community Attitude Survey, prepared for the Australian Coal Industry Council by 
Corporate Impacts Ply Limited, February, 1993. 
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To appreciate the huge knowledge gap this information reveals, consider the reality: 
coal supplies forty percent of Australia's energy, far higher than in North America 
(twenty three percent) or for OECD countries intotal (twenty one percent). 

Coal is the dominant fuel for electricity generation inAustralia, accounting for about 
eighty five percent of electricity generation. Electricity generation, in turn, consumes 
about eighty percent of domestically used coal inAustralia. Most of the remainder is 
used in the steel industry. 

Competitively priced coal underpins Australia's energy supply, our balance of 
payments, and, hence, the well-being of every Australian, yet the survey revealed 
that one in four considers coal will be an unimportant indusi.y in thirty years time. 

Similar results have been found elsewhere. Such findings have an important bearing 
on the future of the coal industry. 

Public attitudes, no matter how misconceived, feed into political decision-making and 
policy. Political leaders are responsible and responsive to the electorate. 

We would be doing a disservice to the public, however, if we did not try to raise the 
level of understanding about such critically important matters. 

Coal promotion is misunderstood by some as a form of advertising, with the 
implication that the industry is seeking to mislead for short-term gain. 

This is certainly not what I have inmind, but I do consider that there is a need for 
concerted action to provide easily read, accurate ana balanced information on the 
role of coal in the international economy, its environmental impact, and its 
importance for individual countries. 

The survey I mentioned earlier revealed a strong desire on the part of the general 
public for such information. 

The lEA has made a useful contribution to the type of promotion material I have in 
mind. A good example of this is its publication, Clean Coal Technology: Options for 
the future, prepared by the Working Party on Fossil Fuels and published by the UK 
Department of Trade and Industry. 

This seems a well balanced statement, with the right mix of technical information and 

readable style. 

lEA Coal Research 

Coal promotion should bring to a wider audience the results of current research. lEA 
Coal Research undertakes an important part of this role. 

As most of you will know, lEA Coal Research is an organisation for information 
collation and dissemination. 

Its publications provide independent and objective analyses of coal issues - from 
production to utilisation and waste disposal. lEA Coal Research has a distinctive 

-117



role because of its international character and its reputatior for plain language 

reports on difficult subjects, based on exhaustive literature searches. 

Australian Coal Research 

Research is fundamental to technical progress in the industry into the next century. 

Australia's coal research program is undertaken by a diverse range of institutions 
public, private, academic and industry - and covers black and brown coal. 

Our research programs are consciously focused on commercial gains, based on our 
national skills and interests in coal production and transport issues. We believe that 
these areas are the ones in which we can make the greatest contribution to ensur!ng 
coal remains competitive and environmentally acceptable. 

Economic and environmental improvements in coal utilisation and longer-term work 
on coal conversion are of critical importance. We support work in all these areas, 
albeit at a lower level. 

Ill. Market Reforms 

Restructuring 

Australia's coal industry grew rapidly following the oil price rises of the 1970s; 
rffered a major contraction in the early 1980s, as the energy market re-adjusted; 
and has since been in a process of continuous restructuring. 

Apart from assistance for retraining, there has been no government intervention in 
restructuring, despite numerous mine closures, employment losses and severe 
regional economic impacts. 

Many - probably all - the Australian mines that have been forced to close are 
economically superior to some mines that continue to operate in other countries. 

Generally speaking, the work force has accepted the need for restructuring and the 
need for work place reforms as the only means of achieving long-term survival in a 
competitive international market. 

It is relevant to describe the manner in which Australia has gone about restructuring 
and our undaunted intention of continuing to do so, because we have a reputation 
for seeking similar hard decision-making from other nations. 

We know from our own experience that there is a transitional economic cost, and, 
more importantly, a heavy social cost. 

The prospect for the 21st century is nevertheless for a highly competitive
international coal industry, with each nation gaining from enhanced industry 
efficiency, through competitive energy pricing. 

There are parallels between this restructuring and changes now occUrring in the 
Newly Independent States (NIS). The ultimate goal of any international action must 
be to bring the NIS into a free international economy. 
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The policy instruments used to reform the energy industries of the NIS should be
designed for this goal, which may mean resisting short-term direct aid programs in 
favour of building up an internal entrepreneurial spirit capable of matching
competition elsewhere. 

As inour own countries, there should be no illusions about the difficulties of
 

restructuring.
 

General Trade Reforms 

The international coal industry has set the example for reform that is now possible 
for other industries if the GATT is successfully concluded this month. 

Coal does not stand to gain directly from the GATT, but there is no doubt that a 
general freeing up of world trade will benefit world economic performance, contribute 
to growth, and hence energy demand. 
The prospects for coal in the 21 st century are thus very closely linked with general 
economic and trade reforms. 

Discriminatory Energy Pricing 

I have a lingering concern about the steady freeing up of world energy trade. 

That is the possibility that price distortions may be introduced into world energy
 
markets on environmental grounds.
 

Carbon taxes are one example of this mentality, but others are possible if arbitrary

decisions are made about the environmental or social desirability of one form of
 
energy over another.
 

The problem harks back to the issue of community attitudes I mentioned earlier.
 
There may well be public pressure to introduce discriminatory policies on slender
 
evidence.
 

Once inplace, such measures, including carbon taxes, will be difficult to reform, as
 
they find a place in the budget framework as revenue measures.
 

SecurityofSupply 

A driving force behind maintaining expensive domestic sources of energy is energy 
security. Energy security is essential to economic well-being and social stability. 

Unlike other energy sources, the very abundance and world-wide distribution of coal 
offers the best guarantee of energy security that could be given. 

Australia alone has resources to meet its current level of production (and therefore 
exp~orts) for over 300 years. 

The threshold condition for continuity of supply through exploration and development 
of new resources is a satisfactory return on invested capital. 
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The corollary of assured supply is long-term commitment to producers and 
preparedness to pay prices reflecting this commitment. 

We should not forget that market reforms and stimulating world economic growth 
underlie much of what will be discussed in this conference, whether it is finding funds 
for research programs, investment to ensure supply, or fir-'Icing new power 
stations. 

Iv International Cooperation 

There are clearly mutual benefits for us all if we can establish a sound basis for 
international collaboration in the area of promoting clean coal utilisation. 

For our part, Australia meets regularly with several regional partners in bilateral 
discussions on energy issues. We are also closely involved in the Asia Pacific 
Economic Cooperation forum and Australia is the so-called shepherd of the APEC 
working group on regional energy cooperation. ASEAN is also an important forum 
for cooperation on these issues. 

These bodies are not competitors with the lEA, and we look to the lEA to contribute 
to our regional efforts to assure our energy future. 

One way in which this conference could progress us towards meeting some of the 
challenges I have outlined today, would be for it to lormulate a mechanism for on
going cooperation that would ensure a posiive role for coal in the 21st century. 

There are already very close relationships within Asia-Pacific on energy. These 
include bilateral trade in energy resources, cooperation in energy development, R&D 
collaboration, and bilateral and multilateral consultations on a wide range of energy
related issues. 

This conference could agree on establishing ways of further developing our efforts in 
these areas in a manner that ensured the region had access to information, 
resources, and technology. 

Existing forums, such as the APEC energy working group, would be obvious starting 
points. 

I believe there is scope to develop a cooperative venture for promoting coal in the 
Asia-Pacific region. There need not be a major commitment of resources to the task, 
but rather the bringing together of existing activities. 

The roles I see for this new venture would be to: 

* Analyse impediments to growth in coal utilisation in the region. 

" Disseminate standardised, comparative information on technological 
developments. 

" Encourage international collaboration on research and demonstration 
projects. 
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* Provide advice on appropriate technologies, feasibility assessments, etc for 

new projects. 

* Encourage positive community attitudes to the utilisation of coal. 

My objective is to put in place arrangements that will ensure that we, in this region,
have ready access to whatever resources are needed to make optimal and 
practicable decisions about our future energy needs and to be able to carry through 
our energy planning into tangible results. 

Only if that happens can wu ensure our future growth. 

None of us can afford to be denied the information and technology essential for 
energy growth. 

No;,e of us can afford to make the wrong decisions about our future energy needs. 

The region has within it enormous energy potential and the prospect for r-pid
growth. Our resources, our information, our enterprise, our innovation, and the 
development of our technology can be complemented by the lessons learnt in other 
regi.ns. 

The challenge for all of us in the region is to work cooperatively to realise the 
potential of the region for the benefit of our societies. 
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COAL TECHNOLOGY OPTIONS;
 
INTERNATIONAL COOPERATION AND
 

PARTNERSHIP
 

By Minatni Ichikawa 
Director 
Coal Mining Department 
Agency of Natural 

Resources and Energy 

1. "Coal as a Savior of the Earth" 

We, the mankind, can never sustain our stable economic society without using energy. 

And coal is one of the energy forms which is second to none with a number of 
adVant:iges such as its huge amount reserved on the earth, economy, thc possible 
formation of an international C)IeInpctitive market to be participated by many su pplier 
countries scattered all over the world, and relatively easy development foi tailization. 
This forin of energy is also important since it now occupies about 30 percent of tile 
worldwide supply of energy. 

According to the IEA data forecasts, this tishakablc ranked position of coal will 
be maintailned well into the 21st century. Toward the fIuitIre, a particularly rapid growth 
in demand is likely in developing countries, justifying the expectation that the total 
demand may exceed 1.8 tiles the present level in 2005. 

Among others, the Asian-Pacific region depends nore largely on coal for as much as 
60% of their total energy consumption. Under such circumstances, tile region is 
positioned to use not only economical but also abundantly available coal as an 
indispensable means to achieve substantial econonlic de elopment as well as to improve 
(Ie consuiners' level of life. 

The region has ContLnued i high ecOlliC growth ill recent years and is f'urther expected 
to retmain as a protnising sector of the world economy until and even after the coning 
century sets itl. This may well bring all abruptly sharp increase in coal consumption 
sometime in tile futItUre. 

The ASEAN countries as a whole actually intend to expand their coal thermal power 
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generation capacity 5.4 times from 4.3 million ki'owatts to 23.3 million kilowatts in 10 
years from 1990 to 2000. China also projects an increase in similar capacity 1.9 times 
from 80 million kilowatts to 150 million kilowatts in 10 years up to the year of 2000. All 
these indicate a likely substantial growth in future demand ior coal mainly to producc 
electric power. 

II. Exploitation of Coal and efforts To Solve Global Environmental Problems 

Such rapid increase expected in the futuie exploitation of coal mainly in the Asian-Pacific 
region importantly requires appropriate response to the problems relating to global 
environment over which recent world people have become more and more concerned. 

First of' all, acid rain which is caused when such substances as SOx and Nu'Ox emitted 
from the burning coal dissolve into the clouds and raindrops is a grave problem to solve. 
In recent years, the Asian-Pacific region lias invariably faced tie same problem 
manifesting itself ain id groving demand for energy, mainly for coal. This instigates ou 
concern over, not to speak of the destruction of forest resources and damages to building 
Structures, possible hazardous effects on the health of those living at and near tie places 
where coal is consuned. 

For instance, in tile Asian-Pacific region, the emission of SOx increased 1.6 times fron 
18 million tols to 29 mnillion tons in 12 years fron 1975 to 1987. It is expected that such 
emission will further increase another 1.5 times to 44 million tols iii the Asian region 
as a whole Unless sone effective Measures are taken to protect environment. 

In tile second places, part of the growing concern over the global environmental problems 
is more strongly d;rected tovard tile issue of CO, emission which causes greenhouse 
effects. Coal has a problen as it, when burned, emits miore CO 2 than other fossil fuels. 

A tentative iniportant measure to solve this problem is development and penetration of 
the technology which will enhance both wide-spread energy saving and more efficient 
combustion of fuels. Supposedly this is a field of great potential to be improved by most 
developing countries. 

Nevertheless, it is considered that global environmental problems will eventually be a 
cause to slow the economic growth in every pail of the world but undeniably offset such 
a torture with some benefit of more efficient economy possible with development of 
energy-swing and better fuel burning technologies. At any rate, an ultimate goal should 
be to tackle tile important assignment for development of striking a tripartite balance 
among economic growth, environment, and energy. 

III. Japanese Course Followed in the Battle with Global Environmental Problems 
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Well-balanced response to coal utilization and environmental problems is an issue rather 
long-familiar but in some sense unfamiliar to Japan. 

Hence, a brief account is hereby given of Japanese policies toward the utilization of coal 
based on our previous efforts to protect environment. 

Concerning the Japanese environmental protection efforls, to C 'ercome tileserious 
problems such as of air pollution dtie to soot and dust encountered in tilecourse of rapid
industrialization since the latter halt of the 1960's, total mass emission control was 
enforced on in 1974 and of nitric oxides in 1982. Astie emission of sulfuric oxides a 
result, large fossil-fuel burning facilities are now regulated to observe the limits of SOx 
eission at 100 ppil NOx 200 ppin or hFileatroud and emission at less. Japanese 
industry has su, "'sfully cleared these limits, well demonstrating its possession of the 
world-highest 1,-.. of desLIfl fization and NOx-reduction technologies. 

In Japan, the h'rge-scale smoke and soot control facilities are spread fairly widely to 
achieve its environmentl quality standards Intie electric power industry, for example, 
78% of its coal boi1C isas a whole aric eq uiippcd with destolIn r'zatiOn C(luipl en t and 56%,P 
with NOx-rediclIIon equipment to clear severe Such stanidairds. IMcan while, as for coal 
burning, wide-spread LISC of hw-pllition comustion technology is Under pronOliion 
with such ineanms a, two-stage combustion. Iox,'-NOx burrneris, and built-in de.(].ui fori zat ion 
fluidized bed boilers. 

Illaddition, Japan has achieved its goal of more efficiCt use of entIergy (energy saving)
by successfully imlproing energy consumnptiot 36% on an original GNP unit basis in a 
period between 1973 and 1988 intervened by two waves of oil shock. 

In te-lls of coal-related achievements, the electric power sectors, in an attempt to 
improve thermal efficiincy such ias by inci-casing the sizes of coal thermal power plants,
has succeeded in achieving soie 40% grid-tcrminal thernal efficiency of 
highcst-adVanced u'gC 10(kW-class) pulverized coal firing plants. This, combinedly 
wili other achievements 
including iiiipleniented introduction of consistent-process steel production technology and 
recoxery of converter gas has greatly contributed to the improved energy situation. 

IV. Development of' Clean Coal Technology 

With the recently growing worldwide concern over and international commitments to 
global environmental problems inimind,Japan has further conducted many R&D proj ects 
and related sor'ex of technologies to produce and use cleaner coal (clean coal 
technologies) for sectI'd exploitation of coal itsainimportant mainstay of oil-substitute 
energy while paying everlasting attention to global environmental problems. 
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In the first place, a development effort is now exercised, thr1oh Center for Coal 
Utilization, Japan (CCUJ), an advanced tcchnology development organization in charge 
of coal utilization in the private sector toward technically implemented practical use .f 
such clean coal technology as is in expected to be developed niore efficiently isw\ell as 
preferably inshort or iediurn terms.Concrete items currently Linder devehopmnt inChLde 
the art to reduce CO. emission through improvement of thermal cfficiency using 
pressurized fluidized bed combustion (PFBC), fluidized bed cement calcinat ion, and other 
techniques, methods of better handling coal such as Coal Water Mixture (CWM) and 
Coal Cartridge System (CCS) Processes and desulfturization/NOx-rcduction technolh..,y 
including the partial coal combustion furnace process, 

Fron a iedium- and long-term viewpoint, development of adv!anced clean coal 
techl0ogies is also tinder way mainly at the Clean Coal Fcchnology Center established 
within the New Energy and Industrial Technology Development Organmization (NED)) 
toward well-prepared response to global environmental problems. More specifically, such 
research and developient work is directed toward Coal Li-Ltie faction Tlc Inlogy to 
prodIce fuel oil front coal, Integrated Coal Gasification Combined Cycle Power 
Generation Technology, which consists of technical arts ( I ) tt) further r'edtice CO, 
ermission rsing soclm techiqties as born coal iii an environmentally friendly Imlannir 
(including tie toppiig coIbstio tehli(Ll e toward improvement of therm alefficiencv 
by raising PFBC combined cycle gas turbine inlet temperatures and 0:/C20 burning 

techniques), (2) to more efficientlv tlse clean coal for chemical materials alnd other 
purposes iicluding coal pyrolysis (ittechnology to irllciimt mcrC flexible gas, liqiid, 
and char prodluctior tlmOgl mild gasification of coal), and (3) to help imlprove 
deslIfri zatiol effects More aggricssivyely inlItiding advaliced coal reform techliques 
(sobject to pre-heated relatively ltigh-advan ceCL de souIltfuriatitlon, and ash reimoval). 

V. Clean Coal Technology Cooperation 

Front a more extensive global-scale point of view,promoted aggressive cooperation, with 
developing countries and relatively much coal utilization-weightcd areas where energy 
is expected inincreasing demand toward the future, inmore efficient use of coal and 
ilmplementation of environment-related technologies may well be said nothing other than 
vital not only inview of well-prepared response to global environmental problems but 
also because it will contribute to more constant and smoother international supply of coal 
implemented throtigh efficient use. 

As mentioned above, under such circumstances where a sharp increase is expected in 
future demand of coal, it is heard that claims have been raised inlarge numbers against 
industrial pollution such as due to SOx and NOx enission with soot and dust as a serious 
problem at and around the places of coal consumption. 
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It is now the very lime for many countries to tackle the important but difficult 
assignment of harmonizing energy utilization with environmental preservation. 

Witl these sitlnations taken into consideration, van'ious Asian countries Ihave recently 
promoted efforts toward soltion of environmlental problems in compliance with people's 
growing interest in saving energy by taking some lea sUres incILi g eniacted 
environnental staldards for air quality and limits on exhaust gas emission. It is, however, 
aIiso th1e 1act that de ve opinhg coiniitries are niot alw's in the position 1t easi in trodlCe 
in earnest due t0 iulcreailsiug CnergTy production costs (inclIdling expenses for facility 
CoIst lclion ald operation). 

,\s a first step to clinminaite lth aibove dil'liculties facing the Asian-Pacific region, Japalln 
has proPOsed so-called (;reen Aid Plan, a ['gram to assist China and ASEAN countries 
in overcoliine in their s elf effort such energy- and environnent-relalted difficIlties. 
Such oLlr propos;l has already been partly accepted since concrete progranis started wit h 
somVe f' these coLtntries fast ye-ar. The programins contain (I) survey cooperation, (2) joint 
researche,,, (3) suirveys for dIemoItnstritioln, an1d (4 nodel projects toward extensive 
SOILliOn of wide-ranuege cncrgy and -nvironment-related problems. 

Within the f',ammexork of this Green Aid Plan, coal LtiliZiation-related infastiructures are 
ulnder inpfovenlcinlnIOr'wider peneration of' clean coal technofogies. 

I OUold like to give a brief account of such poijects ill progress in a little more concrete 
nriunt,+r. 

I ) 	 Development of' a comprehensive program relating to sul)ply-dernand and Ltilization 
of coal tmaster planling fir general fiiim'rs) 
As part oIf survey cooperation, aI master plan started to be piepared in cooperation 
with Chiiias Ministry of' linergy (present Ministry of' CoMl hldLstry ) in 1992. Il 
1993, this cooperative ilaster planning with Chin a will be Joiined in 1 I ndone sii 
whose Mhilistrv o1 Minindl 'sn \nerg;vllchcd hy us through negotiations. 

(2) 	 Developntint of siniple destolfti'ization yuiptlent for coal hoilers 
Otie of c01pera tie researi'ched is nIow condticted on simpIe uledesoul'urization eqLiliilClen 
for coal beoilers in behiaIf of developing countries in cloperation with tie Ihdonesian 

vOernienm. The stLie s lie uider way fOr ready operat ion of' tie facticility conpleted
iii 	 iily this sear'. 

(3) 	 SUIxeyS 1'01idcliolllst.rlliOill 
A series of surveys for delonstration selected in 1992 Hoangdao Power Plant in 
Chingtlao C ityv, (hinai as the first facility for demonstration tests of desulfurization 
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technology. This test emphasizes the penetration within China itself using 
sulfurization equipment characteristically simpler and less expensive than that 
employed in Japan. In 1993, Taiyuan Power Plant in Taiyuan City, Shanhsi Provilce 
was just selected as the second facility for demonstration. 

(4) Projects to assist introduction of environmentally friendly coal utilization systems 

One of model projects is implemented substantial expansion in 1993 of the field of 
cooperation to clean coal technologies which will be added to lie items so far 
studied. As a concrete Measure, model projects have just been put in force for tie 
intended penet ation of environmentally friendly coal utilivati on sys"cinls including 
desU Ifurization eqilipelint, fltidized bed boilerIs, biobriqucttc manufacturing facilitics. 

This measure places einphasis on de Arul setting goal at firmlyfuriZation, its 
establishing technical capabilities so that each conuntry will be able to carry out its 
own environlmental Measures as well as increased incentive to introduce 
anti-pollution equipment. Another important aimn is to relieve their burden due to 
enforced environmental regulations by reducing costs for the installation of 
anti-pollution equiptiielit. 

As far as tue gas desulfuIrrization facilities are concerned, tile first attempt will be 
made to install locally suitable simple and multi-nodel plantsjointly with China's 
Council of State. Agreenrents have presently been reachLd with China upot tile 
scheduled installation of 2 units in Shantung Province alld oile in Liaoning 
Province. 

Next, as for fluidizCd bed boilers, it has been agrced upon that demlonstration tests 
will be carried out using different types; one installed in Shantung Province, 
another in Peking, and the other jointly with the Philippines' Ministry of Energy. 

Concerning b,'iquette lianlufacturing facilities, as agreed upon with China's 
Council of State and the Indonesian Ministry of Mining and Energy, one trnit is 
to be installed for demonstration purposes in each of China and Indonesia where 
the presidential orde wvas issued at the beginning of this year, encouraging the 
Wl1e nati on to initrodurce briqlunettes. 

The Ministry of international Trade and Industry of' Japan thus firmly believes that 
promoted Green Aid Plan will greatly contribute to economic growth compatible with 
environmental protection in every of the countries coope,-raively promoting this plan. We 
also intend to continue aggressive efforts of cooperation relating to the utilization of coal 
mainly under this plan. 
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Other than through the Green Aid Plan so far mentioned, we are also cooperative enough 
to positively participate in many APEC activitiCs as part of our policies toward joint 
development with Asian countries. And also Japan has just attended the clean coal 
seIninar held in Chiang-main o, Thailand in September this year uInrder the sponsorship 
of APEC Experts' Group on Clean Coal Technologies. IEA's only recent activities 
included its flong Konu Confcre ncC held witl suich great applause. Our Ministry's 
intention is to continue invariably aggressive assistance to support every aspect of such 
international activitics finanCia'lV as well as in terins of necessary huran resouices. 

VI. Agency of' Natural Resources and Energy Conclusion 

Development and penetration of' clcan coal technologies arc also uLlite csserntial for Japan 
in pronnotinge lrc utilization of coal as an iruportant oil-sustsiIttlC form of' energy while 
harmnioninrg it with global environmcntal problelms. It is, however, more vital to 
c11cou ragC theISC 01" cleaner coal oin a broader scale of' international I cooperation with 
perception of this issuIe to be tackled by the entine people of the world. 

This is why we think we will maintain close contact with IEA member nations and 
dialogeis with those countries inte rested ilr joirir our cooperative projects tovard 
world-wide pcnetratioll of' the achievcrcuits derived from developed clean coal 
lechlioloeics. With such cffTorts, we also intend to aggressively enlarge the sprawling 
w'lVes o1 worldwide c operation and partnership in tihe hope that we could iake 
irnterrnational contribution toLfuirtlher improved position of coal which is rot only an 
ultiiately rcliahle1forrir of energy but also a tLrue savior of the earth. 
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Development and Demonstration of Clean Coal Technologies 

Akira Kunito and Masaki Takahashi, EPIDC 

Abstract 

Clean and efficient use of coal and lignite is the most important issue in 
the elergy and environmental policy inAsian countries. Since they are 
the work. economic grvth center, it is not only an issue for themselves, 
but aliso an issue of wr ldw ide in terms of energy senrity and global 
environment. The paper presents the development and demonstration of 
Clean Coal Technology in Japan and how the technology be transferred. 
The financial, regulatory and technical barriers an' challenges will be 
addressed. Technology options aid experiences of icta cal, teChnology 
transfer will be introduced. Understanding the tcchnical and financial 
need of Asian developing cw)tnrtries will be the first step. l~cvhloping cost 
cflfeclive technoloy, ranldtory aul financial schernCs which could be 
accCplCdIb)y the LvCloping coutlrics are the next step. UJnderstanding 
different appnimlches to this issue fron the dcvcloped coutrics and 
seeking coordination ofl lhesc approaches arc also important. 

1. Asian Energy, Coal and Eleclricit )Overview 

Asia is the world econmic gro.th conmer. liy. I-hA As chlnge in GDhP 
per CapitaI 19(0) - 5. and wv can find roost of mrimt Asianl countries ill 
the lop twenties. \Vrld lEergy Council's study sho ws the largest GI)P ill 
Pacific rc.iori in its relclcree case. (HF, 1-2) 

Table I-I show tile coal's role in the primary ener'y cons impt ion in 
Asian countries. China and India are tihe biest coal consuming countries 
and show also hi.gh dependence on coal (77;; and 57% respectively.) 
"lables I-2 and 1-3 show projcctions of C al prodtuction and consumpt-)Iion 
in Asia respectively. China aind lndia will remain the biggest producers 
and consumers. Auslralia will remain the third biggest producer and the 
Indonesia will increase its production drastically. South Korea and Japan 
will reduce their )rotuction, but they will rmClain as Major consumers of 
coal as wet ias Aulia and North Korea. ''aiwan, idonesia, Philippines 
and Th0ailnd will increase their col casLrml)tion drastically in the next 
lecades. 

lable 1-4 shows the projections of coal-fired power plant capacity. China 
again ill play anurator role here and double its capacity by 2000 with (he 
increase of 70(1C in eleven years. Japan triples itscapacity with the 
increase of 25 G\V. IKorea, Taiwan ar(d Indonesia will increase their 
capacity 12 GW, 7 G\V arid 10 GW respectively. 

-133



2. Modern Power Stations 

2.1 Unit Size Increase 

Unit size of coal fired power plant has been increased to seek economy of 
scale. Usually the bigger the plant size, the smaller the capital cost per 
generating capacity ($/kW, most commonly used in Jpana is a power 
factor of 0.75) and therefore the cost of electricity (S/kWh). Largest size 
of coal fired power plant ill Japan is 1000 MW and this size or bigger siz', 
units are prefered for the new capacity addition in Japan. Fig. 2-1 shows 
the history of unit size increase in Japan. 

2.2 Steam Conditions llprovement 

Supercritical and UItra-supercritical steam conditions 

Supercritical plant have been 1)1uilt in inldustarialized countries for a long 
time and well accepted technology. Althougl some old plant experience in 
the US with low availability made some US utilities hesitated to apply this 
technology, it has been well accepted in Japan and Europe, and will be 
commercially av:rilable to the developing countries. Figs. 2-2 and 2-3 
show the history of steam )CssuI re aid temperature change and tile 
improvement )f plant efficiency. Figs. 2-4, 2-5 and 2-6 show the pictures 
of' plant, wet scrubl)ler, electrostatic precipitator and the denitrification 
(Selective Catalytic Reduction, SCR) plant at the newest coal fired plant 
of' F PI)C, Malstlura 41 tulit, 1000 MW Comlmissioned in 1991. 

Ultra-supercritical steam conditions technology has been developed in 
Japanl and Step I steam conditions (310 bar, 593°C double reheat) are 
ready for commercial application. Since it is a conventional steam cycle, 
operation capability, reliability and availability are expected to be the 
samc or higher than the conventional sub-critical plants. Matsuura #2 
unit, 1000 MW to le commissioned in 1997 will apply USC steam 
temperature (593°)C, Fig 2-7). 

In China and India where the ig grid capacity is expected, large size 
(500 MW or larger) unit will be chosen. Supercritical or Ultra
supercritical steam conditions will best fit to such countries. 

These steam conditions could be combined with fluidized bed cornbustion, 
both at atmospheric and pressurized. When the grid size is lot so big and 
intermediate or smaller size (350 MW or less) unit is preferred, 
atmospheric fluidized bed combustion with SC or USC will best fit to the 
needs. 
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2.3 Environmental Control Technologies 

i) SOx control technoligies 

Fluidized Bed Combustion 
FBC is suitable to burn low quality coal or waste. It does not require add
on deSOx flacility. It eliminates pulverizer which usually require the 
largest portion of inainlcnance in the PC plant. The capital and gencrating 
cost is modest. It is well accepted to lhv industries at tile unit size of 50 to 
200 NMIW, and now 350 N 'N AFBC is oder construction at Takehara inIi 

Japan. The plant is expected to be commissioned in 1995. (Fig. 2-8)
 

Wet Scrubber 
This is the most vidcly appliedcdeSOx facility in tile world. it has high 
deSOx efficiency with low Ca/S molar ratio. Ilowever it uses much water 
and has hiigh capital and operating cost. Reduction of cost is the first 
priority tor iihis techno logy to apply to the developing countries. 
(Fis. 3-4 and 3-5) 

Spray )r'yer 

Spray Dryer is categorized in the semi-wet desulfurizalion. It does not 
use so much water as wet scrubber. For low sulfur coal, deSOx efficiency 
cot ld be cx pected over 90(%, however for high suIi r coal deSOx 
efficiency will not be expected so high, because the erosion will be getting 
serious when ihe suIltur content is getting higher. It has over 50 units 
applications in ile I ititcd States and Europe. It has not hecn applied in 
Japan because ()l the constrains of solid waste disposal. 
(Pigs. 3-4 and 3-5) 

In the high sLullur dCsulfurizalion lest in China described later, a study 
shows that tile spray dryer type will be more economical in levelized 
annual cost if the plant is smalller than 200 NIW while the simplified wet 
scrubber will be more economical if the plant is bigger than 200 MW. 
(Fig. 3-6) 

ii) N()x control technologies 

ComLustion iiiodiieat ion including tWo Stage combustion (TSC) and loW 
NOx bunIer shoulId be the first step to reduce NOx since it has lower 
capital and generating cost thall tile add-oi1n de-NOx system such as SCR. 
(See fig. 3-6). I lowever , whn stricter NOx control is re' luired like in 
urbal aica with serious anl. polhition, SCR will be ile option. SCR is well 
accepled in Japan and Geranllly and nially application have shown 
saisf'actory Operal ig dat.. 
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2.4 Combined Cycle Technologies 

Pressurized fluidized bed combustion (PFBC) plants are nlow in the 
(leniolistralion stlage in Sweden, Spain. US and Japan, at tile unit size of 70 
NIW. It will be ap)l licd to the commercial plant (350 NMI\V) belore the 
turn of the century. The plant could be prefabricated in the factory and 
transported to the plallt site. The plant efficiency is expected to be 10% 
hiler in relatiVe 'alue. Il situ d(esullfuniizatioil in tile pressurized boiler 
can eliminate tihened of aldd-ol DCSOx plant. It could use low quality 
coal luld actually in Splail they LsCs very low tquatlity (high ash and high 
sulfur) black lignite. It has rather low gas turbine inlet tenmerature 
(around 850'C) to eliminate alkaline metal problens and achieve better 
destllfurizinig perlonriance. It has modest capital and generating cost, and 
the plant area rCluireiLient is small and plant building height is not tall. 
Therefore, once ii is deinonstrated in the indlstrialized countries, it will 
be best It 1o tile devCho)ing County which requires medtium size unit (50 
MW - 350 MI) and higl efficiency. 

Figs. 2-9 to 2-10 sllov the pictuires taken at tile construction site of' 
Wakamatsu 71 M\V PFBC demonstration plant. It has started its test 
operation and the three years demonstration test will start next year. 

I(CC 
The IGCC is also ill L: delllonsiratioll stage ill FurolpC and in the United 
States. It has a raltler high gas inlet temperature (I I 00"C or higher), to 
achieve high efliciecyc;. It is a higzh efficiency and clean Ichnology in 
terms of' SOx and Nox) (mission, however, the capital and electricity
generation cost is ralher high. Therefore it will be still difficult to apply 
ti is technllogy to tile developing countries at this moment. 

2.5 Advanced technlohgy - cost and perfornance 

Fig 2-12 show tile capital cost learning curve, which every technology 
must go tlhroughli1 'his process. At the iniitial estimalc Wili incomplete data 
tie cost tend to be low aid increase with its develiopment and detailed 
studies. When the tirst colinlcrcial planl starts the service the cost is the 
highest and the decrease the cost at tile second, third and fo)urth. 'lle 
M 1tured i)lant cost Will be applied at around the fifth commercial plant. 
PItBC, IGCC and some other advanced clean coal technologies are j ust at 
or before the peak of the curve. Sometimes we need governinental 
Sulpport to go thruh..1 this process. I lowevcr when we go througlh this 
process we can expect better performance in plant efficiency and 
emissions as shown in Table 2-I. 
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3. What are tile needs of Asian Countries? - Identifying
 
harriers to and challenges for tie technology transfer.
 

Table 3-I shows enercy iw'edl popuhlationlrowth, technology, and 
financing are the important issues and iio CtlCOi of climate change in the 
developing regios, while the latter is of concern and the former is no 
concern in Ihost of the industrialized regions. lfficiency and conservation 
are the Common important issues ill all regions. 

In So111C .hatlli and Ht.Iw'ly developcd rural areas, cinviroinicInal datia-teS 
caused iy tile dvchloplrleit have hcei reported. It is not only for .tir 
pollution bt also water and/or food coltatllillants, salety issues inl 
workitg and residetial areas. Tlhcre ae not categorical survey in this 
aspect, hut etiviritmtntal issues is bcoriIng social poblems itn the 
developiig countries. One exattpIle is rcporIlcd in the tecent newspaper 
aticle regarding Chincsc envirottnenttl situation. 

"Chinese cn vi i uotinctt has beeti worsened according to the Chinnese 
environmental ptction agclcy. S02 cmissions f'rott coal firing in 1992 
was 16.85 inilliol ton, increased 7.7% frotn 19S9. This is because China 
heavily depends on coal-firing electric power generation. The level of 
S02 etlissions arc almost tie sanc as that of the United States which 
decreased drasticall' itl recent years. 

[otV-fiVye thiousand tons of fish caughlt last year have been contaminated, 
and it caused fishermiel 400 million Yun daniagc. According to the 
China-.Japat eivironmental researchers, mining waste water which 
inclutde cOtt',tllilntts suCh as zinc flows into river wilhout treatment, and 
tuatny factories have bCeel built itl rural areas. Th'ey causes serious 
polltitiotI ill water quality. 

A Chinese euvironmental protection agCicy's official said, 'Chinese 
etivironnilental protect iotn has beconing difficult. I-lowever, after getting 
rich eioiutth economically and financially, fund for env'ronimental 
protection will be available.' a; a Chinese dilemma." (Asahi, 8/22/93, p.1) 

3.1 Finance 

Incenlives to l)irect Investments 

l)eveloping countries inAsia have accepted several tax incentives to 
promote direct investulenls, hoevvcr. there are still sollc remaining
barriers such as overseas investmet rtt io I litatiots and local contents 
requirements. Snch barriers have been discussed as violation of GA"I" in 
Uruguay Round. Ihe new iuternalional rules should eliminate the 
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barriers. The developing countries must understand that the rue will be 

beneficial to themselves in the long run by keeping the smooth trade flow. 

Envilroinelal (a;uidclincs 

If therc is a competition in the industrial country side, Consultants will not 
voluntarily put the environmental control equipment beCause the cost of 
their estimate increases and loses contracts in tile completion. If there are 
not legitimate regulation on the environlnenlt by the developing countries 
go\,enrmeu, tlen financiai agency should give guideline coicerning 
environn t as the aid or loan conditions. For example. SOx and/or NOx 
emissions standard should be given by the fiiancial agencies according to 
the site conditions: whether tMe plant is located in the urban area and 
environmental capacity reaches the limit, or whether there are 
endangered species in surrounding area. In the industrial countries such 
guidelines are given by the central or local governmenit, however, in the 
developing r:(untries where there are no such laws or regulations, 
fiinincial agencies should give suci1 gu idelinles for the1. 

Forexample OICF set its environmental guideline as tIle lending agency, 
as well as JICA is setting environmental guideline as tIle international 
cooperate agency. 

3.2 Organizational and Insilitional Issues 

Privatization 

National enterprise have been acting significant role il promoting heavy
 
iillstries, however lack of management capability caused serious fiscal
 
deficit of governments. Investment from overseas tend to give higher
 
priority to the national entities and causes shortage of' currency low at
 
private sectors.
 
Therefore privatization of the national enterprise should be made in
 
accordance with the economic and political status of each country.
 

Nlai'ke incenlives 

Free market price mechanism is essenltial to ensure the market economy. 
Controlled price by the government canot responld flexibly enough to 
reflect supply and deland balance, and thus it will be .i barrier to the 
smooth economic activities. Transferring from the control price to the 
free market price must be done with carefully avoiding monopoly or 
oligopoly. 
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Legal schemes 

Freedom of contract and legal stablcness should be giaranteed. Legal 
schemes such as civil laws and commercial laws should be established to 
ensure economic activilies' stableness. 

Industry policy 
In the transition period to the free market economy, while the private 
sCctors are Still imm atuie stae, adequate industrial policy will take a 
comlplementary role to the market economy. 

Humlan resoirces 

Managemienl tra ining including sophisticated marketlinc lechnologies, 
quality control, and personal management as well as engineer and 
technician tra ining is iceded. To mai ntaiii self-sustained deveIlopment, 
developing countries must hold their own experts who can plan 
developlent strategies. In the industrialized COUntry side, number of 
staffs are too small to satisfy tIle needs to make development plan and 
execuLing tile plan is not enough and need to he increased. 

Properly rights 

'o allow industrial countries to release informalion and know how their 
property rights must be protected properly. [low the property rights are 
protected or not protected are summarized in the Table 3-3. 

Organizatlional problems 

In some coun'ries it is not clear to which department is responsible to the 
legal matters to proceed the project. Both in developing and industrialized 
countries, it is important to smooth process of the project to have one 
representative contact who has a overall responsibility. 

3.3 Technology Options 

Fig. 3-1 show the improvement of S02 emissions in the industrialized 
countries, while Fig 3-2 and Fig 3-3 show the trends of SOx and NOx 
emissions in Asian countries respectively. 

Fics. 3-4 and 3-5 show the S02 control technology cost for low sulfur 
case and high sulfur case respectively. Fig. 3-6 shows the performance of 
NOx control technologies. Fig. 3-7 shows tile capital cost of 
environmental control systems. Around 20% of' the total capital cost is 
required for tile environmental control systems. 
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Example of Technology Transfer
 
Fig. 3-8 shows an example of technology transfer from Japan to China:
 

litgh sulfur desulfiization denonst ration tems in China. 

Cooperative iniialiv s or the technology transfer of' leat 
Rate Improvement and(Clean Coal Technologies 

latory and lilnancial schemes 
which could be accepted by the developing countries in cooperation of 
industrializCd coUnh ics will be essential. Understanding differenit 
aplpoachCs to this isSue froml tile developed countries and seeking 
coordination of these approaches are important. We arc trying to initiate 
the cooperative initiatives for the technology transfer of heat rate 
improvenln and clean coal technologies which will be covered by other 
papers in this conference. 

Developing cost cf ect ive tCchnology, reguI 
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Cotclutsions 

[conomic -growthlate of' Asian con tries are hilih and affect world 
energy demand and supply balance much. Consequently CO2 emissions 
from these coLIt riWs will ContribuLC large portion of global emission. 
I lowcver, olobal waring wiill not be a lare incentive to reILuce fossil 
nlel consumptiOl f'r dCveloping countries (and f)r most of the 

industrialized countries.) 

Local clivironlillejit itoportal1t sucl as Water quality, air polltion in 
urban aIl1Ca which affcCt hltan life and health will be more acite and 
important. 

The major barriers to clean coal technology traiislfr is consist of 
financial, lcal and institutional, and technical issues. Ilow to get finance 
and how to ie ilcen tives to invest oil co vrimetCnal equ ipmeilt wvi thin 
the liiiited fesouifccs. 

Tooct direct investmelnt from industrialized country, eliminating 
limitation to the ovcrseas in.,estment, and protecting property right so 
lhat ilnvestors ftui intdustrialized country will not, gixe up getting 

involved in such investment. It \Vill also be necessary to use nexw schemes 
such as BO'1, 1300. 

iDeveloping countries are not willing to invest oil eliironmenital 
protection facilities will [ot produnce produiicts nor gcnrate electricity.
Inud ustialized coUt riCs cix'e some enxv'ironnien tal gl,,idelinc for each 
develop ing co Iltnry, and cnsuriIc the l in [tillurequircd eniv ironmental 
protection sho1101d be made at least. 

Ic al and institutional 
appropriate encroy price, human resource developlelnt including 
managel eil! capability xwill be required. 

l:repa ilega backgroMd especially privaltization, 

Widening leclilology options to develop cost effective technology, and 
technology which increases productivity such as cfficicncy improvement 
is important. To make information relating technology options easily 
accessible is also iniporiant. Finally, establishing techliology assessment 
guide so that developing countries could choose right technology 
depending oil its developing stage is required. 
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Iir. 3-8 Cost or Air Pollution Control 
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ABSTRACT
 

TO FUEL THE NATIONAL ECONOMIC GROWTH, THE DEMAND AND SUPPLY OF
 

ELECTRICITY IN INDONESIA HAVE BEEN DOUBLING IN EVERY FIVE YEARS
 

FOR THE LAST TWENTY FIVE YEARS, AND THE SUPPLY HAS BEEN VERY
 

STRONGLY OIL BASED.
 

TO REDUCE THE DEPENDENCE ON OIL, THE GOVERNMENT OF INDONESIA IN
 

1970'S MADE A VERY IMPORTANT DECISION TO ADOPT THE POLICY FOR THE
 

DIVERSIFICATION OF PRIMARY ENERGY RESOURCES.
 

COAL WAS ONE OF TIE PRIORITv CHOICES, AND IN 1984 PLN
 

COMMISSIONED ITS FIRST COAL FIRED STEAM POWER PLANT OF 1600 MW
 

CAPACITY.
 

THE SHARE OF COAL IN PLN'S ELECTRIC POWER PRODUCTION HAS SINCE
 

INCREASED TO ABOUT 30% IN 1992/1993 AND IS PROJECTED TO ABOUT 80%
 

IN 2003/2004.
 

COAL IS HOWEVER KNOWN AS POTENTIALLY SIGNIFICANT POLLUTER TO THE
 

ENVIRONMENT.
 

AND IT WAS REALISED THAT STRONG MEASURES HAD TO BE TAKEN TO
 

CONTROL THE IMPACT OF THE USE OF COAL.
 

HENCE THE LAW NO. 4/1982 ON THE MANAGEMENT OF THE LIVING
 

ENVIRONMENT WAS INTRODUCED. SUBSEQUENT IMPLEMENTATION RULES AND
 

REGULATIONS WHICH SET VERY STRTNGENT ENVTRONMFNTAI TANnARD
 

PROVED THE STRONG NATIONAL COMMITMENT 10 ENFORCE THE DECISSION.
 

HENCE IMPROVED TECHNOLOGIES RELEVANT TO THE ENVIRONMENTAL
 

CONSERVATION PRINCIPLES HAVE TO BE EMPLOYED IN THE UTILIZATION OF
 

COAL FOR THE DEVELOPMENT OF THE INDUSTRIAL SECTOR, IN PARTICULAR
 

THE ELECTRICAL POWER SECTOR.
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THE ENERGY DEMAND IN INDONESIA HAS BEEN
 

CHARACTERIZED BY VERY HIGH GROWTH
 

IN THE ELECTRICAL SECTOR (PLN) = ABOUT 15 % P.A 

DOUBLING EVERY FIVE YEARS 



- -

INSTALLED CAPACITY - MEGAWATTS
 

TYPE OF 


GENERATION 


HYDRO 


STEAM 


GAS TURBINE 


DIESEL 


C. CYCLE 


GEOTHERMAL 


TOTAL 


NOTE: 


END OF END OF END OF END OF 

FYP I FYP II FYP III FYP IV


1973/74 1978/79 1983/84 1988/89 


273.77 349.67 536.44 1,969.57 


225.00 556.25 1,556.25 3,416.95 


42.00 882.07 1,027.92 1,233.68 


230.31 500.40 784.39 1,769.02 


-

- 30 140.00 

776.08 2,288.39 3,935.00 8,529.22 


FIP = FIVE YEAR DEVELOPMENT PLAN
 

4TH YEAR OF
 

FYP V
 
(1992/93)
 

2,178.00
 

3,941.00
 

1,223.00
 

2,060.00
 

1,312.00
 

140.00
 

10,854 

1973/1974 = FISCAL YEAR FROM 1 APRIL 1973 TILL 31 MARCH 1974
 

http:1,312.00
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http:1,223.00
http:3,941.00
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ENERGY PRODUCTION - GWH
 

TYPE OF 

GENERATION 


HYDRO 


STEAM 


GAS TURBINE 


DIESEL 


C. CYCLE 


GEOTHERMAL 


PURCHASED 


TOTAL 


EMD OF 

FYP I 


1973/74 


1,029.58 


713.45
 

158.32
 

467.90
 
.
 

163673
 

3,005.98 


END OF 

FYP II 


1978/79 


1,384.28 


1,523.10 


1,156.73 


845.53 


-

813.18 


5,722.82 


END OF 

FYP III 

1983/84 


1,816.27 


7,365.49 


1,065.60 


1,654.13 


-

1,011.98 


1,281.02 


13,391.82 


END OF 

FYP IV 

1988/89 


5,226.86 


14,218.38 


1,581.98 


2,900.87 


-

1,011.96 


682.71 


25,622.76 


4TH YEAR
 
OF FYP V
 
(1992/93)
 

8,788.00
 

24,341.UO
 

2,508.00
 

3,978.00
 

181.00
 

1,084.00
 

1,058.00
 

41,938.00
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ENERGY SOLD - GW1{ 

TYPE OF END OF END OF END OF END Or 4TH YEAR 
CONSUMER FYP I FYP II FYF III FYP IV OF FYP V 

1973/74 1978/79 1983/84 1988/89 (1992/93) 

RESIDENTIAL 1,077.30 1,962.20 4,291.50 7,274.63 11,671.00 

INDUSTRIAL 596.00 1,443.40 3,435.90 9,052.24 17,047.00 

COMMERCIAL 220.90 430.90 1,002.50 1,740.14 3,185.00 

OTHERS 320.80 450.40 1,269.80 1,925.33 2,353.00 

TOTAL 2,215.00 4,286.90 9,999.70 19,992.84 34,256.00 



THE NATIONAL ENERGY POLICY COMPRISES THE FOLLOWING
 
PRINCIPLES :
 

* 	INTENSIFICATION AND EXPANSION OF EXPLORATION
 
ACTIVITIES FOR INDIGENOUS NATURAL ENERGY RESOURCES,
 

* 	DIVERSIFICATION OF THE USE OF ENERGY RESOURCES
 
ESPECIALLY TO REDUCE DEPENDENCE ON PETROLEUM,
 

* 	CONSERVATION OF RESOURCES TO ECONOMISE AND TO
 
IMPROVE THE EFFICIENCY OF RESOURCE UTILISATION
 



PRIORITIES OF ENERGY RESOURCES :
 

* HYDRO POWER
 

* GEOTHERMAL
 

*C 0 A L
 

* NATURAL GAS 

* I L 

- 158



DEVELOPMENT PLANNING CRITERION : 

* LEAST COST SOLUTION 



- ONE PRIORITY CHOICE OF PRIMARY RESOURCE IS C 0 A L 

DISADVANTAGE OF COAL:
 

* POTENTIAL POLLUTION TO THE ENVIRONMENT
 



CHARACTERISTICS OF AVERAGE INDONESIAN COAL : 

* 	 LOW SULPHUR CONTENT 

LESS THAN 1 % BY WEIGHT 



ENERGY SALES
 

- RESIDENTIAL 


- INDUSTRIAL 


- COMMERCIAL 


- OTHERS 

TOTAL 


ENERGY PRODUCTION 


DEMAND FORECO'.ST 


END OF FYP V 

(1993/94) 


15,469.3 


28.180.2 


4,202.6 


3,152.4 


51,004.4 


81,287.6 


- GWH
 

END 	OF FYP VI 

(1998/99) 


27,766.0 


55,330.6 


8,185.2 


5,972.4 


97,254.3 


116,534.9 


END OF FYP VII
 
(o003104)
 

42,602.9
 

83,083.0
 

13,601.8
 

9,708.5
 

148,996.2
 

178,503.1
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FUTURE DEVELOPMENT PLAN - MEGAWATT
 

TOTAL INSTALLED END or FYP V 
 END OF FYP VI 
GENERATING (1993/94) (1998/99)
CAPAC ITY
 

PLN
 
JAVA 
 9,716.00 15,408.00 


OUTSIDE JAVA 3,258.90 5,487.50 

fSUB
TOTAL 
 12,974.90 20,895.50 


NON PLN -2,735.00 

JAVA
 

210.00 

OUTSIDE JAVA
 

I,

GSuc TOTAL 2,94.0 

GRAND TOTAL 12,974.90 23,840.5S0 


END OF FYP VII
 
(2003/04)
 

18,833.0
 

9,024.20 

27,857.20
 

6,935.00
 

590.00 ! 

75.25.00
 

35,382.20
 

i 
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ENERGY BALANCE AND ESTINATED FUEL REQUIREMENT OF JAVA-BALI SYSTEM - GWH
 

FUEL/ENERGY

SOURCE 

HYDRO 


COAL 


OIL :
 
-HSD 

-MFO 


NATURAL GAS 


GEOTHERMAL 


TOTAL 


1993 


6,819 


10,837 


693 

8,300 


12,880 


1,818 


41,347 


1995 


6,917 


19,224 


159 

4,244 


26,667 


3,161 


60,372 


1997 


6,917 


47,953 


6 

1,113 


22,425 


3,161 


81,575 


1999 


8,326 


67,900 


221 

1,571 


23,436 


3,161 


104,615 


2001 


8,326 


94,400 


239 

1,134 


20,886 


3,161 


128,146 


2003
 

8,326
 

127,905
 

302
 
411
 

16,674
 

3,161
 

156,779
 



ENERGY BALANCE & ESTIMATED FUEL REQUIREMENT
 

OF JAVA-BALI SYSTEM
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INDONESIA HAS ADOPTED VERY STRINGENT ENVIRONMENTAL
 

QUALITY STANDARD
 



ENVIRONMENTAL REGULATIONS 

1. 	 LAW No. 4/1982 ON "PRINCIPAL REGULATION OF ENVIRONMENTAL 
MANAGEMENT". 

2. 	 LAW No. 5/1984 ON "INDUSTRIAL SECTOR" 
3. 	 LAW No. 9/1985 ON "FISHERIES" 
4. 	 LAW No. 20/1990 ON "WATER POLLUTION CONTROL" 
5. 	 GOVERNMENT REGULATION No. 29/1986 ON "ENVIRONMENTAL 

IMPACT ANALYSIS. 
6. 	 GOVERNMENT REGULATION No. 20/1990 ON "WATER POLLUTION 

CONTROL" 
7. DECREE OF THE MINISTER OF POPULATION AND ENVIRONMENT: 

a. 	 No. : KEP-49/MENKLH/6/1987
 
"GUIDLINES ON IMPORTANT ENVIRONMENTAL IMPACT
 

b. 	 No. : KEP-50/MENKLH/6/1988
 
"GUIDLINES ON ENVIRONMENTAL IMPACT ANALYSIS
 

c. 	 No. : KEP-51/MENKLH/6/1988

"GUIDLINES ON ENVIRONMENTAL ASSESMENT STUDY
 

d. 	 No. : KEP-02/MENKLH/1988
 
"AMBIENT QUALITY STANDARDS
 

e. 	 No. : KEP-03/MENKLH/1991 
"QUALITY STANDARDS OF LIQUID WASTES FOR THE OPERATION OF 
INSTALLATION" 



Existing National Ambient Air Quality 
Standards for Indonesia 

Parameters Measuring Time 

Sulfur dioxide (SO2 ) 1 hour 
24 hours 

1 year 

Carbon monoxide (CO) 1 hour 
8 hours 

Nitrogen dioxide (NO2) 1 hour 
24 hours 

1 year 

Oxidant as ozone (03) 1 hour 

Suspended particles 24 hours 
(TSP) 1 year 

Lead (Pb) 1 year 
24 hours 

Hydrocarbon (HC) 3 hours 

Hydrogen Sulphide (H2S) 30 minutes 

Ammonia (NH3 ) 24 hours 

Existing Standards 
KEPMEN/1988 

260 pg/m 3 

(0.10 ppm) 

22,600 pg/m 3 

(20 ppm) 

92.5 pg/m3 

(0.05 ppm) 

200 pg/m 
(0.10 ppm) 

260 pg/m 3 

6.0 pg/m3 

160 pg/m3 

(0.24 ppm) 

42 pg/m3 

(0.003 ppm) 

1,360 pg/m 3 

(2 ppm) 
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COMPARISON OF AVERAGE AMBIENT QUALITY STANDARDS 

S02 (ppm) NOx (ppm) 
_ _ Dust(uglm3) 

STATE__ 1our 24 Hours 1 Year 1 Hour 24 H 1 Year 1 Hour 24 Hours I Year 

Japan 
U S A 
Germany 
Canada 

0,10 0,04 
0,14 
0,14 
0,06 

0,03 
0,05 

0,04  0,06 
0,08 
0,15 
0,10 

0,05 
0,05 

200 

400 

100 
260 

120 

75 
200 

Sweden 
Finland 

0,25 
0,10 150 

Italy 
France 

0,15 

350 
Korea 0,15 0,05 
WHO 
Netherland 

0,06 
0,04 

0,01 0,05 
0,08 

Switzerland 
Philippines 

0,04 
0,14 

0,01 0,04 
0,10 

Malaysia 
Australia 
World Bank 
Indonesia 

0,08 
0,14 
0,19 
0,10 

0,02 
0,09 

0,05 
500 

260 

S02: 0.10 ppm = 260 ug/m3 emisiwkl 
N02: 0.05 ppm = 92.5 ug/m3 



COMPARISON OF EMISSION STANDARDS 

STATE. - ppm 
S02'{ mg/Nm3 ppm 

NOx. 
mg/Nm3 

Dust. 
mg/Nm3.. 

Japan 100 5"5-, 286-1571 190-400 390-820 50-150 

USA 310-630 900-1800 370-520 760-1060 45-250 

Germany 700 2000 390 800 50 

Sweden 270 770 160-310 320-640 48 

Korea 1800 5143 

Taiwan .1000 286V 

Australia 480 1400 

Indonesia 200 - 300" 570-866" 83 -224 170 -460 400-600 

-. ) InS03 
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WASTE WATER QUALITY STANDARD 

slide-10 

STANDARD QUALITY CATAGORY 

PARAMETER UNITS I II III IV 

PHYSICS 
1 Temperature oC 35 38 40 45 
2 Suspendel matter mg/L 1500 2000 4000 5000 
3 Sedimen mg/L 100 200 400 500 

CHEMICALS 
1 pH 6-9 6-9 6-9 6-9 
2 Iron (Fe) mg/L 1 5 10 20 
3 Mangan (Mn) mg1L 0,5 2 5 10 
4 Barium (Ba) mg/L 1 2 3 5 
5 Cuprum (Cu) mg/L 1 2 3 5 
6 Zink (Zn) mg/L 2 5 10 15 

7 Chrom (Cr6+) mg/L 0,05 0,1 0,5 1 
8 Total Crom (Cr) mg/L 0,1 0,5 1 2 
9 Cadmium (Cd) mgJL 0,01 0,05 0,1 0,5 

10 Mercury (Hg) mgJL 0,001 0,002 0,005 0,01 
11 Clad (Pb) mg/L 0,03 0,1 1 2 
12 Stanum (Sn) mg/L 1,00 2 3 5 
13 Arsenicum (As) mg/L 0,05 0,1 0,5 1 
14 Selenium (Se) mg/L 0.01 0,05 0,5 1 
15 Nickel (Ni) mg/L 0,1 0,2 0,5 1 
16 Cobalt (Co) mg/L 0,2 0,4 0,6 1 
17 Cyanida (CN) mg/L 0,02 0,05 0,5 1 

18 Sulphida (H2S) mg1L 0,01 0,05 0,1 1 
19 Fluor (F) mg/L 1,5 2 3 5 
20 Clorin (C12) mg/L 0,5 1 2 5 

21 Amoniac (NH3-N) mg/L 0,02 1 5 20 
22 Nitrate (N03-N) mgIL 10 20 30 20 
23 Nitrit (NO2-N) mg/L 0,06 1 3 5 
24 8005 20 50 150 300 
25 COD 40 100 300 600 

26 Active Melyline Blue 0,5 5 10 15 
27 Phenol 0,01 0,5 1 2 

28 Vegetable Oil 1 5 10 20 
29 Mineral Oil 1 10 50 100 
30 Radioactive 
31 Pesticide (include PCB) 
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APPLICATION OF CLEAN COAL TECHNOLOGY :
 

* NOx 	 LOW
 

* 	 SOx POST COMBUSTION 
FGD 

* PARTICULATE 	ELECTROSTATIC PRECIPITATOR
 



COAL CONSUMPTION AND ASH PRODUCTION
 

OF VARIOUS TECHNOLOGY
 

TECHNOLOGY MW COAL CONSUMPTION ASH PRODUCTION C02 EMISSION
 

1. 	 PULVERIZED COAL
 

COMBUSTION :
 
- WET FGD 150 1700 (BITUMINOUS) 600 3740
 

+ 250 LIMESTONE
 

- DRY FGD 150 1700 (SuBBITUMINOUS) 	 3400 
+ 145 LIMESTONE
 

2. 	 AFBC 150 1700 880 3740
 
(ATMOSPHERIC
 

FLUIDIZED
 

BED COMBUSTION)
 

3. 	 PFBC 150 1500 900 3300
 
(PRESSURIZED
 

FLUIDIZED
 

BED COMBUSTION)
 

4. 	 IGCC 200 2200 (BITUMINOUS) 400 4840
 
(INTEGRATED 2700 (SuBBITUMINOUS) 190 5400
 
GASIFICATION
 

COMBINED CYCLE)
 



LIST OF % SOx AND NOx REMOVAL
 

TECHNOLOGY 
 % SOx REMOVAL % NOx REMOVAL
 

1. 	 PULVERIZED COAL
 
COMBUSTION
 

-WET FGD 
 90 -95
 

-DRY FGD 	 80 -90
 

2. 	 AFBC 90 60 - 80
 
(ATMOSPHERIC
 

FLUIDIZED
 

BED COMBUSTION)
 

3. 	 PFBC 90 - 95 60 - 80
 
(PRESSURIZED
 

FLUIDIZED
 
BED COMBUSTION)
 

4. 	 IGCC 
 99 80 - 95
 
(INTEGRATED
 
GASIFICATION
 
COMBINED CYCLE)
 



TO MEET THE STRINGENT ENVIRONMENTAL STANDARD IT IS
 

NECESSARY TO INTEGRATE THE BEST SELECTION OF COAL
 

TECHNOLOGY FOR THE ENERGY SUPPLY SYSTEM
 



ASIA PACIFIC COAL USE STRATEGIES: Needs, Plans, and Opportunities
 

Plenary Session I
 

"INTERNATIONAL COLLABORATION AND PARTNERING FOR EFFECTIVE SELECTION, 
DEMONSTRATION AND ON-GOING USE OF CLEAN COAL TECltNOLOGIES" 

Albert M. Ferrer
 
Vice President and Corporate Executive
 

Fossil Power Industry
 

December 1, 1993
 
2:15 to 4:00 pm 

THE CHALLENGE 

Over the past ten years, the number of countries requiring strict environmental compliance has 
increased significantly. With the collapse of the Soviet Union and the trend toward privatization 
in many regions of the world, many countries are looking at their indigenous coal or lignite 
reserves as potential major energy suppliers for their fast growing economie;. At the same time, 
global environmental concerns have increased environmental awareness in many of the 
developing nations. This scenario is resulting in a significant search for ways to use clean coal 
technologies to allow them to utilize their lignite and coal reserves in an environmentally 
acceptable manner. Other countries fearing dependency on a single fuel source and type are also 
looking at ways of utilizing indigenous or regionally available coal or lignite while meeting 
stricter environmental standards. 

In many instances, these countries have existing energy facilities which, by their technological 
nature and age, do not conform to the new environmental requirements being promulgated in 
these countries. In almost every case, these nations are in the process of expanding their 
electrical generation and delivery systems to fulfill the demands of their expanding economies 
with the subsequent increase in their per capita standard of living. Generally, they are 
experiencing 5-10% electric load growth per year, with their economies expanding at about the 
same rate. 

Due to the very nature of their economic development, most of the government resources are 
focused on the infrastructure required to support their economic growth. Few resources are left 
to nurture private investment in their countries. 
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Under these circumlstances, there is relatively little time or resources to spend on the development 
of clean coal technologies. Tile result is that most of these developing countries are dependent 
on the importation of such technologies to make their coal or lignite utilization viable under 
stricter environmental requirements. The available clean coal technologies recently developed 
in industrialized countries address specific environmental requirements, and are generally 
protected by patents and licenses controlled by technology suppliers or Manufacturers. Sonme o1 
thcse clean coal technologies may be economically applicable to developing countries and some 
may not be. The end result is that these developing countries with a desire for "appropriate" 
clean coal technologies have generally limited access to them. 

There are various avenues for collaboration and information exchange which help provide access 
to technology. Among these are: 

Educational exchange programs which expose and train developing country 
personnel to new technologies. 

Governmental assistance programs which promote use of indigenous clean coal 
technologies. 

* Technical literature (paper copy and computerized information networks.) 

Sales personnel for manufacturers/vendors and technology suppliers inform 
through presentations or brochures, qualifications data, proposals, etc.. 

* Consulting arrangements -- case-by-case. 

* Other avenues including international conferences (lEA, EPRI, etc.) 

Most of the above information exchange tends to concentrate on the "latest and greatest state-of
the-art" as it is applied in tie industrialized country where the technology was developed without 
enough emphasis on the practical and economic application of the technology in a developing 
nation. There is a need for engineering, construction and operations experience in order to 
properly assess their aplpropriateness for use in tile developing nations. 

We also must rcaliie that we are dealing with a myriad of techn logics. Some involve pre
combustion (coal clean ip and lreparation such as Custom Coals of Pittsburgh, Pennsylvania), 
others involve combustion technologies (such as CFB combustion, or IRW's in slagging 
combustion, and coal gasification, special ourner designs, etc.) and others involve post
combustion technologies (baghouse, induct lime injection, Wet limestone scrubbing, dry scrubbers, 
amine scrubbing, etc.). We can see how difficult it is for a decision maker in a developing 
nation to identify and decide which technologies are best economically suited for the country's 
needs its retrofits to existing plants or to be included in new generation facilities. 
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It is important to point out that in some instances (e.g. wet limestone scrubbing), a few of these 
technologies require supporting activities (such as limestone supply ad processing or gypsum
utilization or disposal) which need to be taken into account as part of the overall "appropriate 
application/evaluation" of these technologies. Another important aspect is that the application 
of these clean coal technologies also requires the proper education and training of -.managemen',
technical and non-technical personnel to adequately operate and maintain of these technologies 
over their 20-30 year service lifle. The investment of time, people and money can be substantial. 

WHAT IS NEEI)EI)? 

The knowledge gap we discussed earlier has been narrowed by the availabiliLy of 
information/databases (available through lEA, USDOE, EPRI, etc.) and through the cas'-by-case 
evaluations that many of these developing nations have conducted throughout the past five 
years... but it may not be enough! 

We need mechanisms which not only provide access to various technologies to be evaluated, but 
which are able to match the most appropriate technologies to the scenario in a developing 
country. Almost all the countries in Southeastern Asia are proceeding at a fast pace towards 
higher levels of economic development with significant improvements in the standard of living 
lor their people. To burden them now with expensive end-of-life (EOL) technologies could 
hamper or slow their economic development. One way which could be more economical is to 
provide a staged or stepped implementation of clean coal technologies as an "appropriate"
approach to take for a specific country scenario. This staged concept would consist of examining 
the existing power generation infrastructure and applying economically viable technologies to 
improve environmental performance of power plants without significant retrofits at first, lollowed 
by application of other technologies in a phased basis. In parallel, the country's Integrated Power 
Generation Resource Planning could be examined to incorporate environmental requirements and 
the application of advanced technologies over a period of time. From this effort, a planned 
utilization of these technologies in new power plant facilities to be built can be derived, 
including, the technical and non-t,-chnical resources required These and other steps are discussed 
in one of the workshop papers 'Systematic Coal Utilization/Technology Options Evaluation 
Process" (December 2 - Workshop A2). 

However, to best achieve this match between approximate technology application and national 
needs, there should be a more intimate relationship between the organization possessing the broad 
technology knowledge base (with no economic self interest in any one of the technologies) and 

recipienttile or ;an!o, ations in these developing countries with the need to use these technologies. 
To effect this intimate knowledge exchange which leads to the "appropriate" match, various 
management approaches have been attempted in industry. One, which we believe is the most 
successful involved the application of total quality management principles to the relationship and 
it is referred to as Partnering. 
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PARTNERING : 

The U. S. electricity sector has functioned for many years as a joint effort between the utilities, 
equipment suppliers, engineering and construction firms and a wide range of other specialty or 
consultant services including a variety of utility management services. For many years the 
relationship of these parties was dominated by that of client and supplier. And, different utilities 
chose to embody into their own organizations greater or lesser degrees of the services capabilities 
available form private firms. However, the drive foi -educed costs, greater efficiency and 
increased competition which has for some time prevailed in the U.S. electricity supply sector has 
driven all paities to seek out innovative ways to maintain their high quality of service while 
reducing costs. One of the effective concepts that has emerged is shared responsibilities under 
a "partnering" concept with these existing private service suppliers. It offers the prospect of a 
"win-win" situation for the partners in that is creates a capability of which the whole is greater 
than what each could do individually. 

Partnering is a long-term commitment between two or more organizations for achieving specific 
business objectives by maximizing the effectiveness of each participants resources. To achieve 
its goals the partnering relationship must involve: 

* 	 Trust between the parties. 
* 	 Dedication to common goals, i.e. - a team endeavor. 
* 	 Understanding of each others individual expectations and values. 
* 	 Fully shared responsibility for work performance and quality of produce. 
* 	 The ability to adjust the sharing of responsibilities as the capabilities of the team members 

evolve over time. 

Some of the key features of the Partnering Concept are: 

" 	 Long-Terni Commitment: 

To be able to develop the close working relationship required and reap the benefits of it, 
we believe a partnering arrangement needs at least a 2-4 year life. 

" 	 Achieving Jointly Set Business Objectives: 

Partnering is not a loose or casual working relationship. It must be carefully defined in 
its scope and designed to meet specific objectives set by the parties. It's charter, scope 
and end-product must be clearly and mutually defined and understood. 
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• Pro-active Participation of the Parties: 

It involves shared responsibility -- individual team members do not succeed or fail, the 
team succeeds or fails. All involved play a key and active role in making things happen. 

" Sharing of Responsibility: 

Sharing of responsibility makes maximum use of each parties knowledge strengths and 
resources. When one party's resources are marginal, strength from the other can be 
mobilized and applied to the requirement. The end-product (be it policy or system 
planning counsel, technical evaluations, project designs, etc.) can be used with confidence 
that it is well founded and objectively directed toward the jointly agreed purposes and 
goals. 

In summary, the basic premise of partnering consists of two or more organizations that share 
similar values, have common goals, and possess complementary knowledge/know-how, joining 
forces to pursue a specific objective. This management concept promotes a relationship between 
parties based on trust, openness, ability to assemble resources possessing synergistic expertise, 
and includes appropriate incentives to develop a win-win situation among the parties involved. 
Ultimately, the partnering relationship develops into a whole entity which each part individually 
could not fully accomplish without substantial invctment of resources and time. 

Generally, this partnering concept would commence with "interface" sessions among the 
resources to be integrated into a partnering team to identify common goals, complementary 
resources to be shared, potential differences which could act as stumbling blocks in achieving 
these common goals and their resolution, potential incentives, values and value systems with 
emphasis on cor'nionality among team members. Ultimately, a partnering leam "culture" 
devclops which results in t.,ch party seeing its key contributions to achieve goals while 
benefitting from the incentives and nurturing mechanisms. Each party contributes its knowledge 
and expertise about an issue while all team members "buy into" and commit to the actions 
required to resolve it or meet the agreed upon goals. It is at this step that the benefits of 
partnering are shown. We now have a team of complementary resources committing from both 
personal and organizational levels to achieve common objectives with the necessary their 
incentives to allow these resources to perform to established goals. 

Applying this management concept to the scenario presented earlier, we see that power generation 
entities in developing countries bring to the partnering relation the detailed knowledge of local 
conditions, environmental requirements, capability of indigenous resources, organizational 
infrastructure, political and legal systems, realistic assessment of funding available and other 
factors essential to have the clean coal technology fit the need. Engineering-construction firms 
from industrialized countries such as Stone & Webster, bring the detailed knowledge of not just 
one clean coal technology but of all of them, and their applicability to specific situations. Since 
firms like Stone & Webster do not have an ownership (proprietary, license, etc.) position in these 
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technologies, we are better able to objectively evaluate them and cl-oose the most cost effective 
one for a particular application. 

With the detailed knowledge of the requirements to implement these technologies integrated with 
the detailed knowledge of available local/indigenous resources an "appropriate" methodology can 
realistically be developed which best meets the country's environmental requirements while 
providing the incentives to the implementing organization to meet these goals in a timely and 
cost effective manner. 

Using 	the above example, other types of partnering relaticnships could be developed: 

Government-to-government partnership -- which can provide for a general relationship to 
promote the development of broad based revenues in the developing country to implement 
clean coal technologies. 

" 	 Manufacturer to local manufacturer -- to provide for longer term support in-country for 
the support of equipment involved in these technologies. 

" 	 Electricity Board to U.S. utility utilizing a particular clean coal technology which provides 
the developing country's electricity board with the operating and maintenance know-how 
for it to benefit from prior long-term experience with these technologies. 

To make this "partnering" concept work requires: 

" 	 dedicated effort, 

" 	 mutual agreement and commitment among the parties, 

* in-depth planning and training. 

* openness in thinking - avoid paradigms, 

" open and frank communication, 

• 	 involvement of the organization. 

While Partnering does require effort and commitment, it has many rewards; among them: 

It enables you to expand your organization's ability to conduct analysis, evaluation, 
system planning and project evaluation preparation activities which exceed the capability 
of your in-house staff yet have that staff be an integral part of those expanded activities. 
By that staff participation, it increases their future capabilities, experience and knowledge 
base. 
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" 	 It avoids the waste of resources, cost and time at the beginning of major projects to bring 
a new support contractor up-to-speed. It also saves the effort of multiple self-standing 
contractor procurement actions. 

* 	 It provides quick feedback and benefit to on-going efforts from the lessons learned from 
prior projects, analyses, and evaluations. 

It can provide both formal and on-the-job training of your staff leading to future 
expansion of your capability to effectively and efficiently plan and manage your 
operations. 

CONCLUSIONS: 

Our world is in a state of transition -- or possible better stated, several transitions. Those 
transitions present those of us working in the electricity supply sector with several difficult 
cha!lenges. 

Addressing these challenges requires dedication of talent and resources which frequently exceed 
those normally available. So, you must reach out beyond your in-house capabilities. We in the 
electric supply sector of the U.S. have extensive technology, and capabilities and experience in 
the use of those technologies to help you respond to those multiple challenges. And, we are 
prepared and anxious to provide a helping hand. It is in your best interest and ours that the 
support you need is provided in an effective, efficient, and cost-competitive manner. And, that 
as time proceeds, you increase both your in-house capabilities and that of your nations private 
service sector. In this context, we believe the proven attribules of dhe partnering concept merit 
your serious consideration. It is not a simple olf-the-shelf product neatly wrapped and ready for 
delivery. It will take dedicated effort to define and put into place that arrangement which is best 
suited to your needs. But we bcicve the benefits which could result are large in terms of 
improving your capability to propei ly respond to the challenges you face. 

Engineer-cGnstructors such as Stone & Webster have many years of experience with partnering 
team concepts. These concepts have been used successfully in process, industrial and power 
industries in the U.S. and applied to small and large complex projects or ventuies. We feel that 
it best matches the needs of the developing world with the capabilities available. By having the 
potential end user of the technology (e.g. local electricity board) team in a partnership with the 
right organization possessing the knowledge of the technologies available, while not possessing 
a self-interest in promoting any one of them, we have the opportunity for the optimum clean coal 
technologies to be applied in a cost-effective basis "appropriate" to the needs of the developing 
country. 
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1. 	 INTRODUCTION 

The successful implementation of clean coal technology projects overseas depends not only 
on sound technological solutions, but also on the presence of sound strategies fcr long term, 
environmentally sustainable develop-aent. Clean coal technology will not succeed without the 
presence of this supportive developmental framework. 

I will begin by establisl-ing the vital link between energy and sustainable economic 
development. Next, I will acknowledge the substantial danger of continuing to use coal in the 
often inefficient and highly polluting manner of the past. I will then present USAID's 
outlook on how foreign assistance programs will be governed by the need to support 
sustainable development, incorporating environmental protec'ion as a goal equal to econotnic 
development. Donors and multilateral development banks lack the resources to help 
developing countries make this transition, thus, private sector resources must be tapped. 

I close with a brief discussion of how USAID -- using its experience in promoting 
public/private energy partnerships -- can assist to bring about the more rapid deployment of 
clean coal technology to support sustainable development. 

2. 	 ENERGY SHORTAGES: A CONSTRAINT ON SUSTAINABLE 
IEVELOPM ENT 

A fundamental problem facing developing countries is the need for more capital for the 
development of their electric power systems than their public sector utilities can supply. The 
demand for electric power is increasing at an average of seven percent annually in developing 
countries around the world. With a moderate economic growth in the future, developing 
countries will need over 1,500 GWs of new generating capacity by the ycar 2008, 
necessitating a capital investment of US $2.5 trillion. 

An adequate and reliable supply of electricity is essential for social and economic 
development. The industrial, commercial and service sectors of the economies are highly 
interdependent on this form of energy. Therefore, it is not surprising that the demand for 
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energy in developing countries has been growing at rates of over 5.5 percent per year during 
the past 15 years. 

Although access to clecticity iscscntial for sut;dinale growth, develping countries, otltihe
 
average, can affold only 50(( kwh (it electricity per capita per year compared to over 10,500
kWh per caipita in tlhc United SMtats aid (,,t)(0 kWh per capita in Europe and Japan. Over 75 
percent of the woild's populatiOn consume Only 18 pIcuct Of t,tal t'ICliCitV. 

As developing counttics s'ek to expand their economis, illlly niov expeli 'rlce significant
 
power sho ltagcs of over 10 percent of their generation caipability. In Pakistan, for example,

during the past 5 years, power shuort ages have beeni 
 over 25 percent of the demand, in India,
 
over 10 percent, in the l)ominican Republic over 
15 percent, and similar situations exist in
 
many other counrietis. The negative economic 
 impact of" these shortages oil developing
 
Countries has beeni trenecndous.
 

Private industry in developing countries is perhaps hardest Ilby power shoritages. Various
 
Studies have revealed tit power outages Alone can 
cause economic losses of approximately

US $1 per kWh not supplied. In Pakistan, 
 for example, load shedding to the industrial sector
alone hals led tia 1.8 percent dtcrease in GDTP and a 4.2 percent decrease in the country's

foreign exchange earning. For India, it c(,stof unreliability in -lectricity supply o(ithe
 
industrial sector has been estimated 
at 1.5(-of GNP. These estimates, however, do not
 
include the value of future investments forcgone due to unavailable or unreliable electric
 
power
 

.ooking to the future, the problem becomes teil worse. In a recent report, titled Power
 
Shortagcs in l)evelping CoulntriCs, 
 itthe current 

supply Xpallsion in devulping countris continues under the rmodest 


USAIfD projectCd tll;it tiend illelectricity 
economic growth rate of
 

.4.5 perccnt per yca bctwccn until the 
year 2)08, developing countries will need additional
 
pN",Ct g'uuer;tijl c.pcity of, over 
 1,5(0(1 GWs, compaied to current installed capacity of some-150 (Ws. Futuc cxpans,ion requienrtltis will demand allainnual investment of about $125
 
hillion per year, c0'unptcIrd 
to ,urrent expenditures of about $50 billion, necessitaiing a total
 
capital investment ft* US $2.5 trillion.
 

Even with dramatic supply and end use efficiency improvements and strict conservation, the
 
need for substantial ;ldditiorual generation capacity can only be 
cut in half to some 700. GWs
during tie 1988-2008 period. Also, there is a growing consensus that publicly controlled 
utilities --because of' an inability to secure financing, political influence, lack of spare pails,
and inefficient opcratiots -- will not he able to achieve this conservation scenario. 

IE-vcn if conservation and efficiency improvements are successfully implemented, this "leasttcost" c rategy will require investments on the order of $70 billion per year for new generating
capacity. This portends a capital gap of about $300 billion during the next 20 years. 
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The environmental impact of coal use are significant and will continue to be so. Currently, 
electric 	power generation accounts for 30 percent of all iossil fuel consumption and 50 
percent 	of all coal consumption worldwide. According to World Bank estimates, if the 
anticipated growth in fossil fuel-fired power plants without wide deployment pollution 
abatement technologies, pollutant emission would increase more than fourfold over the next 
twenty 	years and tenfold fold in the next forty. 

Therefore, the cleaner use of the world's coal resources is essential to improving the 
environment. Clean coal technology improvements are needed in three areas: 

1. 	 reduction of harmful contaminants of coal fuels and switching to clean coals or 
other fuels, 

2. 	 more efficient conversion of coal to electricity, and 
3. 	 enhanced abatement of harmful emissions and waste products. 

The application of proven clean coal technologies can substantially reduce the adverse 
environmeaital impacts of using coal. These ap:iroaches include technologies for coal 
cleaning, advanced boiler systems, particulate temoval and flue gas desulfurization equipment, 
fluidized bed combustion systems, and integrated coal gasification combined-cycle 
technologies. Based on World Bank, OECD and Asian Development Bank analyses, these 
technologies can reduce particulates, sulphur dioxides and nitrogen oxides by over 90 percent, 
while also improving the thermal efficiencies of power plants. 

Consequently, when most developing countries begin to address the needs of their energy 
sectors, they are confronted with a devastating "triple bind" that seriously constrains them 
from achieving sustainable economic and social development: 

* 	 ILocal, regional and global environmental degradation from energy use; 
* 	 Inadequate energy policy and institutional frameworks; and 
* 	 Insufficient capital for investments needed to expand energy capacity. 

As a development organization, USAID can be most effective by focusing its limited 
resources on these areas. And, wherever possible, we prefer to act in partnership with the 
multilateral development banks, other donors, and host country governments and institutions. 

3. 	 CONSIDERING CLEAN COAL TECIINOLOGY WITHIN TIlE CONTEXT OF 
SUSTAINABLE I)EVELOPMENT STRATEGY 

The term "sustainable development" has its root in the 1987 report of the World Commission 
on Environment and Development titled Our Common Future. It is defined as, "meeting the 
needs of the present geviation without compromising the needs of future generations." 
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USAID believes that sustainable development must be characterized by economic and social 
growth that does not exhaust the resources of a host country; that does not damage lhe 
economic, cultural, or natural environment; that creates many incomes and chains of 
enterprises; and that builds indigenous institutions that involve and empower the citizenry.
Development is "sustainable" when it pennanently enhances the capacity of a society to 
improve the quality of life. 

In far too many nations, slash-and-burn approaches are still the norm -- not only in 
agriculture, but in energy development and in every other phase of development. In these 
countries, growth, by definition, consumes things: energy sources, forests, water, soil, even 
people. Additionally, sustainable development, whether in environmental protection, energy
production or economic growth, must be based on the enhancemeni of indigenous capacity.
Consequently, we are very committed to long-term institutional improvements through 
information and technology transfer and through training programs. 

Under the Clinton Administration, the U.S. foreign assistance program, administered by
USAID, has adopted four basic goals to guide its activities. These goals are: 

* Encouraging broad-based, sustainable economic growth, 
* Protecting the environment, 
* Stabilizing world population growth and protecting human health, and 
* Building democracy. 

The first two of these relate directly to how USAID will support clean coal technology 
development projects in the future. 

First, USAID is committed to encouraging broad-based, sustainable economic growth. The 
keys to economic growth are: an appropriate policy environment, good governance, adequate 
investment and savings, and the availability of appropriate productive technologies. 

USAID aims at helping the people of developing nations to become participants in their 
ccrnlmies by supporting policy reforms in such key sectors as energy and environment, 
encouraging the effective functioning of markets, by investing in human resources (especially
education and training) and by aiding projects designed to promote environmentally 
sustainable economic growth. 

Second, USAID programs and projects must serve to protect the natural and human 
environment. This will involve taking steps to reduce the long-term threats to the global
environment, particularly the loss of biodiversity and climate change -- the latter being of 
central importance in any discussions over the future use of coal. Additionally, USAID will 
address environmental practices that impede sustainable development, such as threats to 
human health due to air, water, and soil contamination; unsustainable exploitation of forests, 
wetlands and other ecosystems; degradation of water resources; inefficient and 
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environmentally sound energy projection and use; and regulatory, statutory, enforcement and 
policy 	issues. 

Regarding the relationship of USAID's goals to clean coal technology, the Agency sees a 
significant need to reduce the use of fuels and technologies that endanger the global and local 
ecosystem. Nevertheless, the more efficient use of coal, its conversion to less polluting 
energy 	forms, such as gas, and the environmental retrofit and upgrade of existing fossil fueled 
facilities will receive major attention. 

4. 	 PARTNERSHIPS: AN ESSENTIAL APPROACH 

Fundamental to USAID's approach to implementing environmentally sound approaches and 
technologies is the creation of partnerships. We begin with collaboration between donors, 
multilateral development banks and host nations. We recognize that development, in every 
sense, depends on the developing country itself. USAID, other donors and the multilateral 
development banks can assist. We can help, facilitate, even accelerate, but the major task 
must be carried out by the host nation, not the donors. 

Donors 	must reinforce each other and coordinate at every stage of the developme-nt process.
USAID can improve its own effectiveness by cooperating with other donors in: 

* 	 the jo nt assessment of development problems and the threats they represent, 
* 	 cooperative planning and division of responsibility, 
* 	 allocation of resources to reinforce other development efforts, 
* 	 pooling of financial resources where possible and appropriate, and 
* 	 the sharing technical resources and expertise, 
* 	 the rapid transfer of information about methods and results, and 
* 	 the collaboration and communication in the field with host governments and 

local private sector institutions. 

Given USAID's limited resources, partnership also involves leveraging. In its purest sense, 
leveraging involves the pursuit of matching funds. Where appropriate, this is an effective 
way to increase resources, and much of our leveraging work will continue to be done in 
coordination with multilateral development banks. 

USAID will pro; ide assistance where local country strategies exist that take into account the 
totality of the development problems confronting recipients. USAID will consider how social, 
economic, political, and cultural factors combine to impede development and identify root 
causes and remedies that will address them. Any assistance for energy development, 
including clean coal technology, must be consistent with these country strategies. 
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5. LIMITATIONS ON DONORS 

As Inoted at tie beginning of this presentation, the funds of USAID, other donors and 
multilateral development banks are insufficient to finance all needed infrastructure, especially 
capital-intensive energy projects; such as clean coal technologies. 

For many of the developing countries -- especially the lower income countries -- the amount 
of capital needed for the "clean" part of clean coal technology may be beyond the capacity of 
both the multilateral banks, host countries or bilateral donors. There have been some efforts, 
such as the Global Lnvironmcnt Facility of the World Bank and others to subsidize the 
additional cost of "clean" technology, but efforts such as this are woefully inadequate to meet 
the need for environmentally clean energy production technology. 

However, even if all the funds required were available, they could not solve the problems 
without a sound policy and institutional framework for rationally absorbing them. 
Fstablishing this framework is the role of the donor nations. This is why USAID sees an 
increasing need for cooperative action by donors and multilateral development banks and by 
the private sectors from developed and developing countries. 

USAID, like other donors, also recognizes that for the least developed countries the realities 
of personal survival have taken precedence over the need for environmental protection. We 
recognize the need for these weaker economies to rise to a level where the people and their 
leaders can appreciate the value of a clean environment and the necessity of paying the price 
to achieve i . 

Major economic restructuring may be necessary in many countries before the resources of the 
private sector -- both internal and foreign -- can be attracted to invest heavily in resolving 
energy and environmental problems overseas. This restructuring is a long and difficult 
process.
 

In the short term, private sector participation and investment in new, cleaner and more 
efficient energy technologies may only occur in a select number of countries, while other 
countries work on setting in place the appropriate pre-conditions. 

Donors cannot impose costly clean technologies upon developing nations which are unable to 
pay the costs of such equipment. The challenge we see for the clean coal technology industry 
is to develop innovative, lower cost technologies -- ones which are more competitive with 
older, less efficient technologies. 

6. ROLE OF PRIVATE PARTICIPATION IN TIlE POWER SECTOR 

A central premise of this paper is that, for many developed and developing countries, private 
participation in the electric power sector can assist in resolving the recurring problems of 
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insufficient financing and inefficient operations. Private participation can conic in many 
forms: independent generation plants, industrial cogeneration and self-generation with sales 
to the public grid, privatization of utility ownership through partial or whole sale of assets, 
privatization of distinct utility services such as generaiton, distribution, or transmission 
functions through management contracting and leasing. Needless to say, no one approach is 
best suited for all countrics. 

Private sector participation can bring forth significant benefits: 

* 	 First, encouraging private participation in the energy/power sectors will raise 
additional investment capital from private sources thus reducing public 
borrowing. 

" 	 Second, private sector participation can also result in increased efficiency in 
management, operation and construction. From the environmental viewpoint, 
the private sector power plants -- more so than publicly owned facilities -
must remain in compliance with environmental standards and requirements, 
generally resulting in less environmental degradation during plant operation. 

Third, private participation can foster the adoption of more innovative, 
environmentally sound technologies and system operating methods. 

Allow me to expand a little on the subject of innovation, especially since the introduction of 
clean coal technology overseas is such a good example. In the United States and other 
developed countries, the private sector, rather than the public sector, has been the source of 
most technological and system management innovation in the power sector. With its focus on 
efficient operations and enhancing its rate of return, private sector firms have invested heavily 
in technological and system management innovation, such as clean coal technologies. 

Private utilities are constantly seeking new measur(:s to improve plant performance, such as 
more efficient boiler configurations, exhaust heat recovery, combined cycle gas turbines, 
fluidized bed combustion systems, and modular design. Private sector innovation has 
additionally led to the installation of cost effective pollution control technologies and the 
design of more environmentally benign generation facilities. 

Let me add a cautionary note. To be sustainable, clean coal technologies must be proven 
commercially available at costs that developing countries can afford. U:3AID cannot be in the 
position of urging these nations to accept technology that i: experimenta or untested. Also, 
we must caution the clean coal technology industry to transfer technology that is affordable, 
even if it is not "state of the art". Substantial gains in environmental improvement can be 
achieved by introducing what in the United States might be considered cenventional clean 
coal technologies. 
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7. 	 ROLE OF USAID 

Despite the obvious role for the private sector to play in supplying the infidstructure for 
sustainable development, USAID recognizes that numerous barriers still exist in many 
countries --barriers that USAID, other donors and the multilateral development banks can 
help overcome. 

Private businesses need more and better information about overseas markets and investment 
conditions. They need stable politica! and economic environments to ensure their 
investments. Through their explicit policies, laws and regulations, developing countries who 
want clean coal technology must provide a clear and rationale playing field for foreign 
investors. And, ultimately, the users of energy must be willing and able to pay the true costs 
of its provision, i.e., cross-subsidizes for low cost energy must end. 

Donors, such as USAID, understand that one of their roles is to assist in establishing the pre
conditions that ire essential tor clean coal tcchnology project implementation. Also, donors 
can act as a broker between hesitant and cautious host country governments and the private 
sector firms that are seeking investment opportunities. We can help breakdown the barriers 
and even distrust that commonly exists between dev,.-loping country governments and their 
utilities and foreign investors. In our role as advisors to governments, we can thereby help 
open energy markets to private capital and move tlse nations closer to free market 
economies. 

USAID can assist the implementation of environmentally sound technologies by helping 
establish the pre-conditions necessary for project implementation. These include: 

helping create a common base of information and understanding through 
information transfer and technology cooperation about available clean coal 
technologies, market opportunities and the requirements of foreign investors, 

" 	 assisting developing countries to fashion appropriate policy, fiscal and 
regulatory reform, 

* 	 fostering insitutional capacity building in host country governments, electric 
utilities and other public and private entities so that they can plan for and 
integrate clean coal technology and private investment, 

" 	 working with multilateral development banks, host countries and project 
developers to achieve financial framework sticregthening to assist in the 
difficult process of arranging equity and debt investment and security 
guarantees for specific energy projects, and 

" 	 assisting project developers with project identification and implementation by 
supporting the preparation of pre-investment analyses, and by working with the 
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local utility and government officials to overcome specific development 
problems. 

In an effort to open up opportunities for clean coal technology and private investment in the 
energy sectors of developing countries, USAID -- in cooperation with other donors and 
multilateral development banks -- has provided a wide variety of assistance to developing 
countries. 

* Brokering between host countries and project sponsors 

Information sharing- seminars, trade missions, technology options, and market 
assessments 

* Policy and regulatory advisors - er.ergy development and privatization 

* Training courses & study tours
 

" Technical assistance - technology options and cost analyses
 

" Feasibility study support
 

" Financial packaging advice
 

In our presentations tomorrow, my colleagues and I will provide you further information 
about specific activities that we have supported in India, the Dominican Republic, Armenia 
and the Philippines. 

8. CONCLUSION 

Despite the difficulties facing the clean coal technology industry and its expansion in some 
developing countries, we at USAID are extremely positive about the future. The world -
especially the developing world -- will, and must, use more coal to provide the energy upon
which modem economies are built. Yet, every effort must be made to minimize the adverse 
environmental and economic impacts of this trend. 

Development agencies such as ours can help establish the necessary pre-conditions for 
investment in clean coal technology, but only the industry and its investors can provide the 
techno!ogy to do the job. 

I would like to challenge the clean coal technology industry. Initially, it appears that clean 
coal technology may be most applicable to the upper income tier of developing countries, 
especially those where electricity prices are reflective of the real costs. For other, less well 
off countries, the clean coal technology industry will need to seek and propose innovative and 
lower cost clean coal technological alternatives. Within our resources, USAID stands ready 
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to assist wherever necessary to foster the rapid dissemination of clean coal technology among 
the developing nations. 
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Current state-of-the-art and future advances in coal utilization technology will play an 
important role in economic developmeni in the Asia Pacific region in the coming decades. 
Coal and coal-using technologies thus will contribute to global social progress. The coal 
technologies that can be expected to have the most impact - state-of-the-art pulverized coal 
power plants, coal upgrading, fluidized bed combustion, and coal gasification - are described, 
and perspectives are offered regarding their applicability. 

THE GLOBAL PROMISE OF ELECTRICITY 

The theme of this conference, "Clean and Efficient Use of Coal and Lignite: Its Role in 
Energy, Environment and Life," effectively conveys a global perspective on why we are here. 
Population and poverty are the paramount !ong-tcrni issues faced by our global village. In 
electric power engineering tenninology, we can say that population and poverty are the root 
cause issues. The enduring solutions are global education and electrification. The means to 
achieve these solutions is technology innovation and application. 

Energy Efficiency and Electrification. An advanced stage of human development and 
quality of life does not inevitably require or imply high energy consumption. In fact, the past
three decades of experience in the United States, Japan, and the highly developed European
countries show that increasing sophistication in industrial progress leads to decreased intensity
of energy consumption. For example 10 r the past several years growth in U.S. energy 
consumption has been less rapid than growth in U.S. gross domestic product (GDP). 
Specifically, energy consumption per unit of GDP decreases as electricity accounts for a 
greater fraction of ultimate energy use. 

The implication of this relationship for energy policy planning is profound, given that in most 
Asian economies the growth rates of both electricity consumption and GDP are two to three 
times the corresponding growth rates for the world as a whole: Increased electrification is a 
key mechanism for accomplishing economic development while using energy resources 
effectively, equitably, and environmentally responsibly. 
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TIE ROLE OF COAL RESOURCE'S AND COAL TEAIINOIA)GY 

Coal in Asia. Coal is the most abundant fossil ifuel. accounting f,'r X0lP of, tile world's fossil 
reserves. The geographical diversity of its resource locations, low extraction c)sts, low 
transportation costs and production capacity inl excess of world requirements kee l) the 
delivered price of coal at tile lov, end of the fossil fuel spectrum. Most projections show that 
worldwide coal Con4SUni1ption will at least doubl iii the next 30 years. 

Nearly alf-of Asia's primary energy rcquicments ar hy co, andimthis dependence is 
likely to continue fOil several reasons, many of them fotlldc.. ii tIle overriding goal of 
economlic developlmlent. Two of the key contributing factor, ale: 

Coal is abundant in Asia, and is the single most abumdamt energy resoLirce il several 
of its coulntfies. 

Central planning in most Asian governments drives energy decisions toward 
indigenous resource development and other long-term internal benefits. 

EPRI's Role. The Electric Power Research Institute is a non-prof it tax-exempt voluntary 
membership collaborative R&D organization - the largest private energy R&D organization in 
the U.S. EPRI's mission is to discover, develop, and deliver advances in science and 
technology for the benefit of our members, their cus.tolers, and society. We develop and 
manage a broad research program aimed at all aspects of electricity production, delivery, and 
utilization; in 1993 this program will amoLIIt to over $550 million. 

Almost one-third of EPRI 's funded research objectives are aimed at technology advances to 
make coal a better energy source for electrification; these objectives include enhancing the 
productivity of existing coal-fired power plants and new state-of-the-art designs; controlling 
coal-fired power plant air, water, and solid emissions: upgrading coal supplies; and 
developing and demonstrating cleaner and more efficient coal-fired electric generating 
technologies. 

Coal Technologies' Role. The purpose of the coal technology sumai es below is to 
highlight important lessons learned From U.S. research, development, demonstration and 
deployment experience with technologies that may be applicable in the Asia Pacific in the 
next 30 years. Some perspective is also offered on the technological and financial 
infrastructure required to implement and supp,,-t each of these technologies in Asia. 

STATE OF TIIlE ART IN 1)ULVERIZE I) COAL FIREI) ELECTRIC PO WER 

The goal of a pulverized coal (PC) power plant with near zero wastes and thermal efficiency 
approaching 50% is technically possiht within the first decade of the 21st century. PC-fired 
electricity generation will remain the technology choice for many U.S. utilities and should be 
attractive for Asia Pacific development for several reasons: 
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iThePC power plant is proven technology for small or large capacity increments up1to 
13X) MW using a single-shaft steam turbine. 

The supercritical steam cycle technology used innew pver plants eing installed now 
has the capability for over 4W; thermal efficiency even with fill environmental 
controls. 1I\, early next decade a PC-fired combined cycle with topping turbine could 
achieve 4714 thermal efficiency in a plant \with full environmental controls. 

Current technology allows reliable and effective control ()fsulfur and nitrogen oxides. 
The experience base in tihe U.S. a:,d elsewhere is growing steadily. For example, by 
year 2(X), () GW of U.S. PC-fired generating capacity will be equipped with SO, 
scrubbers. 

Technology is available from world-wide suppliers to build new state-of-the-art power plants
(SOAPP) incorporating the fIollowing features, reflecting the results of decades of operating
experience and development progress by EPRI, U.S. and international utility organizations,
equipment manufacturers and engineering finns. 

"Ultra supercritical" steam conditions of 31 MPa (4500 psig), 870 K (600'C, I 100F), 
double reheat. 

* All-ferritic alloy boiler and turbine materials. 

On/off cycling capability; operable as low as 10% load; 40% thermal efficiency down 
to 50% load. 

Modular (replicated and highly shop-fabricated) construction; 24-month construction 
time from first concrete pour. 

Efficiency Inprovement and Environmental Performance. Earlier I made the point that 
electrification is a path to improving overall primary energy utilization. Recent advances in 
coal-fired power technology offer opportunities for improving the efficiency of the conversion 
step from primary energy to electric energy. 

Most new coal-fired plants built in the industrially developed countries will employ
supercritical or ultra supercritical steam cycles and advanced plant control systems to 
optimize thermal efficiency at any required load. 

Thermal efficiency can be improved at least 3-5% in most existing large fossil power
plants by installing heat rate and monitoring instrumentation and implementing fonal 
heat rate improvement programs with rapid economic payback in recovered generating
capacity and/or fuel saved. Such thermal efficiency improvements naturally result in 
3-5% or greater reduction in particulate, SO2 and NO,emissions for the same electric 
output. Themnal efficiency advances reported at recent EPRI conferences and other 
international forums include (1) computer software to model boiler cleanliness, heat 
balance, and gas duct dynamics; (2) new instruments and systems for testing thermal 
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perforniance, monitoring heat rate, measuring circulating water flow and measuring 
low-pressure steam turbine efficiency: and (3) auxiliary equipment imp ,vements such 
as condensing heat exchangers, macro biofouling control techniques, condenser air 
leak age control, air heater monitoring aind feedwater heater control. 

The state of the at i environmental contril technology can en able significant particulate, 
SO2, NO,,water, aiid solid waste emission reductions from new PC fired plants to be built ill 
the Asia Pacific region, compared to plants built in the indusirial.\ deccped countries at 
comparable stages in their econtinlic de\Iltpmaelit hisitorv. These technl)gies are well 
developed and comiercial' available. including, lbr exviniple: 

Electrostatic precilpitator design ad'ances for increasedilparticulate cotrol under 
\,arying load conditions aid withli a broader range of'coas - ad' aice s sueh ias wider 
plate spacing, intermittent energizatio and low-cost fluc gas condititoing. 

Shake/deflate fabric filters, pulse jet fabric filters, and improved fabrics for lower cost 
particulate control. 

* Lime or limestone slurry spray scrubbing. 

* Forced oxidation limestone slurry SO, control, notably Chiyoda's CT-121 process. 

* Lime slurry spray-dry SO, scntbbing. 

* Combustion burner design NO, reduction. 

* Postcombustion NO, catalytic or non-catalytic reduction by ammonia or urea. 

Fly ash and Ibottom ash utilization inroad construction, building materials and 
machinery. 

Accelerated tecliiology transfer, development assistance and multinational investim'ent 
programs coupled with a "global emissions trading" protocol all might have roles to play in 
resolving tradeoffs between global environmental protection and the urgency of economic 
development in many countries of this region. 

Inproving the IUse of Exisling Plants. Where an installed base of coal-fired electric 
generating capacity already exists, improxing opera tion and maintenance along with 
implementing mnoderate-cost efficiency aind environmental upgrades canl be the most cost
effective near-tcnn as well as long-term approach to generating capacity planning. This 
means that for existing plants also, recent technology advanccs offer numerous opportunities 
for application in tie Asia Paucific regin. Sme exatmples are described briefly below. 

Idenlify andipermane nly solve failure mechanisms. Many PC fired planlt 
shutdowns are caused oy compolent failures xwhose root causes are now understood 
and prevertable through relatively inexpensive iperating clanges, plant monitoring, or 
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component modifications. Examples of tile current state of knowledge are EPRI's 
Boiler Tube Failure Reduction guidelines, training curric uhi,u and the computerized 
Boiler Maintenance Workstation. 

Restore or improve Ihermal efliieicc' Ilirotigh ierfoilalice ioniloring.
 
Perfonrnance monitorintg is the o-line detection of 
 deteriorating thenal efficiency and 
its root causes. IEPRI and the Potonac Ilectic lN\v er Co. ITCO) have been
 
developing improved sensors an(l instruientalion systclls ,,ince 1982,at I"l-lTCO's
 
Morgantowni Station. The Coinpineri/ed IPerlrian cc Monitoring Workstation
 
compares meaesured ard target pefrlfOriaance, looks fOr effecls of- operating chlanges ol 
plant perforranice, iad pinpoints CrmponenlaiCant deg rad at1i ur . Several other U.S. utilities 
have installed or are planning to install the IPer riance Monitoring Workstation at
 
existing power plants.
 

Implementl diagnoslic monitoring and predictive maintenance. Present technology
in conitiruous and intermittent diagnostic monitoring allows a maintenance philosophy
called predictive maintenance that is based on knowing the condition of each plant
comporient - ratlher thani o a nailiiaterualte calerdar ireventive maintentrice) that can 
sometines result in :ostly aridlunecessary replacement of components. Predictive 
maintenance is ocing demonstrated by EIIRI and PhiladeIlphia Electric Co. at the 
Eddystone plan t ill Philadelphia. 

Retrofit modern control systerns. Most PC plants operating today were designed

with analog or pncu~inatic control systens that are 
15-20 years old or iore. Modem 
digital distributed cintrol systems offer the potential for intelligent autoriation and 
integration with plant monitoring data. 

'rain operators using low-cosl plan[ simulators. The power of the modern 
microprocessor allows desktop workstation simulators to be designed and built for a
fraction of the cost of the few full replica simulators that were built iii the past for 
fossil power plants. Such sinulators canr be usedU to test operational changes and 
optimize startup and shutdown seqLuenicCs as well as for new and refresher training of 
plant operators. 

Upgrade deterioraled or olsolele plant ladware conlponents. Examples of 
modern components commercially availab'e are: 

retrofit burners Ior low NO, and low load operation 
super 9Cr steel alloy for longer-life, higher- cniperature thick-wall components 

such as headers and sitiani lines
 
improved water cheinistry instrruelntation
 
titaniium alloy low-iressure turbine blading
 
super clean steel alloys for lo,, turbine rot:)rs
 

- erosion-resistant coatings fOr high pressure turbine blades and valves 
- improved gencrator stator insulation 
- in herently stale feed pullp designs 
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heat pipe air heaters
 
adjustable speed drives
 

U.S. design, engineering, and operating experience is already available for many of 
these upgrades. 

COAL UPGRAI)iNG 

The coalti upgrading approach most likely to be feasible in the Asia Pacific is phy :,ical 
cleaning to remove inorganic (ash forming) constituCnts and pyritic sulfur. There is anl 
extensive base of U.S. experience with coal cleaning in more than 100 operating coal cleaning 
plants, most of thello at the coal mine. The econoiic inccitives - and effectiveness measures 
- for coal cleaning are: 

Reduce transportation volume and w,.ight with minimal loss of' the fuel's energy 
content. 

Reduce the impact of ,ashconstituents on the power plant's coal handling equipment, 
pulverizers (erosion), boiler tutbes (slagging, corrosion-erosion), particulate control and 
solid waste handlin .;ystetins - all of which affect operating and maintenance costs and 
thermal efftcicnc. 

Reduce sulfur content to avoid or reduce the cost of SO, control and solid waste 

disposal systems. 

• Improve the homogeneity of the fuel as delivered to the plant" , boiler. 

The Coal Cleaning Cost Model is an EPRI developed model in workbook format for 
estimating capital and operating costs of conventional coal cleaning processes to ±20% 
acctiracv. 

E.ven for lower rank ( omer vAtluC) subbituilriinos coals and lignites, for specific situations a 
comprehcnsive anilysis of the1true fucl cost - i.e. including impacts on the plant - may show 
a payoff f)r coal cl'aninrg that coul 110t be jl',tificd based only on delivered fuel price per 
encr,'content. I-Rl's Coal Quality Impact Model. available commercially, and tilemore 
coumprehensive ('l Qualitv -xpcrt being dcchye d by ('Q. Inc. under FPRI and U.S. 
l)epartment of* nierey funding. are tools fr evaluating the economic tradcoffs incoal 
selection and coal upgrading decisions. 

FLUlIIZEDI 1I) :ONIIN STI( NBEM 

Flhidized bed Colbtistioi (l-1,('ihas several attractive featurs for application in tie Asia 
Pacific regio,. 

It offers broad flexibility of coal feed stocks, compared to pulverized coal or 
gasification plants. 
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It has inherent SO2 and NO, reduction - SO, by in situ absorption by limestone fed 
into the fluid bed, NO, due to significantly lower combustion temperatures relative to 
a PC boiler. 

It is cost-competitive with PC-fired plants, especially at the smaller sizes that may be 
most practical for bringing electricity generating capacity io medium-size growing 
urban load centers. 

There is an extensive experience base, especially in the smaller sizes found in several 
decades of U.S. industrial application. 

AFBC. There are over 150 atmospheric FBC (AE-BC) units operating for power generation in 
the U.S., and tell vendors of FBC boilers, four of whom offer units as large as 250 MW. 

Large-scale bubbling bed (most of the solids stay in the bed) AFBC units are operating
successfully at Tennessee Valley Authority's Shawnee station in Kentucky (160 MW) and 
Northern States Power's Black Dog plant in Minnesota (133 MW). The focus of AFBC in 
the U.S. is now on circulating fluid beds (CFBC - most of the solids continually circulate and 
'ire returned to the bed). The repowering project at Nucla station in Colorado (cu:.endy
Tri State Generating & Transmission Assn. Inc.) successfully demonstrated CFBC technology 
at 110 MW scale. Texas New Mexico Power Co. built the largest CFBC units in the world 
2x150 MW lignite-fired, with reheat - and started them up in 1990. Commercial plants in 
planning have reached the 250 MW size in the U.S. and 350 MW in Japan. 

EPRI evaluated early operating experience on four second-generation AFBC boilers (including
the two Texas New Mexico units) to compare their availability with 27 PC boilers, 150-800 
MW in size, all with flue gas S02 scrubbing systems. The average availability of the four 
AFBC units was only two percentage points less than the 27 PC units (86% versus 88%) 
indicative of an advanced stage along the learning curve for the first large-scale applications 
of this technology. 

Most U.S. AFBC units today are being installed in the 50-100 MV1 size range by independent 
power producers. Fuel feedstocks include not only coal and lignite, but also petroleum coke, 
anthracite culm, forest wastes, and tires. 

PFBC. Compared to AFBC, pressurized fluidized bed combustion (PFBC) has the 
advantages of smaller size and thus lower capital cost, lower fluidization velocity (less
erosion), added fuel flexibility, more opportunity for shop-fabricated modular construction and 
the potential for thermal efficiency over 40%. 

The operating experience base is more limited for PFBC. Large-scale U.S. experience resides 
in American Electric Power Co.'s Tidd station 70 MW repowering demonstration under 
Round I of the U.S. DOE's Clean Coal Technology program. Other operating experience is 
being acquired from 2x80 MW bubbling bed PFBC units at Stockholm Energi's Vartan 
station in Sweden and from Endesa's Escatron 80 MW unit in Spain. The Stockholm units 
are providing district heating as well as power. The Escatron unit fires a lower-rank "black 
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lignite" with high ash, high sulfur and high moisture content. All four of these units have 
demonstrated environmental performance better than expected. 

Other PFBC projects include Electric Power Development Co.'s 70 MW demonstration in 
startup at Wakamatsu, Japan; Midwest Power's planned 70 MW circulating PFBC repowering 
under Round 3 of the DOE Clean Coal Technology program; and American Electric Power's 
deferred 320 MW unit under Round 2 of the CCT program. 

Recent EPRI studies suggest that the cost of electricity from a bubbling PFBC plant burning 
high-sulfur coal is competitive with other advanced fossil technologies and may have 
significantly lower cost than the other options when low-sulfur coal is burned. 

Circulating PFBC is in the initial development stages, as is advanced PFBC, described briefly 
later. 

ADVANCED COAL TECHNOLOGIES 

The technologies described above are based on the Rankine steam thermodynamic cycle and 
(except for FBC) rely on postcombustion cleanup of environmental pollutants. These 
technologies can probably meet current or near future economic, efficiency, and 
environmental requirements in the Asia Pacific. However, a longer economic and 
environmental perspective for the region requires attention to higher efficiency, inherently 
cleaner technologies. Moreover, some of these advanced technologies - notably coal 
gasification in a combined cycle configuration - ,"-e already competitive with state-of-the-art 
PC-fired electric generation in some applications. 

The leading near-term candidate is integrated coal gasification combined cycle (IGCC) of 
which several plants are in demonstration. In the future, significant efficiency improvements 
can be expected from combining coal gasification and pressurized fluidized bed combustion 
technology - terned advanced pressurized fluioized bed combustion or APFBC; and 
ultimately the integration of coal gasification and molten carbonate fuel cells - "integrated 
gasification/fuel cell" (IGFC). APFBC is being pursued by several developers and will be 
demonstrated at pilot scale in a joint project of the U.S. DOE, the Southern Company, and 
EPRI in Alabama. As for IGFC, the first fuel cell operation on coal gas occurred in 
September in an EPRI-sponsored test at Destec's Plaqucine, Louisiana gasifier. The 
challenge for these latter technologies - which have the potential for thermal efficiencies 
approaching 60% - is to reduce their complexity and capital costs to keep them "in the 
running" in the competition with more conventional technologies that are also continuing to 
evolve. 

The U.S. Department of Energy's Clean Coal Technology program, initiated in 1986, has 
been essential to the demonstration, and indirectly the continued development, of advanced 
coal technology in the U.S. during an era when the availability of natural gas and the 
relatively low capital cost and risk of combustion turbine capacity additions has temporarily 
damped enthusiasm for new coal-based generation. The DOE-cosponsored demonstrations 
include not only the application of advanced high performance emission control systems to 
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existing PC plants, but also first-of-a-kind advanced power generation systems such as PFBC 
and IGCC. DOE has also built links from advanced coal-based development programs into 
its Advanced Turbine Systems prog ram aimed at commercialization of 60% thermal-efficient 
(lower heating value) gas turbine cycles. 

Coal Gasification. Coal gasification technology has a long history in providing the 
industrialized world with fuel gas, illuminating gas, chemicals, liquid fuels, and transportation
fuels. The application of coal gasification to central station electric power generation is more 
recent. Large-scale demonstration., are summarized in the table below. 

Name/location Process Size (MW) Operation 

Cool Water Texaco 100 1984-1989 
Daggett, CA 

Destec Destec 160 1987-
Plaquemine, LA 

SEP Shell 253 1993-
Buggenum, Netherlands 

These plants fuel combustion turbines operating at combustor oul,'t temperatures about 1370 
K (I 100°C, 2000 'F) and have overall thermal efficiencies about 41% based on higher heating
value. Acid gases are removed before the gas turbine using cold gas cleanup technology
 
already commercial in the petrochemical industry.
 

Higiler thermal efficiency (about 2% higher) will be achievable by using hot gas cleanup
technology and the currently available 1560 K (1290'C, 2350'F) combustion turbines. 
Planned large scale demonstrations of this generation of IGCC are summarized below. 

Name/location Process Size (NIW) Operation 

RWE HT Winkler 300 1996 
Germany 

Endesa Prenflo 330 1996 
Spain 

Tampa Electric Texaco 260 1996 
Polk County, FL 

PSI Energy Destec 268 1995 
Wabash River, IN 

MITI not 370 2000 
Japan selected 

Sierra Pacific KRW 95 1996 
Pifion Pine 
(Reno), NV 
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PERSPECTIVES 

Tec'nologies' Relative Potential for the Asia Pacific. The table below summarizes 
advantages and disadvantages of the technologies relative to each other for application to Asia 
Pacific economic 	development. 

Technology 	 Advantages 

State-of-the- • 	 Opportunity for efficiency, 
art PC-fired 	 environmental and cost 

improvements on an extensive 
base of indigenous engineering 
and operating experience 

* 	 Opportunity for both intra
regional and external technology 
transfer partnerships 

• 	 Economy of scale 

Coal * 	 Modest capital requirements 
upgrading * Central government strategic 

planning can trade off economics 
of coal processing cost, power 
plant capital cost and siting, coal 
transportation cost, transmission 
line capital cost. 

. Straightforward technology 
transfer 

Fluidized xd • 	 SO2/NO control without add-ons 
combustion 	 . Cost competitive at small scale 

. Best for low quality fuels 

. Good experience base, some 
indigenous to region 

Coal o 	 Best environmental performance 
gasification ° 	 Potentially highest thermal 

efficiency, and suitable for 
combining with advanced 
thermodynamic cycles 

.	 Potential upgrade from gas-fired 
combustion turbine plant 

.	 Best potential for future cost 
reductions 

Disadvantages 

- Economically uncompetitive at 
small scale 

• 	 Efficiency constrained by Rankine 
cycle 

* 	 Limited environmental benefit 

* 	 Efficiency constrained by Rankine 
cycle 

• 	 Environmental performance could 
be challenged in future 

° 	 Most sophisticated technology
 
requirements; only relevant
 
experience is in highly
 
industrialized countries
 

° 	 Not cost competitive for some
 
Asia Pacific situations
 

• 	 Must operate at high capacity
 
factor or in energy/chemicals
 
complex
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Capital Intensity of Teclnologies. Capital requirements, financing capabilities and financial 
infrastructure will heavily influence technology choices and iming in the resp'ctive countries 
of the Asia Pacific region . Significant capital investment rcquircment is a characteristic of 
most of the coal technologies stitable for accelerating Asia Pacific ccononic progress. This 
suggests that development oC financing mechanisnis is likely to be a pacing issue for the 
implementation of coal technologies in the region. 

Prospects for Advanced Coal Technologies. Electric power production in much of' the Asia 
Pacific today is highly dependent oni inefficient coal-fired plants with miniimal environmental 
controls. Major expansion in the region's coal-fired electric generation can be expected in the 
next 20 years, but in that time frame most well over half and probably two-thirds - of the 
added capacity will be pulverized coal-fired and fluidized bed combustion plants. 
Deployment of advanced environmental control technologies, PFIBC and coal gasification 
combined cycle will be limited in the next 20 years to tie developed economies that can 
afford to take a longer-term perspective on energy efficiency and environtental management,
and can participate as technical and financial partners in completing the commercial 
demonstration and deployment of these technologies in the remainder of this century. 

Technology Implementation Roles. Countries of the Asia Pacific region cover a wide 
spectrum of technological capabilities, industrial and economic development and robustness of 
financial infrastructure. The following observations are overly gc:iral but are intended to 
illustrate the different roles that the countries may play in implementing the major 
technologies (Ref. 3). 

hligh income, highly developed economy and technology. Japan, for example, will 
be most interested, for domestic application, in advanced technologies that can make 
best use of imported coals from diverse sources as well as limited domestic reserves. 
Sophisticated central government long-term energy policy and electric capacity 
planning and a well-established financial infrastructure enable Japan to implement 
advanced coal technologies (ultra supercritical PC, advanced PFBC, IGCC) selectively 
and on a strategic basis. The same capabilities will enable Japan to be a provider and 
partner in implementing the more conventional technologies (state-of-the-art pulverized 
coal, AFBC) in other countries in the region. 

Middle income, emerging economy and technology. Hong Kong, South Korea, 
Taiwan and Thailand, for example, can exploit their expanding economies and 
indigenous technical capabilities to implement the state of the art in commercially 
available technologies, e.g. state-of-the-art pulverized coal-fired plants with SO2 and 
NO, control, and IGCC in a few situations. With these technologies they are likely to 
attract technical and financial partners from within the region rather than outside (e.g.
U.S. and Europe), because outsiders are at a geographic and cultural disadvantage and 
have less technically to offer these countries compared to others in the region. 

Low income, early developing economy and/or technology. China, India, Indonesia 
and the Philippines, for example, have huge indigenous coal resources and sound 
technical foundations and a tremendous potential for technology implementation. The 
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already commercially established coal technologies (PC firing of indigenous low sulfur 
coal, CFBC) will account for the bulk of their capacity expansion in the near term. 
The technology selection criteria will be construction time, cost and thermal 
efficiency; in other words, contribution of the chosen technology t,' rapid economic 
growth is paramount. Thermal efficiency will be important from the beginning of 
such countries' expansions because speed and cost are critical, and four 357, efficient 
plants can produce the five 28,';same otput as efficient plants. 

As these countries develop economically and technologically, dLtployment of the more 
advanced coal technologies Will become more feasible and attractive. Thennal 
efficiency Will continue as a prinme criterion, but initial capital cost may decline in 
importance, and environmental protection, fuel flexibility and integration of power 
plants with other industry segments will gain in importa lice. 

Distributed Generation. Rapid build-up of central station generating capacity is not the only 
technology need in the Asia Pacific. Away from densely populated urban areas and for 
transmission and distribution svstcm stability and flexibility, coal-fired units in the 100-350 
MW range may be preferred. AFBC and PFBC are likely to compete :avorably with PC fired 
plant, in such situations. 

For many urbam areas capacity is needed in aniounts and in places where building or 
upgrading transmission and distribution capacity is prohibitively expensive. In these 
situations distributed generation options such as diesel generator sets, small combustion 
turbines and ga, -fired fuel cells wi0l be attracti,,e, especially since the urbanized econotnies 
that need this I,,J of generation can also stpport it tcchnologicallv. 

In rural areas of developing countries where initial detiand is only a few hundred watts per 
person, the most cost-effective approach to electrification may be small localized generation 
such as low-head hydroelectric or photovoltaic solar power (Ref. 4). 

Cogeneration and District iHealing. An attractive application of state-of-the-art pulverized 
coal or AFpC technology in the Asia Pacific is cogeneration of c;ectricity and stcam with the 
potentia! for overall encrgy utilization of 70% or more. Cogeneration in tle U.S. generally 
means co-production of medium or low-energy content steatn for industrial process use. In 
Europe the concept of combined heat and power (CHP)is more common - even encouraged 
by policy in several countries - and includes home and business district heating and cooling. 

CONCLUSION 

* Global electrification is part of tilelong-term solution to population and poverty. 

Increased electrification is a key mechanism for accomplishing Asia Pacific economic 
development. 

Current state-of-the-art and advanced coal technologies will play an important role in 
Asia Pacific economic development both near and long-term. 
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In the near term, the most important criteria for coal technology selection in the Asia 
Pacific 	will be short construction time, low cost, and high efficiency. 

For tilelonger term, the top technology selection criteria will e high efficicncy,
environmental performance, and integration of electricity generation with other 
industries. 

Modern optimized-efficiency pulverized coal -fircd gceneration will he most attractive in 
the near-term for rapid expansion of capacity, cxploiting an extensive base of 
indigenous and external engineering and operating experience. 

Fluidized bed combustion will be comt effective at small to medium scale and is 
especially attractive for low and variable quality indigenous coals. 

Coal gasification is a longer-term option that will increase in importance as 
technological sophistication and environmental priorities increase in the region. 
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Integrating Coal Use into Korean Energy Systems 

Hee Sung Moon, Chairman of the Board, 
Korea Electric Power Corporation, Seoul, Korea 

1. Introduction. 

In Korea, as its economy continues to grow steadily, the primary energy constumption has 
been doubled every 10 years and its total amounted to 103.6 million TOE (Tons of Crude Oil 
Equivalent) in 1(91. Neveriheless, per capita energy consumption was 239 TOE in 1991,
which was estimated to be 30-67% of those of major developed countries. This relatively 
low figure inlicates that the energy consumption in Korea will increase steadily in coming 
decade.
 

As energy consumption increases, the dependence of foreign energy has bec m burdensome 
to Korean economy. Since the available domestic energy source like anthraite is very
limited, Korea is heavily dependent on the inport in securing the most of orimary energy 
sources, such as oil, natural gas, bituminous coal and uranium. The import share has 
increased continuously from 73.5% in 1980 to 91.3% in 199L 

Table L Major Energy and Economic hidicatirs 

1970 1980 1985 1990 1991 1992 

G N P (1012 won) 25.0 52.3 78.1 130.7 141.6 148.3 

Primary Energy 
Consumption (million TOE) 

19.6 43.9 56.3 93.2 103.6 115.9 

Per Capita Energy 0.61 1.15 1.38 2.17 2.39 2.65 
Consumption (TOE) 

Foreign Dependence of 47.5 73.5 76.2 87.9 91.3 93.7 
Primary Energy (.) 

In 1970's, Korea's energy consumption structure was primarily based on crude oil and 
anthracite. Around the end of 1970's, thanks to the eenrgy resources diverification policy
just after the 2nd oil crisis, nuclear power, bituminous coal, and natural gas was used moe 
widely and oil consumption reduced drastically in the ealy 1980's. The oil consumption,
however, began to increase again due to rapid economic growth and stable oil price in the 
late 1980's. During 1980 's, the bituminous coal consumption increased in the fields of steel 
manufacturing, cement industries and power generation. 

Meanwhile, demand for clean energy such as oil, gas and electricity has inrteased contin
uously and this portion among energy consumption recrded 57.5% in 1985 and 755% in 1M91. 
Also demand for electric power increased 32 times from 3,729 GWH in 1980 to 104,374 GWH 
in 1991, and demand for city-gas recorded the average annual increasing rate of 47.1% 
during the same period. 
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"'able 2. Fziinary Energy Consumption 

1970 1980 1985 1990 1992 

Petroleum 62,702 182,105 189.191 356,349 514.224 
(101 BBL) (47.2) (61.1) (48.2) (53.8) (61.8) 

L N G 0 0 0 2,329 3,524 
(10' ton) (3.2) (3.9) 

Anthracite 11,500 20.830 25,836 21,529 13,597 
(10' ton) (29.3) (22.5) (21.9) (10.7) (5.5) 

Bituminous 80 5,032 14,697 21,878 26,217 
(10' ton) (0.3) (7.6) (17.2) (15.5) (14.9) 

If y d r o 
(G W11) 

1.221 
(1.5) 

1.984 
(1.1) 

3,659 
(1.6) 

6,361 
(1.7) 

4,863 
(1.0) 

Nuclear 0 3,477 16,745 52,887 56,530 
(GW II) (0.0) (2.0) (7.4) (14.2) (12.9) 

Firewood 4,251 2,517 2.031 838 589 
(103 TOE) (21.6) (5.7) (3.6) (0.9) (0.5) 

Total 19,678 43,911 56,296 93,192 116.010 
(103 TOE) (100.0) (100.0) (100.0) (100.0) (100.0) 

wiThe value in the( )means composition rate. 

2. Prospect of Electricity Demand 

During the 1980s, Korea's power production exhibited growth of 2.5 times The electricity 
sales amunted to 104,374 GWH in 1991 and reached 115,244 GWH with approximately 1096 
growth in 1992. Peak load also increased from 19,124 MW in 1991 to 20,438 MW in 1992 by 
about 7% growth rate. This fast increase was of course due to the improvemet of living 
standards in recent years. The long-tem load forecast made by Korea Electric Power 
Corporation (KEPCO) in 1993 shows that electricity dcetand will grow at the rate of 6.0% per 
year through 2006, and the peak load will also inavAse at 5.6% in average. 

This forecast was made based on the projection of real GNP growth of average 5.7% per 
year and on the assumption that annual peak load could b. clipped by approximately 500 MW 
during the 90's by implementing a load management strategy. 

Based on the electric load forecast in 1993, KEPCO made a plan to construct new capacity of 
35,965 MW to the existing power generating capacity of 24,120 MW by 2006. Twenty five 
bitminous coal-fired units with 13,170 MW in total and fourteen nuclear units with 
1Z800 MW will be constructed during the planned period. One 200 MW anthracite- fired 
unit, Z800 MW of seven pumped-stmrage units and 6,326 MW of twelve LNG combined cycle 
units will also be commissioned. In 2006, the total installed capacity will be amounted to 
53,935 MW, of which 15,290 MW of bituminous coal-fired plants (2&4%), and 20,416 MW for 
nuclear power (37.8%). The remainder will be backed up with oil-fiaed plants (4.8%), 
LNG-fired (17.7%), and hydro power (102%) (See Table 3). 
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Table 3. Planned Power Generating Capaity by Energy Sourcs 

MW (%) 

Nu- Bitu- Anth- Oil LNIG lydro Total
 
clear minous racite
 

1902 7,616 2,680 1.020 4,810 5.496 2,498 24,120 
(Results) (31.6) (11.1) (4.2) (19.9) (22.8) (10.4) (100) 

1996 9,616 6,800 1.020 5,798 6.409 3,110 32,753 
(29.3) (20.7) 1) (19.6) (9.6) (100)(.;. (17.7) 


2001 14,716 11,240 925 6.018 7,609 4,515 45,023
 
(32.7) (25.0) (2.1) (13.3) (16.9) (10.0) (100) 

2006 20.416 15.290 600 2.592 9.522 5.515 53,935 
(37.8) (28.4) (1.1) (4.8) (17.7) (10.2) (100) 

60 

50 

o40
 
0 

20 -/..... 

30
 
10
 

1992 1996 2001 2006 

Nuclear BiLuiwious [--j Anthracit, 1 
M oll LNG [ Iy- r(lydo 

Figure I : Planned Power Gerating Capacity by Energy Source 

In light of power generation basis, nuclear power is scheduled to steadily share approximately 
47.6% through the plannd period The coal-fired power will increase to around 32.9% in 
2006 in acxdance with increased cycling duty and the system [ad characteistics (See Table 4). 
At present, 8 units among the 25 planned bitumunous coal-fired units are under construction 
and will be put into service before 1996. However, this forecast was developed without 
consideration of possible carlxmn dioxide emission constraints. It is curently under study to 
see how this constraints will affect the future evolution of Korea's power generation system. 

-221 



Table 4. Planned Power Generation by Energy Sources 

GWH (%) 

Nuc.. Bi tu- Anth- Oil LN Hydro Total 
rinous raci te 

1992 56.530 19.157 2.915 35.311 12,187 4.863 130.963 
(Results) (43.2) (14.6) (2.2) (27.0) (9.3) (3.7) (100) 

1996 67.098 46.180 2.701 35.119 27,798 5.125 184.021 
(36.4) (25.1) (1.5) (19.1) (15.1) (2.8) (100) 

2001 102.193 74,563 3,001 32,763 28,744 6.350 247,614 
(41.3) (30.1) (1.2) (13.2) (11.6) (2.6) (100) 

2006 145,129 100,344 2,571 13,408 35.987 7.570 305,009 
(47.6) (32.9) (0.8) (4.4) (11.8) (2.5) (100) 
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Figure 2 : lanned Power Genertion by Energy Source 

3. Domestic Coal (Anthraci t) 

Anthracite is the unique indigenous energy resource in Korea. Total reserve of ahthracite is 
1.6 billion tons, of which the recoverable amount is estimated to 7543 million tons. With the 
economic growth, anthracite has been losing its role due to its rapid diminishing of economic 
merit and inconvenience of usage compared with other enrgy alternatives. The share of 
anthracite in pimary energy consumption in 1992 was only 5.5%. It was a significant 
reduction when compared with the portion of 45.7% in 1966. 
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About 90% of anthracite produced i Korea is used in the residential and commercial sector 
for space heating in the form of briquette. In this sector, anthracite consuinption increased 
very rapidly by 6.2% per annum during the 1970's for replacing firewood. During the first 
half of the 1980's, anthracite consumption continued to increase by 51% per annum. 
However, 'a the mldle of the 1980's, anthracite demand iii the residential and commtrial 
sector significantly decreased. This anthranite demnand dcrase results irimarily from 
switching fuels for space heating in both new and cisting households. 

Table 5. Anthracite Demand 

(unit: Thousand Ton) 

1970 1980 1985 1990 1991 1992 

Total 11,831 20,830 25,836 21,529 17,557 13,597 

Industry 669 708 383 283 303 443 

Electricity 574 1,865 1,778 1,983 2,070 1,945 

Res. & Corn 9,910 18,037 23.567 19.217 15,184 11,189 

Others 347 220 108 46 -

Stocks 1,668 5,075 6,426 8 913 8,272 7,725 

Res.: Residential, Corn.: Corcial 

In order to support domestic coal industry, the government has been enforcing a policy for the 
maximum development and utilization of anthracite with various kinds of financial supports 
including subsidies and loans However domestic anthracite has low calorific value (below 
5,00(kcal/kg) due to high ash content and low volatile matter. In addition, its mining 
conditions are getting worse, because Koreau coal seams are very irregular, steep and 
discontinuous and are deepening by about 25 meters a year. Therefore its production cost 
has increased year by year. Although the generation cost of domestic coal-fired power plant 
is much higher than those of other fuels, to maintain domestic coal demand for power 
gena.ition, KE)CO will construct one unit of 200MW class anthracite Rred power plant, 
which will be equipped with circulating fluidized bed combustion (CFBC) boler for reducing 
envircunntal and erational problems. 

4. Improted Coal (Bituminous) 

Bituminous coal market in Korea has a vary simple stnructa. Since ther is no domestic 
production, Korea depends wholly on imports for the supply of bituminous coal. Korea 
imports bituminous coal from many countries like Australia, USA and Canada amxg others. 
These foreign markets are evaluated to be so stabl!e that the quantity of bituminous coal 
determined by the demand side can be supplied at stable prices. The demand side also 
consists of selective industrial sectors such as iron and steel industry, cement industry and 
power generation As these industries are expected to keep on growing, bituminous coal 
consumption will continue to increse. Bituminous coal import from abroad in 1992 was 29.2 
million tons in contrast to 7.2 million tons in 1981. 
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Since bituminous coal has a strong price competitiveness over oil, especially in the power 
generation sector, new oil-fired power plants are not included in long range power 
development program. It should be noted that bituminous coal consumption in the power 
generation sector sharply inr from 545.7 thousand tons in 1983 to 6,322 thousand tons in 
1992, while petroleum consumption decreased from 8,043 thousand KL(Kilo Liter) in 1982 to 
1,172 thousand KL in 1987 and incrased again to 7,544 thousand KL in 199?. 

Electicity generation by bituminous coal-fired power plants was 19,157 GWH which was 
14.6% of the total electricity generated in 1992. Furtheremre, there is a long-term plan to 
build a number of new bituminous coal-fined power plants during the next 20 years. 
Therefe blumninous coal demand in the electricity sector is expected to increase by 9.4% per 
annurn. 

Bituminous coal consumption in the other industries is also forecasted to increase steadily. Its 
consumption in the iron and steel industry almost doubled from 5.9 million tons to 11.7 million 
tons during the last decade and that in the other industries including cement industry 
approximately tripled during the same period. These industries are projected to keep on 
giowing so that their bituminous coal demand will increase steadily. 

Table 6. Bituminous Coal Supply and Demand 

(Unit : Thousand Ton) 

1981 1986 1990 1991 1992 

Imports 7,245 16, 437 22,848 27.906 29.208 

Demand (total) 7.434 15,290 21,876 24,835 26,217 

iron &Steel 5,941 6,995 11,739 13,951 14,375 

Electricity - 5,363 5.723 5,776 6,322 

Cement 1,493 2,932 3,534 4,223 4,443 

Others - - 882 885 1,077 

5. Environmental Concern 

Since the Korean government introduced new environmental Lonservation law in 1971 that is 
focused on SOx, NOx and particle emissions, a number of special acts and regulatory 
staxnards have been promulgated. And the emission control for coal-fired power plant has 
been strengthened steadily, but due to availability of high grade coal, the current emission 
standards can be met without any environmental equipments. That is, the SO2 emission 

standard can be met by burning low sulfur coal below 0.7%. Nitrogen oxide(NO:) emission 
can be also controlled propedy through new combustion technologies. Electrostatic 
precipitatrs or bag filters for small particles can be effectively utilized. 
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However, as concern grows over acid rain and other environmental problems, partcularly with 
fast increase of coal use, the emission control is to be made more stringent through the 90s. 
Current and prospective emission limits for the coal-fired power plant and actual emission 
level me as follows. 

Table 7. Emission Limits for Coal-Fired Power Plant 

Current Prospects Actual 
Pollutants 

Limits '95 '99 Emissions
 

SOx (max PPM) 700 500 270 240 - 570 

NOx ( - ) 350 350 350 330 - 340 

Particulates 
 250 100 50 190 - 220
 
(mg/sm') 

To cope with the expected stringent environmental emission standards, KEPCO is planning 
to install flue gas desulphurization (FGD) equipment in new coal-fired units to be 
commissioned after the mid 90's and to retrofit or repower existing plants appropriately. The 
prevailing concern is focused on the capital and operating costs of these schemes. For 
example, these costs of the wet lineAimestone FGD system are estimated to account for more 
than 25% of the total plant construction cosL 

Two cogeneration projects near Seoul area using LNG as main fuel and many other similar 
district cogeneration projects are under consideration. With further refinement on pollutant
emission reduction target, it is likely that integrated gasification comrbined cycle (1C4C) units 
will gradually replace some of coal-firod power plants after 2000. 

As for the global warming problems, the major reason for CO2 emissions is to use fossil 
fuels such as coal and oil. The quantity of CO emitted will increase 1.7 times in the year 
2000 and 22 times in 2010 compare to the present level. Although total C0 2 emissions from 
oil is slightly over those from coal at present, coal had been the major fuel emitting CO: in 
Korea by 1990. CO 2 emissions from anthracite will reduce since anthracite consumption will 
dease rapidly. On the other hand, CO emissions from bitumiaous coal will apmoximately 
triple the current level in 2010 mainly due to the expansion of coal-fired power plants. 

The government makes efforts to reduce CO2 emission levels in many ways : reinforement 
of energy conservation measures, improvenent of oil refinery technology, development of clean 
coal technologies, etc. An environmental protection objective was newly formulated in the 
1988 revision of the sixth five-year economic development Plan (1987-1991). More specifically, 
the energy policy, measures and strategies that have been implemnted or announced by the 
government are: (1) Expansion of gas use in urban areas, (2) Raising the portion of 
low-sulfur diesel, bunker-C oil and unleaded gasoline, (3) Reinforcement of environmental 
impact assessment (4) Moving briquette plants to outside of cities, (5) Increasing the 
government expenditure to 150 billion Won (equivalent to U$190 million) during in the next 
five years on R&D related to environmental issues. 
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Table 8. Forecasted CO. Emissions by Fuel Type 

(Unit : Milhio:, Ton) 

00, Emission Increasing rate 

1990 2000 2010 91-00 01-10 

Petroleum 34.0 62.0 80.7 6.2 2.7 

Natural Gas 1.6 5.8 7.7 14.0 2.8 

Coal 28.2 41.2 51.1 3.9 2.2 

Anthracite 11.3 6.2 3.2 -5.8 -6.6 

Bituminous 16.9 35.0 47.8 7.5 3.2 

Renewable 1.0 1.2 2.4 2.6 6.9 

Total 64.7 110.3 141.9 5.5 2.6 

6. Development of Clean Coal Technologies 

Traditionally, development of new energy-related tecinologies has been regarded as an 
alternative providing for the exhaustion of fossil fuel. Recently, however, as the seriousness 
of environmenrtal pollution has been widely recognized, it is understood from a different 
viewpoiLt In other words, the innovative improvement of energy efficiency and the research 
and development of low pollution type advanced energy utilization technologies are being 
highlighted not only for the p, paration for the exhaustion of fossil fuels but also for 
mitigating environmental degradations. 4 

While making every effort to develop new tecimologies under a stable condition of eergy 
demand, developed countries insist on the restricted use of fossil fuels to protect global 
environment. However, many developing countries, which desperately require moe eergy for 
the continuous and sustainable growth of economy, do nct even have sound technological 
background and thus are li ely to suffer more bitterly from this world situation. 

Accordingly, some developing countries urge developed ones to transfe- the related 
technologies more actively. It is foreseen, however, that the technology transfer would not 
be readily done due to the international tendency reinforcing the technology protectionism 
characterized by the patient copyright As a result, considering that the energy security for 
the 20th century had been obtainable by securing the energy resources, it could be said that 
the possibility of self-economy and the (nergy secuiity for the 21st century would be 
dependent on whether the new energy-related technologies can be achieved or not 

Due to the lack of oil supply around the end of the 1990's and the reinforcement of 
environmental regulation, it is predicted that the use of conventional fossil fuel will be limited. 
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Also, there are limitations in expanding supply of nuclear; LNG and renewable energy. 
Therefoe it is inevitable to use coal continuously which is the most amndant energy 
resources in the world. However, coal is one of the main factors deteriorating global 
environmental problems. So it is impossible to use nre coal without an application of 
clean coal technologies in tile future. Various clean coal technologies are under development 
throughout the world, the major subjects which are under reasearch and development stage in 
Korea include the followings: 
- Advanced coal cleaning 
- Fluidized bed combushon 
- Integrated coal gasification combined cycle 
- Flue gas desulfurization 

7. Pmopect oi Coal Use in Kora 

Anthracite consumption, mainly used for floor heating in the residential sector, will decline 
substantially in the near future Being an inconvenient and dirty fuel, autiiracite is hardly 
used for floor heating in newly built dwellings. Furthermore, existing anthracie based 
heatirg systems are being switched to systems using other fuels. About 10 million tons of 
anthracite are expected to be consumed in 2000. That is about 50% of the current demand 
level The Korea's coal mining industy is suffering from a serious shortage of mines. As 
a result, the future of anthracite in Korea is dismal. 

Korea Egy Econormics Institute (KEEl) implemented a research on the choice of briquette 
by residential sector in 199L It is found that the probability of choosing briquette as a main 
fuel has a reverse relationship with income and floor space used. Since the living standard is 
expected to increase steadily, the briquette for household will lose its importance continuously. 
In Table 9, the demand iorecast for briquette in the residential sector is showed under the 
assumption that income rises by 5%, 7% and 9% per annumi during the next 20 years. 

Table 9. Anthrarite Demand Forecast in the Residential Sector 

(Unit : T1.ousaad Ton) 

1995 2000 2005 2010 

5 S 12,930 11.452 9.610 7.825 

7 % 12,569 10,263 7,339 4,794 

9 S 12.184 8.947 5.065 2,441 

• Income Growth per nnnum. 

On the otier hand, the bituminous coal market in Korea is promising. Not only the industries 
mainly usir, bituminous coal are flourishing but the electricity sector is also planning to 
construct a ,-Aumber of bituminous coal-fired power plants. Bituminous coal will play a major 
role in the electricity swtor together with nuclear power. It is expected that coal will 
contribute to redcing Korea's depend moe on imported oil. In order to meet the anticipated 
coal demand increase, the govcrrmant is enhancing the developemt of overseas coal, the 
construction of coal receiving facilities and development of advanced coal utilization 
technologies. 
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There is an active discussion on the power development program in Korea. Despite 
advantages of nuclear in improving energy supply security and environmental management, 
Korea faces ever increasing anti-nuclear movements. One of the obstacles to the expansion 
of bituminous coal-fired power plants is to obtain public consensus on environnental 
deterioration. The quantity of bituminous coal demanded by the electricity sector is projected 
in Table 10 under the long-trm power development plan released recently. 

When a decision to build new coal-fired power plants is made, the external costs like CO2 
emissions should be taken into account as well as the internal costs like construction costs 
and operating costs. The external cost is difficult to evaluate. However, it is believed that 
the extenal cost has a positive relation with the income level. Unless proper measures are 
taken to meet the emission standards, them would be social resistance to coal use in Krrea. 
In this sense, it is very urgent in Korea to develop clean coal technologies to reduce 
environment pollution 

Table 10. Demand Forecast of Bituminous Coal by Sector 

(Unit : Thousand Ton) 

1995 2000 2005 2010 Increasing Rate 

Total 37,194 47,612 52.190 66,671 5.7 % 

Iron & Steel 15,698 15,560 15,544 15.513 1.4 % 

Electric 14,706 24,717 28,302 39,495 9.0 % 

Cement 4,768 4.666 4,393 3,611 0.1 % 

Etc 2.062 2,669 3.951 8,052 5.7 % 

8. Conclusions 

Power demand in Korea will continuously increase to keep pace with the growth of national 
economy and aLcordingly improvement of the living standards, which requires construction of 
power plants using economically variable energy resources. 

Because of its wide distribution and the relative abundance, coal is one of the most important 
eowsgy resources for power generation. However, it must be taken into account that large 
amount of coal utilization needs careful consideration for minimizing environmental impact 
Therefore, it is now required to develop the highly efficient and environmentally friendly 
power generation systems like a pressurized fluidized bed combustion cycle systan(PFBC) and 
an integrated coal gasification combined cycle system(IGCC), and other various clean coal 
technologies. For this, Korea is exerting every effort to catch up with advanced countries in 
the development of coal utilization technologies. 
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Coal inPower Generation:
 

How the E7 utilities look at technology transfer to developing countries
 

Introduction
 

One of the main conclusions of the 1992 World Energy Conference (WEC) in Madrid
 

was that the developed countries must take the leading role in facilitating the
 

transfer of energy technologies to the developing countries. The E7 members
 

support this general statement without reservation. Utilities indeveloping
 

countries should have access to the technological expertise which has been accu

mulating in the developed countries for decades.
 

Coal isthe leading primary energy resource in global power generation. Accor

ding to the WEC analysis there isno reason to doubt that it is likely to remain
 

the major source over the next few decades. Regardless of the difference in
 

prevailing conditions developed and developing countries are planning at least
 

part of their electric;ty future on the basis of coal. Therefore, technology
 

transfer to improve power generation in developing countries primarily means the
 

transfer of coal technologies.
 

State of coal based power generation inthe E7 countries
 

Coal fired power plants have been the backbone of industrialization all over the
 

world. This means that engineering, design and construction have today reached a
 

high standard and are well proven. Coal fired power plants can be built in
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almost all parts of the world, the design can easily be adjusted to the specific
 

objectives and conditions of a country and a site. Up to a certain degree opera
tion and maintenance procedures are standardized, and inmost societies codl
 

technologies are well accepted by the public.
 

The present level of technology was reached over different periods. During each
 
period development efforts were concentrated on design goals which had been
 

imposed by economical, technical or political reasons (Figure 1):
 

- Starting inthe 1950;s the capacity of the units increased inorder to take 
advantage of the degression of costs. In parallel, plant efficiency was 

increased in order to save fuel. 

- In the 1970's the utilities tried to improve plant availability inorder to
 

avoid costly extension of their generation capacity.
 

- In the 1980's pollution control became a major objective though inmost
 
cases it is contrary to efficiency and economic objectives.
 

- In the 1990's we recognize that the utilities are forced to master the
 
squaring of the circle i.e. to improve pollution control even further and
 

to reduce costs at the same time.
 

The increase in unit capacity during ti.!1950's and 1960's took place in three
 
major steps: Starting from about 125 MW beyond 250-300 MW up to 600 MW after the
 
mid 1960's. Today units with more than 800 MW are considered. According to a
 

rough estimation made by EDF the total production cost per KWh is cut by 15%
 
when the unit capacity ismultiplied by the factor 2.
 

An example for the increase inplant efficiency is shown in Figure 2. Within the
 
last three decades efficiency of RWE's lignite and hard coal plants grew conti
nuously though itwas hampered by the integration of the flue gas cleaning units
 
during the 1980's. For the future we expect that new technologies like IGCC,
 

together with advanced gas turbines, will boost efficiency over the 45% mark.
 

The development of pollution control data of coal-fired power plants are reflec

ting national policy concerning environmental protection. To compare emission
 
data of single countries needs a very careful discussion of national standards
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first. This discussion cannot he part of this paper. However, to give an examp

le, emission data of RWE's lignite-fired plants are shown inFigure 3.
 

In - furnace technologies and flue gas desulfurization reduced the emission of
 

- SO2 to 10% 

- NOx to 25% 

- Dust almost to zero 

using data from 1983 as a reference.
 

It is worth mentioning that technological progress aiming at emission abatement
 

in some cases has been initiated by the utilities themselves. This means that
 

prior to the evolution of the public's pollution awareness sometimes the
 

utilities have introduced processes which are less polluting compared to the
 

previous technology generation. In other cases, however, technology just
 

followed the political process imposing standards on utilities, i.e. utilities
 

applied industrially proven or new processes just inorder to meet the imposed
 

standards.
 

Inthe E7 countries these development steps took place in a more or less pro

nounced way and led to a variety of plant designs which are applied today. More
 

than 41 million t of hard coal and about 92 million t of lignite are used Loday
 

by the E7 utilities to generate about 183 TWh per year (Figure 4). This is done
 

under the world's most stringent environmental protection standards in Canada,
 

France, Germany, Italy, Japan and the US.
 

Future coal based power generation concepts
 

The share of coal in the future electricity supply of the E7 countries is diffi

cult to predict because there are many different factors that have an impact on
 

the supply structure. Only a few of them can be influenced by utilities themsel

ves.
 

Of course, itwould help to strengthen the position of coal all over the world
 

if new concepts could be developed converting coal to electricity and with ess
 

pollution as the existing and well proven ones. The E7 utilities launched sever

al development projects which are shown in Figure 5.
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It would go beyond the scope of this paper to report on the single programs
 
which have been launched by the E7 utilities. To sum itup: There are some
 
promising approaches whiLn will lead to improved plant concepts within the next
 
years. However, to be perfectly clear, there will be no revolutionary new tech
nology which will replace the existing plant concepts within the next years.
 

Probably, the concept of the next generation of plants will be conventional
 
pulverized coal fired with improved heat efficiency by adopting improved steam
 
conditions. As it stands today, utilities in the E7 countries will favour this
 
concept or the optimization of the existing plants and try to extend their
 

lifetime as far as reasonable.
 

In this process optimization parameters will be (Figure 6):
 

- Pollution abatement down to a level which is the lowest proven technology 
can achieve. Inmost cases national standards will become even more strin

gent than today. 

- Reduction of costs as low as allowed by maximum pollution control.
 

- Efficiency increase in order to save fuel and to reduce pollution including 

CO2 emission. 

Presently, there is no clear indication that a concept will be available soon
 
which iscapable of reducing plant emissions as well as generation costs. This
 
means that pollution control will stay expensive and that itwill always be
 
conflicting with generation costs. However, pollution control and cost savings
 
can walk hand in hand ina certain range when plant efficiency is concerned.
 

Today, the E7 utilities expect for the future that generation costs - excluding
 
costs of pollution control measures - will stay relatively stable. It is assumed
 
that costs of coal, equipment and even of labor can be quite reliably forcasted
 

in the long term.
 

Pollution control costs, however, behave like a 
moving target because they
 
depend on the political evaluation of environmental issues. Present political
 
discussions in the E7 countries on 
issues such as the taxing of CO2 emissions or
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energy consumption and more stringent pollution control standards will have a
 

considerable impact on the competitive strength of coal inpower generation.
 

Special needs of developing countries
 

Compared to the situation in the industrialized countries electricity supply in
 

developing countries isand will be subject, of course, to different conditions.
 

As a top electricity generator in its own country, each E7 member is dedicated
 

to using efficient and environmentally sound generation methods. But this capa

city does not necessarily qualify the E7 to recognize clearly the circumstances
 

and the needs of a developing nation.
 

The basic and realistic understanding of the real needs has to be developed by
 

these countries themselves. Above all the desired level of pollution control
 

must be defined by national policy. It is up to each national economy to decide
 

on the extent of the burden the country is ready to undergo for pollution con

trol. Obviously, technologies are available to reach even very challenging
 

standards. However, from our point of view this is not necessarily the guiding
 

argument for a developing country. GUir recommendation regarding this is, to
 

encourage and develop local expertise inorder to find custom-made solutions.
 

During this process the industrialized countries can provide suppport.
 

To apply new technologies which are not yet proven in industrial scale over a
 

long period needs money and an integrated industrial structure at a high level.
 

Since both requirements are missing in developing countries to a large extent we
 

recommend to rely rather on proven technologies. This does not mean to speak in
 

favour of old-fashioned equipment but to apply technologies and equipment which
 

can be bought from the shelf or even produced indigenously.
 

Ingeneral terms, when it is intended to build a new plant the following main
 

objectives should be met (Figure 7):
 

- The plant must operate reliably and with high availability. 

- It must be easy and inexpensive to operate and to maintain. 

- Design must be sturdy and flexible to minimize costs for any later-instal

led pollution control or other equipment. 
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Plants should include levels of pollution control equipment that use well
proven technologies, which are consistant with local pollution-control
 

regualations.
 

Spareparts and wearing parts should be produced indigenously to a large
 

extent.
 

To give just one example: the limestone-gypsum process which presently is ap
plied in most of the industrialized countries to reduce SO2 emissions would be a
 
very expensive solution for developing countries. Sufficient desulfurization
 
performance at lower costs could be achieved with other methods like addition of
 

dry calcium compounds for example.
 

These recommendations are not only concerning the construction of new plants but
 
also the revamping of existing plants as well. In the present situation most of
 
the utilities in the industrialized countries are revamping older plants in
 
order to meet environmental standards, to save costs or to avoid lengthy licen

sing processes for the construction of new plants. Based on this experience we
 
think that revamping isa cost efficient wa, for developing countries as well.
 

The major tasks of the revamping process are (Figure 8):
 

- to analyse subunits with the biggest losses, i.e. to draw up rough energy 

balances 

- to define priorities for necessary tasks 

- to assess technical concept, management procedures, operation and mainte

nance system, storekeeping etc. 

- to retrain plant management and operators. 

Support by E7 utilities
 

To support the needs in the developing countries E7 is ready to give advice
 

concerning plant site evaluation, selection of a suitable well proven and opti

mized plant design, training of personnel etc. It is the mission of E7 to give
 
this advice on the basis of its wide experience as plant operators and utili

ties, independent of any commercial interest and free of charge.
 

Regardless of basic differences in prevailing conditions there are numerous
 
areas where utilites inboth parts of the world are facing similar technological
 

-237



or economical problems. Pollution control is a considerable cost factor, for
 

example. Both developed and developing countries are concerned about pollution.
 

But the shortage of financial and energy sources is already imposing severe
 

limitations on the economic development of some poorer countries.
 

The E7 feels that any organization giving support to developing countries should
 

accept this position. They must find an approach that (Figure 9):
 

- allocates the available funds in the most efficient way
 

- creates the best balance between socioeconomic development and impacts on
 

the environment
 

- gives priority to the use of local resources
 

- but does not impose additional strain on an already fragile political and
 

economic sit,,ation
 

Conclusion
 

Developing countries will remain very concerned with basic challenges like food
 

supply aru general poverty. There is no doubt, however, that wider access to
 

electricity will be a key requirement to improve living and working conditions.
 

According to WEC the demand for electricity is increasing about three times as
 

fast as in the industrialized world. By 2020 this growth rate would require
 

additional power plant capacity of some 3000 GW, most of itwith coal as primary
 

energy source. For many reasons te industrialized world iscalled upon to
 

support this process.
 

The E7 utilities are ready to contribute their expertise.
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Design goals imposed by economical, 

technical or political reasons: 

and 

V t4 	 increase unit capacities and plant 
efficiency 

-V -Mt4 	 improve plent availability 

- nimprovepollutioncontrol 

- Js, 	 improve pollution control even 
further and reduce costs 

Coalin Power Generation:How the E7 utilitieslook at Fig. 1 
technology transfer 

T395-93 
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* 	Increased Steam Conditions: 

Developed by almost each E7 utility 

* 	Circulating Fluidized Bed (CFB): 

EDF, RWE 

* 	Integrated Gasification Combined Cycles 

(IGCC): 

EDF, ENEL, RWE, SCE, TEPCO 

Coal in Power Generation: 
How the E7 utilities look at technology Fig. 5 

transfer 
T296.93 

-243



* 	Pollution abatement down to a level 

proven technology can achieve to meet 

national standards 

* 	Reduction of costs as low as allowed 

by maximum pollution control 

• 	 Efficiency increase in order to save fuel 

and to reduce pollution and CO2 emission 

Coal in Power Generation:
How the E7 utilities look at technology Fig. 6 

transfer 
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* reliable operation with high availability 

" easy to operate and to maintain 

* sturdy design 

" spare parts and wearing parts should be 

produced indigenously to a large extent 

Coal in Power Generation: 
How the E7 utilities look at technology Fig. 7 

transfer 
T399-93 
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* 	analyse sub-units with the biggest heat 

losses to define priorities for necessary 

tasks 

* 	assess technical concept, mangement 

procedures,operation and maintenance 

systems, storekeeping etc. 

" 	retrain management and operators 

Coal in PowerGeneration:
How the E7 utilities look at technology Fig. 8 

transfer 
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" 	allcoate the available funds in the most 

efficient way 

• 	 create the best balance between the 
socio-economic development and the 
impact on the environment 

" 	give priority to the use of local resources 

" 	but do not impose additional strain on 
an already fragile political and economic 

situation 

Coal in Power Generation: 
How the E7 utilities look at technology Fig. 9 

transfer 
T400.93 
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Clean Coal Technology )evelopment, Dissemination and
 
Cooperation Through CCT Center, NEI)O of japan
 

By 1lideki Okanoto 
Diredtor General 
Clean Coal Teclhology Center 
New Energy vnd Industrial 
Technology )evelopment 
Organization (NIDO) 

I. Introduction 
At the Earih Summit (United Nations Conference on lnvironment and 

Developmelnt) held in Brazil in June, 1992, it was decided as a resul of discussion 
about what efforts must be dcone to make dCveloplCl compatiblC with c.lvironincnt 
th:i1 we should accept and consider the problem of' global environient as a coimon 
issue to be solved bv all mankind. 

in te 21-: c.:C;.U,), . .OC :, ilrile-. likcly it, he most highlighted, favorally or 
unt'avorably, with respect to the efforts of making dCvCh)pltCnt coinpatiblC wih 
environment, is coal. %lostener,y specialists agree ihat coal will be of key inmporn'taice
in solutions to the problem of enerey and environment, particularly in the rapidly'
growing Asian-Pacific rcion. 

Under such circumstances, the role played 1y cl clolCte WCchnlofocy is great.
We, thCreforC, consider that clean coal technology' (which I will refer to as 

CCF) should be iddressed extensively enough to include newly developed technologies 
as well as established tecnnologies, clahliug coal to be tse.d cleanly in every stage of its 
production, distrihirtion, and consimiption. 

2. Establishment of' NEID)'s Clean Coal Technology Center 
NII)O, organMized ill October, 1980 as a goverinment agency engaged ill tile 

general promotion of techiological development conceming oil-alternative energy
(except nuclear power), has conductCd Coml)rChCnsive activities il such fields as solar,
gcothcrmal, coal, fuel cell aid other energy transportation/storage, and 
alcohol/hiomass. Subsequently. overall development of both hasic and advanced 
industrial technologies, technological contribution to the protection of global
environment, and other new duties were assigned to NI-I)O. With its operational
territory expat ditig, NEDO Is grown to the present scale of Y200 billion in capital and 
some 850 emploVcs. Its international involvement is also active. havinu formed 
WidCsprcaid cooperative relationships with many overseas governments and agencies.

lii response to a new trend of policies toward coal and the problem of global
environment, as well as to a growing desire to contribute to the world in the field of 
energy and en'ironinent, NEDO established within its organization the Clean Coal 
Technology Center (which I will refer to as CCTC) in October, 1992. 

CCC fulfills tie requirement of a better-organized system capable of 
promoting, iii a comprehensive marinner, the developient of basic and applied
techlnologies, diffusion of developed technologies, and so on. 

Iii other words, CCTC intends to carry out comprehensive projects to promote
the introduction aMid diffusion of CCT, including model projects for international 
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cooperation, while continuing to manage necessary long-term CCT-related 
technological development activities, including coal gasification and liquefaction. We 
also consider it important to exchange personnel and information, and are active in 
promoting CCT diffusion with tilecooperative assistance of the concerned agencies b
 
sending experts, inviting those involved with CCTI" from overseas, holding symposi

and seminars, and commenmorating Clean Coal Day.
 

3. Technological Developmient tinder the New Sunshine Project 
In meeting the growing worldwide concern over the problem of global 

environment, the Ministry of International Trade and Industry of Japan started the 
"New Sunshine Project" in fiscal 1993, into which the existing Stunshine Project 
(technical development of oil-substitute energy), Moonlight Project (techonical 
development for energy saving), and techmological development for globa, 
environmental problem were integrated. The new project is stressing more emphasis 
ol renewable energy as a new eniergy soilrce. The development of coal gasif'ication and 
liqtefaction teciologies a iins to eciltonlically prodtUcc tilid energy from coal vh icl 
repla:es relatively scarce oil and natUral gas as an overw helmingly abundant source of 
solid energy. Greater depCVlence on coal is likely to clia gc tile economy of fos :-l 
fuels ill the present energy system tue to tie price gal with oil and flatural gas. There 
are increasing factors to be considered ill the technological devlopment of coal use 
such as measures against the problem of global warming (CO2 control). Nevertheless, 
the development of thes. ildispensable technologies 1iiust be contitued inview of the 
national security ofJaan,whose structurally weak energy st pply situatiolihas not yet
been overc( itic ill a true sense. FLirthrmliore, the accullllXli(oln of tilepast 20 ycars of 
techntogical dcvelopmenlt tilltdtr the Sunshinxe Project has allcwLd Japali to raise its 
level of technologies ill this field to the world's is highest, even draving practical 
utilization within reacch. It is lecessary Iodirect technological developlment efforts 
toiward the objectives oit the New Smsfine Project such as by secking higher energy 
efficiency and protIlct yieldls to turtlher improve energy-saving characteristics and 
eco()(Iiii.

NEDO's mlajoir activitics currentlv unler pilot-plat research are summarized 
below. 

(I) Development of' Bittliminious Coal Liquefaction Process (NE1)OL 
Process) 

1)Past and present progress - pilot plant cotlistru Ctio ill earnest 
NEDOL Process is a tUitle Japancse coal liqut]efaction process developed by 

merging three liquefaction processes, namely, (a) tileDirect Hydrogenation 
Liq fCaction Process, whi:C uses the strength of a highly active catalyst, (b) the 
Solvent Extraction Process, which takes advantage of a high hydrogen-donating 
solvent to obtain high liqlefaction yields Lunder moderate conditions, and (c) the 
Solvolysis Process, which spurred tile idea to employ recycle of heavy distillate. 

In AtigUst, 1984, tile Advisory Committee for Energy of the Industrial 
Teclnology Council proposed pilot-plant research using this process under a public
private close cooperation system which was thotught to best suit a national project. In 
October, 1984, Nippon Coal Oil Co., Ltd. consistiiig of 19 private companies, was 
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chosen to undertake the technological development of bituminous coal liquefaction.
10% of the development costs were to be paid by the private sector participants.

The project started with basic/detailed engineering and design of a 250 tons a 
day pilot plant, but later developments including aggravating financial conditions 
delayed scheduled construction, forcing the scale to be revamped in March, 1988 (from
250 tons a day to 150 tons aday: on a dry coal basis, hereinafter the same), together
with total Costs and the period of R&D. In fiscal 1988, design of the 150 tons a day
plant started and, in 1991, the design was completed for tile commencement of 
construction in November, 1991. The (about 156 thousand n 2 ) site is within the 
threshold of Sumitomo Metal hIdakiries, Ltd.'s Kashima Steel Works in Kashima-gun, 
Ibaraki-ken. 

In fiscal 1991 through 1992, general underground, temporary preparation, 
foundation, concrete pourin g, and other works were completed and, in fiscal 1993, the 
transportation of eq u i pmcut started the first stages of final constructioni. 

2) Major features of NI'DOL Process 
(a) Applicable to a wide-range of cal rank from sub-bituminouls coal to bituminous 
coal 
(b) Uses a less expensive and highly active ferrous catalyst (Pyrite; FeS2) 
(c) Cocclrrent use of a highly active ferrous catalyst anid a hydrogen donor, penn itting
liqunefaction under relatively moderate reaction conditions (170 ati, 450 C, atd 40 

(w0 % of sILurry coicentration) 
(d) Achiowable high liquefaction Oil yields (targeted 50% Ior more of light and middle 
distillates; in tenis of capaci v 4 barrels Of liq tiefied oil per ton of coal)
(e) Employment of the highly reliable vaCUuLm1 distillation system for solid-liquid 
separation 

3) Main problems with pilot-plant research 
(a) Collection of engineering data required for commercial plamt design

Major elementary equipment items for development include reactors, slurry
prcheater, slurry heat exchangers (exchange of technology with Germany), high 
temperature separator, vacuuim distillation tower, and letdown valve (quick 
depressurizer), 
(b) Establishment of operatioit procedures 

Technical iteiiis include hoinogeneous and constant ixture of coal and solvent, 
handling of high-concentration slurry, handling of solid-contaminated fluid at high 
temperature and pressure, and anti-erosion/-crrosion measures. 
(c) Establishment of maintenance procedures inclhding maintenance and inspection of 
equipment and piping.
(d) Impact of pol!,itants oil environment, pollution counternIeasures, etc. 
(e) Projection of costs for a commercial plant and studies on evaluation of economy 
including surveys of conditions of location. 

4) Implemented support studies using Process Sipporting Unit (PSU) 
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To support the studies of the operation (if a bituminous coal liquefiction pilot 
plant, a PSU with a I ton a day-level coal capacity was built within the site of Nippon 
Steel Co., Ltd.'s Kimitru Works (in 1986 through 1988), and operation was started on 
a research basis. A PSU, which is quicker-wheeling than a pilot plant, allows the 
running conditions to be more flexible and has enabled data to be accumulated for wider 
reaction conditions of liquefa-,ion behavior and maintenance operation. Some of these 
conditions are not possible with a PP. 

(2) Development of Brown Coal Liquefaction Technology 

1) History of the project 
The Brown Coal Lilue faction Project for Victorian brown coal was started in 

April, 1981 as a Japan-Australia cooperation program under the Sunshine Project. The 
program included researches on a pilot plant-scale operation with the goal of 
successfully implementing liquefaction of brown coil abundantly produced in the state 
of Victoria, Australia. The construction of a pilot plant with a capacity of 50 t/d coal 
was commenced in Morwell, Victoria by Nippon Brown Coal Liquefaction Co., Ltd., a 
group of five private coinpanies entrusted to uidortake this project by NE-DO, aid a 
local Australian company, Brown Coal liqlucfaction of Victoria Co., Ltd. Its 
completion at the end of 1986 allowed for operation research to be conducted from 
198'7 through October, 1990, which was followed by demolition stuidies and 
consolidation studies of overall results. The demolition studiCs were completed by 
April, 1992, most withdrawal activities were finished by May, and layoff of local 
employees, return of the land, and wintldii-ig ilP of the local research prograni in Victoria 
were concluded t)y summer in 1992. l)uritug its peak operating period, this pilot study 
project was participated in by a total of about 3() people composed of some 70 
Japanmese staf inembers and 230 or so locally hired. 

The brown coal lique faction process (13Cl Process) is characterized by 
suspended-bed primiry hydrogCiiati1 Under relatively iiiode rate reaction cmditions, 
high-efficiency solvent dcashing, fiXed-bCd secondary hydrogenation using a high
durability catalyst, and slurrv dewatering with less energy. The five items listed below 
as the targets of this pilot-plant research project hlaive all been attained (the results 
parenthesized) with a perfect set of data relating to the 30-item assignments to 
development includilig aCluisitionl Of scale-utp data and CstablishmCnt of opcrationl 
procedures. 
(a) 50% or more oil yields (521;( ic hieved) 
(b) Continuous operation for some 1,0(0) hours (overall 1,726-hour continued coistaIit 
operation achieved) 
(c) 1,000 ppm or less solvent dealhiiig perf orniamace (achieved by establishing a method 
of deashine with toluiee. and sel','-produced naphitha) 
(d) )evelopment of a fixed-bed secondary hydrogenation catalyst which withstands 
long-term olvration (achieved a catalyst performance test of 3,374 hours, longer thani 
the goal of 3,0(X) hours in continuous long-terni operation) 
(e) Establishment of ai econoiiicad slurry dewatering process (demonstrated 95% 
dewatering with the steam generated from the dewatering process as a source of heat (3 
times as thernially efficient as conventional)) 
2) Consolidation studies of results, related research, etc. 
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(a) Follow-up studies 
Even after the pilot-plant research activity, Nippon Brown Coal Liquefaction

Co., Ltd. is still engaged in follow-up studies on the suppression of scale formation
inhibited and oil a deashing solvent recovery method as well as to supplement and 
complete the process data. The equipment collected into a laboratory of NBCL located
in Takasago, Hyogo-ken, includes a small continuous testing device with autoclaves, 
an improved version of the 0.1 t/d equipment used for the pilot-plant supporting
studies. 
(b) 	Consolidation studies 

The technical data obtained in the course of pilot plant operation research as well 
as from supporting and follow-up studies is to be collected for intenyive analysis and
systematization and will be concurrently reviewed with respect to scale-up and 
evaluated in terms of economy. In putting together such data for the expected
presentation as a project report within fiscal 10993, a detailed review will be made by a 
lromotion committee made up of external experts in various fields. The report is enormous with a total of over 10,000 pages in A-4 format (equivalent to 15 King File 
volumes), covering every and all study resn!ts of this project.

The oil liquefied throihont this pilot-pIait research project is stored in Japan as 
a precious piccc of property to become the raw material for future experiments in 
developing a upgrading process of liquefiCd oil. 
(c) Technical package of coal liLuefiction 

NEDO desires to complete a technical package of coal liquefaction by the year
2000 oit the basis of the res Its from the technical development of brown and 
bituminious coal liquefaction processes as well as from the results of current
development of methods to upgrade coal liiquefied oil. This package includes the data
for scale-up to enable the stage to he shifted to a demonstration plant (with a scale of
6,000 tons a day), methods of scale-tip, conceptual design of such a plant, economy
projection, patent application, simulation results, and operation manuals. Among
these, the portion covering brown coal litiefaction (a0out 700 pages) is expected to be 
prepared within fiscal 1993. 

(3)Development of Entrained Flow Coal Gasification Power Generalion 
Process 

1)Development in progress, etc. 
The technological development of Entrained Flow Coal Gasification Power

Generation Process (IGCC) aims to establish a gas- and steam-turbine combined cycle
generation system using an entrained flow gasifier capable of generating electricity
more efficiently thian conventional pulverized coal firing system. Toward the intended 
development of a demonstration plant having a 250 thousand kilowatt generation
capacity with net, thermal efficiency of 43% or more by the year 2000 at the latest, a
200 t/d pilot plant at Nakoso Joint Thermal Power Plant located in Iwaki, Fukushima
ken is under research for operation. IGCC is a combined coal gas-fueled and exhaust 
heat-recovery steam turbine power generation system in which a hot dry gas clean-up
process is incorporated. lit contrast, pressurized fluidized-bed power generation
(PFBC) has a combination of steam turbine and exhaum:t gas-driven turbine processes.
Considering that tile PFBC generation efficiency is governed by the efficiency of its 
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predominant steam cycle and is approaching the limits of improvement, efforts will be 
directed toward IGCC development as an independent technical attempt to put it into 
practical use in and after the year 2(/)0 under the Sunshine Project. 

In 1986, research activities were commissioned to the Coal Gasification 
Combined Cycle Generation Technical Research Association, which is composed of 9 
electric power companies, EPDC and CRIEDI, NEDO started basic/detailed 
engineering and desi gn of a 200 t/d pilot plant, commenced construction in January, 
1988, and completed it in FebruaiV, 1991. Operation started in June, 1991. 90% of 
the development costs are being borne by NEDO, which receives grants from tle 
Japanese Government, and the remaining 10% by joint R&D participants, who are 
required to complete their commissioned activities by tie end of fiscal 1994. 

To further support this technical development activity, The Coal Mining 
Research Centre (CMRC), Japan, was comillissiolled to do the studies from fiscal 1988 
through fiscal 1990 using the 40 t/d gasification test equipment in Yubari, Ilokkaido, 
where similar research work had proceeded untder time same Sunshine Pro ject. 

2) Features of this process 
A hot dry gas cle:-up method is employed to realize a gas turbil inflet 

temperature of 1,300 C in order to 'achieve high efficiency. Air is used instead of 
oxygen as a gasifying agent to produce low-calorie gas. T'he corresponding turbine 
used is, therefore, compatible with such low-calorie gas. In the 2-chamber, 2-stage 
entrained flow gasifier, a tangentiall burner causes t voluted flow of gas to make it 
better contact the coal. With coal ash collected a s molten slag, this process is adaptable 
to a wide-range of coal ranks. It also emits low levels of not only NOx, soot, and dust, 
but also CO2 because of its high generation efficiency. 

3) Assignment for development 
The features mentioned constitutes clementary items to be developed, but the 

task of' developing a gaitficition generatioll systeni is, as a Miole, to embody such 
development iinto a delliou'.ratiom plant that has a capacity of 250 thoustnd kilowatts 
with net, thermal efficiency of-3( or more by' the year 2000 at the latest. The gasifier 
operation started in June, 1991, coal gas was passiig through gas clean-up1 in 
February, 1992, and successful power generation by proLduct gas for the first time in 
July, 1992 with present-time efforts aiin ed toward loig-tenil continuous operation. 

(4) I)evelopment of Coal-Based yldyrogen Production Process (IIYC(), 
Process) 

1)Develomnent in progress, etc. 
Tie development of Coal-Based Ilydrogen Production Process aims to 

establish a technology which permits constant productio and supply of low-cost 
hydrogen in large qu aititiCs Using coal as the raw iaterial. In the IIYCOL Process, a 
hydrogen-Carbon monoxide gas mixture is prepared ill ail entrained-bed gasifier using 
oxygen as tile gasifying agent. This mixttre then tmidergoes a steam-shift reaction to 
increase tile iydrogen, and then pure hydrogen is obtained through gas purification. 
Tue R&D program cove-s the process stages including coal preparation, gasification, 
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slag disposal, and dust removal. At present, pilot plant operation research is under way
in Sodegaura, Chiba-ken. 

Prior to the start of this development project, element research studies were 
marde of a multi-purpose gasifier where oxygen is added to coal to react. In 1985,
Industrial Technology Council, Advisory Committee for Erwrgy concluded that this 
process had proved promising as a method of producing low-cost hydrogen from coal. 
It was, therefore, decided that pilot plant research would be promoted starting from 
fiscal 1986 under the Sunshine Project. The Research Association for Ilydrogen-froi-
Coal Process Development was set up in May, 1986 as the chief R&D organization,
and it included participation from 9 privaite com panies. Construction of the pilot plant 
was completed in 1990. This was followed by the commencement of trial operation in 
February, 1991, and of 30-atm gasification testing in March, 1992. 

2) Features of this process 
The coreC equipirient of this process is an oxygen-bloIwn one-chamber and two

step spiral flow gasification system together with a multi-burner system and a char 
recycle,. This brings high gasification efficiency and compatibility with a wide-range
coal ranks. Another feattre of gasification in the high temperatuLre reduction 
atmosphere is that it does not generate NOx, exhibiting highly environent-fricndly
characteristics combined wit lthe method of recovyering coal ashi as stable inolten slag. 

3) Assignments for development 
Tue operationt research has cleared many of the funtdateltl developmett

assignments, with part of the development goals already achieved by successful (a)
gasification at 30 atm and (b) gasification of carbon at a rate of 98r%or more with cold 
gas efficiency of 78% or more. Another recent success is contitous operation for 
more than 200 hours in September, 1993. Review of equipment upgrading and 
operaticn condlitills will contrifute toward achieving longer-hour continuous operation 
oti a laboratory basis. 

4. Development of' Next-Generation Coal-Based Processes 
CCTC, in its development effort to achieve clean coal use by focusing Oil the 

utilization process, including combitstio , thental decumposition, and preparation (coal
cleatning), has Just started related survey and res;earch activities as part of CCT 
development efforts. 'The fields covered are surirmarized as follows: 

(1) 	 Environment- lrienlly coal combustion process 
Intended development of a combustion system with few environmentally

damaging substances (e.g., CO2, NOx, and SOx) discharged from its coal-fueled 
boiler. 

1)Oxygen combustion techtiqlue
For a coal boiler, oxygen is used instead of air to achieve high-efficiency 

corbustion as well as to increase C02 concentration in exhaust gas for higher 
possibility of recovery. 

2) Topping combustion technique 
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A pressurized fluidized-bed cycle is combined with partial gasification of coal 
which is then supplied to the gas-turbine combustion equipment to raise the gas-turbine
inlet temperature for the purpose of improving the combined cycle plant efficiency as a 
whole. 

(2) Multi-purpose coal thermal decomposillon process
Multi-purpose coal thermal decomposition process is thermal decomposition 

process where coal is broken down under moderate reaction conditions of medium 
temperature and pressure ranges in an attempt to more comprehensively utilize coal 
components. This is (lone not only to use coal as energy but also to produce chemical,
carbon, and other materials from the substances derived from coal decemposition. 

(3) Advanced coal upgrading process
Prior to coal corn bustion. sulfur, ash, and other contents likely to pollute the 

environment are removed in an attenpt to obtain a cleancr fuel. 

5. Clean Coal Technology and International Cooperation 

(I) Imminent Tasks and ,-;)anese Efforts 
Aside fror., comnprehensive probleis relating to the protection of natural 

environment such itsglobal warming and sutlfu:'ic oxides and other substances which 
cause acid rain, a more locil form of environmcntal problem, mainly associated with 
the effects of sulfuric oxides, smoke, soot on hliiman health and daily life, may become 
the greatest immediate concern of many countries where future economic growth is 
likely to involve expansion of coal utilization. From this standpoint, it is an important
task to as quickly as possible introduCt:e and promote the dift'usiol of CCT-related 
measures which are applicable at the present, incilding coal prcparation, ingenious 
comt bustion llethodsa rut xlhatIlSt gas tre atm ent. 

In June, 1993, Outline of iRoport on the Meeting of the International Coal
related Problem (chaired by Toshiaki IkUita, President of The INSTIUTE OF 
ENERGY ECONOM ICS, Japill), itpersonal gathering held by the Director of the Coal 
Mining Department, Agency of Nattural Resources and Energy, Ministry of 
Intern ation aI Trade and Industry of Japan, pro posed that policies should be clearly
identified toward how the problems concerning coal facing not on)ly Japan but also the 
surrounding Asian Pacific region Must be addrc,sed in the coming 21st century. The 
outline also stated that environmental problems relating to coal use in the same region
should be coped with by supporting each country's endeavor to use coal inar' 
environmentally friendly manner. This indicated Idirection in which Japanese policies
should advisably be oriented, and is explained as follows: 

1) Encourage ihe introduction of equi pmelent that contributes to energy saving and 
mitigated environnental damage from coal use, such Isthrough the implementation of 
model projects and through joint research activities to protect the environment. 

2) Contribute to the relaxation of' economic burdens due to compliance with 
environmental regulations, ard reduce costs of environtment-protective equipment by 
means of joint R&D programs with allcountries. It will be necessary to cultivate 
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related fringe industries (e.g., special steel components and control equipment parts) in 
each country, enabling environmental and other facilities and equipment to be
manufactured and installed. Assistance should also be given to improve the conditions, 
in terms of both hardware and software, under which the regulatory system to control 
as well as measure environmental damage is enforced in such countries. 

(2) Green Aid Plan and CCT 
A:; one of the planned projects to actively propel the above proposals, the Green 

Aid Plan is comprehensive. The Green Aid Plan is implenzing energy/environment
improvement projects based on Japanese past experiences with anti-pollution measures 
in accordance with the need and situation of each developing country. This project was 
proposed by the Ministry of International Trade and Industry of Japan in August, 1991 
in an effort to support self-help developing countries in grappling with 
energy/environmental problems. The fields covered include water/air pollution control,
dispc:,al and recycle of wastes, energy saving, and substitute energy. Support 
programs are to be carried out via the following two stages: 

1)Inter-governmental dialogues to be held 
Between Japan and the partner country, inter-governmental policy dialogues are 

held on both the high and working levels to encourage the realization of mutual 
energy/environmental strategies. 

2) Comprehensive energy/environment-related assistance policies to be ptut into effect 
In the second stage, the above policy dialogue outcomes are used as a base for 

putting into effect the energy/environmental problems-related projects including:
a) Technological cooperation relating to energy/environment

The enforcement of energy/environmental policies in thie partner country is 
enhanced by sending experts and receiving trainees. At the same time, cooperation
efforts are extended to jointly research energy/environment related technologies which 
conform to the needs of the partner country. Feasibility studies are also nladc .egarding
environment-related measures ifrequested by the partner country. 
b) Denionstralion tests; 

For the ptrpose of developing the technologies which best suit local needs, 
tests are carried out to demonstrate the effectiveness of measures such as 
desulfurization, effective use of energy, and development of clean energy. Efforts are 
now being made toward the implementation of the Green Aid Plan in Asian countries 
including China, Indonesia, and the Philippines, along with policy dialogues with these 
countries. 

Particularly for China, promotional measures are making steady progress with a 
number of tests, including tests on a coal thermal power plant's desulfurization process 
at HUANG DAO of Chingtao City in Shantung Province, China by Electric Power 
Development. An agreement was made concerning this project in April, 1992, between 
the then Minister of International Trade and Industry of Japan, Kozo Watanabe and 
State Council Chief AOU JIA IIUA, of China. The position of coal utilization 
technology in this plan is crucial, considering that in China, coal consumption has 
exceeded I billion tons, accounting fo, nearly 80% of primary energy spending. The 
June, 1993 Japan-China vice ministers' high-ranking official working-level conference 
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confirmed the willingness to substantially expand mutual cooperation in these fields. 
Concrete measures include master planning for environmentally friendly use of coal, 
and model project programs as requested by China for desulfurization equipment,
fluidized-bed boilers, shaped coal production, etc. As for the above master planning
and CCT model projects, CCTC is expected to play the core role of promoting
international cooperation programs, making the best of the excellent knowledge and 
experiepce possessed by prominent organizations in these fields, including technically 
advanced private companies. 

(3) Multilateral Cooperation - APEC, lEA, etc. 
NEDO, since before implementing bilateral cooperation projects concerning

CCT including the above-mentioned Green Aid Plan, built up, in connection with 
technological development in a variety of fields, many diversified international 
cooperative relationships. These relationships include Japan-Australia research 
cooperation, which is based on the extensive exchange of infonnation and the brown 
coal liquefaction proJect, and technical cooperation with China for coal liiqutefaction
Linder the Japan-US and other bilateral agreements on scientific and technical 
cooperation. Other than these bilateral cooperation projects, NEDO is also participating
in many of the IEA (International Energy Agency) projects, APEC (Asia-Pacific
Economic Cooperation Minister Conference) energy-related CCT projects, and other 
activities. 

1)Cooperation through IEA 
IEA places emphasis on energy trends concerning coal and environmental 

problems in East Europe and Asi:a, providing timely and meaningful opportunities for 
us to meet such is at this international syMPOsin il today held here in I-ong Kong.

NEDO, to serve as a window through which coal-related affairs in lEA 
activities are accessible, is quite active in participating in international cooperation
implementation agreements on technical information delivery services, fluidized-bed 
combustion, and coal liquid fuel mixture (CLM) and is also sending staff to the lEA for 
coal research. 

In the next year, an IEA Coal Research Committee meeting and another 
international conference on CLM are slated to be held in Japan. 

2) APEC/CCT experts' meeting 
In APEC, 10 energy and other working groups are organized under the 

ministerial conference and high-ranking officials' working-level meetings.
Regarding energy, 5 cooperation fields have been fonned including one entitled 

"Energy and Environment," in which CCI' is a main theme discussed in CCT experts' 
meetings. 

In September, 1992, APEC uiccessfully held its first CCT seminar in Thailand. 
The agenda there contained review of a CCT training program to be included as one of 
APEC's future missions, together with seminar activities. NEDO is willing to 
participate in stIch programs and activities aggressively for the benefit of all APEC 
members. 
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The Reality of Coal Technology 

for Today and Tomorrow 

INTRODUCTION
 

My talk this morning deals with the reality of coal technology for today and 
tomorrow. In keeping with the underlying theme of this conference (that is, Coal's 
Role in Energy, Environment, and Life), I shall focus my talk on coal-based power 
generating technology and its closely coupled relationship to the environment and to 
our standards of living. 

This paper will start with a few salient facts about coal and its role in power 
production. The drivers affecting coal-based power generation technology develop
ment will then be discussed. A likely scenario for the development of the various 
power options will then be outlined. The paper concludes with a call to accelerate 
technology development and technology transfer between developed and developing 
countries. 

ELECTRICITY, GNP, THE ENVIRONMENT, AND COAL 

Coal is the most abundant fossil fuel in the world and makes up for 80% of the 
world's fossil fuel reserve [Slide #11. Over 40% of the world's electricity generation 
is by coal. In the U.S., we anticipate that over the next 40 years, coal-based elec
tricity generation will maintain its share. In the developing countries, the percentage 
will be higher. Worldwide, it is forecast that the use of coal will double over the next 
30 years.[1] The U.S., CIS, and China are countries with the largest coal reserves 
(Slide #2). 

Slide #3 is a forecast of new worldwide generating capacity requirements for 
the next 10 years. As you can see, Asia will need the lion's share. Slide #4 is a 
breakdown by fuel type of this capacity addition. Coal will be the dominant fuel, 
particularly in the Asian market. It is therefore appropriate and timely to hold this 
conference now at this place. 

Slide #5 is a graph of electricity consumption vs GNP from 1960 to 1990.[21 
This relationship has withstood the acid tests of time. Electricity production, unlike 
total energy consumption, had no interruption in growth rate as a result of the 1973 
oil shock. Its one-to-one relationship to GNP growth is obvious. Therefore, coal must 
continue to play a crucial role in maintaining and improving the world's standard of 
living since it is expected to be the dominant fuel for power generation. 

The intense industrialization of the last half century has made us even more 
aware of the damages we have done and are still doing to the environment. We in the 
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U.S. have passed more and more stringent laws to combat environmental pollution.
The most comprehensive of these culminated in the 1990 Clean Air Act Amendments 
which, amor.g other things, place caps on the total amount of pollutants such as S0 
that all the power plants can emit. For example, by the year 2000, a 8.9 mm ton/yr 

2 

cap is put on SO 2 . Of course, pollution is not a local but a global concern. This is 
attested to at the 1992 Rio de Janeiro Earth Summit. The U.S. has agreed to abide
by the Rio Accord which, among other things, pledges the signers of the accord to 
cap their CO2 emissions to the 1990 levels by the year 2000 (Slide #6). 

The implications of these policy limits are clear and severe! We must acceler
ate our technology development in power generation in order to accommodate these
limits so that we are not hampered in our quest to maintain and improve our standard 
of living. Since coal is expected to be the key fuel for electricity generation, it is
essential that we concentrate our efforts to develop the proper mix of coal-oased 
technologies to move into the next century. 

COAL-BASED ENERGY CONVERSION SYSTEMS FOR TODAY AND TOMORROW 

Given the background on the interdependence among the competing require
ments, it is instructive to list the drivers and the corresponding attributes of the coal
based systems. The three generic drivers are: Efficiency, Environment, and Econo
mics. These can be further broken down and the desirable system attributes to
respond to the drivers can then be listed as shown in SPde #7'. From these attri
butes, we have constructed a scenario for an orderly technology progression for the
USA as shown in Slide #8". The exact timing and degree of penetration of the various 
technologies may be open to speculation. By and large, we believe this scenario to 
be reasonable. This scenario is also likely to apply to the developed countries where 
coal is a dominant fuel. For the developing countries, we see a time scale displace
ment, but believe the technology progression may be similar with variations in empha
sis to fit local conditions, such as the types of fuels available. 

In the next series of slides, I shall give you a brief description of some of the 
systems we are working on at Foster Wheeler to respond to the current and antici
pated demands for coal-based power generation technology, as all of these systems
fit within the theme depicted by Slide #8. 

Utility Size Circulating Fluid Bed Boiler 

Atmospheric Circulating Fluid Beds (CFBs) have been proven in the market
place in many industrial settings and Foster Wheeler and its licensees have supplied 

"Adapted from U.S. DOE Morgantown Energy Technology Center (L. Salvador)
presentations and modified by author for this conference. 
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or have under planning over 50 fluiH bed boilers (13 of these are CFBs) worldwide. 
The largest units we have built are a pair of 120-MWe CFBs for the Nelson Industrial 
Steam Company to burn petroleum coke. These are two of the first CFBs incorporat
ing reheat. These units came on-line in mid-1992 and have had over a year of excel
lent operation. In order to move this technology into a utility setting, Foster Wheeler 
is supplying a 250-MWe unit to Air Products and Chemicals, Inc., as part of the U.S. 
DOE's Clean Coal I program. This unit will be located in York County, Pennsylvania 
and will fire bituminous coal. Slide #9 is a sectional elevation of the unit. This unit 
contains some unique features including an Integral Recycling Heat Exchanger 
(INTREX') which contains the superheater elements and steam-cooled cyclones. The 
parallel pass design of our very successful conventional pulverized coal boilers is also 
used here. Essentially, coal and limestone are fed from both the front and rear of the 
furnace. Primary fluidizing air is used to start the combustion process, with secondary 
air being injected for staging and NO. control. Four cyclones are employed to perform 
solids separation. The solids, after separation in the cyclones, are returned to the 
INTREX (Integrated Recycle Heat Exchanger) which houses the superheaters. The 
solids, after transferring heat to the iNTREX tubes, return to the furnace. The flue 
gas, after solids separation in the cyclones, flows over tie heat recovery section. The 
flue gas flow control between the reheaters and boiler sections is done by dampers. 
The unique FW steam-cooled cyclones are insulated with a very thin layer of refractory 
which minimizes maintenance and speeds up heat-up of the unit. Sulfur removal is 
expected to exceed 92%, with a NO, level of less than 0.21 lb per million Btu. The 
reliable operation of this unit will assure the viability of CFBs as a utility offering. 
Because of its adaptability to a variety of fuels, CFBs are particularly suited for regions 
with a high variety of coals including low-grade coals. 

Integrated Gasification CombinedCycle (IGCC) 

As part of Clean Coal IV, Sierra Pacific Power Company was awarded an IGCC 
program to build an 100-MWe demonstration plant at their Pion Pine site. Foster 
Wheeler is the prime contractor on the program, and we will be using the KRW gasifier 
technology marketed by Kellogg-the company that will provide the gasifier design. 

Slide #10 depicts the main sections of the process. In broad outline, the facil
ity receives coal which, after drying and crushing, is fed to the pressurized gasifier 
through a lock hopper system. The bed is maintained in a fluidized form by injecting 
steam and air through special zones into the combustion zone. The heat of reactic I 
causes the coal in the bed to gasify, leaving the ash behind. To capture the sulfur in 
the coal, crushed limestone is added to the gasifier. In this proc'. , the sulfur reacts 
with the limestone to form calcium sulfide which, after oxidation, exits the gasifier 
along with the coal as" in the form of agglomerated particles suitable for landfill. 

The coal gas leaving the gasifier passes through the cyclones to remove nearly 
all of the particulate matter which is returned to the fluidized bed. The gas leaving the 
gasifier about 17001F is cooled to 10501F bofore it enters the hot gas cleanup sec
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tion of the plant. There traces of sulfur are removed to a 96+-percent efficiency in 
a bed using an absorbent. A ceramic candle filter removes essentially all the remaining 
particulate material before the clean gas enters the combustion turbine. The hot gas 
sulfur-removal sorbent can be regenerated with steam and air with the regenerator gas 
stream being sent to the sulfator, where the sulfur reacts with limestone and air, and 
then exiting the system as calcium sulfate. 

The combustion turbine is coupled to an electric generator designed to produce 
approximately 61 MWe gross. The turbine is of special design to accommodate the 
low-Btu coal-derived gas. The machine also has the flexibility to burn natural gas or 
distillate should power be required when the gasifier section is shut down. The heat 
in the combustion turbine exhaust gases generates steam in a heat recovery steam 
generator (HRSG) to produce approximately 46 MWe gross. In this combined-cycle 
mode, the total output of the plant is 107 MWe gross. The NO, content is expected 
to be a fraction of the NSPS limits due to the low-temperature process combined with 
steam injection int, the turbine. The plant efficiency for the Pifion Pine configuration 
is 39% based on higher heating value of the coal. Somewhat better efficiencies can 
be achieved with an optimized commercial-size unit. 

Recently, Foster Wheeler Italiana, a subsidiary of Foster Wheeler Corporation, 
completed a preliminary design of a 500-MW equivalent IGCC unit, based on the 
Texaco process, for ISAB-a refinery company in Sicily. This is a heavy-oil IGCC 
designed to process the high-sulfur residues from the adjacent refinery, and to produce 
electricity and hydrogen. The electricity will be delivered to the national grid (ENEL), 
while hydrogen will be returned to the ISAB refinery to upgrade oil products. Although 
this plant is used to process heavy oil residues, most of the key features of this large
size plant would be applicable to a Texaco coal-based IGCC unit. It's operational 
experience will be of great value towards further commercializing the Texaco IGCC 
process. 

Advanced (Second-Generation) Pressurized Circulating Fluidized Bed Combustion 
System 

Slide #11 is a system diagram for a Second-Generation Pressurized Fluidized 
Bed (PCFB) demonstration plant as part of the U.S. DOE's Clean Coal program. Since 
1986, Foster Wheeler has been under contract to the U.S. DOE to develop a "Second-
Generation" PFB power generation system. We met a major milestone in this effort 
when a team composed of Foster Wheeler, Air Products & Chemicals, Lurgi-Lentjes-
Babcock Energietechnik GmbH, and Westinghouse was selected to build a Second-
Generation PFB demonstration plant at Air Product's chemical manufacturing facility 
in Calvert City, Kentucky under the sponsorship of the U.S. DOE's Clean Coal Tech
nology Round V Program. This demonstration plant will burn Kentucky bituminous 
coal to produce 95 MW equivalent of power. The steam (300,000 lbs/hr) from this 
cogeneration power plant will be supplied to the chemicals manufacturing plant and 
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the power (65 MWe) will be sold to the Tennessee Valley Authority on a long-term 
basis. 

In the simplified Second-Generation PCFB process, shown in Slide #10, coal 
slurry and limestone are fed to a carbonizer, which is an air-blown pressurized fluidized 
bed gasifier, to produce a low-Btu fuel gas and char. The fuel gas, after cleaning up 
by the cyclone, ceramic filter and alkali removal system, is burned in a topping com
bustor gas turbine. The gas turbine drives a generator and an air compressor which 
delivers the air to the carbonizer and to a PCFB combustor. The char from the carbon
izer, additional coal slurry and limestone are burned in the PCFB combustor. The PCFB 
combustor generates steam from waterwall and integrated heat exchangers (INTREX) 
and also provides the combustion air (pressurized flue gas) to the topping combustor. 
Additional steam is generated in the heat recovery steam generator (HRSG). The 
steam from the PCFB and HRSG drives the steam turbine generator which, together 
with the previously-mentioned gas turbine stream, completes the combined-cycle 
operation. The second-generation PCFB plant can achieve plant efficiency in excess 
of 45%, based on higher heating value of the coal. 

Hybrid Circulating Fluid Bed with Partial Gasifier 

In the Second-Generation PCFB combustion system just described, if we 
substitute the pressurized circulating fluidized bed with an atmospheric circulating 
fluidized bed (CFB), we will have the hybrid system shown in Slide #12. In this 
scheme, we would shift more duty toward gasification in the partial gasifier and use 
this gas in a topping combustor as before. The residual char, after depressurizing, will 
be burned in the CFB. Additional coal and sorbent can be fed to the CFB to optimize 
the cycle. This topping cycle scheme can yield a 43% systam efficiency (based on 
higher heating value of the coal), just slightly lowor than that of an advanced PFB 
combustion system with similar emissions characteristics. Such a scheme also lends 
itself to a retrofit where there is an existing CFB. This system has the advantage of 
utilizing the wealth of operating experience in atmospheric circulating fluid beds and 
would be particularly suited for countries such as the PRC where atmospheric fluid bed 
experience is in abundance. 

HIPPS (High-Performance Power SystemJ 

As part of the DOE PETC (Pittsburgh Energy Technology Center) "Combustion 
2000" program, FWDC is leading a team in the development of a system based on a 
pulverized-coal furnace that will yield system efficiencies in excess of 47 percent 
(based on the higher heating value of coal) and meet or better NSPS limits. The 
unique feature of this system is the use of a novel high-temperature advanced furnace 
(HITAF), a schematic of which is shown in Slide #13. The key features of this design 
include a pyrolysis unit to generate the fuel gas that heats pressurized air in a ceramic 
heat exchanger to a high temperature (1600 0 F) temperature. A topping combustor 
then boosts this pressurized air (160 to 200 psi) to a higher temperature (23500 F) to 
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take advantage of high-temperature high-efficiency gas turbines. To further take 
advantage of the pyrolysis process and improve plant efficiency, the residual char is 
burned in a TRW slagging combustor, which generates additional heat in the furnace. 
The design of the heat-transfer surfaces in this furnace is characterized by high 
temperature, but low pressure. The heat generated from char combu',tion, together
with the gas turbine exhaust, then generates steam to run the steam turbine, giving 
us a high-efficiency combined-cycle system. In addition to the high-efficiency targets,
this program also aims to achieve S02, NO., and particulate emissions that are a 
quarter of the current NSPS levels. 

We are collaborating with Bechtel (A/E), TRW (slagging combustor), 
AiResearch (ceramic heat exchanger), and Research-Cottrell (back-end cleanup) on this 
multi-phased program. The Phase 1 study is near completion and the results look very
promising. Phase 2 will involve engineering, development, and testing of the key
features, to be followed by Phase 3 in which a prototype High-Performance Power 
Generating Plant will be built to demonstrate the technology. 

Externally-Fired Combined Cycle (EFCC) 

Both the IGCC and PFB cycles require efficient hot gas cleanup devices to 
function properly. In the EFCC system (Slide #14), this problem is avoided by heating
pressurized air inside a ceramic heat exchanger which receives heat from a combustor 
upstream to a high temperature (- 23500 F). This clean, heated air is used to drive 
a gas turbine. The rest of the system is a conventional combined-cycle plant enabling
the plant to achieve efficiency of 45 percent based on higher heating value of the coal. 
The key component in this system is the ceramic heat exchanger. Foster Wheeler is 
a member of an industry/utility consortium led by Hague International Corporation, 
supported by DOE to develop the ceramic heat exchanger system for this cycle. A 
proof test of a single-span ceramic heat exchanger was completed in 1990. A proto
typical multispan ceramic heat exchanger test program is in progress. Foster Wheeler 
is assisting the consortium in the engineering of the combustor and design and supply 
of the burner for the test program. 

One of the five project selected for the U.S. DOE's Clean Coal V program was 
based on this technology. In that project, the Pennsylvania Electric Company will 
repower its Warren Station with the addition of an externally fired gas turbine resulting 
in a combined-cycle plant in which a new 18.3-MWe gas turbine will be added to an 
existing 47-MWe steam turbine for a total net output of 62.4 MWe. The project team 
will consist of Hague International -the technology developer, and Black and Veatch 
the architect/engineer, working on behalf of the owner, Pennsylvania Electric Com
pany. 
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Plant Efficiencies 

Slid(! #15 gives a summary of plant efficiencies for the various systems-all
based on higher heating value of coal. A review of this information makes it dramati
cally clear that high potential exists to increase plant efficiency for future units. To 
illustrate this effect, let's consider the coal consumption of a conventional 500-MWe 
pulverized coal steam generator based power plant which typically operates with a 
plant efficiency of around 35%. On average, such a plant consumes 200some 
tons/hr of coal. If we can increase the plant efficiency from the nominal 35% to say
45%, this consumption does down to 150 tons/hr. Additional benefits are lower emis
sions and solid wastes production. 

Advanced Gas Turbines 

As you may have noticed by now, the one unifying theme in the advanced, 
high-efficiency systems is the emphasis on maximizing the Brayton Cycle output 
through the use of high-temperature combustion turbines. In the U.S., we believe 
there is substantial room for further improving system efficiency through the develop
ment of advanced gas turbines. In fact, the U.S. Depariment of Energy has recently 
initiated a major advanced gas turbines develcpment program. The program objectives 
are given in Slide #16. For the near- and intermediate-term, we believe the gas turbine 
performance will become a standard by which all future generation systems are mea
sured. 

APPLICATIONS OF ADVANCED SYSTEMS TO ASIA PACIFIC MARKETS 

From a technical feasibility standpoint, we believe the Asia Pacific countries 
are well endowed to take advantage of all of the advancements in technology dis
cussed in this paper. Due to special local situations, one technology ray be preferred 
over another. For example, the People's Republic of China has had a wealth of experi
ence in building small atmospheric bubbling fluid bed units. With its high variety of 
coals, the newer, larger circulating fluid bed units may gain an advantage. With 
experience gained in atmospheric fluid beds, it may be advantageous for the P.R.C. 
and for countries with high-sulfur and/or low-grade fuels to consider the Hybrid CFB 
scheme, as shown in Slide #12, to take advantage of their background in atmospheric 
fluid beds. Ultimately, the deciding factor will be cost of electricity, which includes 
capital cost, operating cost, reliability, availability, etc. The competitive markets of 
the world will sort out the strong from the weak. Tile projected high growth rates of 
economic activity in the Asia Pacific countries will undoubtedly provide proving 
grounds for these advanced systems. 
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CONCLUDING REMARKS 

In closing I would like to offer the following observations: 

(1) 	 Slide #17 shows a world population growth curve to 2060.12] As you can 
see, the majority of the growth will be contributed by the developing coun
tries. 

(2) Today, the developing countries use 19% of the world's total electricity out
put. By the middle of the 21" century, this percentage is expected to change 
to 41%.[2] 

(3) 	 Environmental preservation has to take a global approach in order to be effec
tive. 

(4) 	 The development of high efficiency and low emissions coal-based generating 
systems is a win-win situation regardless of the final outcome on the global 
climate (warming) debate. 

(5) 	 Developed countries have a strong incentive to transfer the technology to 
developing countries since there is a high leveraging effect on environmental 
preservation when the advanced technologies are adopted by the developing 
countries. The same leveraging effect is also at work from a trade and busi
ness standpoint. 

(6) 	 Coal is likely to remain the dominant fossil fuel well into the second half of the 
21" century. Therefore, the major efforts ongoing to develop advanced coal
based generating technologies deserves our high priority. 

(7) 	 A final parting note to this audience: acceptance of coal-based generating 
systems will face increasing scrutiny from a concerned public. We must pay
high-priority attention to educating the public about the good efforts and effec
tive results of our work to develop and commercialize clean coal power 
generation. 
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* 	 Coal Comprises 80% of the World's Fossil 
Fuel Reserves 

* 	 Over 40% of the World Electricity Genera
tion Today is by Coal 

* 	 41% of the New Capacity Additions over 
the Next 20 Years are Expected to be 
Coal Based 

* 	 Use of Coal Worldwide is Expected to 
Double in the Next 30 Years 

I Slide #1 1 
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World 1993-2002 New Generating Capacity Needed
 
Breakdown by Region (Total: 774GW)
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Asia - New Generating Capacity Needed 
1993-2002 (GW) 

I Nuclear THydro fWinSalN-die 
_____ _ ______ _ __ -_ ___ wind Solar T tI 

China 99.0 5.0 4.0 51.0 159.0 
India 46.0 8.0 6.0 30.0 90.0 
Indonesia 13.0 6.0 - 4.0 2.0 25.0 
Japan 8.5 6.6 12.0 - - 27.1 
South Korea 8.8 2.0 - 4.7 1.3 - 16.8 
Phillipines 10.0 4.0 - - 1.6 1.4 17.0 
Pakistan 3.5 2.5 1.5 7.5 - 15.0 
Thailand 6.1 2.0 - 2.8 - 10.9 
Other 13.2 10.2 1 - 4.8 1.0 30.2 

TOTAL: 1208.1 46.3 2.5 26.7 103.0 391.0-44 

NEW CAPACITY REQUIRED IN ASIA IS 50% OF WORLD TOTAL 
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World kWh vs GNP (1960-1990)
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0 1990 Clean Air Act Amendments 
Imposed a Cap on the Total Amount of 
Pollutants that Power Plants can Emit 
(e.g., Cap for S02 will be 8.9 Million 
Tons by the Year 2000) 

* The Rio de Janeiro Earth Summit Accord 
Plrdges the U.S. to Cap C0 2 Emissions 
at 1990 Levels 
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Power C7.;nerators Will Seek Systems Whose
 
Attributes Satisfy Market Drivers
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Utility Generation Options - A Scenario
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Pifion Pine Power Project
 
Coal-Gasification Combined-Cycle Schematic
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CALVERT CITY ADVANCED ENERGY PROJECT
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CFB Hybrid System with Partial Gasifier
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High-Temperature Advanced Furnace
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Externally Fired Gas Turbine
 
Combined Cycle Block Diagram
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The Advanced Gas Turbine Program Will 
Provide Ultra-High Efficiency Enhancements 

to PFB, EFCC, and IGCC Products 

N 60% Efficiency Utility Turbine System 
E 9 ppm NO, without SCR 

* 	 Fuel Flexible - Natural Gas/Coal Gas 

Cost of Etectricity 10% Below Current 
Turbines 

*m RAM Equivalent to Current Turbines 

High Inlet Temperature Plus System 
Enhancements 
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I. 

INTRODUCTION 

The trend towards the generation of private power in emerging nations has created 
vast new investment opportunities for private power developers. Some countries are 
attempting to privatize or upgrade existing generating facilities using private sector 
investment while other countries are in the process of introducing new private generation 
facilities into the existing electric supply structure. Private power developers and their 
lenders interested ;.1 investing in such projects are finding, however, that the development 
and operation of private energy projects in emerging nations is considerably different from 
private power transactions in the US and UK and that additional and somewhat different 
issues must be considered when analyzing a potential project; particularly in a country with 
little experience in private power or private sector involvement. 
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Certainly the key goal of any power project, domestic or international, is that the 

project be financible. The greater the risks and barriers associated with a particular country, 

the more difficult it will be to obtain financing and the higher the risk premium that will be 

required. Before agreeing to finance any energy project, a lender generally will ask for 

assurances that a project has the potential to generate an adequate revenue stream, that 
appropriate security for the debt will be available and that the project will result in a fair rate 

of return. In an international power project, however, reconciling these factors can be 

considerably more challenging because of the many factors that are not necessarily in the 

developer's control. For example, some countries have restrictions on whether the 

government may a guaranty the local utility's obligations under the power purchase 

agreement. 

Energy projects are commonly financed on a limited recourse basis. This type of 

limited recourse financing is where the only se ,ity for the debt that finances the project are 

the assets of the project and the stream of revenue expected from the project. Simply put, 

the project itself is the lender's security. How "investment barriers" operate in the context 

of these projects now becomes evident: How does the developer assure the lender that the 

debt will be serviced when the l,w of a nation does not permit the government to guaranty 

the payments to the developer? How does the developer assure the lender that the laws of a 

nation will not be changed in such a way that will cause the developer to lose the plant 

leaving the lender with no security? How does the developer assure the lender t,_A the credit 

of dl. underlying utility and the flow of money from end-use electric consumers is adequate 

to support the project - and will continue to be for the term of the financing? This pa,er 

will briefly identify the most important and difficult investment barriers associated with 

international power deals in emerging nations and will offer suggestions for avoiding or 

reducing the impact of these barriers. 
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'II. 

IDENTIFICATION OF
 
INVESTMENT BARRIERS
 

LEGAL BARRIERS 

1. Legal Authorization 

The first issue that should be considered when analyzing a potential independent 
power project in an emerging nation is whether the laws of that country permit the private 

ownership of generation facilities. Many countries that experienced aperiod of socialism or 
nationalism nationalized or simply expropriated all of the existing generatiop 'icilities and 

enacted legislation prohibiting private ownership and operation of such facilities. Even 

without this historical basis, the legal framework of some countries precludes private 

ownership and operation of power facilities. Where there isan express prohibition, unless 

the law permits the developer to obtain a special permit or waiver, it isoften necessary to 
obtain a constitutional amendment, the passage of new legislation or a presidential order or 

mandate. To the extent that the government is committed to private power, new legislation 
is feasible but often a very lengthy process. Equally problematic is where the existing legal 

framework is unclear or complicated or where the law issimply silent on the issue of private 

ownership. In this case, new legislation or a mandate are equally advisable to avoid the risk 

of later different interpretations or to satisfy stringent qualifications of lenders or their 

counsel. 

2. Regulatory Framework 

The absence of specific regulations or an operative regulatory framework under which 
private power projects can operate also raises many concerns. The absence of a regulatory 

fra~nework raises many concerns. First, the parameters of what a private developer may and 
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may not do under the law may not be clear -- critical elements of command and control 
regulation. Second, there may be no protection against changes in end-user rates or other 
changes in law that make the completion or operation of the project, as contemplated, illegal 
or uneconomical. An investor must also be concerned with changes in environmental or
 
labor standards. Third, the absence of a regulatory framework may not provide the
 
developer with legal recourse in the event that the purchasing utility does not perform its 
obligations under the power purchase agreement. Legal considerations in developing a
 
regulatory framework 
are the subject of a separate paper (delivered to The world Bank in
 
April 1993) attached as Appendix A. 
 That paper provides a menu of considerations -- it
 
does not suggest the full panoply of regulations as a solution.
 

3. Government C.aranties 

Because many countries have been unable to establish credit, a developer's 
lender may require that the payment obligations of the local utility be guarantied by the 
government. In some countries, however, the law does not permit the government to 
guaranty debt. Other alternatives such as commercial lines of credit, accounts receivable 
security packages or even the World Bank's Enhanced Co-Financing Program each raise 
possibilities but pose problems as well. 

4. Fuel 

A developer may have problems obtaining adequate fuel supplies depending on a 
country's fuel supply laws. For example, there may be a government or private monopoly 
over sources of fuel, or there may be restrictions over the type of fuels that may be used. In 
such cases, the cost of fuel may be so high as to make the project uneconomical. In 
addition, any barriers to a long-term fuel supply contract (with public or private sector 
providers) or passing through the variable price of fuel to end use consumers may create 

barriers to investment. 
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5. Lender Protections
 

There 
may be lender specific legal barriers such as lack of adequate laws protecting 
the lenders lien priority over the facility. Since the lender's main sources of security for the 
debt is the facility and the assignment of security rights over the power purchase agreement, 

the lender will insist on a first lien over the real and personal property comprising the plant 
and a security interest in the power purchase agreement. Both must be permitted by law. In 
addition, the laws must create real rights in the event of a default. Having a security interest 
is not enough if there is no "real world" way to realize on the security in an event of default. 

A cause for further lender concern may be an absence of, or lack of clarity in, the laws that 

govern foreign ownership of real and personal property. 

6. Labor Laws 

Labor laws may often seriously affect the viability of a private power project. For 
example, many emerging nation's labor laws require that certain percentages of national 
labor must be employed at the power plant. Other laws may make it difficult to reduce 

employment at any time -- even though the construction period is obviously more labor 

intensive than operation. While labor laws will not act as a barrier to investment, they are 

extraordinarily important in making an investment decision and should be studied carefully. 

In the case of the privatization of an existing facility, a developer may encounter laws that 

prevent the downsizing of a large number of underemployed existing personnel. 

7. Commercial Restrictions and Risks 

There are numerous commercial restrictions and risks that must be identified 
generally prior to making an investment in the power sector of any country. These can each 

impact the availability of investment money and thus any of them would act as an investment 

barrier. For purposes of this paper I will note only that they vary from country to country 

and must be examined carefully. Some of the most significant include: 

a. Restricticns on the repatriation of profits. 
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b. Restrictns on the convertibility of currency. 

c. Unusual and, therefore, expensive insurance requirements. 

d. Customs duties. 

e. High import taxes. 

f. Restrictions on imports of equipment, fuel and machinery. 

g. High income or property taxes. 

h. State of the local economy. 

POLITICAL BARRIERS 

There are many political uncertainties that must be considered when investing in the 

power sector of any country. 

1. Goverunent Comnmitment and Support 

The commitment of the government towards a private power project can be 

instrumental to the success of the project. A supportive government will be willing to pass 

legislation, assist the developer in obtaining permits and create an overall helpful atmosphere. 

However, because many nations from time to time suffer political instability, a supportive 

government can be replaced by a non-supportive government over a short period of time. 

Such a change can result in hostility towards the developer and the project so that it is 

impossible for the developer to complete construction and operate the project. Changes in 

government control can also result in the expropriation or nationalization of a project leaving 

the lender with no security and the developer with a complete loss of equity. 

2. Funding Sources 

In cases where a multilateral organization such as the World Bank or the Asian 

Development Bank have provided investment or loan funds to the state-owned utility whose 

credit underlies the Power Purchase Agreement, a change in government may result in such 
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funding being cut for political reasons unrelated to the project. Because, in the final 

analysis, the success or failure of a project is dependent upon the credit of the utility 

purchasing the power, the financial status of that utility is always an issue. 

3. 	 Political Unrest 

Political unrest may lead to physical attacks and/or damage to the project, 

attacks on foreign nationals working at the facility, strikes or other economic slow downs so 

that the developer is unable to operate the facility. Often these sorts of risks, where they 

impose a barrier, can be handled by an Implementation Agreement (which will be discussed 

later). 

4. 	 Religion 

In certain countries religious law may control some aspects of a business deal. For 
example, the religious "Shariat" Court decision in Pakistan determined that the payment of 

interest was "repugnant to Islam" which, if followed, would have made any private power 

project in Pakistan unfinancible. This legal issue was ultimately resolved, but it underscored 

the need to examine the full range of potential legal barriers. 

5. 	 Relationships To Other Countries 

The relationship of a host country to other countries should be considered. Military 

hostilities with other countries can result in physical damage or destruction of the facility, 

harm to personnel, or a general slow down of the economy. 

UI. 

AVOIDING OR MINIMIZING
 
INVESTMENT BARRIERS
 

There are two important methods for avoiding or minimizing the effects of investment 

6arriers. The first and probably most critical method, is the removal, by the host 
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government, of any legal prohibitions to private ownership of power generating facilities and 
the development of a regulatory framework in which a private power developer can operate 

with a substantial degree of certainty. The se.ond method is for the developer, local utility 
and host government to enter into a set of carefully drafted contracts governing the 

performance of the parties to the transaction. 

1. Legal and Regulatory Requirements 

As an initial step, the government must remove any existing legal and regulatory 
barriers to private ownership of power generating facilities and the sale of power produced 

by such facilities. This step can be accomplished either through the passage of new 
legislation or through the issuance of an executive or presidential order authorizing private 

activity in the power generation area. Regulations must be put in place that provide a 

structure within which private power projects can be solicited, evaluated, developed and 

financed. 

In addition, legal risks associated with the following must be made consistent with 

foreign investment in the power sector: 

a. Property fights; 

b. Currency convertibility; 

c. Repatriation of profits; 

d. Non-discrimination against foreign/private companies; and 

e. Custom duties; import taxes. 

There may also exist certain permits and licenses required by national and state or 
provincial regulatory bodies for the construction and operation of a power project. The 
ability of a project to receive those necessary documents is a risk that is likely beyond the 

ability of any party to protect against, but which must be addressed before a project can be 

financed. A willingness by the local utility or government to provide guidance and assistance 

may be the difference between an investment barrier or none. 
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The legal framework may also include incentives for the use of certain fuels, use of 

certain 	 technology, projects of a certain size, or projects located in certain geographic 

locations. This can be done generally by providing tax credits or exemptions for projects 
meeting the criteria specified in the regulations. Alternatively, the government may choose 

to negotiate incentives or concessions individually with each developer and include them in 

the implementation agreement to be discussed below. 

2. 	 Contractual Agreements 

A significant investment barrier is the inability to negotiate financible contracts. 

While each contract has variations, there are certain common threads among successful 

contracts throughout the world. 

a. 	 Power Purchase Agreement. 

The Power Purchase Agreement (PPA) is generally the most important 
document in a power project because it carefully sets outs all of the rights and obligations 

between the developer and the purchasing utility. The PPA is the document that sets out 

under what circumstances the developer, and thus the lender, will be paid. The PPA also 

allocates to each of the parties the risks discussed above. Customary PPA provisions that 

addres3 some the investment barriers discussed above include: 

1. 	 Purchase obligation: The key is a long-term (10-15 years or more) 

obligation to purchase capacity and energy from the facility. A short 

term contract will not support a sufficiently long amortization period to 

result in reasonable rates. 

2. 	 Payment provisions: A capacity payment that covers fixed costs plus a 

return and an energy payment that covers fuel and variable operations 

and maintenance expenses. In the alternative a single payment 

structured to cover both components may be used. 
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3. 	 Permit provisions: The utility agrees to assist the developer in his 

efforts to obtain permits. 

4. 	 Force Majeure provisions: Define the developer's rights and 

obligations during events such as natural disasters, war, strikes, failure 

of fuel supplier to perform under a fuel supply agreement, political 

risks, including changes in law that make completion or operation of 

the project uneconomical. 

5. 	 Default: Provisions that provide the developer and utility with 

remedies in the event of non-performance. 

6. 	 Provisions that limit and define the developer's insurance obligations. 

7. 	 Provisions that allocate import taxes and duties to the purchasing 

utility. 
b. 	 Fuel Agreement. 

The fuel agreement is the document under which the developer secures fuel 

supplies. The fuel supply agreement should be for a term at least as long as the financing, 

thereby eliminating the supply risk. The price risk is generally passed to end-use electric 

consumers through appropriate indices that are parallel in both the Fuel Agreement and the 

PPA. This document also provides for the transportation mechanism that will permit fuel to 

reach the plant and provides for fights and remedies of the fuel supplier and developer in the 

event of non-performance by either party. 

c. 	 Implementation Agreement. 

Where the legal and regulatory structure or legal protectio'ns necessary for the project 

to be feasible are not in place and new legislation is not available, an implementation 

agreement between the developer and the host nation may provide the alternative necessary 

comfort to both the developer and the lender. Implementation agreements are particularly 

common where no established credit market for the utility's financings is in existence, as is 
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exemptions for the use of domestic contractors and domestically

produced equipment; and (d) use of govercmmt land and equipmert 

without charge, or at a reduced charge. 

6. 	 Agreement to participate in the World Bank Enhanced Co-Financing 

Program. 

Incentives and protections such as can be found in an implementation agreement can 

ameliorate some of the risks associated with investing in an emerging nation and may 

differentiate between projects that will be financed by an international lender and those that 

will not. To the extent that the host government is unwilling to enter into some form if 

implementation agreement, the local utility must be willing to provide a higher return on 

invested capital in a project due to the perceived higher risks. 

OTHER CONCERNS 

1. 	 Lack of Information 

An underestimated barrier to investing in emerging markets is the unavailability of 

information to non-locals. The so-called "rules of the road." It is usually advisable to 

engage a local company or individual familiar with the local market place to help guide the 

due diligence process. The following are examples of the type of information that a 

developer will need to gather during the due diligence process: 

a. Restrictions on foreign investment. 

b. A legal opinion from a local attorney qualified to interpret the laws 

governing utilities and power producers. 

c. Identification of the permits necessary to construct and operate the 

project and of the appropriate government agencies and officials that 

can assist with the acquisition of local permits. 
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the case in many emerging nations. Implementation agreements are also becoming more 

important to address potential changes in law related to environmental concerns as 

environmental standards are progressively being raised worldwide. The following are the 

types of provisions that may be included in the implementation agreement: 

1. 	 Terms equivalent to a regulatory framework for projects in countries 

where a power sector regulatory framework does not yet exist. 

2. 	 A commercial framework for the project, addressing particularly: 

a. 	 Nature of land title (ownership in fee or held by lease, ability to 

encumber with lien, availability of title insurance); 

b. 	 Rights to foreclosure of the property and assignments; and 

c. 	 participation in international arbitration and adjudication 

conventions (for example, the waiver of sovereign immunity and 

the enforceability of judgments). 

3. 	 Of primary importance to the developer and its lender.-, if available, the 

implementation agreement can provide governmental guaranties relating 

to (a) the availability of currency convertibility for repatriation of 

foreign investment, (b) the government-owned utility's contract 

compliance - principally the making of payments due under the PPA, 

(c) expropriation or nationalization, and (d) inflation. 

4. 	 The implementation agreement may also provide insulation against 

changes in taxes and duties, inflation and exchange rate fluctuations an d 

other types of political risk. 

5. 	 As discussed above, the implementation agreement may provide 

incentives to developers such as (a) exemption from income taxes for 

the developer and its personnel; (b) exemption from custom duties and 

taxes on imports of equipment, fuel and machinery; (c) tax credits and 
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d. 	 Identification of reputable suppliers and local supply prices. 

e. 	 Identification of reliable fuel supplies and fuel transportation 

arrangements. 

2. 	 Finding and retaining experienced managerial and technical personnel to 

construct and operate the facility. 

3. 	 Availability of alternative fuel supplies. 

4. 	 Inability to procure land and/or equipment at a reasonable cost from either the 
government or a private individual. Issues arise concerning whether the utility 

can exercise any eminent domain powers on behalf of the private power 

developer. 

5. 	 Unusually high costs for providing adequate protection and security for the 

project site aud personnel. 

IV. 

CONCLUSION 

The international private power market is expandih.g and providing enormous 
investment opportunities. Many of the opportunities are located in emerging nations with 
little or no experience in private power generation. It is ,-rucial for broth developers and local 

utilities and governments to understand the risks and uncertainties faced by each other, 
especially those concerns that become barriers to investment. If all parties become familiar 
with the legal and regulatory framework in place and the terms of the contractual documents 
that will make a project financible, then any barriers can be isolated, addressed and hopefully 

corrected so that the investment appetite of power developers can be used to satiate the 

power needs of emerging nations. 

-301



HUNTON & WILLIAMS 

JoHN 	J. BEAD.worm. J.
 
PAMR~
 

TIE WORLD BANK
 

SEMINAR ON PRIVATIZATION
 
OF INFRASTRUCTURE
 

Washington, D.C. 
26 April 1993 

UTILITY PRIVATIZATION: 
THE CREATION OF
 

A REGULATORY STRUCTURE
 

I. 

INTRODUCTION 

This paper examines the major issues relating to the creation of an independent regulatory 

agency and that agency's powers and duties in regulating privately-owned electric utilities. 

Specifically, this paper examines: (1) the role of the regulatory agency and the relationship 

between the regulatory agency and the regulated utilities; (2) the problems faced by the 

regulatory agency in performing its duties and in assisting in the transition to a privatized power 

sector; (3) the legal powers needed by the regulatory agency to perform its duties; and (4) the 

laws required to create and establish the regulatory zgency. 
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These issues, of course, are affected in large part by the ultimate power sector structure 

sought to be achieved by a particular government. For example, one government may wish to 

retain complete control over some aspects of power supply, such as retail distribution, whereas 

another government may want to create privately-owned distribution companies. In each case, 

the relationship between the regulatory agency and the utilities will be quite different. 

Because the issues relating to the regulatory agency are necessarily dependent on the 

particular power sector structure sought to be achieved, the issues discussed in this paper are 

based on two assumptions. The first assumption is that the government in question currently 

owns, operates, and completely controls all aspects of its country's power supply. That is, all 

generation, transmission, and distribution facilities are owned and operated by the government 

under a vertically integrated, "bundled" power supply system. The second assumption is that 

the government ultimately wants to achieve a power sector structure with the following 

characterist-cs: 

* 	 Private, competitive, generally unregulated generation companies
 
responsible for all generation, and selling power to both private,
 
regulated distribution companies and large industrial/commercial
 
users.
 

* 	 A privately owned, regulated national transmission and dispatch
 
entity, responsible for the integrated operation of the electric
 
power sector and a wholesale electricity market.
 

* 	 Marl' :,t arrangements allowing large industrial/commercial users to
 
purchase power directly from generators, with the transmission and
 
distribution entities providing transportation and related services in
 
a non-discriminatory manner.
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* 	 Privately-owned distribution companies, providing both regulated 
ratural monopoly distribution or "wire" services and retail
"supply" services that will be regulated for some customer classes 
and competitive for large industrial customers. These distribution 
companies will not be permitted to build or own their own 
distribution plants. They will provide government mandated and 
subsidized "lifeline" services and rural electrification using direct 
financial support from the government. 

* 	 An independent national regulator or reg,'latory agency ("the 
Regulatory Agency"), staffed with industry experts and 
professionals. Some of the regulator or Regulatory Agency's 
responsibilities include maintaining competition, controlling 
monopoly activities (e.g., rates for services provided by the 
transmission entity and the distribution companies), ensuring 
reliable and adequate service, and accumulating information 
regarding industry performance and market developments. 

The primary intent of this power sector structure is to .naximize competition among 

generators and suppliers thereby allowing market forces, rather than a regulator or state-owned 

monopoly, to play the major role in investments, operations, and pricing. This ultimate power 

sector 	structure is depicted on Attachment A. Such a structure is consistent with the three 

principal goals of privatizing the power sector: 

1. 	 The enhancement of capital formation; 

2. 	 Improvement in the efficiency of the power sector; 
and 

3. A rationalization of prices and social subsidies. 

This paper recognizes that the regulatory structure must have the flexibility to serve the 

assumed initial phases as well as all transitional phases on the way to ihe final, unbundled 

"ultimate" power sector structure. 
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Before addressing the role of the regulator in the power sector paradigm set forth above, 

this paper will provide some background to the paradigm by examining the regulatory experience 

in the United States and the lessons that have been learned from it. 

II.
 

BACKGROUND
 

A. Overview of Utility Regrulation in the United States 

Traditionally, most regulated utilities in the United States have offered unified or 

"bundled" generation, transmission, and distribution services to their wholesale, retail, and large 

industrial customers without competition from other sources. In the electric industry, for 

example, a regulated utility usually is awarded a certificate by a state regulatory body which 

grants the utility the exclusive right to provide service within a defined geographical area. The 

utility has the right and the obligation to generate, transmit, and distribute electricity to all those 

in its service territory who desire it on a nondiscriminatory basis. But no other entity could 

compete with the utility for either the generation, transmission, or distribution of electricity 

within that utility's certificated area. Thus, the certificated utility, and only the certificated 

utility, provided these services on a unified basis without competition from any source. 

In recent years, however, Congress and the Federal Energy Regulatory Commission (the 

FERC) have begun to introduce some form of competition into the generation of electric power. 
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In 1978, the Public Utility Regulatory Policies Act (PURPA) was enacted into law.Y' Under 

PURPA, Congress introduced a form of competition into the generation of electric power by 

requiring utilities to purchase power from private, independent producers, called Qualifying 

Facilities (QFs), at the utilities' "avoided cost."2 ' PURPA thur, has the effect of putting utilities 

into competition with private power producers -- most of whom are not subject to the regulatory 

constraints imposed upon utilities -- for the generation of electricity. If a utility needs additional 

power, and if a QF can generate and sell this power to the utility at or below the utility's 

avoided cost, then the utility must purchase its requirements from the QF. Thus, utilities and 

QFs have an incentive to produce power more efficiently. 

PURkP. also creates competition for the generation of electricity by creating competition 

am~n QFs. For example, if a utility needs an additional 100 megawatts of additional capacity, 

there may be dozens of QFs willing to supply all or part of the needed capacity. In some states, 

utilities or state regulators have created competitive bidding schemes in which QFs submit sealed 

bids to the utility for all or part of the bidded capacity. Those QFs with the lowest bids are 

awarded contracts. Thus, PURPA creates another "layer" of competition by pitting QFs against 

one another. 

5= Pub. L. No. 95-617, 92 Stat. 3117 (1978) (codified at 16 U.S.C. §§ 796 Z 

"Avoi 1 -d cost" is defined by FERC as the incremental cost to an electric utility of electric 
energy or capacity or both which, but for the purchase from the QF, such utility would 
generate itself or purchase from another source. 18 C.?.R. § 292.101(b)(6) (1993). 
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Moreover, Congress, through the National Energy Act, and the FERC, through several 

proceedings, have taken steps to increase competition for generation by their efforts to encourage 

wheeling. This concept of "competition through wheeling" can be explained by the following 

simple hypothetical: 

Utility A, serving in the midwest, has an excess amount of powe!r 
that it would like to sell to Utility C, a utility serving in the south 
that is in dire need of additional power. Located between Utility 
A and Utility C is Utility B, which refuses to wheel Utility A's 
excess power to Utility C thereby forcing Utility C to purchase its 
power from Utility B. 

In the above hypothetical, Utility C is a "captive" customer of Uti!ity B. The efforts of 

Congress and the FERC to encourage wheeling would help eliminate such captive customers. 

If Utility B were required to wheel Utility A's power at a certain price, Utility C would have 

a choice among different (and competing) suppliers. Thus, an open access transmission 

(wheeling) policy would encourage competition in the generation and sale of electric power. 

B. Lessons Learned From United States Experience 

As discussed, Congress, FERC, and state regulators have taken steps to promote 

competition and to foster efficiency in the generation and transmission of electric power. Tle 

lessons learned in the United States' experience can be used in the privatization efforts in other 

countries. Specifically, the generation of electric power could be "unbundled" and the scope of 

regulation reduced while allowing private monopoly control in other areas, such as transmission 

and generation, in order to fully realize economies of scale. 
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A county seeking to privatize its electric industry must, of course, determine when 

competition can adequately protect the interests of consumers and when regulation must be used. 

Borrowing from the United States' experience, competition may adequately protect the interests 

of consumers in the generation (production) of electric power. If there exists or can be 

developed a sufficient number of independent, privately owned generating plants, then 

competition among these plants will ensure a reliable source of supply at reasonable rates. (As 

discussed infra, however, in the early stages of privatization a purely competitive scheme for 

the generation of electric power may not be possible. Perhaps a competitive bidding scheme 

could be used similar to that used by some states under PURPA, where the regulated utility 

produces some electric power but may be required to purchase some of its capacity from 

independent, privately owned producers thorough competitive bidding.) 

Regulation, however, still is required for transmission and d stribution. As in the United 

States, to fully realize economies of scale, a single, regulated monopoly should own and operate 

the wholesale transmission grid. Given the nature of electric power transmission and the cost 

of creating a unified wholesale transmission grid, competition is not feasible. For these same 

reasons, competition for retail distribution also is not feasible. Rates and charges for retail 

distribution must be regulated. (As discussed infra, some competition may be feasible for large 

industrial customers.) 

This mix of competition and regulation should lead to: (1) a competitive power 

generation market; (2) rate and quality of service regulation of transmission and retail 
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distribution services; and (3) perhaps some competition for large industrial customers. This 

"mix" is reflected in our power sector paradigm discussed on pages 2 and 3. 

Ill.
 

THE ROLE OF TIlE REGULATORY AGENCY
 

Given the characteristics of our power sector paradigm, the role of die Regulatory 

Agency2' will be to: (1)regulate those asp.:cts of the electric power sector that remain a natural 

monopoly (such as transtniosi~n and distribution); (2) foster ar: preserve the competitive 

structure of the electric pfwer industry: and (3) ensure the coordinated, reliable and adequate 

supply of electric power. This role. and the problems faced by the Regulatory Agency in 

performing its role, are discussed in this Part Ill. 

Please note. however, th,-t the Regulatory Agency's role and the appropriateness of the 

Regulatory Agency's regulation will change over time as the state-owned power supply system 

becomes privatized. In other words, the privatization paradigm set forth in Part I will not 

develop overnight. Privatization isa process, not an event. The unique problems resulting from 

the privatization process, and the unique challenges facing regulators during this process, are 

addressed in Part IV. 

,' This paper assumes that the privatized power sector will be regulated by a "Regulatory 
Agency" consisting of several commissioriers. A government, however, may decide to use a 
single regulator rather tha.n an agency. A single administrator may be more efficient than a 
commission, in part beca,.se he possesses all the decision-making powers. His decisions can 
be rendered more expeditiously and he can handle difficult issues, such as politically 
sensitive rate design issues, more decisively. 
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A. Reeulation or Natural Monopoly Functions 

1. Rate Regulation 

In our paradigm, the national transmission entity and distribution companies will be 

monopolies with captive customers, therefore the rates, terms, and conditioas of transmission, 

dispatch, and distribution "wire" services must be subject to strict regulatory scrutiny and 

approval. 

To ensure the financial viability of transmission and distribution companies, tariffs must 

permit recovery of the full costs of providing these services plus a return on equity sufficient 

to attract financing for capital improvements and new construction. The return on equity will 

depend on the business climate and the financial health of the regulated utility. 

There are two primary ratemaking techniques available to the Regulatory Agency to 

determine the utility's return: cost of service regulation or indexation regulation. Under cost 

of service regulation, the regulator closely evaluates utility expenses after they have been 

incurred and then decide whether such costs should be recovered from customers and what rate 

of profit should be allowed. Generally, cost recovery is permitted if the regulator concludes that 

the expenses were "prudent," that is, reasonable in light of the circumstances known to 

management when the expenses were incurred. Utility rates are set to recover the allowed costs 

and profits. Cost reductions by the utility below the projected, approved levels result in higher 

profits to the utility until its rates are reviewed and possibly adjusted. In this way, management 

has an incentive to perfocm its duties as efficiently and as prudently as possible. 
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Indexaton regulation achieves the same result but in a different manner. With this type 

of regulation, instead of closely reviewing management decisions to determine what costs should 

be recovered from customers, the Regulatory Agency would establish an initial price ceiling and 

indexation formula ud allow the regulated utility to earn as much profit as possible by cutting 

costs below the ceiling price. 

Whichever raternaking technique is used, the Regulatory Agency must not "guarantee" 

recovery to the regulated utility, but instead must use its ratemaking powers to promote 

management efficiency so that rates for services are at their lowest possible level. 

Rate regulation poK~scs many difficult problems for the Regulatory Agency. One 

significant problem thc Regulatory Agency will face in t.ermining the appropriate return for 

a utility is balancing the need to corupnspate investors for the perceived risks of newly privatized 

ventures (thereby enco anging aind retaining private investment), with the political reality that 

such a return likely will be higher than is traditianallv acceptable to the public and politicians. 

This is a difficult balancing act, an(d will require not only the skill of the regulator but the 

support of the government. In this regard, the regulator's actions m,,st be made palatable to the 

public, perhaps through public relations efforts, as the public must have faith in the long-term 

results of the privatization proces;. The required rate of return should drop significantly over 

time, as investor confidence is achieved. 

Another problem the Regulatory Agency will face is to balance its goal of ensuring 

"reasonable" rates to all customers with other, less clearly defined soxcial goals, such as rural 
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electrification and the provision of electric service at "lifeline rates" to those who would 

otherwise be unable to afford it (i.e., cross-subsidies). Under our paradigm, the government 

itself will mandate and subsidize "lifeline" services and rural electrification. Nevertheless, the 

Regulatory Agency might be required to address these issues, at least indirectly, in determining 

the appropriate rate design for utilities, and certainly will have to address these issues if cross

subsidies are to be gradually phased-out rather than eliminated all at once. 

Finally, the Regulatory Agency likely will be forced to baJance competing national 

interests in designing rates, in determining the appropriate rate of return, or in reviewing the 

prudence of management decisions. For example, the Agcncy may want to encourage 

conservation, reduce pollution, or encourage the use of certain types of fuel. The regulator must 

decide how big a factor these goals should play in its decisions. 

2. Command and Control Regulation 

In addition to rate regulation, the Regulatory Agency will be responsible for certain 

"command and control" regulation, whereby utilities must obtain regulatory approvals before 

undertaking certain activities. The purposes of such regulation include: (1) ensuring that 

utilities do not undermine their financial viability by engaging in unreasonable or unnecessary 

activities; (2)ensuring that utilities meet their obligation to provide electric service; (3) ensuring 

the reliability, coordination, and provision of eicctric power; (4) protecting nationa! security 

interests; and (5) developing an electric power indutry that is consistent with national priorities 

regarding the use of natural resources. 

-313



Command and control regulation usually requires autility to obtain ,government granted 

franchise or certificate to provide utility services within a certain geographical area. Usually, 

there are many conditions attached to receiving and maintaining a certificate, such as the 

requirement that the utility provide service to all who request it in a nondiscriminatory manner. 

Thus, under our paradigm, the Regulatory Agency would be responsible foz granting certificates 

and ensuring that the regulated certificate holders meet their obligations. 

The Regulatory Agency also can use command and control regulation to require utilities 

to provide socially desirable services or to conduct business in a manner consistent with certain 

national objectives. For example, utilities can be ordered to provide rural electrification, to use 

certain fuels, and to e:gage in energy conservation and load management. These goals of 

command and control regulation are also achieved (and supported) by the Agency's use of rate 

regulation. 

The Regulatory Agency can use command and control regulation to require preapproval 

of certain regulated utility activities, such as: (I) the issunce o securities; (2) the construction 

of new facilities; (3) the acquisition or sale of major assets; (4)agreements between affiliated 

interests; and, possil iy (5) the execution of power purchase contracts with private generating 

companies. Such regulation can help ensure the continued financial viability of a utility and also 

help ensure that significant management decisions are made prudently. For example, when a 

utility wants to construct a new facility, the regulator can condition the construction of the 

facility on the utility's receipt of a "certificate of need." Before the facility may be constructed, 
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the utility must prove to the Regulatory Agency that the particular facility is necessary. In this 

way, the regulator, the public, and the regulated utility are reasonably certain that a particular 

facility is needed and that resources will not be wasted. 

This type of command and control regulation complements and perhaps provides an 

alternative to rate regulation. For example, suppose the regulated distribution company in our 

paradigm must decide whether to purchase additional supplies of electric power and if so, from 

whom and at what price. The utility can make a decision on its own and hope that it can prove 

to the Regulatory Agency in a subsequent rate hearing that its decision was prudent and that rate 

recovery should be allowed. If, however, preapproval of the contract is required under the 

Agency's command and control regulation, the utility would know that its decision is a prudent 

one and that it will be allowed to recover its purchase through rates before the contract is 

entered into. 

These different methods of regulated utility decisions raise the question of which method 

the Regulatory Agency should adopt. This is a difficult decision for the Agency, as it requires 

the Agency to balance competing policies. A command and control preapproval approach 

creates less risk to the parties and might make utility financing activities easier to manage and 

less expensive. Of course, such regulation requires greater involvement by the Regulatory 

Agency in the management decisions of the utility, requires greater Agency resources, and is 

more time consuming. Conversely, using after-the-fact rate regulation increases the risks on all 

parties, including the regulated utility who might be precluded from recovering its costs, the 

-315



private, unregulated generator who might not be able to recover the full contract price from the 

regulated utility if costs are disallowed, and financial institutions who finance the private 

generators. In sum, after-the-fact rate regulation provides greater management flexibility, but 

results in increased and perhaps less-financable risks. 

B. 	 Regulation to Ensure the Coordinated, Reliable, 

and Adequate Supplv of Electric Power 

!n our paradigm, the Regulatory Agency will regulate the transmission and distribution 

of electric power by the national transmission entity and the distribution companies. The 

Agency can ensure the coordinated, reliable, and adequate supply of electric power by 

monitoring transmission and distribution company planning and through rate regulation. 

The Agency also can help establish and monitor the national grid and the power pooling 

and dispatch system. Regulation may be necessary to ensure the coordinated economic dispatch 

of generation and zo provide pricing stability. 

Finally, to the extent the government wants to integrate social programs such as rural 

electrification into the operation of the private power sector, it can require the Agency to collect 

information on transmission and distribution facilities' construction and pricing that will be 

important in developing a national energy strategy. 
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IV.
 

PROBLEMS IN THE PRIVATIZATION PROCESS
 

Part IIl discussed the role of the Regulatory Agency and some of the recurring problems 

and issues the Agency may face in fulfilling its role. Most of the problems discussed there, 

however, are common to many regulators in established, private power systems. 

This Part IV will focus on several of the unique issues and problems facing regulators 

in countries that are in the process of changing from an unbundled, state-owned power sector 

to a privatized power sector. 

A. Inability to Rely on CometiLign 

Perhaps the most significant and most difficult problem facing the government and 

regulator in our privatization paradigm is the inability to immediately rely on competition in the 

generation of electric power or in the sale of power to large industrial or commercial customers. 

Put another way, some form of regulation will be required during the transitional phase until 

such time as "sufficient" competition exists to control the market. Thus, the Regulatory Agency 

will be required to regulate generation and large power purchases while at the same time 

promoting competition. The Agency (and the country) will go thorough a "transitional phase" 

in which the Agency will at first regulate the generation companies and large power sales and 

then gradually ease the regulatory burdens until competition develops. 
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This transitional phase raises an interesting issue: Who will decide when "sufficient" 

competition exists to ease the burden of or eliminate regulation? If this decision is left to the 

Regulatory Agency, will the Agency voluntarily relinquish its control? Moreover, will the 

Agency be able to "reregulate" these entities if competition proves to be ineffective? 

These issues should be specifically addressed in the laws empowering the Agency. These 

issues of gradual deregulation and possible reregulation are similar to the issues faced by the 

Federal Communications Commission (FCC) in deregulating the provision of long-distance 

telecommunications services. The FCC is responsible, under statute, for regulating the rates and 

charges for interstate communication services provided by common carriers. In moving to a 

competitive long-distance environment, the FCC "detarrifed" the services of certain 

"nondominant" carriers, i.e., carriers that the FCC believed did not possess monopoly power. 

Thus, dominant carriers were subject to greater regulation than nondominant carriers. The 

:-CC's deregulation policy, however, was struck down by a federal court, which held that the 

FCC was \Athout the statutory authority to detariff the services of any common carrier, even 

if a carrier was nondominant. Applying this case by analogy, the Regulatory Agency must be 

given the express power to deregulate regulated services and entities as circumstances warrant, 

as well as the power to reregulate should competition prove ineffective. 
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B. Phase-Out of Cross-Subsidization 

As discussed earlier, tI'ere likely will be a phase-out of preexsiting cross-subsidization 

of electric service. Such a phase-out likely will be oppcsed by consumers receiving the subsidies 

arid their elected politicians. The Regulatory Agency must be able to control this opposition and 

must remain shielded from political pressures. 

This particular problem raises the issue of public participation in the Regulatory Agency's 

hearings. For example, if the Agency is addressing the issue of reducing cross-subsidization in 

a rate hearing, and if public participation in that hearing is permitted, the Agency might be 

unduly influenced and the hearing likely wih last much loniger and require greater Agency 

resources. Moreover, any decision might be unreasonably delayed. These events might erode 

investor confidence in the regulatory system and create unfinancable risks for capital 

improvements. At least during the early stages of privatization, the governing body or 

Regulatory Agency might want to limit public participation in hearings. This could be done by 

the legislature by enacting appropriate statutes or by the Agency itself thorough promulgation 

of rules governing Agency proceedings. 

C. Miscellaneous Issues 

There are, or course, many other problems that likely will develop during this transitional 

phase that the Regulatory Agency must be p rpared for and must solve. For example, during 

the privatization process, as state-owned entities convert to private ownership, there may be 
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"downsizi-ig," i.e., layoffs, which might result in strikes. The Regulatory Agency (and the 

government) sbould be prepared for this event. Moreover, the sale of major assets to private 

companies during this transition phase must be financable. The private investors and financing 

entities will want some assurances that the Regulatory Agency and the government is committed 

to establishing a private power sector and that the risks associated with such investments are 

reasonable. 

The Regulatory Agency thus plays an imprtant role -- especially in the early stages of 

privatization -- of ensuring that risks are financable and of creating an atmosphere that 

encourages investment in the power sector. 

V. 

LAWS REQUIRED TO CREATE & EMPOWER REGULATORY AGENCY 

Having discuss-d the role of the Regulatory Agency and the problems it will face in 

regulating a privatized power sector, this paper will now discuss the laws required to create and 

empower the Regulatory Agency so that it may fulfill its role and solve the problems it will 

face.-"
 

' This paper does not discuss all the laws that may be required to effectuate an entire 
privatization program. For example, some countries' constitutions may prohibit the transfer 
of state-owned property to private companies. The constitutions in such countries must, of 
course, be amended to permit the transfer of state-owned generation, transmission, and 
distribution facilities to private companies. 
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A. 	 Uws CrjejinLt the Regulatory Agencv 

1. 	 The National Cmstitution 

Because the Regulatory Agency will be performing Judicial, legislative, and executive 

functions, tJ-..country's nfional constitution must be reviewed to determine whether the national 

governmnet has tht- c3UWi!L;ti,ml authority to delcgate or vest the power for such functions in 

an independent a-ueicv. If nt,, the constitution must be amended. 

Altcrnatie v, the ':Cfkti tutio could be amended to expressly provide for the creation of 

the Re-,ulatory Aoerc',', rvlcr than mer.ly granting the legislature the Power to create one. In 

the United States, for examnple, althouh thcre are no federal constitutional provisions governing 

the creation of any specific .gency, many state constitutions contain such provisions. If the 

Regulatory Agency is a creature of the constitution rather than the legislature, it might be more 

auto-lomous and less susceptible to political pressure. 

i. 	 Statutes 

Regardless of whether the Regulatory Agency is a creature of the constitution or a 

creature of the legislature, it is likely that some statutes will be enacted to govern at least some 

aspects of the creation of the Regulatory Agency, such as: 

* 	 The number and qualification of the commissioners. 

* 	 Whether the commissioners will be elected or 
appointed, and by whom. 

* 	 The length of each commissioner's term, and 
whether a coonmissioner may be reappointed. 
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Whether the decisionis of the Regulatory Agency 
will be appealable, and, if so, to whom or to what 
court. 

0 

Existing statutes must, of course, be reviewed and either amended or abrogated where they 

conflict with those creating, affecting, or empowering the Agency. 

B. Laws EmD owering the Regiilatory Agency 

Perhaps the most important laws, and the laws that will be most frequently invoked, are 

those granting specific powers to the Agency or those imposing specific requirements upon the 

regulated utilities (i.e., those laws enabling the Agency to regulate rates or engage in Xommand 

and control" regulation). These laws are necessarily a function of what the Regulatory Agency 

will regulate and the relationship between the Agency and the regulated utility. 

1. Laws Relating to Rate Regulation 

As discussed, part of the role of the regulator will be to regulate the rates for monopoly 

services. Thus, laws must be enacted which will enable the Agency to perform this function. 

The most important laws are summarized below: 

* An Administrative Procedures Act or similar act 
regulating the Agency's rate regulation hearings. 
Such an act could provide interested parties with 
notice of hearings and an opportunity to be heard. 

* Laws governing the standards by wh .h the 
Regulatory Agency must decide various rate issues, 
such as the "prudency" standard for the construction 
of new facilities, or a "reasonableness, non
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confiscatory" standard when determining a regulated 

utility's revenue requircments. 

2. 	 Laws Relating to Command and Control Regulation 

The Regulatory Agency must, of course, possess the power to engage in command and 

control regulation. The Agency's enabling legislation should grant the Agency the power to 

issue certificates to the regulated distribution companies and to revoke such certificates should 

a company fail to fulfill its obligations. Other laws necessary for the utility to exercise its 

command and control regulation include the following: 

* 	 Laws governing a utility's issuance of securities. 

* 	 Laws requiring a certificate of public need for the 
construction of new facilities or the acquisition or 
sale of major assets. 

* 	 Laws prohibiting agreements between utilities and 
their affiliated interests unless Agency approval is 
first obtained. 

* 	 Laws or enabling legislation requiring or permitting 
the Regulatory Agency to pre-approve power 
purchase contracts between regulated utilities and 
private generating companies. 

3. 	 Laws Relating to Information Flow 

One of the most important resources the Regulatory Agency will rely on in performing 

its duties is, quite simply, information - information about a utility's construction projects, 

financing, affiliated transaction, profits, planning methods, rate design, and so on. 

-323



Laws 	 must be enacted to ensure that the Regulatory Agency has access to such 

information and to ensure a flow of information from the utility to the regulator. Such laws 

include: 

0 	 Enabling legislation authorizing the Regulatory 
Agency to promulgate rules requiring information to 
be provided. The rules promulgated by the Agency 
should explicitly identify the information required 
form the utility when approval of actions or cost 
recovery is sought from the Agency. 

* 	 Laws requiring the regular reporting of general 
financial information, such as annual reports to 
shareholders (e.g., SEC IO-K reports), and 
regulatory agency annual filings (e.g., FERC 
filings). 

4. Laws Must Provide Flexibility 

Finally, all the laws discussed here must be flexible to accommodate changing 

circumstances during the privatization process. For example, as discussed previously, at least 

during the early stages of privatization the governing body or Regulatory Agency might want 

to limit public participation in hearings. Thus, the laws governing Regulatory Agency hearings 

must provide the Agency with flexibility to change the procedures governing the hearing process. 

Similarly, the laws empowering the Agency must be flexible so that the Agency can respond to 

the development of competition. The Agency should be given the express power to deregulate 

regulated services and entities as circumstances warrant, as well as the power to reregulate 

should competition prove ineffective. 
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lEA Second International Conference on the Clean and Efficient Use of Coal and Lignite: 

Its Role in Energy, Environment and Life 

30 November - 3 December 1993 

Finance Alternatives 

"Financing Coal and Lignite Development and Electricity Projects 
- A Perspective of the Export-Import Bank of Japan 

Masahiko Agata, Special Advisor to the Governor 

The Export-Inport Bank of Japan 

Abstract: 

Private-sector financial communities, particularly the Japanese commercial banks and 
institutional investors, are staying cautious and selective in their approach to lending
opportunities overseas. Meanwhile, the Export-Import Bank of Japan, a Japanese
governmental institution, is playing a catalytic role to encourage the country's private-sector
capital outflows, and offering various types of loans, not only in support of Japanese exports
but also for development of essential natural resources overseas for importing them to 
Japan, Japanese direct investments overseas, etc. Particularly, its untied loans for economic 
development projects and structural adjustment policies of developing courries, under the 
"'Funds for Development' Initiative" of the Japanese government, will be noteworthy. The 
Bank, with general concern about energy worldwide and, hence, experiences of financing
coal and lignite development and electricity projects as well, will be contributing further to 
these sectors, by extending loans itself and by mobilizing private sources. 

Now that issues of environmental protection require increased attention of the Bank, it is 
dealing with them on a number of different levels; i.e., macro-economic level, project
selection level, and on a non-operational level which isto advoca' to Japanese companies
their contribution to the project countries' environmental protection, while being determined 
to foster sustainable development of the world economy. However, it believes that the 
primary responsibility for environment protection lies on the government and the people of 
the country concerned, and hopes that every effort will be made by them to ensure public 
acceptance of the projects to which the Bank and other foreign lenders consider finance. 
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1 The Export-import Bank of Japan 

I-1From familiarity with other similarly named institufions many people might imagine that the 

Export-Import Bank of Japan ("JEXIM") isjust another export credit agency offering services 

only for Japanese export: e.g., financing coal-fired thermal electicity stations, in the context of 

this conference. That is not quite correct. The share of export credit has fallen to around 15% 

of the Bank's entire annual activities recently, arid other areas of function have grown 

dramatically. Those functions, described in 1-3 below, are all active, making the Bank truly 

multi-function il. 

1-2 Using these various financing modes JEXIM has made at least USS5 billion-w-.th of credit 

commitments since FY 1983, for the development of coal and lignite and construction of coal

and lignite-fired thermal power statior's outside Japan (further details in 1-4-2). With regard to 

coal, the above counts only steaming coal and lignite, although there have been anumber of 

additional cases of financing coking coal development. 

1-3 In dealing with those projects, the Bank applies such diverse financing facilities, medium- and 

long-t'rm in principle, as follows. 

1-3-1 [Export Credit] Financing for export of capital goods and services from Japan. This 

operates strictly in accordance with the Conensus oi Guidelines for Officially-supported Export 

Credit ("the Consensus") adopted at the OECD. The C()nsensus requires official export credit to 

observe mininimuni interest rates, maximum length of credit maturity, minimum cash payment, 

and maximum local cost financing, etc.. The Japanese export credit system allows a highly 

generous inclusion of third-country costs in a Japanese prime-contracted export package. This 

feature, together with JEXIM's cooperation agreements with other national export credit agencies 

like the EXIM Banks of the U.S. and Korea, Mediocredito Centrale of Italy, Swedish Export 
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Credit Corporation (SEK), and the Export Finance and Insurance Corporation of Australia, is 
intended to promote multinational collaboration in exporting to third-cofintry markets. 

(Graph.i I 
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1-3-2-1 [Import Credit - for Essential Natural Resources] A typical case of this isone in which a 
Japanese importer of a natural resource (e.g., steaming coal) enters into an agreement with an 
overseas mine-owner to purchase the material on along-term basis, the same importer agrees to 
provide a loan to the mine-owner so that the mine can be developed and produce the supply for 
Japan. JEXIM provides a loan to refinance such importer's loan. In this type of operation, the 
loans aim at securing a stable long-term supply of essential resources (energy, ferrous- and 
non-ferrous metals, timber, etc.) needed for economic activities in Japan, but not at exporting 
Japanese goods and services to :he project. The Bank can also directly lend to foreign bodies 
subject to its satisfaction about the credit standing of the borrower. 

1-3-2-2 [Import Credit - for Manufactured Goods] This program was launched in 1983 as part of 
the policy framework of the Japanese government to adjust Japan's balance of payments, making 
the economy more harmonious with the international environment. The facility, available to 
both importers in Japan and foreign corporations exporting to Japan, offers specially preferred 
rates of interest in view of its policy priority. "Manufactured goods" in this instance are defined 
as items listed in Items 5 through 8 in the U.N. SITC. 

1-3-3 [Overseas Investment Credit] This is finance to support overseas direct investment by 
Japanese corporations. A typical case is the Bank providing a loan to refinance a Japanese 
corporation's equity investment and/or a shareholder's loan. The Bank is also empowered to 
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lend directly to foreign corporations which have Japanese equity therein, and to take equity in the 

Bank's own naine as well. The facility isavailable for manufacturing and various other 

business activities overseas (including natural resources development and R & D) provided that 

they are productive, financially sound, and socially accepted by the local economy. The Bank 

attaches aspecial significance to supporting overseas direct investments since they help deploy 

private initiatives and foster industrialization of the host countries without causing additional 

external public debts. The Bank's loan proceeds can be used for procurements from sources of 

any nationality. 

1-3-4-1 [Untied Loans) The term "untied" means that the loan proceeds have no strings attached 

requiring export of goods and services from the loan-provider's country. However, for untied 

loans provided by official agencies, it iscommon to strictly specify the purposes of such loans; 

e.g., certain projects and/or clearly-defined economic policy packages. JEXIM's untied loans 

were long restricted to thosc borrowed only by foreign governments and their parastatal entities, 

until the Bank's statute was amended in 1989. Now legally it can extend untied loans to the 

private sector. ind the Bank is studying prospective criteria for dealing with foreign private 

borrowers. 

1-3-4-2 The Bank's full-fledged untied loan operations began in 1987 when it assumed the 

responsibility to provide them mainly to developing countries, in the magnitude of $9 billion 

(later increased to $23.5 billion) during the five years of 1987 through 1992 under the "Fund 

Recycling Program" of the Japanese government. For various priority projects and structural 

adjustment policies of developing countries, many of which were then tackling external debt 

problems, it eventually reached an aggregate of $23.7 billion in making untied loans and 

purchasing public bonds (issued on the Tokyo yen private bonds market) by the end of the 

program period, end-June 1992. In the course of these operations, the Bank participated in the 

so-called "Brady Initiative" actions for several countries, and very frequently co-financed with 

multilateral agencies like the IBRD, IMF, Asian Development Bank, and Inter-American 

Development Bank. The most characteristic feature in operating this facility is the principle of 

inlernational competitive bidding in the cases of loans for certain projects. This is needed to 

maintain impartiality and transparency for tMNy untied loans. 

1-3-4-3 Having completed the first five-year program successfully, the government of Japan 

embarked on another similar program. This new five-year program, announced and launched in 

June 1993 under tilename of 'Funds for Development' Initiative", has an overall size of $120 
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---- ---------------------------------------- 

billion. Within this S120 billion frarnework of the government, JEXIM was assigned to handle 

$35 billion, a simple annual average being $7 billion, equivalent to sonic 40% of the Bank's 

entire annual operation. In the program, two specific areas of emphasis are prescribed, one of 

which is "infrastructure projects" while the other is "environment-related investments." With 

this new task in mind, the Bank decided to introduce the new appioach of offering guaranty to 

loans which are funded entirely by private sources so that private financiers in Japan can more 

actively provide loanS ,kithouL fear of country risks. 

1-4-I Throughout these credit operations, historical commitment of which is shown in Graph-2 

below, the Bank has consistently considered it quite important to direct its resources to 

energy-related issues. 

[Graph-2] 
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1-4-2 To depict a part of its energy-related loans, during the FY1983 - 93) , loans for 

developments of steaming coal aggregated approximately US$1 billion, lignite $100 million, and 

coal-fired 2' themial electricity generation, $4.1 billion. With regard to electricity projects at 

large, at least $7.6 billion in JEX[NI's export credit was granted worldwide (or $4.6 billion for 

Asian projects) in the ten years, and some S2.5 billion (worldwide. or $1.4 billion for Asia) of 

untied loans during the five years of the Fund Recycling Program. 

FY1993 covers orly April - August period. 

Inclusive of lignite 
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11 Some Observations over the Bank's Record 

2-1 [Grown Demands of Japanese Utilities for Steaming Coal] 

Obviously, Japanese utility companies (all private) shifted their primary energy inputs from 

petroleum to LNG as well as coal, which is reflected in the number of cases of developing and 

term-contracting steaming coal overseas. The Bank's record also reflects it with increasing new 

loan commitments since the late 19Sfls (see Graph-3). 
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2-2 [Energy Demand in Developing Countries] 

There has been a surge in electricity demand reflecting the economic growth in developing 

countries. A typical example is the Philippines where an acute shortage of electricity has 

prr-vailed. Those countries have energy development as a top priority area, and they appear to 

take a strong interest in natural tas-based combined-cycle power plants and/o coal-fired plants. 

Among the latter, indierot lignite, where available, has become more popular in the early 

I1 ),8ls than several ',ears before, presumably in the light of technological advancement in dealing 

with relatively low calorie fuels and environmental control. The Bank's loans for projects to 

uevelop lignite for local electricity generation were directed to Turkey as well as to such other 

countries as Indonesia and the Philippines. China has been actively utilizing the Bank's loans 

for coal development, both for export to Japan and for its own consumption. 

2-3 Privatization and Finance Availability] 

The local authorities, havi,,y persistent fiscal deficits and difficulties in incuiring extLmal public 

'debts to back those expenditures, now hve to prioritize projects more carefully. Additionally, 

the "efficiency factor" is an incentive to consider privatization. Thus prevailed the tide of 
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privatization and the "Build-Operate-Transfer," or "BOT." scheme. While it appears that the 
term "BOT" is talked more loudly than the actual number of cases which have proved successful, 
the 0hift of infrastructure projects to the hand of the private sector is an undeniable trend that 
urges financiers, both local and foreign, to adopt a substantially different approach toward those 
projects. At present. however, commercial banks and other private financiers are extremely 
cautious and selective about loans they make. There are some lenders who are more positive 
than others on overseas loans. Such differentiation among the lenders will be even more acute 
in their attitude toward privatized infrastructure projects, particularly BOT projects. JEXIM has 
made one precedent of making a loan to a BOT- structured power project in the Philippines, the 
Pagbilao coal-fired power plant; however, the project was somewhat exceptional for it involved 
such multilateral agencies as the IFC, the Asian Development Bank, and the bilateral official 
agencies like the CDC of the U.K. and the EXIM Bank of the U.S., enabling all these financiers 
to share costs and risks. 

III Some Examples of Applying JEXINI Facilities to Coal-Related Projects 
3-I - 1 For Development of Coal (Lignite) 

[Chart- Il 
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In Chart- I above. "Local Consumption" can be read also as "Export to Third Country Markets", 
and "Joint Venture" as a "100% Japanese-owned Foreign Company." 
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3-1-2 As part of supporting direct investment overseas, the Bank was empowered in 1989 to make 

equity investment in its own name. The first case of such investment was realized in March 

1993, when the Bank decided to take a 10% equity share in the Los Angeles Export Terminal 

project. The project increases the steaming coal-handling capacity of the Port of Los Angeles, 

strengthening the Coal Chain between the western states of the U.S. and Japan as well as other 

western Pacific countries. 

3-2 For Construction of Power Plants 

[Chart-2] 
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3-3 For Environmental Protection 

jEXIM has created the Global Environment Office within the organization and adopted internal 

environmental guidelines for assessment and control of the environmental impacts of the 

Bank-financed projects, and it has also been approaching the problem directly by providing 

untied loans for pollution control, like the National Industrial Pollution Control Project of Brazil. 

The Brazilian project, for examnple, includes such investments as air and water pollution control 

and waste treatment facilities. The loan. signed in September 1992. was extended to Banco 

Nacional de Desenvolvimento Economico e Social for relending to Brazilian private companies 

which make such investments. 
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IV Conclusion - A View on Environmental Issues 
4-1 JEXIM, providing international financing for export, import, overseas direct investment, and 

economic development of other countries recognizes the significance of the environmental issue 
and is determined to foster sustainable development of the world economy. It deals with this 
issue on a number of different levels: i.e., macro-economic level, project selection level, and on 
a non-operational level which is to advocate to Japanese corporations their contribution to the 
project countries' environmental protection. The Bank receives visits and letters from various 
people concerned about the safety and environmental impact of the Bank-related projects and the 
welfare of local people (all included in "environmental issues" in a broad definition). 

4-2 As a bank, JEXII\, iias every right to select projects which are assured of bankability from the 
economic, technical, commercial, financial and social points of view. At the same time, as a 
governmental bank of Japan, it faces two rather contradictory challenges; i.e., on the one hand, 
its official character requires the Bank to be acutely conscious of the risk of intervening with 
other countries' sovereisrnty, and, on the other, observers tend to expect it to use its influence on 
the foreign government to which private citizen has little effective access for appeal. These 
characteristics often put the Bank in an extremely difficult and complicated position, especially in 
dealing with issues related to environment. JEXIM firmly believes that the political and social 
aspects of each project must be fully taken care of by the local authority themselves. The local 
governments should always take sufficient steps, properly with enough transparency and at the 
earliest possible stage, so that each project will have obtained true public acceptance by the time a 
loan request ismade to foreign institutions like JEXIM. Otherwise, JEXIM must, as it has in 
the past, .ithhold its comz;dtment until all controversies are confirmed to have been cleared. 
JEXIM, as a financier, isone who helps projects but not one who creates a project. 

E17 

Annexed: "Access by Non-Japanese Corporations to JEXIM Facilities" 
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[Annex] 

ACCESS BY NON-JAPANESE CORPORATIONS
 
TO JEXIM FACILITIES
 

I THROUGH COLLABORATIVE EXPORT TO THIRD COUNTRIES
 
(J-EXIM'S EXPORT CREDIT)
 

The Japanese official export credit system offers probably the most generous treatment of non-Japanese costs 
included in Japan's export contracts. As much as 70% of the value of a contract awarded to Japan. may be 

procured from non-Japanese sources worldwide (subject to certain conditions), whilst up to a maximum of 85% 
cover is available from J-EXIM (credit) and MITI (insurance). 

[Minimum Requirements for Non-Japanese Costs' Eligibilityl 
I. 	 A Japanese company must be the "main contractor "responsible for the entire scope of the contract, under 

which non-Japanese companies can be "subcontractors." 

-The Japanese export credit system can support only those contracts which are deemed to be "export from 

Japan." 

Conversely, if a case is so interpreted that the Japanese supplies are destined not for the final buying 
country but for an intermediary country (a relaying country), the credit terms applicable will be those for 
the relaying country instead of the final destination. 

2. The Japanese main contractor supplies the nucleus under the contract (re: above 1.). 

3. A "Re-export Insurance Policy" is written by MITI for the non-Japanese components. 

II THROUGH EXPORT OF MANUFACTURED GOODS TO JAPAN 
(J-EXIM's IMPORT LOAN FOR MANUFACTURED GOODS) 

In 1983 J-EXIM launched a new facility in conjunction with the government's policy to promote Japan's import 
of manufactured goods. This special promotional-interest rate medium-term loan facility is made available to 

both importers in Japan (foreign-owned companies inclusive) and foreign exporters who cause Japan's import of 
manufactured goods, including virtually all manufactured goods except foods, arms and conspicuously luxurious 
items. The facility can be arranged either for single trade transactions or. if used by an importer. to establish a 

line of credit for future multiple transactions. 

III FOR ICB-BASED PROJECTS 
(.J-EXIM'S UNTIED LOANS) 

To certain countries (typically, developing countries and Eastern Europe), J-EXIM is providing loans which are 

noflied to Japanese goods and services but made for purposes strictly selected by J-EXIM (and occasionally in 
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conjunction with multilateral development Financiers) as being specifically conducive to the restructuring the
 
economies of the recipient countries. Those loans, being "untied", can be used by contractors of any nation
 
provided tht they are awarded with eligible contracts through international competitive biddings (1CBs) in
 
accordance with relevant loan agreements.
 

(Project Initiation/PreparationI 
Each project is initiated and prepared by and at the responsibility of the loan-recipient-to-be. An engineering 
consultant may be employed in the preparatory stage; however, whether the consultant thus employed continues 
to act as the project implementation consultant is subject to ICB (see below). 

[International Competitive Bidding] 
I. It is to be held after J-EXIM's relevant untied loan has been signed. 

2. Each tender invitation is to be publicized by the loan-user in at least one local newspaper of general 
circulation. It is recommended to loan-users to advertise it also in the "Development Business" published by 
the United Nations. 

3. The ICBs are conducted in accordance with the "Procurement Guidelines" provided to and made conditional by 
J-EXIM under the loan agreement. The Guideline's contents are generally similar to those of the World 
Bank's. 

Information on prospctive untied loans is not available to the public of any nationality. However, as for 
the loans already committed, information is available from some mass media publications and also from 
J-EXIM offices upon specific request. 

EC-EC
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Electric utility companies in the United States have a long and
 
successful tradition of providing technical assistance to their
 
counterparts. For more than six decades, the managerial staff of
 
U.S. electric utility companies have systematically shared data,
 
analytical methods, and experience to improve their power system
 
engineering activities. In addition, since the earliest years
 
of interconnected operations, electric utilities have provided
 

mutual assistance in their day-to-day operations both to maintain
 
reliability under emergency conditions and to share in economic
 
benefits whenever possible. This paper discusses processes for
 
extending this type of assistance to electricity suppliers and
 
users in other nations.
 

Mutual Interests and Mutual Benefits
 

The first premise of this paper is that transnational technology
 
transfer and technology cooperation are most likely to take place
 
between organizations when there are mutual interests to be
 

served and when there are mutual benefits to be gained.
 

On a world-wide basis, the professionals in the electric power
 

industry share a mutual interest in choosing the best available
 
energy resources and technologies to supply electric power which
 
is reliable, reasonably priced, and environmentally-beneficial.
 
There is also a mutual interest from the "demand side," that is,
 
in assuring that industrial, residential, and commercial
 

customers are given assistance in effectively and efficiently
 

using electricity to meet their needs.
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In a larger sense, the mutual interests of professionals in the
 

electric power industry transcend the objectives of optimizing
 

supply-side and demand-side operations. With geopolitical,
 

humanitarian, and business factors in mind, industry leaders
 

have become increasing concerned with the need for "sustainable
 

growth", the development of international environmental policies,
 

and the movement toward truly global markets. In each case, it
 

is possible to identify mutual interests and mutual benefits.
 

Unfortunately, the inference sometimes associated with the term
 

"sustainable growth" is that adequate environmental protection
 

can only be achieved through stopping or delaying further energy
 

development. This is misleading for a number of reasons. First,
 

growth requires more than environmental protection. The survival
 

cf people who are starving, freezing or without adequate medical
 

care obviously requires actions beyond those required to preserve
 

the natural environment. Specifically, to meet the survival
 

needs of people in developing countries and in some of the
 

"economies in transition," as well as to improve the quality of
 

peoples' lives, it will be necessary to take actions to.provide
 

reliable and economic energy supplies. These actions can be
 

accomplished within a proress of technology transfer and
 

technology cooperation.
 

Moreover, it is important to recognize that it is not necessary
 

to choose between environmental protection and additional energy
 

development. These two objectives can be accomplished
 

simultaneously, through an integrated approach, by making
 

intelligent decisions about the alternatives for energy
 

development and use. It is now being more widely recognized that
 

increasingly using energy in the form of electricity provides a
 

means for maintaining the quality of the natural environment and
 

for promoting economic growth. This becomes apparent when one
 

considers that many materials, including naturally renewing
 

materials, may be used as resources for electricity production,
 

and in many applications, modern electrotechnologies powered by
 

electricity generated at central stations are more efficient than
 

processes powered by the direct burning of fossil fuels.
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All nations can benefit frou developing rztional international
 
environmental policies. 
 For example, to effectively address
 
concerns about ozone depletion and climate change, it will be
 
necessary to develop environmental public policies in
 
international forums using cooperative and collaborative
 
approaches. It is in 
our mutual interests that international
 
environmental and energy policies are based on the best possible
 
data, accurate scientific models, and pragmatic assessments of
 
alternatives. This will require a very high level of focused
 
technological cooperation. 
Electric utility organizations have
 
begun to work more closely together in these areas.
 

It is now widely recognized that equipment markets are becoming
 
"globalized" and engineers around the world are, of necessity,
 
conforming to international standards. 
 The mutual interests in
 
this area 
are to assure that equipment will be available at 
a
 
reasonable price, and to the extent possible, to make this
 
equipment compatible with all systems. 
This is of critical
 
importance both to equipment suppliers and to equipment users.
 
Another consequence of the globalization of equipment markets is
 
that engineers around the world are increasingly using Liore
 
similar practices. 
 This trend will result in developing more
 
mechanisms for transnational information exchange and there will
 
be increased justification for traveling to international
 
conferences and developing information systems for collecting and
 
disseminating data, experience reports, and solution techniques.
 

Many other examples and anecdotes could be provided to support
 
the conclusion that the mutual benefits which can result from
 
transnational technology cooperation in the electric power
 
industry can be significant. However, establishing the existence
 
of mutual interests and mutual benefits is 
a necessary condition,
 
but not a sufficient condition, for technology transfer to occur.
 

Identification of Needs and Opportunities
 

The challenge in transnational technology transfer is not only
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to assure that mutual interests are served, but also to clearly
 

identify specific technology needs and associated opportunities
 

for cooperation.
 

Technology needs vary greatly from region to region and, in some
 

cases, even vary within single countries. Technology needs are
 

influenced by a variety of factors including political systems,
 

cultural traditions, educational levels, economic conditions,
 

natural resource availability, the range of weather variation,
 

existing environmental conditions, and other health and safety
 

considerations.
 

In transnational discussions, needs are sometimes difficult to
 

identify because a limited amount of time may be available and
 

it is often necessary to exchange information through a process
 

of translation. However, the success of technology transfer
 

efforts critically depends on having a comprehensive and accurate
 

understanding of the factors that determine technology needs.
 

Some information about technology needs can be collected through
 

discussions with managerial personnel in conference rooms, but a
 

much better underrtanding can be achieved through site inspection
 

visits and direct contact with operations and maintenance
 

personnel. Specifically, most countries can benefit from efforts
 

to better maintain power plants, and from more advanced
 

information systems or telecommunications systems to improve
 

monitoring and control. The improvement of performance in
 

electric power systems may be accomplished by having engineering
 

experts spend several days at power plants and control centers to
 

closely inspect operating practices and consult with local
 

engineering and technical staff. Also, inspection teams may
 

suggest new technologies such as "clean coal" technologies which
 

offer significant promise for making environmental improvements
 

and meeting increased power supply needs.
 

Once again, however, caution is needed in making generalizations
 

about technology needs. These needs can be vastly different.
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For example, in parts of the developing world and in some of the
 
"economies in transition" technology recipients critically need
 

information about engineering economics and the fundamentals of
 
decision making in a market-economy. Conversely, in other
 
countries, where these things are well understood or where
 
privatization is not occuring, the primary need may not be for
 
training but rather for equipment which can achieve improved
 
environmental performance or increased energy efficiency through
 

demand side electrification.
 

Efforts are needed to develop mechanisms to accomplish
 
technology transfer in a way that not only is effective in
 
meeting the actual needs of technology recipients, but also
 
maximizes the opportunities available to technology donors.
 

From the view point of technology donors some of the possible
 
areas of opportunity include:
 

1. 	Opportunities to more efficiently use staff -- During
 

periods when load growth is slow or construction programs
 

are in a hiatus, staff may be productively put to work in
 
transnational technology transfer activities. Recently
 

retired engineers and executives may also see these
 

activities as opportunities for second careers.
 

2. 	Opportunities to build staff expertise -- Transnational
 

technology transfer activities can provide broadening
 
opportunities for middle managers, and can provide basic
 
technical traning for entry-level staff. In both cases,
 
the opportunity to motivate staff through these activities
 
may be equally as significant as the opportunity to provide
 

training and development.
 

3. 	Opportunities to learn different techniques -- The most
 

modern technologies are not always the best technologies.
 
When technical staff from the more advanced countries study
 
operations and maintenance techniques in less advanced
 

countries they may discover different and more effective
 
techniques which they can adopt.
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4. 	Opportunities to invest in projects -- There are currently
 
many opportunities to make financial investments in
 

energy technologies in developing countries and economies
 

in transition. The likelihood of receiving an acceptabie
 
return on these investments can be increased by being
 
involved in associated technology transfer efforts.
 

5. 	Opportunities to support foreign policy objectives -- One
 
of the most effective ways for U.S. industry to assist the
 

U.S. government in implementing foreign policy objectives
 
is through assisting in technology transfer efforts.
 
Cooperative arrangements between the public and private
 

sectors are essential for successful transnational energy
 

assistance efforts.
 

Conclusion
 

This working paper discusses some of the considerations which
 
should be taken into account in designing processes for.
 
technology transfer but certainly does not provide a complete
 
or comprehensive discussion of the many factors that must be
 
considered. Consideration must also be given to trade policies,
 
the protection of intellectual property rights, and many other
 

legal, financial, policy, and institutional issues.
 

U.S. electric utility companies have a great deal of experience
 
and a network of expertise which can be employed in programs of
 
technology transfer and technology cooperation. Additional
 
efforts will be needed to develop or improve mechanisms for
 
coordination between the U.S. electric utility industry and the
 

U.S. government. These efforts will require identifying the
 
proper tasks for industry and government, assuring that
 
resources are available for these tasks, and overcoming
 
institutional problems and barriers.
 

Effective needs assessment, as discussed earlier in this paper,
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will require input from both the industry and government. Government
 

has, or is able to assemble, detailed information on the availability
 

of natural resources, possible political changes, variations in
 
currency exchange rates, and related data. The electric utility
 
industry is best equipped to undertake fact-finding efforts which
 

identify cost-effective solutions to short-term problems and assess
 

the technical expertise and training needs of technology recipients.
 

From the "technology donor side," industry associations can play an
 
important role in making technology transfer efforts more effective.
 

Industry associations have committee structures, information systems,
 
and contacts with foreign electric utilities and governments which
 

can expedite accessing expertise. The inefficiency of misdirected or
 
duplicative efforts can be avoided if government contractors do not
 

directly contact companies but rather ask industry associations to
 
play a coordinating role in identifying technology donors.
 

Additional thought needs to be given to approaches taken for the
 
funding of technology transfer efforts. Clearly both industry and
 
government have an interest in increasing the export of U.S. pzoducts
 
and services, and it is appropriate that the funding for trade
 

missions and associated feasibility studies should be shared. However,
 
the rationale far funding programs and activities which support
 

humanitarian or diplomatic objectives is 
more difficult to formalize.
 

Some U.S. electric utility companies have expressed a willingness to
 
support certain of these programs arid activities without reimbursement.
 

However, in those instances where a company's management and/or
 
regulatory body requires that tlie cost of such activities be reimbursed
 
or cost-justified in the interest of the rate-payer, it will be
 

necessary to find mechanisms for the recovery of expenses and/or labor
 

costs through government contracts or grants.
 

Additional effort also needs to be directed toward overcoming
 

impdiments to technology transfer which may exist in government.
 
There is a fundamental need to improve the coordination of technology
 

transfer programs within government. Industry can assist government
 

in identifying legal or regulatory impediments, and in designing
 

ways to overcome these impediments.
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ASSISTING FINANCABILITY THROUGH RATE 

STRUCTURE DESIGN 

By: Dale M. Keith, CNIC and Robert A. Bibb, PE 

INTRODUCTION. 

The World community is going through profound change. Gone are the days
of "Business as Usual." Once familiar sources of capital are no: as readily
available today. Potentially billions of HK$dollars are needed for infra
structure improvement, and new capacity additions. Efficiency in the use of 
scarce aid non-renewable resources, and environmentally benign methods 
and technologies are the order of the day. 

To attract needed capital in this day and age for infrastructure improvement
and construction of needed new capacity, profound changes are required in 
the ways governments, institutions and businesses have functioned in the 
recent past. Elimination of wasteful use must be a goal for all, and more 
effective methods of using the facilities and resources that we have must be 
implemented. Additionally, the tariffs -- or charges -- for equipment, 
resources and services must be set at least equal to -- or near -- total revenue 
requirements, or the costs of service, without substantial governmental
subsidies. This is necessary to attract potential investors, and to bring
lenders back to the market. They want to be assured that sufficient revenue 
streams will be available to pay the costs of operations, and the return 
of-and-on capital investment. If tariffs are not sufficient to recover total 
revenue requirements, or costs of service, investors and lenders will 
continue to be risk averse, and the massive quantities of needed capital will 
not be forthcoming. 

So why are we addressing this issue at a conference on coal and lignite? We 
are addressing this issue because the ultimate price of energy should include 
the total costs so that all costs are recovered, including the total costs of coal 
and lignite delivered to power plant burners. By knowing that total costs are 
being recovered by tariff rates, including the costs of- fuel delivered to 
burners, potential investors or lenders will perceive that an operating entity 
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-- such as an electric utility -- is assuming full responsibility for cost 
recoery: that the revenue will be there to pay for the costs; and that 
translates into less potential risk for investors and lenders. The logic extends 
to utility purchases from an Independent Power Producer (IPP) and/or 
cogeneration facilities. When investors, lenders and developers can see that 
the costs of output from their facility will be paid by ultimate consumers 
through the organization's tariff rates, then they will be less risk averse and 
will be more willing to move ,"orward with project development. 

REVENUE REQUIREMENTS - A DEFINITION. 

Revenue requirements can be generally defined as the total costs of 
operations, flor creating, transmitting and delivering a product or service to 
ultimate consumers, which can include operation and maintenance 
expense:s, depreciat'jn expense (return of capital), taxes or tax equivalents, 
and a fair return on investment, including a risk premium. Let's look at each 
of these components in more detail. In so doing, we will use a coal or lignite 
tired power F.lant as the example or model. Other models could be 
described, but a substantial user ofcoal or lignite serves the purpose. 

Operation Expenses. 

Operation expenses can include supervision and engineering, fuel, steam 
expenses, boiler fcedwater makeup, electric expenses, steam power 
expenses, rents, and operation supplies and expenses. Operation expenses 
can also include the total costs of purchases of power and .energy from 
another source, such as from an IPP or cogeneration unit. The majority of 
operating expenses tend to be variable as the facility is operated, and are 
therefore primarily a function of -- in the case of a power plant -
megawatt-hours generated. The majority of operating expenses for a power 
plant tend to be for fuel and purchased power and energy. 

Maintenance Expenses. 

Maintenance expenses can include maintenance supervision and 
engineering, maintenance of structures, boiler plant, electric plant and steam 
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production plant. Maintenance expenses are generally those costs that are 
required to keep existing plant in good operating order over its useful life, 
including preventive maintenance. They are the costs other than the costs of 
operating the facilities and the original capital investment required to design 
and build the facilities. Maintenance expenses can be incurred whether or 
not a facility is operated. The majority of maintenance expenses -- 50 to 70 
percent -- tend to be fixed over the useful life of a facility. 

Depreciation Expense. 

Depreciation expense is a non-cash expense representing loss of useful life 
due to wear and tear not offset or replaced by routine and preventive 
maintenance. Although it is a non-cash expense, it is a cost to be recovered 
through tariff rates none-the-less, over the useful life of the asset. The 
purpose of depreciation expense is recovery of capital investment. An 
alternative to annual depreciation expense is annual debt service expense on 
outstanding debt. 

Taxes, or Tax Equivalents. 

Taxes are a cash expense to corporations and certain other legal entities, for 
the privilege of being in business, to have an opportunity to earn a profit. In 
the U. S., taxes are assessed by federal, state, and local governmental 
entities. For those systems which are owned and operated by governmental 
entities, contributions in lieu of taxes are made to the owning governmental 
General Fund. 

Return On Investment (ROI). 

Return on investment is an actual cost to be recovered by tariff rates, in 
addition to O&M e.-penses, Depreciation expense and Taxes or tax 
equivalents. The amount, or level, of ROI is usually expressed as a 
percentage of an investment base. The investment base can be negotiated, 
but usually includes at least net plant investment, which is gross plant 
investment less accumulated depreciation reserves. There are other ways to 
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determine ROI, but the main point to be made here is that ROI is a cost 
which must be recovered from ultimate consumers. 

In the U.S the percentage ROI is usually a function of the weighted cost of 
capital, plus a risk premium. For a regulated investor owned utility -- or 
power plant -- the cost of capital usually consists 40 to 50 percent debt with 
a fixed or variable interest rate; 5 to 10 percent preferred stock with a fixed 
dividend payment; in some cases short term debt is included in the 
calculation, with the balance being common stock equity having a higher 
cost than either debt or preferred stock. (For IPP projects, the equity 
component is usually much lower than the debt component, allowing the 
developer and financiers to achieve lower total cost due to the lower cost 
debt component.) The risk component is a premium representing 
opportunity costs, compensating the developers and owners for giving up 
other potentially profitable opportunities to do something else with their 
money. 

Additional Revenue Requirements. 

In our example above we talk generally about the revenue requirements for a 
power plant. The theme repeats itself for bulk transmission frcilities, 
distribution to ultimate consumers, and general plant including general 
office headquarters. Additional revenue requirements are a function of load 
dispatching, operating and maintaining substations, overhead and 
underground lines, and for distribution plant line transformers, service 
drops, meters, and street lighting and signal systems. 

Other non-plant related revenue requirements are incurred at District and 
Regional offices, and General Office headquarters for Administrative and 
General salaries and wages, general engineering, legal, personnel and 
purchasing services, insurance (if any), customer service, fuel acquisition, 
accounting, meter reading and billing, and other general support functions 
which the organization must have to function on aday-to-day basis. 

All of these cost components can niake up the total revenue requirements to 
be recovered from ultimate consumers by tariff rates. Once the proper level 
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of tariff rates are in place, and investors and lenders are assured that revenue 
strearns will be available to pay for all costs, they will be less risk averse and 
needed capital will be forthcoming. The same applies to recovery -- through 
tariff rates -- of purchase power and energy costs under power purchase/ 
sales agreements with IPP's and cogenerators. When those developers and 
financiers see that their costs will be recovered from ultimate consumers, 
they will be less risk averse also, and will move forward with providing 
needed capacity and energy, at very competitive prices. Less risk aversion 
means lower total costs, as a result of lower risk premium embedded in ROI, 
and lower total costs means lower tariff rates for ultimate consumers. 

The details of defining and quantifying total revenue requirements are much 
more extensive than what has just been described. The main point is, 
however, that tile proper level of tariff rates is to recover the total costs of 
service from ultimate consumers, without governmental subsidies. The 
ultimate price that consumers must pay for the service they receive should 
be close to the value of that service. Total cost may be the best proxy for 
value. 

RATE STRUCTURE DESIGN. 

Much debate has been going on for years throughout the World regarding 
whether tariff rates should be based on embedded costs, incremental costs, 
marginal costs, or he Market Based (i.e., "whatever the market will bear").
We won't get into philosophical discussions regarding the differences of 
these methods, but will generally describe instead basic structural matters 
regarding tariff rate design. The following focuses on an electric utility. The 
logic could apply to other services as well. 

The most expensive service provided by an electric utility is service to 
Residential consumers, who are served from secondary distribution 
facilities. This is because more plant facilities are required to generate, 
transmit and distribute electric service to secondary Residential consumers 
than for any other consumers as a class. To compound that reality, the tariff 
rate price to low load Iactor Residential consumers should le higher than tile 
price to higeh load flactor consumers, if the tariff rates are to be based ol 
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costs. It may cost slightly less to serve low load factor customers due to the 
diversity among their loads, but they provide fewer billing units over which 
to recover the costs, therefore the tariff rate price needs to be higher. This 
reality ignores any concepts dealing with social welfare in tariff rate design. 
Conversely, it may cost slightly more to serve high load factor customers 
due to less diversity among their loads, but they provide the more billing 
units over which to recover the costs. Therefore, the cost justified tariff rate 
price to them is slightly lower. Again, this reality ignores social ratemaking 
philosophies. 

The second most expensive service provided by an electric utility is service 
to Small Commercial establishments who tend to also take their service from 
secondary distribution facilities. A cost based tariff rate price for them is 
very similar to that for Residential services. The same arguments regarding 
low load flactor vs. high load factor, and high diversity vs. low diversity 
apply to this class of service as well. 

The third most expensive service is to commercial and manufacturing 
establishments that take service from primary distribution facilities. They do 
not incur the costs of secondary distribution facilities, and the primary 
distribution system serves both primary and secondary distribution 
customers. Many people perceive that the tariff rate price for primary service 
should be higher than for secondary service, under a false perception that 
primary facilities cost more. This is not correct. Since the primary system 
serves both primary and secondary service customers, the costs of both 
primary and secondary facilities are embedded in the tariff rate prices for 
secondary service -- such as for service to Residential and small secondary 
Commercial customers -- and primary service customers do not use 
secondary facilities, then tariff rate prices to primary service customers are 
lower than for secondary service. The same arguments for low load factor vs. 
high diversity and high load factor vs. low diversity apply here also, if tariff 
rates are properly designed. 

The least expensive service provided by an electric utility is to Large 
Industrial loads which take service directly from high voltage transmission 
systerns, and provide their own transformation to utilization voltages. These 
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customers do not cause the utility to incur the incremental costs of 
additional transfbrmation, sub-transmission, or primary and secondary
distribution facilities. Again, many people perceive falsely that tariff rate 
prices to large industry should be higher than for (say) Residential service,
based on what they see in the way of high voltage facilities serving large
industrial loads. What they don't see is all of the incremental facilities 
required to get power and energy delivered to customers at lower voltage 
levels, over a large geographical area. 

Tariff rate prices for high load factor Large Industrial loads are -- if properly
designed -. lower than for lower load factor service for the same reasons 
described previously: low diversity among loads vs. high diversity, and more 
billing units over which to recover costs for high load factor service than for 
low load factor service. 

Another driver which causes cost based tariff rate prices to be incrementally
higher as power and energy is stepped down through the system from high
voltage transmission facilities to secondary distribution is incremental 
capacity and energy losses, at each service voltage level. Capacity and 
energy losses are not the same. Capacity losses during periods of maximum 
loading conditions can be either the same as average energy losses, or can 
range from 1.2 to 2.0 times average energy losses. Capacity and energy
losses can represent significant costs. This reality should be taken into 
consideration in properly designing tariff rates. Properly designing tariff 
rates to include incremental losses at each voltage level is critical to 
recovering all costs, especially the cost', of fuel and purchases of power and 
energy from outside sources, such as ar IPP or cogenerator. 

CONCLUSION 

If properly designed, cost based tariff rates recover all costs (i.e., Revenue 
Requirements) for generation (production), high voltage transmission, 
sub-transmission, primary distribution and secondary distribution, 
incrementally from customers connected at each voltage level within the 
system. The results are a set of cost based prices which reflect the cost 
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continuum from the power plant step-up substation bus bar, all the way 
down through the system to secondary voltage deliveries. 

When investors, lenders, developers and other potentially effected parties 
can see that the organization has a set of cost based tariff rates in place, and 
that those rates are being properly administered; that revenue for services 
rendered are being collected, and that the financial health of the organization 
is not dependent on some form of governmental subsidy which cannot be 
assured, then they will know that the business is self supporting and is 
probably a good choice or candidate for investment in some form. Without 
cost based tariff rate pricing in place, however, the operation will continue 
to be viewred as riSLy, aid outMid , p-tics vviii nt be as willing to invest in 
the enterprise in any way, unless the risk premium they can expect from 
their involvement more than offsets the chances they are taking. Higher risk 
premiums translate into higher costs, so a best path to attracting third party 
investors and lenders may be to establish a pricing structure which recovers 
the costs of the system from those who use it and benefit from it. 
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Abstract: Private Power Projects provide significant
 

opportunities, principally the expansion of the supply of
 

electricity to meet increasing demand, and the opportunity to
 

promote the environmentally ana economically efficient
 

consumption of abundant resources 
of local fossil fuel. However,
 

the developer cf a project will assume many significant rizks.
 

The risks include financial, political and regulatory risks.
 

Fortunately, these risks are manageable. 
The Power Purchase
 

Agreement is probably the most crucial part of a private power
 

project, among other things, as it allocates the risks, defines
 

the rights and obligations of the parties, and spells out the
 

consequences of non-performance. Also, an Impl'msentation
 

Agreement between the project developer and the governnint may be 

necessary to induce private sector involvement. Finally, the 

experience of the independent power projects to date shews that 

the benefits clearly outweigh the risks. 
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INTRODUCTION 

Two worldwide needs are in apparent contradiction. One is the need to expand,
through increased electrification, the industrial base and economic strength of all 
countries, particularly in the underdeveloped regions. The second is the need to 
maintain or improve environmental conditions, and to limit potentially harmful 
emissions from electric generating facilities and other industrial activities. 

Ways to achieve both these priorities are the subject of this paper, which describes 
better and more efficient technologies for burning fossil fuels, particularly coal, in 
relatively environmentally benign ways and options for plant upgrading. In the United 
States great strides have been made in implementing clean coal technologies, many of 
which are no' being demonstrited at commercial sizes by electric utilities. Further, 
new generating plants and upgraded older plants worldwide are increasingly likely to 
incorporate the latest designs in emissions control technologies, as well as thermal 
cycles and ,qtuipment that maximizt plant efficiency. Additionally, plant upgrading,
repowering, and refurbishment are frequently found to be very cost effective. 

One factor that has emerged from the U.S. experience has profound implications for the 
future. The enrgy expended per unit of gross national product decreases as electricity 
assumes a greater tracti m of overall energy' usage. So electric power is a solution to,
rather than a cause of, issues concurrent with increased economic development. 

COAL-BASED POWER GENERATION AND THE ASIAN MARKET 

Although the power generation capacity of Asian countries has expanded significantly
in recent years, the installed capacit 5 per capita in these countries (see Figure 1) tends to 
be an order of magnitude less than say the United States (where this value is 3000 
MW/million pecple). I lowever, added capacity plans in this part of the world are 
staggering The markets in Asia and the Pacific Rim are expected to make up 45% of the 
world's orders tor power generatioM e ]uipmen t during the remainder of this decade. 
Table I shows that in tliese re,,ion,; over 700 GW of installed capacity existed in 1992,
but over 4)() o.,\Vn equipment (equivalent to almost 601',,t -'w of this installed base) is 
expected to order hv th(,, JI1)s. These fig-ures include orders for bothb,oi ,ltof th, 
new and rellcenn t Cap)cIt., 
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Furthermore, it is forecast that the worldwide use of coal, which makes up 80% of the 
planet's fossil reserves, will double in the next 30 years. Figure 2 shows that for 
installation before the .,ear 2000 some 160 GW of new coal-fired capacity is planned, 
committed, or under construction. Developments in selected countries in Asia are 
outlined below. 

h
6U0 


482.8500 

400 

298.9
 
300
 

200 
ii 128.2 129.9 

102.8
 
100 75 75.8
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Figure 1. Many of these Asian countries have an installed capacity per 
capita one to two orders of magnitude less than that of the U.S. (Source: 
Power in Asia) 

Table 1. Power Generating Equipment Order Forecasts (1) 

2000 Order Forecast 

1992 Installed (as percent installed 

Country Area Capacity (GW) capacity) 

China 163 75-80 
Japan 202 25-30 
India/Bangladesh 76 50-55 
Asia Pacific (w/o China) 166 70-75 
Middle East/Central Asia 114 55-65 

China
 

G'hina currently has the largest expected MW growth in power generation in the world. 
Projections now show that China must add about 12-15 GW of capacity per year 
between now and the end of the decade to meet a planned installed capacity level of 
near 300 GW in the year 2000. 
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Figure 2. Bv the year 2000 about 160 GW of new coal-based power 
stations are planned, committed, or under construction in these Asian 
countries (2). 

To meet this enormous addition in generating capability, China is expected to rely
heavily on coal-based power generation. Current projections for the year 2000 show 
coal providing some 63% oi China's installed capacity (and 72% of the kWh generated) 
with the remainder as follows: 30% hydro, 4% oil/gas, and 3% nuclear. EPIU recently
participated in the U.S. Department of Energy-led electric power technology mission to 
China, which identified specific needs for performance and environmental upgrades of 
existing plants and opportunities for providing state-of-the-art clean coal technologies 
for new plants. 

India 

India's power system has an installed capacity of over 70 GW, with some 70% of its 
energy delivered from coal plants, 25% from hydro facilities, and 5% from gas, oil, and 
nuclear units. Some 35 GW of new capacity are expected to be installed by the year
2000. Most of this new capacity will utilize reserves of indigenous, low quality coal. 
This places India, along with countries such as China, Indonesia, Thailand, and 
Pakistan, in the very difficult situation of having to deal with severe environmental 
constraints and massive capital mobilization needs. The government of India is 
focussing on the following issues: rapid additions in generating capacity, an increase in 
private-sector participation, and aggressive life extension arid performance upgrade 
programs for existing thermal steam plants. 
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nhailand 

The current installed generating capacity in Thailand is almost 10 GW, including 5 GW 
of thermal, 2.A GW hydro, 2.2 GV combustion turbine or combined cycle, and the rest 
diesel, wind, geothermal, and solar. Plans are to increase generating capacity by 12 GW 
over tile next ten years. With very limited oil and gas reserves, added capacity is 
expected to come from indigenous lignite, imported bituminous coals, and possibly 
nuclear. Last year EPRI participated in the U.S. Department of Energy-led electric 
power technology mission to Thailand. Opportunities exist in Thailand for 
performance and environmental upgrades of existing plants and for providing clean 
coal technologies for new plants. 

PRODUCTIVITY/PERFORMANCE UPGRADING OF EXISTING PLANTS 

As fossil-steam units get older, degradations in availability and performance appear. 
Application of the latest advances in coal cleaning, performance optimization, heat rate 
improvement, boiler maintenance, plant diagnostics, materials, and repowering 
technology can enable many fossil plants to continue operation in a reliable and 
profitable manner. Some of these advances have been made possible by recent 
spectacular improvements in microprocessor technology. 

Coal Cleaning4 

Precombustion coal cleaning provides the user with a low cost option f,.r limited 
environmental control. Cleaning of coal to remove sulfur and ash is well established in 
the U.S. with more than 400 operating plants, mostly at the mine. Coal cleaning 
removes primarily pyritic sulfur (up to 70% SO2 reduction is possible) and in the 
process increases the heating value of the coal, typically about 10% but occasionally 30% 
or higher (3). Additionally, if slagging is a limiting item, increased output may be 
possible, as at one station which increased generation from 730 to 779 MW (4). 

The removal of organic sulfur, chemically part of the coal matrix, is more difficult, but 
may be possible using micro-organisms or through chemical methods. Research is 
underway in this area (5). For example, EPRI work has focused on perchloroethylene as 
a solvent to facilitate organic sulfur removal. Heavy metal trace elements can be 
removed also, conventional cleaning removing (typically) 30-80% of arsenic, mercury, 
lead, nickel, antimony, selenium, and chromium. 

Coal Ouality and Performance Optimization 

In burning coal efficiently and economically, it is of prime importance to predict the 
effects of coal constituents on cost-related performance measures. In order for U.S. 
utilities to judge the impact of such decisions as coal cleaning, coal switching, scrubber 
additions, burner improvements, boiler tube replacements, pulverizer maintenance, 
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sootblower operation and so on, EPRI has produced the personal computer-based Coal 
Quality Impact Model (CQIM). 

The CQIM is an excellent tool for determining the economics of power station 
operation, with or without coal cleaning, and with or without the addition of a flue gas
desulfurization svctem. The CQIM tells a utility engineer or fuel purchaser what the 
quality of the coal does to heat rate, equipment reliability, maintenance needs, and the 
final cost of electricity. 

Rapidly becoming indispensable for coal burning utilities (there are 184 users in the 
U.S. alone), it is available worldwide through EPRI's commercializer, Black and Veatch. 
Recently, it was used to study options for upgrading a Polish power station (6). 

Heat Rate Improvement 

Improvement of fossil plant heat rate is a major objective for most utilities. Four major 
reasons for improving heat rate are: 

" Reduced Fuel Costs. Typically 70-80% of utility operating cost is for 
fuel. As more plants switch to low sulfur coal utilities will seek to 
minimize coal consumption as transportation costs increase. 

* Increased Capacity Improved efficiency can often be used to increase 
the MW output of the unit (for the same fuel input). Studies have 
shown a $1.8 billion advantage to U.S. utilities over 5 years if a one 
percentage point efficiency improvement can be applied in this way to 
baseload coal-fired power plants. 

* Reduced Emissions. Plant emissions, including NO,, SO2, CO2 and 
particulates are all reduced in proportion to heat rate as a consequence 
of burning less fuel per MW output. 

* Reduced Cost of Emissions Control. Up to 40% of the cost of a new 
coal-fired unit is for environmental control equipmen. As plant
retrofits in this area continue, size 'and hence cost) reductions can be 
realized by improved plant heat rate. 

As an aid to improving heat rate, the on-line detection of deteriorating heat rate, called 
performance monitoring, is a rapidly growing technology in fossil plants. Since 1982,
EPRI and Potomac Electric (PEPCo) have been developing and testing better 
instruments and sensors at the 575 MW Morgantown 2 unit. This coal-fired,
supercritical unit is the site of one of the most adyanced performance monitoring 
systems in the U S. 

One example of the work at Morgantown is the development of tools for boiler 
combustion hptilniza Hon (7). Working with PEPCo, EPRI and its contractors 
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successfully introduced a boiler combustion optimization program called HEATRT. 
With this program and using both special instrumentation and standard sensors, 
utilities can tune boiler systems to improve efficiency and unit heat rate. To do so, 
utilities must have a means of methodically balancing many interdependent boiler 
parameters that govern unit performance. These include excess oxygen, coal fineness, 
unburned carbon, exit gas temperature, fan and pulverizer power, auxiliary steam, and 
reheat spray flows. 

Reduced oxygen decreases S03 generation and may allow lower stack temperatures 
without increased pluggage or corrosion. Each temperature drop of 1°F in exit gas 
produces a heat rate saving of about I Btu/kWh. PEPCo estimates a possible reduction 
of 45F, or 45 Btu/kWh in addition to a 15 Btu/kWh saving due to lower excess oxygen. 
The equipment covered by this computerized optimization procedure is shown in 
Figure 3. Once the set values of the parameters have been determined for a unit, an on
line performance monitor can track an\y perturbation of unit behavior. 

rEEDWATEREXTRACTION TEAM r-ILER 

ITURBIE jww iI . r" . . -'4 CYCLE "" . ' '- I--------------- D ANSTEA 
1 I 
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AIR 
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Figure 3. Fireside operating parameters are balanced for best performance
using the EPRI boiler optimization program, HEATRT. 

Boiler Maintenance 

As with humans, ideas on plant aging mechanisms have changed over the years. Aging 
has been defined as accumulated wear due to the effects of creep, fatigue, erosion, and 
corrosion (8). A great deal is now known about the rate of aging that was not obvious 
in the 1950s and 1960s. For example, frequ.ent starting and stopping of fossil units is 
much more punishing on plant equipmen-t than constant steady-state, baseload 
operation. This includes not only the fairly obvious mnechanical and thermal fatigue 
problems of material loading and unloading, but also the not-so-obvious effects of 
boiler tubing corrosion due to excessive infiitration of oxygen into the boiler water 
during downtime, or the increase of acid deposition in boiler back-end equipment at 
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part load operation. Of all failure mechanisms in coal-fired power plants, the most 
pervasive, and probably the most costly in terms of availability, are boiler tube failures. 

EPRI has identified, and found solutions to 22 mechanisms of tube failure. In a recent 
project at several U.S. utilities, a determined attempt was made to reduce the 
unavailability caused by tube failures. Using EPRI prepared guidelines to reduce tube 
failures an average improvement in availability of about 2% was seen at the 
participating utilities. A total saving of more than $250 million has been identified and 
documented. If extended across the U.S. utility industry, an estimated benefit of more 
than $500 million per year is likely. Table 2 lists the leading causes of tube failures as 
seen by these twelve participating utilities. 

Table 2. Leading Boiler Tube Failure Mechanisms 

Rank Mechanism 

I -ligh-temperature creep 
2 Flyash erosion 
3 Short-term overheating 
4 Sootblower erosion 
5 Welding defects 
6 Waterwall corrosion (fireside) 
7 Corrosion fatigue 
8 Falling slag 
9 Thermal fatigue 

10 Vibration 

A computerized version of the guidelines, with nearly 200 copies now in use in the U.S., 
includes failure analyses, inspection and replacement techniques, and life estimation 
procedures. It is called the Boiler Maintenance Workstation (BMW). The BMW is one 
very successful example of a computer workstation which permits a utility to upgrade
old plants. Recently, a group of U.S. utility users documented a saving of more than 
$200 million due to the use of the BMW. 

Diagnostic Monitoring 

Utilities will increasingly turn to a rapidly developing technology which permits older 
cycling units to operate without lengthy outages for major failures. This is on-line 
monitoring for mechanical diagnostics (9). As Figure 4 shows, work at EPRI in 
diagnostics covers all fossil plant equipment, the goal in most beingcases to detect 
incipient damage in advance of major failure. If equipment damage can be handled by
normal maintenance, the huge costs of a forced outage can be avoided. 
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Figure 4. Diagnostic monitoring of fossil plant equipment covers the 
entire electro-magnetic spectrum. Signals range from a few Hz to the far 
end of the spectrum in the gamma ray band. 

According to this chart, signals from equipment may be just a few Hz (as in chimney 
and cooling tower vibration) or can be in the ultrasonic bands or beyond to the infrared, 
ultraviolet, X-ray and gamma ray bands. Key elements of diagnostic monitoring are on
line sensors, data reduction software and microprocessor technology. Although much 
has been achieved in diagnostics, many opportunities remain in this field. Successful 
utilities of the future will be able to plan maintenance and upgrade activities based on 
day-to-day knowledge of machinery condition. Such a predictive maintenance strategy, 
based on a complete network of diagnostic monitors, has been developed at the EPRI 
Monitoring and Diagnostic Center located at Philadelphia Electric's Eddystone plant 
(see Figure 5). 

Improved Materials 

Working with the world's major suppliers of boilers, turbines and balance-of-plant 
equipment, EPRI has directed a re-assessment of materials and designs for coal-fired 
power plants. Particular attention is being given to temper embrittlement, creep and 
fatigue of headers and turbine rotors, boiler waterwall thermal stressing and 
superheater/reheater coal ash corrosion (10). 

Improved materials for ne, fossil plants, and also for the retrofit of old ones, will be 
critical if optimum availability, efficiency and operability are required. Materials are 
available now.. that extend iife, permit increases in steam temperature and pressure, and 
are fatigue-resistant to cycling operation (see Figure 6). Improved ferritic and austenitic 
materials exist for tubing and also for thick wall components. In the latter case, high 
chrome ferritic allovs have rupture strengths an order of magnitude greater than, for 
example, P22 (or 2,Cr 1Mo). 
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Figure 5. A data highway at IPhiladel)hia Electric's Ecidystone plant ties 
together separate monitoring systems for boiler, turbine, generator, 
environmental controls, and balance-of-plant equipment. 
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Figure 6. Improved material- are now available for fossil plants, including
super-9-chrome steel (P91), which permits thinner sections and lower 
thermal stresses. It can be used for headers, steamlines, valve bodies, and 
turbine casings. 

Of particular note are co-extruded tubing for superheaters, resistant to coal-ash 
corrosion; super-9-chrome steel (P91) for steam piping, valves, headers, casings;
improved creep-resistant 12-chrome forgings for HIP/IP turbines; and for LP turbines, 
"superclean" 3.5NiCr\1hoV rolors resistant to temper eiobrittlement. 
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EPRI is working closely with utilities in the U.S., Europe, and Japan to retrofit improved 
materials into existing units. This will permit the industry to quantify the benefits of 
the retrofit, and thus encourage widespread application of better technology to all aging 
generating capacity. Recent examples in the U.S. are superclean turbine rotors with 
Duke Power, super-9-chrome headers with Lower Colorado River Authority, and 
corrosion-resistant superheat and reheat tubing with Tennessee Valley Authority. 

Repoweri n4 

Repowering is an attractive and cost-effective way to improve capacity factor and 
extend the life of a generating unit while adding capacity, improving heat rate, reducing 
emissions, and lowering heat rejection and water usage per kW generated. In some 
cases, repowering can make tle difference between shutting down a unit, or making the 
unit economic. 

The most common form of repowering replaces the original boiler with a heat recovery 
steam generator which is heated from combustion turbine exhaust gases. A less capital 
intensive option, though with lower efficiency gains, exhausts the gases into the original 
boiler windbox. Repowering with a fluidized bed boiler can significantly decrease 
emissions and can alleviate problems due to poor fuel. Recent U.S. examples of 
repowering are shown in Table 3. 

Recent U.S. Utility Upgrades 

In recent years, EPRI has worked with many utilities involved in plant upgrading. 
Table 4 summarizes some of the applications and cost-savings realized. References (11 
12) provide more details of these plant upgrades. 

EMISSION CONTROL TECHNOLOGY FOR COAL PLANTS 

When it is a matter of retrofitting an existing power plant, no two situations are 
identical: fuels, boiler configurations, even space available for new pollution control 
equipment, all play a role in the decision on how a utility will meet new emission 
reduction requirements. For example, a decision to install a sorbent injection 
technology rather than flue gas desulfurization (FGD) for SO 2 reduction may depend 
not only on the percentage reduction required but also on the space constraints of the 
site, and on the capacity factor of the plant (with a lower capacity factor, the lower 
capital cost of sorbent injection is advantageous compared to FGD). 

Lime/Limestone Wet Scrubbing 

Most utilities though have -)een selecting either wet or dry scrubbing systems for 
desulfurization (13). By 1991 the U.S. already had 155 FGD systems in operation on 
69,000 MW at utility stations (see Table 5). U.S. FGD experience is now approaching 
1000 unit years. 
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Table 3. Recent U.S. Utility Repowering Projects 

Utilit. 


Glendale Public Service 


Southern California Edison 

Florida Power & Light 

PSI Energy 

Northern States Power 

Montana-Dakota Utilities 

Tri-State Generation & 
Transmission 

Plant Additions 

Gravson 3 CTs 
2 HRSGs 

Terminal 7CTs 
Island 7 HRSGs 

Lauderdale 4 CTs 
4 HRSGs 

Wabash I CT 
Rivei 1HRSG 

gasifier 

Black Dog AFBC 
boiler 

Heskett AFBC 
boiler 

Nucla AFBC 
boiler 
1ST-G 

Benefits 

Added 75 MW 
Improved emissions 

Lowered heat rate to 
9000 Btu/kWh 

Added 400 MW 
Lowered heat rate by 

2200 Btu/kWh 

Added 745 MW
 
Lowered heat rate by
 

3000 Btu/KWh
 
Improved capacity
 

factor
 

Added 180 MW 
Improved heat rate and 

emissions 

Added 45 MW 
Reduced SO2 and NO, 

emissions 
Added 25 yrs to 

lifetime 

Added 5 MW 
Improved heat rate 

Added 75 MW 
Improved heat rate 15% 
Reduced emissions 

Extended life 30 yrs 

The dominant system is the wet limestone design, limestone being one quarter the cost
of lime as a reagent. In this system (see Figure 7) the limestone is ground and mixed
with water in a reagent preparation area. It is then conveyed to a spray tower called anabsorber, as a slurry of 90% water and 10" solids, and sprayed i;,to the flue gas stream.
The SO 2 in the flue gas is absorbed in the slurry and collected in a reaction tank where itcombines with the limestone to produce water and calcium sulfate or calcium suifate 
crystals. 
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Table 4. Recent U.S. Utility Upgrades 

Utilit Plant Technoloey Total Saving 
($million) 

23 
prevention, & control program 

PSI Energy Gibson 	 Boiler tube failure correction, 

NYPA Poletti 	 Adjustable speed drives 10 

TVA Gallatin 	 Corrosion-resistant reheater 12 
material 

San Diego South Bay Steam flow redistribution 0.3 
Gas & Electric 

LILCo Barrett 	 Longer life (AL6XN) tubing for 0.4 
feedwater heaters 

LILCo Glenwood 	 Header-type feedwater heater 1.0 

Lincoln Rokebv CT Ice-based thermal energy 1.5 
Electric storage system 

Philadelphia Eddvstone Thermography predictive 2 
Electric maintenance program 

Table 5. U.S. Operating FGD Systems 

<1 % sulfur coal 1 to 2.5 % sulfur coal >2.5 % sulfur coal 

85 systems 31 systems 39 systems 
37,000 MW 15,000 MW 17,000 MW 

A portion of the slurry is then pumped to a thickener where these solids/crystals settle 
out before going to a filter for final dewatering. Mist eliminators installed in the system 
ductwork at the spray tower outlet collect slurry/moisture entrained in the flue gas 
stream. Calcium sulfate is typically mixed with flyash 01:1) and lime (5%) and disposed 
of in a landfill. Various improvements can be made to this basic process including the 
use of additives for performance enhancement, and the use of a hydrocyclone for 
dewatering, replacing the thickener and leading to a saleable gypsum byproduct. 
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Figure 7. Conventional line/ lime:,tmne wet scrubbing is the dominant 
flue gas desulfurization slstteer. 

The Chiyoda-121 process (see Figure 8) reverses the classical spray scrubber and 
bubbles the gas through the dind. This eliminates the need for spray pumps, nozzle 

headers, separate oxidation towers and thickeners. Bechtel has licensed this process inthe U.S., the first commercial installation is at the University of Illinois on a heating 

boiler, and a DOE Clean Coal demonstration is underway. The waste can be sold as 
gypsum or disposed of in a gypsum stack. 
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Figure 8. The Chivoda-1 21 scrubber simplifies the conventional scrubbing 
process by bubbling the flue gas through the liquid, eliminating some 
equipment needs. 

-371 



Spray Drying 

Spray drying (see Figure 9) is tile most advanced form of dry SO2 control technology. 
Such systems tend to be less expensive than wet FGD but remove typically a smaller 
percentage of the sulfur (90'4' compared with 98%). They are used when burning low
sulfur coals and utilize fabric filters for particle collection, although recent tests have 
shown applicability to high-sulfur coals also. 

Spray dryers use a calcium oxide reagent (qIicklime) which when mixed with water, 
produces a calcium hydroxide slurry. This slurry is injected into the spray dryer where 
it is dried by the hot flue gas. As the drying occurs, the slurry reacts to collect SO 2. The 
dry product is collected at the bottom of the spray tower and in the downstream 
particulate removal device where further SO2 removal may take place. It may then be 
recycled to the spray dryer to improve SO2 removal and alkali utilization. 

-or small, older power plant, with existing electrostatic precipitators (ESPs), the most 
cost effective retrofit spray dry configuration locates the spray dryer and fabric filter 
downstream of the ESP, separating in this manner the spray dryer and flyash waste 
streams. The flvash can then be sold commercially. 

Watar
 

CaSO3 ACaSO4
 
&Urn. 

Figure 9. Spray dryers use a calcium oxide reagent mixed with water, 
which is dried by tile flue gas. A dry product is collected in a fabric filter. 

NO,.Control 

For NO, control (see Figure 10) the options can be described in three categories (14): 

* 	 Operational Changes. Reduced excess air or biased firing, including 
taking burners out of -ervice. 
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" 	 Hardware combustionmOdiiCaCtioS. Low NO, burners, air staging,
and fuel staging (reburning). 

" Postcombhi hon modifications Injection of NH 3 or urea into the 
convection pass, selective catalytic reduction (SCR), and wet or dry
NO, scrubbing (1Iuahl, together with SO2 scrubbing). 

Low NO, burners can reduce NO, by 50%, and SCR by 80%, but the low NO, burner
option is much more o,t effective i terms of cost per ton of NO, removed. Rebui ning
is intermediate in c,-t per renmoved ton and can reduce NO, 500, or 75% in conjunction 
with low NO., burners. 

To help in making contrl decisions, FPRI ha., developed a number of tools, mainly in 
the form of easy-to- use computer codes. Principal among these are FGDCOST (which 
compares the cost ot different S' control technologies applied to a specific plant);
FGDPRISMI (which simulates vWet FGD process chemistry for application to 
perlormance, cost a1d teliabi it v Improvenient); and NOXPERT (which helps utilities 
select a NO, reductioi t'diuolo!,'Y;ain adapted to a specific plant configuration). 

THERPMAL DE-NOx 
(NH3 /UREA INJECTION) 

NH3 F
OR SCR sE t


' 	 ItREDUCIION 

BOILER(SR
 

STAI l A 
LrN. G~ 	 H ATERPARTICULATE 

BURNERS 

WET OR DRY 
NO SCRUBBINGx 


Figure 10. Control options for NO, include operational, hardware, and 
post-combustion modifications. 

NEW POWER GENERATION 

The future for electric power generation is likely to be dominated by environmental 
control and thermal efficiency considerations. Several approaches for iigher efficiency,
cleaner power generation are Under development in the U.S. and in many other 
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countries. Advances in coal-based stearn plant technology and in natural gas-fired 

combined cycles are leading to cleaner, higher efficiency fossil power generation. 

Updated Pulverized (:oal Plants 

There has been a perception that the pulverized-coal (PC) power plant has come to the 

end of its road, that advanced coal technologies will quite soon obsolete the PC plant 

with a scrubber, whose efficiency hovers around 35%. This perception is premature. 

There is good reason why the PC plant is still a primary choice for many utilities. First 
-'oliableand effective than early plants indicated. Upscrubbers have proved to be more 

to 99% SO 2 removal efficiency is possible. Second, the PC plant has the capability for 

much improved heat rate (about 8500 Btu /kWh) even with full FGD. Beyond these 

units, the PC-fired combined cycle with topping turbine (see Figure 11) has a projected 

heat rate of 7200 Btu/kWh, which includes full scrubbing capability. Third, the PC 

plant is a proven, reliable power source with unit capabilities demonstrated up to 1300 
' Mi usillg a si ngle-shaft steam turbine. 

One plant, commercially available now, uses steam at 4500 psig and 1100°F, all ferritic 

materials for major boiler and turbine components, leading edge technology in 

environmenta! controls, and the latest techniques in waste heat utilization (15). It is 

modular, fuel flexible and designed for on-off cycling capability. Attributes include: 

* 8500 Btu/k\Vlt net heat rate 
* 85% equivalent availability 
* Low load capability to 15% 
* Compliance with environmental regulations 
* 24-month construction time from first concrete 
* Less than SI-00/kV capital cost 
* Less than :30/kW-'r non-fuel O&M 

Stearn 
turbine 

slarnBoiler 

and airtopping Coal 


turbine hae
 

Figure 11. This pulverized coal combined cycle with topping steam 
turbine has a projected heat rate ot 7200 3tu/kWh. The air turbine uses 
1800'F air, or 2301F air with supplemental firing. The topping turbine 
uses steam at 13001FF 
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Atmospheric Fluildized Bed Plants 

Atmospheric fluidized bhd boilers (SO,,-ieFigure 12) offer reductions in both SO2 and NO,
and also permit the ellicilnit k.Ombustion of low rank fuels. In the U.S. there are now 
over 150 operating units mr power generation, and ten vendors of FBC boilers, four of 
which offer units up to 250 MV in size. The rapid growth in number of FBC units and 
capacity is shown in Figure 13. Three utility size FBC plants have recently been 
demonstrated as upgrades to e'\islin(' PC-fired installations. 

COALk UIAMINE 

FEEMNIER 

Figure 12. In a fluidized bed combustor, a coal/limestone mixture is 
burned in a suspendud bed, fluidized by an underbed air supply. Sulfur 
reacts with the limestone to produce a solid waste of calcium sulfate. NOx 
emissions are reduced due to low combustion temperatures (1500F). 
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Figure 13. The growth in number and size of AFBC plants has been 
significan! sinCe dhe demonsiration at 100+ MW sizes in U.S. utility plants. 
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The demonstration projects at TVA (Shawnee, 160 MW) and Northern States Power 
(Black Dog, 133 MW) are examples of successful bubbling-bed units. The Shawnee unit 
now routinely operates at 85-90'{ capacity factor having overcome initial fuel feed 
problems. The Black Dog unit has been dispatched recently in a daily cycling mode and 
has successfully fired a blend of coal and petroleum coke. The focus in the U.S. is now 
on circulating fluid bed (CFB) designs (16). The CFB project at Nucla in Colorado has 
been successful in demonstrating the technology at the 110 MW level and planned 
commercial plants have now reached 250 MW in size. 

Most FBC units are being installed by indepen~dent power producers in the 50-100 MW 
size range, where the inherent SO 2 and NO, advantage-, over the PC-plant have 
encouraged installations even in such traditional non-coal arenas as California. 
Pyropower alone had 18 CFB units in operation by 1990 and another 15 under 
constructi'jn (17). 

Coal Technology Selection 

New equipment, materials, and designs have been introduced that can now result in 
fossil plants with reduced costs and improved performance and operating 
characteristics. With technology options growing increasingly diverse, the screening 
and design process has been greatly complicated. EPRI is developing a series of 
software modules and a workstation that engineers, planners, and financial specialists 
can use to easily understand and evaluate these technology options and integrate them 
into the next generation of state-of-the-art power plants. The modules can also be used 
to retrofit new technologies in existing plants. 

As shown in Table 6, EPRI has so far developed individual modules on pulverized coal 
plant technology and on combustion turbines and combined cycles. Each stand-alone 
module provides the user with complete details on a specific technology, including 
design, economics, construction schedules, and industry experience. Utilities can use 
these modules to screen technologies for specific sites. The modules are enhanced with 
interactive graphics and operate on IBM-compatible 386 personal computers equipped 
with Windows 3.1. 

By 1995, EPRI will introduce a fully functional State-of-the-Art Power Plant (SOAPP) 
Workstation that can integrate all stand-alone modules to screen new technologies and 
then custom-design a conceptual site-specific state-of-the-art power plant. The 
intcractive software workstation can be employed for pulverized coal, combustion 
turbine, combined-cycle, gasification-combined-cycle, or fluidized bed combustion 
plants. The resulting conceptual designs will include drawings, specifications, material 
and energy balances, costs, and schedules. 

SEPRIL Services, an alliance between EPRI and Sargent & Lundy, offers technical 
consulting services in the Pacific Rim based on the use of SOAPI technology evaluation 
and assessment tools. SEPRIL can provide study and custom engineering services for 
evaluation of power generation technology alternative,, development of conceptual 
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plant designs for planning new generation projects, and evaluation of emission control 
technologies for retrofit on existing uini ts. 

Table 0. EPRI SOAPIP Technology Modules 

Pulverized 
SOAPP Technoloy Module Coal 

Baghouses x
 
Electrostatic Precipitators x
 
Cycle Chemistry x
 
Feedwater -leaters x
 
Air Heaters x
 
Boiler Feedpumps x
 
Automatic Steamiivpass Systems x
 
Coal Blending x
 
Coal Cleaning x
 
Continuous Emission Monitoring x
 
Flue Gas Desulfurization x
 
Forced Oxidation Linmestone FGD x
 
Inhibited Oxidation Limestone FGD x
 
Dry FGD x
 
Selective Catalytic Reduction x 

Selective Non-Catalytic Reduction x
 
Combustion Turbine NO, Control 

Combustion Turbine Selection 

Fuel Systems 

Inlet Air Conditioning 

Inlet Air Filtration 

Heat Recovery Stearii Generators 

Duct Burner Systems 

Deaeration 

Condensate Preheating 

Bypass Stacks and Diverter Valves 

Steam Turbine Selection 

Wet Cooling Tower Systems 


CONCLUSIONS 

Combustion Combined 
Turbine Cvcle 

x x
 

x x
 
x x
 
x x
 
x x
 
x x
 

x
 
x
 
x
 
x
 
x
 
x
 
x
 

The future for electric power generation is likely to be dominated increasingly by 
environmental control needs. This will put an emphasis on the base efficiency of new 
generation, and on heat rate recovery for existing units. 
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Upgrading of older coal-fired plants is often a cost-effective method for increasing MW 
output, improving efficiency, and reducing emissions. Upgrading can range from 
simple coal cleaning, combustion optimization, or on-line diagnostics, to more extensive 
repowering and re-configuring options. Often it is possible to make a major combustion 
change, such as to fluid bed combustion or coal gasification, while retaining the 
majority of balance-of-plant equipment. Such approaches have led recently to U.S. 
utilities recovering lost MW, lost efficiency, or impaired availability for capital 
investments, modest by comparison with new plant construction. 

The future for many developing nations is based on exploiting the opportunities offered 
by clean and efficient use of coal. This implies access to the range of new technologies 
now being tested at large scale in the U.S. and other developed nations. This strategy is 
both timely and prudent on a global basis. The world increasingly voices concerns 
related to carbon combustion, now on a scale many times that of yesterday. It is in the 
interests of governments, consumers, and suppliers of equipment to work towards a 
broad market for clean coal technologies. 
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A b s t ra c t 

Today the demands for modern power plant concepts are characterized by high efficiency, low investment 

costs and a high availability. 

To fulfill the special needs of the customer regarding operation mode and site an engineering concept is 
developed for a 300 MW coal-fired power plant with both subcritical and supercritical design. 

Both designs are compared with regard to efficiency, environmental impact, availability and costs. 

The arrangement of turbine building and switchgear building is based on a modular concept reducing the 

engineering work and render a comparison of experience for each modul. This design concept allows an 

easy adaption to special needs of the customer. 
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1. Introduction 

Today the demands for modern power plant concepts are characterized both by the high environmental 

awareness and the small amount of money which is at disposal. At the same time high efficiency, low 

emissions and low investment and operation costs are required combined with a high availability. 

In addition there is also the request to operate a plant ii base load mode at the beginning and later in daily 

shifts. 

These requirements cannot be fulfilled by a standardized power plant concept following the boundary 

conditions of the respccLive site. But the power plant supplier must have a concept which can be easily 

adapted to the varying local conditions by planning and supply standards. Only thus an optimal price can be 

guaranteed. In the following such an engineering concept w1ll be introduced by comparing a supercritical 

and a subcritical 300 MW coal-fired power plant. 
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2. Power Plant Efficiency 

Especially during the last five years enormous steps in the development of efficiency increase of coal-fired 
power plants have been made (Picture 1). This was achieved by the measures shown in table 1. 

Development or Design Parameters 

Seventies End of Eighties Nineties
 

Live Steam Pressure I 
 bar 170 psig 2466 bar 250 psig 3626 bar 275 psig 3989
 
Live Steam Temperate I C 535 11 995 C 540 
 P 1004 C 582 P 1080 
Reheat Temperature 1 C 535 P 995 C 560 P 1040 C 600 P 1112
 

Fcedwater Temperature C 250 F 482 C 270 1' 518 C 300 r 572
 

TABLE I 

The first step to reach higher efficiency is to change from subcritical to supercritical steam conditions. This 
is accompanied by an increase in investment costs from 100 to 103-105%. To gain an efficiency above 45% 
(LHV) it is necessary to go to ultra supereritical steam conditions. These design parameters for the actual 
plants, specially in Europe and Japan, are only possible because of the development of new material e.g. 

P911191, Nf6l6. 

The different fuels lead to different optimal steam conditions because of the design of tie steam generator. 
The figures, shown in table 1,are the result of an optimization for hard coal, which can be bought on the 

world market. 

-383 



3. Design and Operation Parameters of a 300 MW Coal-fircd Power Plant 

At ABB an optimized concept for a subcritical and supercritical 300 MW power plant has been successfully 

developed. Picture 2 and picture 3 show the heat balance diagrams of the plants. Table 2 compares the 

main design data and table 3 gives an overview of the main technical features. 

Live St-am Pressure 1 


Live Steam Temperature 1 


Reheat Temperature I 


Feedwater Temperature 


Cooling Water Temperature 


Heat Rate 

1 in front of turbine 

TABLE 2
 

Steam Generator 

Steam Turbine 

Feedwater Preheating 

TABLE 3
 

Design Parameters for a 300 MW Power Plant 

Subcritical Design 


Dimension
 

tar -5i 165 2400 


C/F 540 1004 


C/tF 540 1004 


C/P 261 502 


C/P 27 81 


Kj/kWh 7955 


Features of"300 MW Power Plant 

Subritical Design 

Controlled Circulation 

2 Casings 
(Combined I IP/MP.Casing) 

7 Preheaters 

21ip Prehealers 
I FW 'rank with Deacrator 
4 LP Preheatcrs 

4 LP Preheaters 
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Supcrcrifical Design 

250 3626
 

540 1004
 

566 1051
 

208 550
 

27 81
 

7522
 

Supercritical Design 

Once Trough 

3 Casings 

8 I'reheaters 

311P Prebheaters 
I separate Dcsupcrhcatcr 
I FW Tank with deaerator 



--

The subcritical unit is designed for conventional steam parameters; a boiler with controlled circulation is 
used. He fecds a turbine with a combined HP/MP-casing. For the supercritical design a 3-casing turbine 

brings clear advantages in efficiency. 

Differences in Environmental Impact 

Subcritical Design Supercrifical Design 

Dimension Design Design 

Net Efficiency (LHV) % 39,4 41,1 

SG Efficiency (LHV) T 93 93 

Fuel Consumption t/h 98,8 94,4 
ti/a 874000 826000 

Quantity of Ash 1/h 9,98 9,44 
t/a 87437 82694 

Fuel Gas Emission m3/h 843776 798400 
m3/h 1111 1051 

Emissions 
C02 I/a 206100o 194900
 
S02 t/a 17400 16540
 
Dust t/a 360 350 

Waste Heat MW 761 730 

Basis: 7680 h/a Pull Load 
I Dust Emission 50 rag/m3 

TABLE 4 

Table 4 shows the technical operation data. The supercritical plant has an advantage in efficiency of 6%. 

This reduces the coal consumption and the environmental impact in the same range. 

All these data are based on the coal analysis shown in table 5. 
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COAL ANALYSIS 

(As received) 

LHV MJ/kg 25,7 

Ash % 10 

Water % 11 

Volatile % 30 

Fixed Carbon % 49 

Sulfur % 1 

TABLE5
 

4. Plant Design 

To optimize technical design and costs we have developed component and arrangement concepts for both, 

sub- and supercritical unit, with a close look at standardization of engineering work and optimized 

availability. 

Table 6 informs about the influence of redundancy on availability. 

AVAILABILITY CALCULATION 

Non-Availibility Unit Non-Availibility 

Component Component Capacity of One Caused by the Failure 

Component of One Component 

Design 1 Design 2 Design 1 Design 2 

Forced Draft Fan 2x5O Ix 100 0,0467 0,0467 0,0467 

Induced Draft Fan 2x50 Ix 100 0,1298 0,1298 0,1298 

Boiler Feedpumps 3x50 2x 50 0,3028 0 0.212 

Condensate Extraction Pumps 2x 100 2X 50 0,0825 0 0,0578 

Primary Air Fan 2x5O Ix 100 0,0467 0,0467 0,0467 

River Water Pumps 2x 100 2x 50 0,0311 0 0,0068 

Intermediate Coolers 2X 100 2x 70 0,1438 0 0,0173 

TOTAL 0.2 0.5171 

DIFFERENCE 0,2939 
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TABLE 6 

The consequences of tlie chosen solutions for the power plant costs are shown in a simplified way in 

table 8. 

Price Relations 

Subcritical Supercritical 

Design Design 

Conventional 

Design 104 107 

Advanced 

Design 100 103 

TABLE 8 

5. Arrangement Concept 

Picture 4 shows a perspective view on the layout of a 300 MW coal-fired power plant with river water 
cooling. Both concepts, sub- and supercrifical, are similar with regard to arrangement.
 

The site dimensions are approx. 400 x 5G0 m.
 

To reduce ercction tic to between 25 and 30 months the main buildings are arranged separately with a
 

distance of approx. 5 rn. 

Turbine Building; 

The turbine building is divided into the tu'rbo-group hall and the feedwater annex. (see Picture 5). 

It has a full-size concrete foundation slab. The steelwork structure above ground level provides three 

operational levels at + 5,00 m / + 11,2 m (gratings) and turbine floor level + 17,0 m (concrete). 
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Two staircases are located outside in front of the turbo-group hall. A walkway on one end of the 

turbogroup hall enables direct access from the turbine floor to the control room in tie switchgcar building. 

The components inside the turbine building are arranged in modular groups. The turbo-group with the 

condenser is installed in the middle oi the turbogroup hall on a spring foundation on single supports. 

Picture 6 shows the arrangement for the subcritical, picture 7 for the supercritical design. 

The oil room is located at + 11,2 m on the front site of the turbine. The IP-heatcrs are placed vertically in 

front of the oil room and turbine. 

The switchgear room for generator exciter and the erection opening are arranged on the generator site. 

The feedwater annex houses the feedwater tank at + 21,5 m and the feedwater pumps at + 5,0 m. The LP

heaters are arranged horizontally on the mezanine level + 11,3 m. The HP-piping to :nd from the boiler 

and the HP-bypass-station are placed there. 

The main condensate tank will be erected outside in front of the turbine hall. 

Switchyenr Building 

The switchgear building is a concrete building without basement. The air conditioning plant is housed on 

top of it in a steel structure. 

6. Conclusions 

Both concepts, supercritical and subcritical design, give the possibility to optimize the plant for customers 

needs on the basis of preenginecred solutions with a special regard to efficiency, environment, costs and 

operation mode. 
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300 MW Coal Fired Power Plant 
Supercritical Design 
General Layout 

1. ZiI 1
 

...., , _ 




300 MW Coal-Fired Power Plant 
Subcritical Design 

m = 250 kg/s 
t = 540 'C t 5 'C 
p = 167 bar 

t = 261 ° ' 

MG
 

t =27 C> 
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300 MW Coal-Fired Power Plant 

Supercritical Design 
1 

m = 243 kg/3 
t =540°C t=560°( 
p =250 bar 

t' 288 G 
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300 MW Coal Fired Power Plant 
Supercritical Design 
Ilain buildings 
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Over the past 15 years, we h.ve seen an expansion of available clean coal ar related technologies 
as a result of the needs of industrialized counties to address environmental and regulatory 
requirements. As these technologies emerged, their application to developing countries required 
an important and complex evaliation process. Not only is the number of available technologies 
continuing to increase, but the evaluation of' their cost effective application has become highy
specific to the challenges to be Inel in each country. 

Stone & Webster through its vorldwide expertise has developed a database and methodology to 
systein at icaIll y eva luIIate the key characteristics ofthe technology options available and niatch then) 
to the needs/requirements of thu end user. II this paper, we discuss the significatnt factors which 
affect the technology selection, and the systematic process we suggest be Ifollowed as these 
technologies are evaluated for developing countries. The key aspects of these technologies are 
also discussed, including balancing their cost eflectiveness with their suitability or ease of use 
in a developing country. 

Introduction 

New coal and lignite- fired projects in developing countries are confronted with a varicty of 
technology options, whose evaluation and selection isdriven by new constrainls and opportunities
Ulnique to each couLtIry. Need for rapid economic growth is the major driver for these projects, 
tempered by changing environmental goals whose definition may not vet be clear. The seqtl rice 
of analyzing, selecting, optimizing, and implementing technology for a coal or lignite-fired power 
plant it,ust there fore address additionil issues that reflect tile on iqutie economic, infrast RItttire, and 
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environmental conditions that form boundary conditions for the project. This process is enhanced 
through the use of state-of-the-art cost and performancc computer characterizations combined 
with technical insights that support understanding of practical altcruatives and their impacts. 

Major technical and econolic tradcol'fs that Iliust be resolved to optimize paint design inclIude 
capital cost. O&M costs, availability, perlo rnmance and enviroinlmcntal impact. LFich If' these 
groups of parameters Competes with eacni otter in the oplimization process. Also, each of"these 
is drivCn 1\ local conditions such Is financing abhility, resources, planning goals, existing 
inrfrstrtcturC and otlher conditions that will directly and indirectly affcct the plroflitibility ol the 
pro* Ippearl'S 10 build otn well known concLpIS,. the implelcntation of'.ict. AlttolIull this lptccCSs 
it well-constru1ctCd Oplilmiiation prOCeSS withill the context ol" a SCtelncCd lump stint turnkey 
project can be very dilfficult. 

The colmlpatibility of v'ariouis coal technologies must be coIUpared (t the needs of'ltie devlcoping 
Countryl usine critcria that 2o bCVond the inlnediatc scope of tile project. Coimipatibilitv o "fucl 
prep ilition. coibtslhsion, aiid elmissions control technology wilh local conditions call impact the 
ptroject in inrtv ways. 

Evaluation and Selection of' New Power Project Configurations 

Selecting ind optimizing power generation plant designs ini many developing/newly industrialized 
C01t1triCs entlils it process tiat nmust adapt to IddCd cmnstraint s which represent the special 
opportunities andIt linlit atiOns clh aracteristic of' developing economlics. This modified process is 
described conceptually in Figure I, which highlights the sequence of decision-making as it 
icsponds to retgionatl ani hlcal constraiints aind opportutn itics. 

The nCCd fIOr pIwer is diivell y rapid inludLtria! developienlt and increasing standard of living 
Iliat IcstiltS ill iltcrescI residential, commircial and industrial ptwer load growth. Inadeq uaciCs 

of' existing powx,'er generation and distribution systems provide a barrier to 
growith that is contonlted by brOt I ri vate iilid govenilinClInt dCvClopers anI p1alners. Sorne form 
of centr'alimed planning genlerall, drives the dCcisiotn to add generation and transmission facilities. 
Often. these plans rrutl alrddrcss broth CCOnOtlic Ind environniental targets, especially in areas that 
IhaVe tndergone coiisidetable intlUstril growti and suflered the restilting environmntetal and 
economic coins, (Ifielces. Slccific environmental constraints may he imposed oil tie planninig 
process if eimissioni reIulations, ZanibiCit air ulu1ity or other fkirin:. of regtlalions are iniplemented 
ill an attlelipt to restore air and waler ILia lity, or at least to arrest further major deterioraltion. 
Often iitCernatioill fiiiaiiciiie sources. such as tie World Bank, will require the o!sc 01fstatC-of
the-art eimiission control sy\'tClns to ,tiport geoeral environmierntal planning goals. 

Trhe result is an estabslihed c d for es ti.iatei d blocks of' poiwer, that muSt be SIperimposed on 
a comri inialioni of, first-order cotrirts incltudiilg siling optiotns, conmiipatibility wilh existing and 
lahnned transinissiot grid characteristics and limitations, accessibility of fuels, and the 
cnvironlinciital pahiinirg goals described above. Siting options are generally constrained by access 
to cololing water aid makCLip water, suit ability for integration with tile growing generation grid, 
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access to fuel delivery, and possibly environnental considerations. Site options can be developed
through central planning or through the competitive process; :n either case sonic intervenfion nay
be required to ensure that some degree of optimization takes place relative to these major criteria. 

This paper focuses on the use of coal as the preferred fuel. Coal of varying ranges of' quality 
is available as anl indigenous fuel i inmany developiing countries that pronote its use as a way to 
improve strategic energy security and to pronlote local economic development. Those countries 
without usable inridigenous coal have access to coal in tile ini ternat ional market, which supports 
ship-based delivery to aIhmost any coastal location. 

Once major options and comstraints are tfined relative to site, fuel, transmission and 
ellviroriiellnila parameters, a second tier of r'tional constraints ai1d opportunilies can be applied 
before the selection process yields a specific site, size, technology aind major plant characleristics. 
fri many cases the largest econonlic drivel ill the selection of"a sire is the logistics of' fuel supply. 
Coastal sites provide tile best e,., -oin ics for large scale fuel delivery by ship, aind may support 

la once-tlihrog1 coolinrig sySevilS tihat ILLditce plant cost alrid enhance p nt perlforrmance. Iland sites 
require access to rail lilies or navi&able river systems for coal delivery as well as a iiakeup water 
sourrce. Oftern, disposal of ash or ilue gas desuI:'urizatin wastes requires bulk transport to 
disposal Ior rCuse areas. 

Optillunl i plant anid unit siZes are determined prinia rily by ecoromics of' scale, tranimission grid 
reliabilily considerations, ability to distribute arid sell power fonm large single unit and the 
relative costs ofs finianriciig alternative cash flows. Oie colillion exaillle is tle Cor ripari Soil of 
2x50OMW coal-fired units versus 3x33(1 MW units. If built i tie sanie time, tire two larger 
units wold provide the lo'..est cost project. Ilowever, the gradually increasing ability of the 
Iransiission network aind reduced cost of finiancirig associallted with a sequellced tIli,'ee-tlnit station 
nav result in a more cost-efflectivye project. 

Choice of technology is simrilrly driven hy cconomics. Recent studies for international projects 
hIave shown that pulverized coal techinology is generally mre cost-effective for larger plant sizes 
(> 250 MW) because corimpeting circulatingitllidized led (CH3) boiler technology is limited by 
rnaxiriiurii boiler sizes offered and becomes more expensive when multiple units are built. 
[lowever, progressively larger CFB hoilers are now being offered corinimercially based oni 
successful operati on of recent large CUB irstall ations. This comparison MLIst le looked at more 
care fully because of' changes iin coriiiiercial CFB offerings, and because of' tile iinfluerce of' Iocal 
labor costs, access to i11d costs if raw miiateri als, costs of delivering fabricated cormporients, and 
thc inipact of' specific project econtmics ai I other requirerients such as emissions control and 
waste disposal reqtuirerients. 

Developing coal technologies, includirg coal gasification, pressurized fluid bed coirhnustion 
(PFBC) aind other advanced coal-based power cycles are in varying stages of development aind 
represent added technical and ecororiiic risks to the project. lowever, sorie advanced coal 
power technologies miiy provide special benefits that best iatch unique needs of a developing 
economy. For exarmple, gasification offers the potential for coproduction of chemicals such as 
fertilizers thlat rnay le critical to agricultural development. Sonre flue gas desulfurization systems 
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allow the production of byproduct gypsum that can be used in fast-growing comnmercial and 
residential construction industries. Even throwaway emission control systems such as spray-dryer 
systenls Can be adapted matCri atls thai be ill a+tggCgilteto produe 11c Can reuLsed COnlStrCtion or 
paving materials. 

Selection of tie inost advant agceous cooling systcn often hinges o tile to dCsignability a cost
eflective once-through cooling system in a wax that minimizes impacts on ocean tishing 
i'csouresh.Illnaiy developing countries this is driven by coniercial fishery activily rather thani 
concern) for specific aiqalic species. Soe i n novtivc coolfing de igns iiay priovide t1e 
oiportnitv support anacilttli ll¢ sl-f inui activity\' thai take: advantagce of the plt was-t0 in 
helat to ipuoce seectcd bioilass grow!th or supprt cert ain species that like wa riner watcrs. 
Inland sites are liore likely served by wet/dry cooliin tiivcr colbinatitons that best satisfy the 
cost/pe rforn Iailicetradeofls peculiar to tle p jcct. 

Specific local site and cconoitiic Cotlditionis inst be addressed in tilecoitext of' phlt
Plain design conditions settoptinili/atit. arc generally baed on power grid peaking pattern, 

local nieteorohotoy of the site. Intl reltive fclI and capital Cost drivers. Phlnt optimialitlln
addresses the conflictinle forces illustrated inFigire 2,which shows that live mnair paralieters 

af'ect tileprofitability of' a project olten incoiiflictiiig directions. Traditional results of these 
opltinli/ations in iiidustriali/ed countries lllaV iobe iepeated in deve hlpirug collntries wicie plant 
desigl is dri vei byi'ianV din low con structio labor costs, limitedi ifereilt paranieteirS, ,uCh as 
access to construction hulk iateriills of desired quality 1id long dei very route fr manuiftactured 
and fabricated itelnis. 

Plant availability is a critical paraneter whose optimization must be considered relative to major 
plant design decisions, detailed requni remeni ts for the qu a lity and redundancy o1 eqLiipnlent, 
inpilcts o perfc,rniaiice. and IIlOS Li' all- opeiatiolis and maiintetance planniing. Developing 
power grids be less concerned abouit reliability its econoly, so the prinary driver forIllilV 


availability miay be tie teris of tie power sales contract for tile project rather than systein-wide 
los, of to;id probability targets. Plant availability a primry profit driver in privale project 
veltures where pto\fr sales agreenents heavily penalize unplanned interruptions in service and 
extended outtaecs for overhauls and major repairs. O&M paniing and execution is critical tol 
maintaining and exceeding atvailability tarets. Ih\owever, O&M staffing anid the quality and 
productivity of O&M labor may be heavily constrained hy many local tactors. For examiple, 
soic developing Countries attempt to naximize the use of local labor as part of their eclonlic 
developiment striategy, o\veVer, local CLISIolns or culturemay have it.!negative inilLience on 

O&M roles, such isctIStodial or laintenance functions. Taken together, such factors may result 
in design decisions that significttly impact costs and pe rf i lance. 

Evaluation and Selection Process Sequence - Retrofit or Repowering Project 

Figure I presents asterisked (*)itenis relevant to a case that involves modifications to an existing 
power generation facility. Once economic and environmental goals indicate a need for 
upgrading, expanding or replacing an existing power plant. the identification of options and 
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constraints focuses on characteristics of the existing site and the condition and remaining useful 
life of existing eqLIi pment . Local rqe ls a big driving force foren vi ronmnntal meir may he 
upgrading the plant, and poor allention to operations and maintemince, as is characteristic in 
many developing CoLnlriCS, May lintit the practical re- use of existing steam lurbines and Ioilers. 

Technology evaluation aiid selection for ret 0ofit/repiwering projiects is Ihere ore heavily 
intlILencCd by the extetll of 'e-LiSe of exisling equipmeni, conibined with local economic and 
elviroilileiti;. coiistra'.liilts and opportulities. For example, cogeneration may he all altractive 
concept ill Ile context of extensive local industrial and colllli..rcial developmeint. 

Optiiti/ation of plant design is driven by tIle same five major parimelers highlighted in Figure
2 as described for ne, power generalion lfacililies, perhaps with grcaler atlention to shorter 
economic life and its impact on plail ecolomics. 

Integrafioni of' Cosf, IPerlormance, Availalility, anid Environmenht l)ala 

Following resolution of tIe coMiph.xities of 'valuating and selecting plut sites, technohlgy, sie. 
coolin, and environmental controls, tile task of optimization deals with traditional iid tlniltue 
tradeoffl's that luist be analyed to lchieve nlaxinnun pr..Infibility for a project. Figure 2 
illustrates the competing forces of performtance. availahility, capital cost. ()&N :ost. and 
en\iromieotial (ald ecolloilliC) impacts. iAlch 1 these five pi'.lieters hats some negative impact 
on stone or all of the other four. For example, reducing ()&M costs max increase capital cotst 
through use of' tt1re expnsiv'e equipment and may reduce ivaiiability through longer plainnMed 
ald unplann)led Otlaees. Reducing eliissions adds equii)llieil thal has a.direct undesirable ilnfpact 
onl all four other patramelers. 

A second tier of patrameters is superimposed on these iajor tradeoff parameters I) reflect locil 
Coldilios and the effects of doing buhsitess in a developing couintry, its shown ill Figure 3. 
[inancing colnslraints, incitding currency illieractions related to comibinalions of international 
Sturces f I tile decision process relative tsuppiyx'. I11taif.t01lr IradeoIfs involving capitail cost arid 
cash flow. O&M costs are drivem by O&M planning its constrained by sources of local or 
imported skilled labor. citutral forces that tylitMaffect these occuipittions, and iccess to uLlility taw 
materials and mantifactured parts. Availability considerations may be constrained by local and 
regional transmnission grid development, subject to terms of power sales agreettletlts tt llilli pitss 
tlhroughft some risks and tine rlai ll e,. Ltcal ecolillic goals mlyi inpose certain reqLiemtlelts 
or preferences oil the implementittn phas of tile project, limitiig portions Of construiction work 
to local contlraehs ,ntd sources of hulk materials that l;lit itfluence the schedule, quality of 
work, costs, and tiltiiiate a\vailabilitv of' the facility. 

Superimposed on this netork of tradeoffs is tie nieed to identify a.nd manage risks to tile 
pttfitability of" a specific prjecct at.ift risks associated witil rapid, uncooLtordinted de\'eIlpment of 
p,,er p~rojcts. New and complex teclhn dgies introduce substantial echnical risks that may
strait the abilities of availalhc local technical expertise. Risk management lechlniqties associated 
wilh Itllip sum contracting resilt in loss of control of inlally aspects of tile optimization process 
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if contract terms and technical requirements inadvertently distort tie design evolution of the 
project away from intended target conditions. The sequence of plant definition and procurement 
should build on well-established project approaches, but modified to incorporate levels of 
innovation and motivation that match the driving forces of the project, including the opportunities 
and constraints imposed by developing economies. 

Stone & Webster has addressed these tradeof'fs analytically by developing a conqpterized 
database and model.s that iltegralte tile caIctl tion of tile five paramcte r groups highlighted in 
Figure 2 to calculate project economics for each combination of related assunmptions. "'Ihis is 
done throughi tihe use (If a ii ilUmber of plant re fereice designs, capital cost estimates, O&M cost 
estimates, performnce calculations, emissions calculations, and simplified availability 
calculations thatt are linked to a cash flow model. By linking these related calcu lations with a 
combin liiOn c gor tIitiiis and iiull LI cross-refcrenCing, tradeoffs carl be qunan tified based oInal 
a well-defined set of as,,uiptiins and cl¢cir, prOV cal culiiati In structures. The complexities of 
mlulltiplC curreilcies and tlhe translation t1 cost d1ta to VarioulS inlterlaliOllal locationlS represeni 
im rtant components that are required to analyze possiblc project coil figurations. By developing 
linked spreadshcci models IOr tliese calculations, it is possible to support tradcoff studies, 
sCnsitivity studies, and risk analyses at a comprehensive levcl. 

Coilpatlbility of' Coal Technologies 

13) taking some of these local/regional driving forces that have direct and indirect imp'ct on both 
technology ,election arid optimizati'n, we call cre.ate matrix that highlights some of the 
inieractive factors that affect the compatibility of specific coal technologies Mith sites in 
deVelOping COLint ries. Figure 4 illhstrates examples of this approach. This table shows a 
sub 'jective interpretation of tie relative coimpatibility of' varioIs coal preparation, combustion and 
erivironilental control technologies against selected general needs. This evaluation is presented 
oill 10 lliustrale tihe process, which woUld vary considerably within the specific context of a 
given site arid coLItitrv. The following examples illustrate some major compatibility flactor, : 

l)evelopment of local ntlural resources is enhanced by all coal technologies through the 
deelopien of tile coal fuel cycle, use of supporting raw materials such as little or limestone, 
and the developmn of cons[ ruct ion raw material sources. Power grid reliability is improved 
tiroLIgIi tle Uise of modern power designs aind through tile de\ycloprunt of indigelOIs coal and 
riw Material sources. The use of coriplex plant designs, including emission control systems, iiiay 
have sonle negative impact on plant availability. Local econorilic growth is enh:ced fu rther by 
larger prqJects aiid f el cycle operations that maximize local investments. Training and 
teclinilohgy transfer is enhanced for riewer, developing technologies that may toIt be easily 
accesihle otlher than through project experience. l)ependence oi forcign capital call be 
Cl iLdcicd a ncgalive compatibility, which is larger for more complex, capital intensive 
techiologics. Air arid Wlter oulality .rc piolected by tile Lise of enviroiiiicital coitrAls, althouigh 
significant impacts will result frot designs that avoid the riiore expelsive emission control 
technologies. Production of solid waste may be verytUdesirable since it CoInsLiiles Iind 
otherwise available for developtmeit and may have ollier environmental drawbacks. Useful 

-40)2



coprodcotiol of chemicals, fertilizers, building materials and other byproducts could provide 
significant benlefits to growing infrastructures. 

Many otf thcse compatibilities are subtle and complex, re(qIiring in-depI understanlding of tie 
technology alternatives and their potential impacts. Use of structured cost and performance 
models can add clarity by establishing a quantitative basis for impacts to employment, resource 
development and consumption , and environmintal impacts. 

Regional eergy planning should Cn On ia' Ccons idcrationl of dcvclop)ing clean coal eclnologies 
in atway that maximizcs the likelihtood that mattching compatibilitics can be recognized, and in 
a way thlt p)rotetCs balanced growth, transInissioli 1,id icliability, and environmental cosllrol. 
Tlhc bi,is for cOIliMpril W t tccliio0tie s projectand e. valuting niany cirnerging is iiot obviois to 
devclopers, wlio will tciid toads pm vell, repe titivc applications that minimize fimiuncial aind 
technical risk. ()nly tlhrough colsiderab!c initiative, wilh tile support of knowledgeable 
tecluoiogy experts aiid the application of sophisticated analytical approaches will all importait 
tralcoff, be atlicsscl wi lie iiipIiasis antid weiglit in g dlnliidcdby long-erili plailing needs. 
The trallsk.ll of short and lon,-tcrm emirery., eii'iro mllcltal aiid econoiimic goals into 
d'CVClopImeCi and procurmnet sti ,tegies requires Carefutl Cenisideratiomi anid merits ail),plicatio of 
the best expertise available. t lcss properly translatcd, plrojects will evolve to scr'c the more 
inimedi te needs ass ciated withIi colservlive propect dcxclopimcnt approaches that Iaty prcCIltdC 
more attractive, and perhaps more risky, altcrniamiVCs. The n1atiotal benefits of" such a 'cressixe 
risk-takiii could damalltliCally outxcili time short-term iiplications of these risks. These 
belefils, to be achieved, require a greater level of initiative, interaction, communication, armd 
cooperation thal has beeii experienced ill the history ' Ill:- powCr industr'. 

'[le incraction of CCiiirtI, ecooniilic a1id pOWC + inldLustry planiers with technical experts and 
project developers is the greatest cllcnge to tlie implementation of new clean coal technologies 
in devxciopiniig cotiFltries. The in tcrflacc aiong Iliese participants in tihe process is disCtissed ill 
the paper entitled "International Collaboration and Partiiering for Effective Selection, 
Demonstrationi, and (ii- going Use o' Clean Coal Tecinologics" presented durinig Plenary Session 
I of this coiifereince. 

-403

http:trallsk.ll


Need 
for 

Power 
for Rcpowesing AppUcations 

IEconomnic & Environmental Plans & Goals 

OptSysteImio Opins o"r Cnsraints Exitingo 
constraints ISystan F
 

Economic and Resource Constrativ! & Oppornti 

,Valuatin ~
 
._ ] ofEi t size.. To, l ,
 

Local Site & Economtic Conditions 

otOM-- Performance Availability Capital Cost O&M C_ & Economic 

T .. 

Integration of Local and International Sources of Supply 

]mlmewcTechnology j Corniction] 

- - [ Deign lan Aquiition ucio 

Figure 1 - Power Project Planning Sequence 

-4,34 



Power Technology Trade-Offs 

Capital Cost 
& Financing 

Approach 0. Availability 

Performance 0&Mcs
 

Envirnmental
 

& Economic Im'.cts
 

Figure 2 Each parameter interacts wiyh all other parameters based on system, site, and project requirements. 



Power Technology Selection 
and Optimization Trade-Offs 

Capital Cost 
& Financing Availability 

Financing 
Approach O 1W 

Local 
Constraints Transmission I 

Distribution 

Fuel 

Cost- - Performance 0 0 & M Cost 

Source, Local Raw Materials 
Transport Conditions 

& Economic Impacts 

EriIonmental Economic 
Goash Goah 

Figure 3 - Interactive Resolution of Trade-Offs Must Address Local Conditions and Use of Internation Technology & 
Sources of Supply 



Pre-Combustion I Combustion - Post-Combustion 

Needs: Mining Cleaning Slurry 
Fuels 

PC AFB IGCC FGD/ 
Gypsum 

FGD 
Throw-
Away 

FGD 
Regen-
erable 

Spray 
Dryer 

Duct 
Injec
tion 

Development of 
Local Resources 

+ + + + + ++ ++ ++ ++ + + + 

Improved Power 
Grid Reliabiiity 

+ + + + 

Economic 

Growth 
. ++ ++ ++ ++ ++ + ++ 

Training & 
Technology 

++ ++ +++ ++ ++ +++ ++ + .+. ++ ++ 

Transfer 

Minimum Capital 
Investment 

0 

Improved Air + + + 0 + ++ + + ++ + + + + + 
Quality 

Improv,'-d Water 
Quality 

Minimum Solid 
Wastes 

+ + - + + + + + 

Useful byproducts ++ + + 0 0 .+ + 0 + + + + + 

Chemicals +++ 

Figure 4 - Compatibility of Selected Coal Technology Options with Developing Cou-try Needs 



DEVELOPMENT OF COAL
 
UTILISATION TECHNOLOGIES IN
 

INDIA
 

BY: BC MISRA*, RK CHAKRABARTI**, CK BASU***
 

1.0 PREAMBLE
 

1.1 Energy is a key input for Economic growth. There is a
 
close relationship between ENERGY CONSUMPTION & GDP Growth of a
 
Nation. In other words it means between PRIMARY ENERGY SOURCE
 
CONSUMPTION & GDP GROWTH. Viewing in global context India's per
 
capita Energy consumption is abysmally low being only 208 Kg. of
 
oil equivalent against 4952 of Industrial market economies and 314
 
of low income economics in 1986 (as per World Development Report
 
1988).
 

1.2 India's requirement of comii'rcial energy is primarily met
 
by FOSSIL FUEL i.e. COAL, LIGNITE, OIL & GAS. The contribution by
 
indigenous production of COAL & LIGNITE, PETROLEUM PRODUCTS &
 
NATURAL GAS, HYDEL & NUCLLAR in total commercial ENERGY of India
 
is about 70%, 27%, 2.7% & 0.3% respectively. Except for oil the
 
requirement of other fossil fuels is met primarily from indigenous
 
production.
 

1.3 The energy consumption growth of the next decade is
 
likely to be about 9% or power and 7% for coal for a GDP growth
 
rate of 5 to 6%. The growth of coal production in India in the
 
past 20 years since nationalisation of Coal Industry in 1973 has
 
been impressive fror. about 78 million tonnes in 1973-74 to about
 
2.8 million tonnes in 1992-93 i.e. an increase of 160 million
 
tonnes. The growth has been more impressive in 80's than in 70's.
 
The 80's average annual growth rate is about 6.5% against the
 
global cjrresponding average rate of about 2.3%.
 

1.4 The situation of reserves and production of Oil & Gas in
 
Indian context is not a happy one. Currently, India has to import
 
about 50% of its oil requirement. The reserves and production
 
situation of coal is much better. The Indian coal resources at 193
 
billion tonnes though predominantly inferior and less than 1% of
 
World reserves are going to last for about 100 years. Therefore,
 
COAL is and is going to remain India's main source of PRIMARY
 
ENERGY and we have to find ways & means to utilise it efficiently
 
in an environmentally compatible manner for not only Gross
 
Domestic Product (GDP) growth but also for improving the quality
 
of life.
 

2. INDIAN COAL RESOURCES & OUALITY SCENARIO
 

A) Coal Resources
 

2.1 The estimated coal re'ources as on 1.1.1991 (down to a
 
depth of 1200 metres) stood at 192 billion tonnes. These are
 
categorised as below :
 
...................................................................
 
* DIRECTOR (TECHNICAL), CMPDIL ( A Subsidiary of Coal India 

Limited), RANCHI (INDIA)
 

GENERAL MANAGER (COAL TECHNOLOGY), CMPDIL, RANCHI (INDIA)
 
SUPTDG. COAL TECHNOLOGIST, CMPDIL, RANCHI (INDIA)
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Table - I 

(In million tonnes)
 

Proved Indicated Inferred Total
 

Coking 14,108 13,019 2,032 29,159
 

Non-coking 44,875 71,003 47,322 163,200
 

Total 58,983 84,022 49,354 192,359
 

2.2 of these coal resources, the estimated resources down to
 

a depth of 600 metres (considered workable) are of order of 174
 

billion tonnes i.e. 90%.
 

However, the above coal resources are predominantly of
 
inferior quality and less than 1% of the world reserves.
 

C) pualitywise Reserves
 

2.3 Qualitywise reserves of coal upto a depth of 600 metres
 
classified as Superior, Intermediate & Inferior for non-coking
 
(Steam) coal are given below :
 

..................................................................
 

Superior Interme- Inferior Total ICoking G.Total
 

Grade diate grade Non-CoklAsh%
 

Ash% Ash% Ash% ing Ash upto
 

upto 24 24 - 29 29 - 50 upto 50140
 
...................................................................
 

Billion 23.80 19.60 106.76 150.16 23.62 173.78
 

tonnes
 

%age of 13.7 11.3 61.4 86.4 13.6 100.0
 

total
 
coal
 
reserves
 
..................................................................
 

2.4 The above table shows that reserves of superior grade
 

non-coking coals are limited being 13.7%. Intermediate grade non

coking coal reserves are also limited being 11.3%. The predominant
 

non-coking coal reserves are of inferior grade being 61%. Coking 

coal reserves of 13.6% are also of predominantly low volatile and 

high ash . 

3.0 COAL DEMAND SCENARIO
 

3.1 Actual demand (supply) in 1990-91 and further estimated
 

demand scenario for next 20 years is as under
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--------------------------------------------------------------

(In million tonnes)
 

Actual9111996-9711999-20001 2004-051 2009-10 
--- --- --------------------------------------------------
Steel (incl. 30.05 41.50 43.20 45.00 45.00 
coke ovens) 

Power 118.79 177.70 218.00 302.00 372.00
 
Utilities
 

Cement 9.74 17.40 20.36 25.00 29.00
 

Others 53.56 78.60 104.44 143.00 184.00
 
..........----------------------------------------------------


Total 212.14 315.20 386.00 515.00 630.00 
. . . . . . . . . ..--------------------------------------------------

3.2 The share of power and other sectors is expected to grow
 
as follows
 

(In percentage)
 
. . .
. . .
. . . ..--------------------------------------------------

11990-9111996-9711999-20001 2004-051 2009-10
 
...........---------------------------------------------------


Power Sector 56 56 56 59 59
 

Other Sector 44 44 44 41 41
 

...........--------------------------------------------------

4.0 TECHNOLOGY DEVELOPMENT AREAS
 

From the foregoing discussions, it can be seen that major demand & 
demand growth is in Power Sector. Demand Growth in identified 
Cement Sector is also substantial. The limited available good and 
intermediate quality Non-coking (Steam) coal will have to be 
utilised by HEAT INTENSIVE INDVSTRIES which can not do without it. 
Therefore, Power, Cement and other industries alongwith Domestic 
Sector will have to depend on IKFWRIOR COAL only. Ways and means 
for efficient utilisatlon of ths tnferior coal in an 
environmentally compatible manner bqt economically have to be 
found. There is growth in Steel 54ctor (including Coke-ovens) too.
 
Technologies for use of ow Volatile and High Ash Coking coals
 
which are predominant in reperves are being tried besides adoption
 
of technologies based on Non-cokigg coal.
 

All the above requires development ot technologies with
 
environmental compatibility and efficient energy utiltsation for
 
the above referred Sectors/Areas. The same have been briefly
 
discussed below
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4.1 STEEL SECTOR
 

As has been discussed earlier, Coal reserves of India are, in
 
general, of inferior quality and coking coal is no exception. For
 
the production of Steel, certain specific quality parameters in
 
the feed coal to coke are required to be maintained. Coal ash is
 
one such important parameter. Due to difficult cleaning
 
characteristics of Indian coals, its beneficiation to desired ash
 

level requires adoption of improved beneficiation technology on
 
which development activities are in progress in the country. Some
 
of the advanced technologies like Spiral Concentrator, Column
 

Flotation, Oleo Flotation, oil Agglomeration, etc. are now in
 
different stage of development. Some of them have been perfected
 

in demonstration scale level prior to commercialisation. The above
 
technologies were chosen for development under Indian context
 
mainly due to the fact that Indian coals contain hi)h near gravity
 
materials and as such, calls for fine grinding to improve the
 

yield of clean coal.
 

With a view to minimise dependence on coking coal for steel
 
production, technologies like direct injection in Blast Furnace,
 
adopLinn of Sponge Iron technology, Reduction melting technology
 
based on noni-coking coal are being adopted. For the production of
 
non-coking coal with desired ash level, non-coking coal 
beneficiation for meeting the demand of Iron & Steel Sector is 

also coming up in a big way in the country. 

4.2 CEMENT SECTOR
 

Production of Cement is one of the major energy consuming
 

industries and as such, adoption of energy efficient process has
 
become imperative under Indian context. Indian coals because of
 

its high ash content calls for higher coal consumption for the
 

I rpose of clinker production. To reduce dependence on relatively
 
superior grade coal and minimise consumption, the wet process of
 
cement production is being phased out gradually from the country.
 

The present trend in the area of cement production is adoption of
 

dry process with precalcination where relatively inferior coals
 
can be used for precalcination purpose and for the purpose of
 
clinkering relatively superior coal is used. For the purpose of
 
improving the productivity of Cement Plants and quality of the
 

product, exercise is now in progress for establishing economics of
 
beneficiating the feed coal to the Cement Industry.
 

4.3 DOMESTIC SECTOR
 

India with the population of about 860 millon needs huge energy
 
for domestic purpose which comes from mainly non-commercial
 

sources like Fire-Wood, Agricultural waste, Animal dungs, etc.
 
There is urgent need to chanqe this trend for maintainaing soil
 

fertility. To this effect, use of coal based domestic fuel is
 
essential and the subject has been dealt in details in another
 
paper entitled "Production of Coal Based Domestic Fuel : An
 

Environmentally Friendly Technology".
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4.4 POWER SECTOR
 

From the coal consumption pattern discussed in this paper, it is
 
clear that power sector is the major consumer of coal in India.
 
Being the major consumer of coal, Power Sector in India is to
 
depend mostly on inferior grade coals with ash varying Letween 30
50%. Indian Power Plants upto the capacity of 500 MW unit based on
 
pulverised coal combustion use such high ash coal. The problems
 
associated in use of high ash coal mainly relate to erosion of
 
boiler components and excessive use of oil support for boiler
 
start-up and low load flame stabilisation. While the problem of
 
erosion in boiler tubes is tackled by reducing flue gas velocity,
 
installing suitable baffles in the flue gas path and by putting
 
shields on tubes in critical erosion zones, the problem of flame
 
stabilisation with oil support is being tackled through the use of
 
low calorific value coal gas and adoption of direct ignition of
 
pulverised coal developed in India.
 

Atmospheric Fluidised Bed Combustion (FBC) of coal for power
 
generation has already reached commercial status in India and such
 
boilers are capable of working with coals containing ash as high
 
as 65% ash. Coal India Limited, itself has set up 2 Nos. of 2 x 10
 
MW A.F.B.C basad captive power stations using coal washery
 
rejects. Many more in pipe line. One CFBC Pilot Plant, for testing
 
various high ash coals & washery rejects to enable design and
 
construction of large size plants, is also operative.
 

In the area of Power generation, another technology now in
 
advanced stage of development in India. is Coal Water Slurry
 
Combustion (CWSC). The development of this technology will totally
 
eliminate the problem of Oil/Gas support for the purpose of flame
 
stabilisation in pulverised coal combustion.
 

Integrated gassification and combined cycle power generation is
 
considered as the most environmental friendly technology with
 
improved utilisation efficiency. The adoption of this technology
 
is under active consideration in India. Indian coals being high in
 
ash content, its gassification aspects have been investigated in
 
details recently both in Pilot Plant and demonstration Plant scale
 
to arrive at the optimum technology to be adopted for the purpose
 
of gassification of such coals. The investigation carried out so
 
far reveals that against the conventional thermal efficiency of
 
only 33%, aduption of this technology may lead to a thermal
 
efficiency of as high as 42%.
 

In the area of coal combustion, other development areas, where
 
work is now in progress in India are Pressurised, Fluidised Bed
 
Combustion, Oscilliatory Combustion & Magnete Hydrodynamic (MHD)
 
System.
 

4.5 MISCELLANEOUS
 

The oil reserves over the world are depleting at a fast rate and
 
as such, Coal is bound to become the primary feed material for
 
the organic chemical industries. To face such a future situation,
 
development activities in India are now in progress for the
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production of oganic chemicals either from the coal tar or from
 
coal based synthesis gas. Work is also in progress in this country
 
for the direct hydrogenation of coal for the production of oil and
 
chemicals.
 

5.0 CONCLUSION
 

Coal will continue to be the prime source of energy in India for
 
the foreseeable future. Indian coal being of inferior quality,
 
developmental activities are in progress for efficient utilisation
 
of such coals in environmentally friendly manner with due regard
 
for conservation of this non-renewable scarce source of energy. To
 
achieve the above objective, developmental activities as well as
 
adoption of improved technologies are being taken up on priority
 
basis in this country.
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Introduction 

It is well known that China is the wcrld's largest coal consumer and ; 
world's growth in coal utilization in the foreseeable future. Hto, 
appreciated that China's pattern of coal utilization by sector (electri
residential/commercial) differs drasticall, from that of other major c( 
For example, coal utilization in China's industrial sector is much 
electric utility sector. Furthermore, direct coal combustion in China* 
sector is extensive, currently about 200 million tons of coal per yeaz 

Eatlh sector in China uses coal technologies which are uniquely diff'e 
an analysis of coal utilization in China by sector, with special empha: 
coal technologies used in each sector. This analysis also includes 
systems and new coal technologies which improve efficie.cy and rt 
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Overview of Coal's Role in Energy, Environment, and Life in China 

Coal dominates energy utilization, the environment, and life in China. Its energy role in China 
is much greater than in any other nation in the %korld. This is because of China's massive 
doniestic resource of coal compared to its limited domestic resources of oil and natural gas. 
Inaddition. (China represents one-fifth (ot tileworld's population at about 1.2 billion (10") 
people. I hiII, with a quicklv increasing standard of living leadsmassive population combined 
to the largest ,rowth in energy consumption and emissions in the world. For example, China 
is projected to surpass the United States largest emitter of C() 2 before 2025 [I.as tile 

China is facing the difficult task of maintaining a high economic growth rate that will be 
increasingly limited by energy supply and environmental problems. China's future is tied to
improved energy technology and utilization. Currently'. China is aggressively expanding its 

efforts in oil natural gas exploration and production. If this does not produce massive new oil 
;ind gas reser es,. it %%ill become critical fbr China to greatly improve its coal utilization from 
a; ceoonomic aid environmental pcrspectivc. It must also be noted that the current practice of 
low subsidi'd (allocalted) energy prices encourage waste and inefficiency [2]. 

Energy Overview 

China is currently both world's and Moretile largest coal producer consumer. importantly, 
China represents most of the world's growth in coal utilization for the foreseeable future as 
shown in Figure 1. 

Coal utilizati' n if) China is uniquely different from that in the United States and other major 
coal consumers. First, coal is 75% of China's total energy consumption, whereas in the United 
States, coal is only 24% of total energy consumption. Second, China consumes only 30% of 
its coal in electric utility boilers, vhereas the United States consumes 87% of its total coal 
consumption in utility applications. sector is tile in China,The industrial major coal consumer 
representing about 50% of tiletotal coal consumed. Finally, about 20% of China's coal 
consumption is in the residential/commercial sector. Coal consumption in the residential/ 
commercial and small industrial sectors represent much of the inefficiency and pollution of 
China's current coal utilization. 

Environmental Overview 

The dominance of coal utilization in China naturally creates environmental problems. Focus 
is usual!y brought on the air emissions associated with coal utilization. However, the land and 
water pollution associated with China's coal utilization is perhaps more serious as this stays 
concentrated in China. whereas air emissions are dissipated over the rest of the world. It is. 
tleref!arc. useful to briefly review the problematic forms of emissions from China's coal use. 
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Solid Waste Emissions. Solid emissions result from coal cleaning (washing) waste and ash 
disposal. Coal cleaning wastes are the greater problem due to their reactivity and associated 

Depending energyencrg, losses. on tile and sulfur content, coal cleaning waste .- ads to gob 
pile fires and mine acid (dilute sulfuric acid) water pollution, respectively. 

Liquid Waste Emissions. Liquid wastes are associated with coal mining, coal cleaning, and 
the non-combustion uses of coal in China such as coke ovens. Coal mining and coal cleaning 
produce serious mine acid water pollution. This is a major problem because China has water 
shortages in many of the coal production areas. The many coke-based ammonia, town gas, and 
steel mills produce waste streams containing tar. benzene, and phenolic derivatives which are 
knovn carcinogens. These types of chemical and plant sites are also the historical cause of 

the "Superfund"m1any fI' current contaminated land sites in the United States. 

Air Emissions. China has severe air pollution problems which are principally attributable to 
the combustion of coal. Most of the current concern and regulations relate to only ground level 
concentrations of particulates. SO,, and NO,. This promotes the use of tall stacks to better 
disperse air pollution, as was done in developed nations until the 1970s. Particulate air 
pollution is clearly the most serious air quality problem in China. This is principally from 
industrial and residential/commercial coal combustion due to poor combustion (excess soot). 
short stacks, and no particulate emission control. 

In 1981) in China. it was reported that major northern cities had concentrations of total 
"suspended particulate matter averaging 526 pg/m , and southern cities average 318 Ag/m3 (both 

annual averages). \Vintertime levels of particulates are much higher due to direct coal 
combustion fbr residential heating. For perspective, t .c primary (health related) National 
Ambient Air ualitV Standard in the United States for total susrended particulate matter is 50 

"he annual average concentrations in 3 1989 for SO, in China's northern and southern citieswkere reported to be 93 and 119 pg/i , respectively. The Primary Standard for SO, in the 

I Inited States is 8) it nr'. Cities in the Shanxi province, where considerable amounts of coal 
are mined. had quite high concenations of particulate matter and So),: Linfeng had values 
of 829 and 356 pgim' for the two pollutai:s; Taivuan had values of 783 and 409 jig/m . Since 
low stltiur coal is generally used, the ground !evel SO, emissions problem is primarily due to 
the use of short stacks. 

Reported concentrations of' No) do not indicate as severe a problem particulate matter andas 
S( ),.Oni'. onlie (hinesc city was reported to have an annual NO, concentration exceeding tire 
I tnited Statcs standard. I loever. NO, cc, centrations will increase in the future as 
transptrtation hiel use (l.( engines) expands. 

-417



Electric Utility Sector 

Electric utility piW.er L'eneration is of greatest interest to botl the Chinese and the international 
coal technoiog conmt,|lity. Chia s rapid economic growth ant ri:,ing standard of living ale 
being limited bv chronic electric po xer shortages. China's 1991 reported electric utility power 
generation installed capacity Was 151 (\V, of which 77%,, was coal. 1X% hydro, and 5% oil.More importantly, by 2000 tie installed capacity is estimated to grow to about 300 (P\'. This 

currently require; the capaci', addition of about 10-12 (W per year. of hich 70-80 i is coal
based. III additioti. during the "ninth" five-year plan (1005 to 21000), capacity additions are 
projected to reach 17-20 G\W per year. 

,!is enormous grtiv tl itt coal-fired utility power plants in China provides the current market 
I,:r the vendors of large coal-fired power plant technology. The market for large coal-fired 
titity power plants in the developed nations is bleak due to excess capacity of basehad coal 
and nuclear posser plints. Deregulation and laws that require electric utilities to purchase 
industrial cocnerated elcctricity at a fair price has consumed the limited need Ior new base
load capacit\. Most ,,f the remaining electric generation capacity addition requirements are 
cmlrentll fir peaking and cycling load here new coal units are not competitive. it addition, 
coal-based r(\,,cr is not competitive at this; time with ntura gas-bIsed combined cycle power 
plt,t iti most developed natroi- , bccar;e of lo\ , natural gas price,; Ihercitre. western vendors 
of traditional coai-tired utilitv p v,.'er plant,; tust rely on projects in Southeast As:'i (including 
Indiai fIr the next \-ear:,. 

The enormors, grosd in cAl-tirCd utility power plant; in China is also \,ell timed for tile 
\\e;tern de\clopcr, ,! Independent Power Producer (IPP projects. 'lie deregulation and 
resulting ctpet in I electric po-er.generation in developed nations iepresents the greatest 
change in the world eniegy bsiness since the oil price/supply shocks of the Non, 1970s [31. 
utility electric powcr generators novW supply over ialf of the new capacity in tle United States
and represent most of tre gr wth in total electricity generation as illustrated in Figure 2. The 

overwhelmine success of deregulated pomer generation in developed nations has lead the 
World Bank to encourage tire same change itt des eloping nations [4]. As a result, about 67.5 
GW of electric pomer generation capacity' is now being ,olicited for IPP ownership or build
own-operate-transfe 13,)(130) in China. The capital and construction/operating expertise of 
IPPs from developed ntion, w.ill be invaluable to China. The biggest challenge of IPPs in 
China will !,e fioancing and terms of payment. 

China is currently building "world class" 300-60, MW pulverized coal (PC) power plants. 
Only a few key components need to be imported. These plants are about 35% efficient (HIIV) 
and have low NO\ burters, electrostatic precipitators (ESP), and tall stacks. Like Australia. 
roost power plants in Clhina do not have flue gas desulfurizat ion (FGI)) svstems. This is 
because, as il .\ustralia. r ost of tile coals in China are low sulfur. In tire future. FGI) systems 
are likely Ir power plants isin tire f~v high sulfur coals mined in China. These coals are 
generally located irr Soutihern (Chitna. "I le economics of F(HI) (uall per lon) sulfur recovered) 
vlll favor tie uc o 1( il) hr ,II\ high sulfiu coals. high removal cfficiency systems, and 
producion of uprlnlic,tihat are it short supply in (hina [5]. C'onverting air pollution into 

-418



solid waste pollution is the last ting China needs. FGD systems will increase capital and 
operating costs while reducing efficiency. It is unrealistic to expect China to add FCD systems 
to power plants while many developed nations continue to build coal-fired power plants 
without FGD systems. 

In the future, the Chinese electric utility industry will want to build coal-fired power plants
bosed on adv%'nced technologies such as atmospheric circulating fluidized bed combustion 
kCI:BC), pressurized fluidized bed combustion (PFBC), and coal gasification combined cycle 
(CGCC). All three technologies offer higher efficiency and lower emissions than the current 
Chinese coal-fired power plants. Fluidized bed systems (combustion and gasifcation) have 
added advantages for use in China due to the high ash and variability of Chinese coals. In 
addition, the low sulfur content of most Chinese coals greatly reduces the solid waste disposal 
problems of fluidized bed systems. Ilowever, all three advanced coal technologies also require 
technology transfer, additional imported components, higher capital cost, and the highest 
quality construction. operation, and maintenance. The future success of these advanced coal
fired power plant technologies in China will be greatly enhanced by the presence of IPP and 
BOT. 

Industrial Sector 

Industrial sector coal use in China is generally of less interest to the international coal 
technology communit, -However, that reflects a basic lack of understanding of this market. 
Industrial sector coal use in C.;ina is perhaps more important than utility sector use because 
of the following [6]: 

Industrial coal use in China is currently about 550 million tons per year and is likely' to 
grow at a rate equal to utility growth in coal consumption (tons rer year increase). 

Industrial coal use ir) China represents the largest source of air pollution. The ground 
level particulate emissions frota industrial boilers are much worse than that from utility 
boilers due to poorer combustion, lack of particulate control, and short stacks. 

Industrial cogeteraotil is a " in-win' situation. Industrial cogencration has tie 
potential of much higher efficiency than that of tie most advanced power plant. 
:urthermore. it can be done with simple domestic technology as well as with advanced 

coal techilolmgy 

SNlIan. parts Of the industriad sector in China are experienced with international trade and 
technolog.% licensing 

"I lowever. the greatest advaontaitC of the Chinese industrial sector is the availability of' 
"tard currenc'. " hi'. makes I' and Bt)()T finiancing and terms of payment much 
easier than tlt nflilIt\ prolccts. 
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The dominant industrial coal use in China. is in firing relatively small stoker boilers. These 
boilers are very inefficient: principally due to the poor and constantly varying quality of coal. 
It is common to find coals with 50% fines and 25% ash being burned in these stoker boilers. 
This naturally leads to high carbon losses as soot since stoker boilers cannot effectively burn 
large amounts of coal fines. This situation can be greatly improved at low cost by developing 
and encouraging "stoker grade" coal. Specifically, low cost screening systems could be added 
at 	 mines to segregate coarse coal for use in the many small industrial stoker boilers and fines 
for 	use in a few large PC boilers. In addition, cyclone char recycle systems and low cost 
baghouse systems could be added to existing stoker boilers. 

New industrial boilers clearly favor the use of CFBC boilers because of fines content, coal 
variability, and low sulfur content. There is also the highly successful experience of the 
numerous CFBC boilers for industrial cogeneration in the United States. Licensed CFBC 
boilers are already being built in the industrial sector in China. SFA Pacific's FBC database 
shows a total of 1Q licensed CFBC units in 10 Chinese locations with a total steam generation 
capacity of 2,700 tons per hour. These units are based on Ahlstrom/Pyropower and 
Riley/Deutsche Babcock licensed CFBC technologies. 

Longer-term. coal gasification will be even better for industrial cogeneration in China. Coal 
gasification would enable large central facilities to transport coal-derived fuel gas via pipeline 
to various small combustion turbine based cogenerators. This is better than steam turbine 
based cogeneration due to the much higher electric power to cogeneration steam ratio of 
combustion turbines 13]. This is important since effective cogeneration isusually cogeneration 
"heat host" limited. Converting an existing cogeneration heat host steam requirement from a 
steam turbine only system to a system that includes combustion turbines can increase electric 
generation by a factor of 5. Coal gasification also has other benefits including: 

" 	 Much lower emissions and better recovery of sulfur (sulfur is currently in short supply 
in China). 

" 	 Allows the economical development of ve:y small commercial cogeneration systems 
based on interna! combustion engines (for office buildings and large residential 
apartment buildings). 

" 	 Co-production of valuable industrial fuel gas and chemical synthesis gas. 

Texaco already has several coal gasification projects in China's industrial sector based on its 
coal gasification process in conjunction with combustion turbine based cogeneration, industrial 
fuel gas, aild synthesis gas chemicals [7]. The industrial use of coal gasification will greatly
expand as China converts from an oil exporter to an oil importer and the "allocated" domestic 
oil 	supply/pricing system is phased out. 
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In the distant future. China faces difficulta situation regarding crude oil utilization. The
rapidly increasing use of liquid transportation fuels will China to becomeforce a major oil
importer. A first step in alleviation of this problem is conversion of oil-fired boilers to coal.This is enhanced by coal technologies such as coal water mixtures (CWM), slagging
combustors, and low technology coal gasification systems (gas producers). The replaced fuel
oil can be converted to high value light distillates (diesel and gasoline) by cost-effective heavy
oil conversion technologies commercialized by the international oil refining community [8]. 

There are also many other innovative ways to utilize domestic coal to improve China's
petroleum position. Coal-based steam generation and CO 2 will be required for enhanced oil 
recovery. Advanced coal technologies can also be reruired in oil refineries to increase liquid
product yield substantially [9]. This would likely involve direct coal combustion fo refinery
utilities, coal gasification for refinery fuel gas and synthesis gas, coal/residual oil coprtccessing,
and indirect coal liquefaction. 

Residential and Commercial Sector 

Per ton of coal consumed, the residential and commercial sector represents the most severe
pollution problem in China. The large increase of ground level emissions in China's northern
cities during the winter is principally due to residential heating by direct coal combustion. This
coal combustion is of even lower efficiency, produces higher emissions, and has lower stacks
than industrial coal boilers. There are great opportunities for improvement considering that
direct coal use in China's residential and commercial sector is about 200 million tons per year. 

China has made great strides in improving the quality and quantity of resi !ential and
commercial energy. Innovative anthracite briquettes have been developed for cooking.
Liquefied petroleum gas (LPG) and town gas are also available in many of the major cities.
The town gas is usually produced from coal via coke ovens and sometimes vertical retorts.
However, the principal energy product of coke ovens is the coke, nc the coke oven gas. Thecapital cost of coke ovens is very high per unit of town gas produced. In addition,
metallurgical grade coals required for coke areovens of very high quality and are in short
supply due to critical expansions required in China's steel industry. 

Large industries and some municipal electric utilities are also developing cogeneration/hot
water district heating systems in the major northern cities of China for wintertime heating.
However, the capital cost of district heating infrastructure is very high. Even worse, theelectric power output drops to about one-half when the power plant steam turbine generators 
are converted from condensing to back pressure steam extractionor operation, which is 
required for district heating. 

Town gas and district heating energy supplies will continue to increase as the allocated energy
supply/price system in China is phased out. The current low (allocated) town gas prices make
coke ovens the only economical source of town gas because the large revenues of valuable
merchant coke sales is used to subsidize the small town gas sales revenues. Increasing town 
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gas and district heating energy prices to reasonable levels will spur interest in the electric 
utility and industrial sectors. Furthermore, premium residential energy supplies by the utility 
and industrial sectors will be based on high efficiency and low emission technology coal use. 

There is significant potential in China for integrated steel mills and oil refineries to sell tleir 
existing methane-rich internal fuel gas as town gas. Direct coal combustion and low 
technology coal gasification processes can be used to replace the existing steel mill coke oven 
gas and the oil refinery "refinery gas." Longer-term, extensive coal-based town gas facilities 
will be required unless large natural gas reserves are discovered and developed. 

There is better potential for electric power generators to supply district heating once they 
receive a reasonable price for the hot water. However, continued electric power shortages in 
China will favor district heating based on combustion turbines. This is because the drop in 
electric output whe: cogenerating hot water is minimal for combustion turbine-based power 
generation. Howevcr, since combustion turbines require a clean fuel gas, this application must 
wait for long-tenn development of CGCC or improved town gas supplies. 

As mentioned previously, expanded coal-based town gas will be required longer-term unless 
large domestic natural gas reserves are discovered and developed. As with natural gas in 
developed nations, town gas allows low emission and high efficiency energy use in the 
residential and commercial sector. This will require modem coal gasification systems that 
maximize the direct methane production. This clearly favors oxygen-blown, high pressure 
systems based on moving-bed or fluidized-bed coal gasification processes. 

Summary 

Considering that China represents one-fifth of the world's population, the dramatic 
improvement in living standards in much of China over the last 15 years is one of the greatest 
economic achievements of the twentieth century. Much of China's impressive economic 
growth has been based on export of crude oil and consumer products. However, as already 
discussed. China's crude oil position is quickly eroding. Also, the consumer products are 
based on labor-intensive manufacturing where !he key issues are low wages and ample electric 
supplies. 

China has now reached a critical point in its economic development. The massive populations 
in the rural areas of China will begin to share more of the incieasing standard of living. 
Furthermore, the people in the major cities and Southeastern China, which already have the 
higher standard of living, will use automobiles increasingly in place of over-crowded buses. 
and motorcycles in place of bicycles. Finally, housing and infrastructure in China will continue 
to improve overall. Thi: will greatly increase per capita energy consumption. 

Simply stated, if China's per capita fossil fuel consumption increased from its current level 
(about 27 million Btu per person per year) to the same as Canada (about 270 million Btu per 
person per year) China's fossil fuel requirements would increase by a factor of 10 and the total 
world fossil fuel requirements would more than doubie. For both worldwide environmental 
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and energy supply reasons, it is essential that China utilize the cleanest and most efficient coal 
technologies. In other words, it is in the best interest af the developed nations to make sure
that China has access to the coal technologies that increase efficiency and reduce pollution. 

If China continues to rely on coal as its principal source of energy, coal technologies and 
applications must be pursued that differ from those used in developed nations. Coal is 
generally used only in large central power stations in most developed nations. However, this 
is because the residential/commercial and industrial sectors use mostly natural gas and oil. The
lack of domestic natural gas and oil make the industrial and residential/commercial sectors the 
largest coal consumers--and polluters in China. 

Advanced coal-based power plant technologies are attractive for China due to persistent power
shortages. Tile) also have efficiency advantages over older existing power plants. However,
this has little impact on overall efficiency and environmental emissions in China. Advanced 
coal-based technologies also represent increased capital costs, key technology transfer,
increased imports of components, and improved operation and maintenance. Furthermore, the 
most advanced stand-alone power plant is only about one-half as efficient as modem industrial 
and commercial cegeneration systems. Industrial and utility cogeneration must be encouraged
by offering attractive prices for this higher efficiency source of electricity and hot water,
regardless of the supplier or consumer. fhe same applies for town gas, natural gas, and coal 
bed methane. 

Short-term, atmospheric circulating fluidized bed combustion isthe coal technology of greatest
need in China because of the r-operties of the local coals and the large use of coal in small
inefficient industrial boiler.. In addition, continued improvement in the coal allocation and 
pricing policy will discourage tilemining and addition of rock with coal merely to increase 
tonnage during mining and will enco.urage the availability of "stoker grade" coal. 

Long-term, modern coai gasification is st.ategic to China's energy and environmental future. 
This is the only coal technology that meets th'v long-term requirement for all the important 
energy needs and sectors: electric power generation, cogeneration, town gas, and premiun
liquid transportation fuels. 

The markets for coal technology in China are vast and expanding rapidly. At the same time,
the developed nations' need for their own improved coal technologies is currently dormant. 
This creates a unique opportunity for both China and the international coal technology
community to work together. Challenges exist regarding technology transfer, financing, and 
terms of payment [10]. However, these issues can be resolved if the focus is kept on the fact
that China's approach to coal utilization will dranmatically affect the energy and environmental 
future of tile world.entir, 
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DEVELOPMENT AND OPT ION OF RETROFIT
 
AND NEW TECHNOLOGIES
 

FOR LOW-RANK COAL
 

G.Mourndjian; Bulgaria 

ABSTRACT 

Many countries in South-Eastern Europe, including Bulgaria, on the basis of economnic 
reasons and aiming at relative independence on external energy resources have developed
PCF technologies for low-rank coal utilization with caioricity reaching I100 kcal/kg
Ad=38%, wr=55%, S=2% (for Bulgaria), 

The gained technological successes in Bulgaria during the last 20 years coincided in time
with the dynamically changing ecological requirements in the industrialized countries. In
the period 1980-1993 these requirements gained international and global diniensions. 

The impossibility of the operating low-rank coal utilization technologic$ to satisfy the newcriteria is unfortunately connected with the scientific, economical and technical
unpreparedness for conunercial application of Retrofit technologies or comnissioning of 
new ones. 

The analysis of the problem regarding the emissions values and CO2 reduction through
reducing the low-rank (steam) coal consumption leads to some alternatives of 
compromise. 
energy consumption restructuring, Improvement the eiergy efciency in resources-end 
uaer .Vytern, . combined powejtransit, io heal tand production and application ofcleaning-up technologies distributed along the whole track fuel-exhaust gases. 

CO2 and emissions values reduction are also connected with decision concerning the 
change of coal quality. 

The analysis of the development rate of retrofit and new technologies for LRC,
unfortunately, does not give possibilities to make adrastic turn for aperiod of 10-15 yeafi
inrelation to the emission indices of the energy technologies. 

The absence of acceptable technological and economic possibilities for improvement of the 
ecological indices of these technologies can be balanced partially too, applying an
appropriate control of the load of the set ofpower production capacities inoperation. 
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DOMESTIC FUEL:AN ENVIRONMENTALLY
 
FRIENDLY TECHNOI.OGY
 

BY : BC MISRA*, RK CHAKRABARTI** & CK BASU***
 

1.0 INTRODUCTION
 

India, with only 22% of the global land area is accommodating 16% 
of the global population. The Energy scenario is still more bleak 
with only 0.8% of coal reserve and 0.6% of oil reserve of the 
world and most of the coal reserve being of inferior quality. 
Still, in Indian context, the recoverable coal reserve has a life 
of 10 years at an annual recovery of 500 million tonnes (mt) 
compared to only 24 years in case of crude oil at the current rate 
of product io. of about 30 mt. Hence, our emphasis is on the 
utilirsation of coal to the extent possible to meet our energy 

need. In fact, in our country, the trend of production of primary 

commercial energy indicates a considerable rise in the recent past 

to match with the industrial activity in the country. The trend of 

production is shown in Table- . 

TABLE -

TREND OF PRODUCTION OF PRIMARY COMERCIAL ENERGY
 

..................................................................
 

Energy form PPODUCTION 

I 1950-511 1960-611 1970-71i 1980-811 1990-31 
---------------------..-------------------------------------------


Coal in mt 33.00 55.67 72.95 114.01 211.73
 

Lignite in mt - 0.05 3.39 4.8 14.07 

Crude Oil in mt 0.26 0.45 6.82 10.51 33.02
 

Natural Gas in - - 1445 2358 17998
3 

million m
 

Fydro Power in 2.52 7.84 25.25 46.54 71.54
 
B Kwh
 

Nuclear Power in - - 2.42 3.00 6.24 
B Kwh 

.................................................................. 

From the table, it is evident that production of coal has 
increased from meagre 33 million tonnes in 1950-51 to 211 million 
tonnes in 1990-91. In comparison, the production figures of other 
fuels are quite lcw. This indicates the emphasis on usage of coal 
an the source of energy. Sectoral consumption/demand of coal in 

India is shown in the Table-2.
 

* DIRECTOR (TECHNICAL), CMPDIL ( A Subsidiary of Coal India
 

Limited), RANCHI (INDIA)
 

GENERAL MANAGER (COAL TECHNOLOGY), CMPDIT., RANCHI (INDIA)
 

SUPTDG. COAL TECHNOLOGIST, CMPDIL, RANCH: (INDIA)
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----------------------------------------

TABLE - 2
 

SECTORAL CONSUMPTION/DEMAND OF COAL IN INDIA
 
..................................................................
 

Sector I1955-56119C5-6611973-7411984-8511989-901 1993-94
 
I lproposed 

Steel (including 3.40 ll.i) 13.78 25.33 28.37 35.00 

Coke-Ovens) 

Steel (DR) - - - - - 1.60 

Power (Utilities) 3.16 10.50 16.64 61.98 133.00 157.10
 
(1.26) (2.25) (2.12) 	 (2.90)
 

Railways 13.35 16.80 13.92 9.52 5.73 3.60
 

Cement - - 3.65 7.07 8.74 13.10
 

Fertilizers 13.78 - - 3.89 3.97 3.70
 

Brick & other - 13.90 22.27 26.17 34.55 31.00 

Industries (1.08) (1.33) (0.025) 

Captive Power - - - - 15.40 

(2.65)
 

Soft-Coke/LTC - 3.60 4.65 2.24 1.30 4.10 

(0.20)
 

Export 1.78 0.80 0.62 0.11 0.16 0.20
 

Colliery Consumption - 2.80 2.77 4.02 3.47 4.00 
..................................................................
 

Total 35.47 60.10 75.53 140.33 219.79 268.80
 

(2.34) (3.58) (2.12) 	 (6.00)
 
..................................................................
 

N.B. 	 The figures in the brackets indicate consumption of
 

middlings.
 

This table gives us a fair idea of the pattern of coal use in
 

India. One point to note here is that consumption of domestic
 

sector, i.e. for producticn of Soft-coke/LTC is very meagre. This
 

does not indicate that the demand of domestic fuel is so low. In
 

fact, this indicates production which is far behind the actual
 

demand. The cirrent domestic energy consumption is of the order of
 

270 million tonnes of coal equivalent with following break-up :
 

Fuel 	 Quantity (in million tonnes)
 
(Coal equivalent/year)
 

Soft-coke/Semi-coke 2.2
 

Liquified Petroleum Gas 13.3
 

Kerosene 32.0
 

Coal Briquette 1.8
 

Raw Coal 3.0
 

Other Non-commercial fuels 217.7
 

Total 	 270.0
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It is evident from the figures that commercial fuels constitute
 
only around 20% of the total energy consumed and the rest 80%
 
comes from non-commercial sources like Fire-Wood, Agricultural
 
products, Animal dugs etc. It has been estimated that at present
 
annually about 118 million tonne of Fire-Wood and 78.7 million
 
tonnes of Animal dung are used as domestic fu . This is likely to
 
increase to 135 mt & 91.5 rnt per year respectively by 1999-2000
 
according to National Council of Applied Economic Research
 
(NCAER). Such massive and increasing use of non-commercial fuels
 
is bound to lead to disastrous consequences on the environmental
 
front particularly the use of Fire-Wood resulting in
 
deforestation. This will not only affect ecological balance by way
 
of deforestation but will also affect soil fertility due to
 
diversion of animal dung from its more gainful use as organic
 
manure with serious consequences. Substitution of non-commercial
 
by commercial fuel for domestic use is, therefore, a must. With
 
limited resources and production of oil in India, there is no 
other way but to take recourse to Coal based domestic fuel to 
avoid an ecological disaster. It has been estimated that each 
million tonne coal based fuel can replace about 2.6 mt of Fire-
Wood or 6.25 mt of dry animal dung. 

Emphasis has, therefore, been given on development and adoption of 
technologies for production of coal based environmetal friendly 
domestic fuels. This paper deals with some such technologies. The 
issue of replacing non-commercial fuels take Fire-Wood & Animal 
dung is of relevance to other developing countries of Asia & 
Pacific region too. The technologies developed in India for 
environmental friendly domestic fuel based on coal can be of
 
relevance to other countries and the region also.
 

2.0 TECHNOLOGIES
 

The technologies developed or adopted have been identified keeping
 
in view various segments of our population. The technologies 
discussed here are : 

- Special Smokeless Fuel (SSF) 

- Coal Agglomerate 

- Coal Briquette 

- Fuel Gas & Semi-coke - Adopted 

2.1 SPECIAL SMOKELESS FUEL (SSF)
 

Out of the various technologies developed, use of coal as 
environmental friendly domestic fuel. SPECIAL SMOKELESS FUEL (SSF) 
technology d~nor'es a special position for reasons of ease of 
manufacturing, suitabil ity for wide ranging coal quality (ash 
range upto 424) and low cost with least air pollution particularly 
for particulate ma-ter, SO, F also NO .x 

Conventional drmestic fuel ,r, India other than petroleum products 
and non-commercial enery sources has been SOFT COKE, produced 
through conventional opernstack burning of lump caking coal, and 
thereafter guench inn it with water. This does not provide total 
and consistent -,,'eolatilisation and is also wasteful processd from 
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energy conservation point of view. Thus, Soft-Coke does not give
 
pollution free burning in domestic use 
and is not adequately
 
environmetal friendly either at the 
user's end or at the
 
production end where profuse smoke emission takes place 
in a
 
concentrated area.
 

Special-Smokeless Fuel is a mechanised 
process of converting ra.
 
coal even non-caking into consistent quality smokeless domestic
 
fuel under controlled burning in retorts specially designed 
for
 
the purpose 
with controlleo air feed, control of temperature,
 
residence time. etc. The volitiles are not allowed into the
 
atmosphere but s.atably trapped And converted into tar for other
 
use. 
Energy wasting in burning is also checked through better heat
 
exchange between outgoing gasses ar,d the coal and also by water 
quenching of the final 
product under :ontrolled conditions.
 

The technology has been developed and patented by sustained
 
efforts, pilot plant/demonstration plant over a period of time. 
Coal-; earl i er not being considered suitable for domestic fUel 
particularly hilh ash (upto 42% ash) non-coking coal have been 
succps;;fully utilised. Numerous small scale (100 tonnes per day) 
plant using such coals have come up and are providing much needed 
domest ic uel . 

With expertise developed in this sphere over a period of time and 
with tet;tinq and pi lot/demonstration plant facilities available 
with us, we cai undertake testing of all type of coals and finding 
out ways & in. iniq to make them suitable for Environmental friendly 
domestic fu,! ard theteaf er plan arid design & construst such 
plant in any c::'nt ry based on its requirements. 

A schmiratic flow diagram of the process is shown in the enclosed 
figure. Steam cs'al is fed into a crusher to size it below 100mm. 
The product from the crusher is fed on a screen on 30mm apperture. 
The -30rm fr iction is screened out and the 30-lOisn fraction is 
fed to the service bunker over the retort. The retort is the main 
item of deve osmest. It is a shallow depth vertical retort made of 
refractory, bricks and refractory arches. The sized coal fed at the 
top gravitates down the retort, counter current with the rising 
gas gnerated out of devolatilisation and partial combustion arnd 
gets dMvolatilised through exchange Af heat with the rising gas

before being discharged as hot coke through the bottom of the
 
retort . The heat of devolatilisation is obtained on partial
 
combustioi of volarile; 
 in the coal and to some extent its fixed 
carbon. The gas leaving the retort i3 subjected to spraying and 
cool ing Mfre it passes through expansion vessel, exhauste" and 
venturi scruhher where bulk of the tar contained in the gas is 
separated out. The tar free gas is then partially recycled back to 
the retort for improving the productivity and yield of tar, the 
balance gas is vented to the atmosphere. The vented gas is almost 
clean having virtually no fuel value and does not cause any 
pollution. The hot coke coming out of the retorts is quenched with 
water and conveyed to the product storage for despatch. 
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The technology has got several advantages like 

- Minimisation of air pollution
 
- Recovery of Bye-product tar
 

- Consistent quality product
 

- Low capital investment
 
- Utilisation of low grade coals
 

- Low cost fuel
 

The merit of the technology is established by the fact that within
 

a span of 5 years, already 35 plants have gone into commercial
 

production and many more are in various stages of implementation
 

in India. These plants are mostly of 100 tonnes per day production
 

capacity. One Plant of about 500 tonnes per day coal tnroughput
 

capacity is nearinq completion. The broad basic information, coal
 

quality limits, product quality etc. of a 100 tonnes per day plant
 

are as follows :
 

Limits of Coal Quality
 

Ash Percentage Upto 42
 

Volatile Percentage Above 14
 

Caking Index Upto 12
 

Size range 30-30umm
 

Product Quality limits : (dependant on Raw coal quality)
 

Ash Percentage < 50
 

Volatile Percentage < 10
 

Sized coal throughput/day 120 tonnes
 

Yield of Coke 	 About 78% of the Feed
 
(dependant on coal
 

quality)
 

Yield of Tar 	 About 1.0% to 2.5%
 
(dependant on coal
 

quality)
 

Space requirement for the About 2 Acres
 

Plant
 

3
 

Water requirement per day 60m
 

2.2 COAL AGGLOMERATE
 

While SSF is meant for Urban & Semi-urban population, a cheaper
 

fuel, coal agglcmerate has been developed for weaker section of
 

rural population. This fuel is made out of low grade/rank coal
 

fines/slack. The coal is finely ground, mixed with required
 

quantity of proper binder and agglomerated in a disc pelletiaer.
 

The raw/green agglomerates, thus, produced are dried in a
 

continuous drier, heated with hot flue gas. The dried product is
 

ready for use. The success of the process lies in proper grinding
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of -he coal to required size, proper mixing and proper
 
agglomeration. The product gives a little smoke if burnt as such
 
in a domestic appliance. Suitable devolatalising technique and
 
equipment for making it perfectly smokeles and weather resistant
 
fuel has also been developed and patented. The manufacturer of the
 
product has the choice to market as such or after devolatilisation
 
thus offering product as per need and capability of the consumers.
 
This type of domestic fuel and the small plant required for it has
 
special significance for weaker section of population in non-urban
 
areas.
 

2.3 COAL BRIQUETTE
 

Briquetting of coal using binders is an established practice. For
 
making it smokeless, it has to be carbonised. In India, briquette
 
carbonisers, so long in use, were of low productivity and pollute
 
the air in the atmosphere. Recently, a briquette carboniser with
 
high productivity and air polution control has been developed and
 
patented by CMPDIL. Unlike the conventional carbonisers, this is
 
continuous vertical type. The height and slope of the carboniser
 
has been fixed in such a way that breakage of the briquettes is
 
minimum. The system has been designed in such a way that the tar
 
laden gas is not released into the atmosphere. The dried
 
briquettes are fed from the top and the carbonised briquettes are 
discharged from the bottom, quenched with water and sent for 
storage.
 

2.4 FUEL GAS & SEMI-COKE
 

A comsorcial plant of Low Temperature Carbonisation (LTC) (Adopted
 
Technology) of coal has been set-up near Calcutta to produce fuel
 
gas and solid domestic fuel known as Semi-coke. The target
 
consumer is urban population as well as small industries. The
 
plant is based on Voodall-Duckham Technology. In this process, 
sized coal is devolatilised in externally heated continuous 
vertical retorts. The walls of the retorts are made of silica
 
brick for facilitating condition of heat from the adjascent flue
 
chambers where producer gas generated out of the coal is burnt
 
with pre-heated air. Since the system is externally heated, the
 
gas produced out of devolatilisation of the coal is of medium
 
calarific value. The gas is detarred, its pressure boosted and
 
supplied into gas pipelines for distribution to the consumers. The
 
solid product coming out of the retorts is called Semi-coke
 
(commercially termed CIL coke). This is a consistent quality
 
uniformly sized solid domestic fuel. The feed coal to the system
 
is of good quality and so the Semi-coke produced. This Semi-coke
 
is also beinq used for contmercial purposes.
 

The Dankuni Plant is of 1500 tonres per day sized coal throughput
 
3
capacity. It produces around 1000 tonnes of Semi-coke, 0.5 Nm of
 

fuel gas and 72 tonnes uf tar per day. Provision is there for 
fractionating the tar. The product pattern from the plant is as 
under : 

i) Semi-Coke 351450 tonne per year
 

3
ii) Gas 186.8 x 106 Nm /year
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iii) Tar Product
 

a) Neutral Oil 13000 tonne/year
 

b) Pitch 11000 tonne/year
 

c) Phenol 430 tonne/year
 

d) O-Cresol 190 tonne/year
 

e) M-P-Cresol 400 tonne/year
 

f) Xylenols 600 tonne/year
 

g) HBTA 520 tonne/year
 

iv) Other Products
 

a) Sulphur 580 tonne/year
 

b) Calcium Carbonate 5620 tonne/year
 

c) Armonium sulphate 5500 tonne/year
 

d) Coal Fines 83780 tonne/year
 

3.0 CONCLUSION
 

Non-commercial sources of Energy particularly Fire-Wood,
 

Agricultural wastes, Animal dung being the main source of domestic
 

fuel in India and other developing countries deforestation and
 

deprivation of soil of ovginic manure/nutrients is proceeding at a
 

pace that may lead to an environmental situation totally upsetting
 

the natural ECO-EALANCE resulting in disastrous situaton. This is
 

further accentuated by rising population and increasing domestic
 

fuel demand. In developing non-oil rich countries, coal is the
 

only commercial fuel which can replace and reduce consumption of
 

forest products and animal .aste. But coal has its problems too of
 

causing air pollution and is not a welcome fuel as such for
 

domestic use.
 

But now after prolonged work suitable technologies have been
 

developed to produce acceptable quality coal based domestic fuel
 

in an environmental friendly way utilising any variety and size of
 

coal. These technologies developed can be applied on small and
 

medium scale wich comparatively less skill and capital. These
 

technologies with small plants spread over the various
 

consumption centres have become popular in India. 
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LVOAL-PRIMIARY ENERGY SOURCE FOR DEVELOPING COUNTRIES.
 

Generallv developing countries have been defined according to 
the
 
per capita energy consumption under 1.0 toe.This paper also
 
aplproaches the 
former centraly "planned economies of Eastern 
Europe.for which this parameter is high. but for which the hign 
ener,,v in tens i tv values (toe/1000S) exceed by far th, 
corresponding values of OECD countries. 

Frcm a total world consumption of coal for energy the former LSSR
 
and Eastern Europe and respectively Asia have 406.respective:' 
-93 millions toe of 218o millions toe.The quantity of coal used
 
in Latin America and Africa (South Africa excepted) are least.
 

Over bo'. of the world's coal resources are found in developing

countries.50; in China only.the 
former Soviet Union having 13A.
 

The developin_ countries* installed energy capacity is estimated
 
,it 4-0 C,/year:also.the countries with over three quarters if
 
",rld's population are responsibly only for less than one quarter

of all fossil fuel-based emissions:they require energy intensive
 
groth.then the project level of 855 GW per year should 
be 
achieved by the. year 2000 (1).
 

Developin, and emerging countries coal-7ired power 
plants summary

for 1990' (2) is .shown in table 1. For a worldwide total of 9
exajoules of primary energy provided by coal 
developing, and
 
emerging countries represent 56 exajoules
 

Asia . ligh-gro.th economies and the subsequent rapid rise in the
 
electric capacity demand establishes Asia as the world's most
 
significant market for new power project opportunities. It is
 
difficult to general ise about a continent as vast as Asia.From
 
the electricity supply power
and generation standpoint the most
 
representative are China. India 
 and Southeast Rim 
countries: Fhai land.Ma laysia and Indonesia.China and India wi I 
heavi ly rely on coal accounting for over ,"91 of additions in 
China and almost 60', in India.The South-East Rim countries 
project usinL coal to fuel 32, of their capacity addi t ions 
through the end of the decade )31. 
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'hina coal demand projection shows an increasing from -lo.S 1.
in l-"Wu to 492 MEtc in 200O and 153t Mtce in 2020 4k.Indian cou, 
demand for power uti lities projections shows an increase from IM, 
m l.t in 11Sg-194 0 to 218 mil.t in 1199-2000 (5). In 1992.in 
Indonesia. domestic coal use for power generation was 5.3 mil.t 
froii a total coal production of 23.0 mil.t.At present.the total 
coal-fired electricity generating capacity is 1925 MW but about 
1 1.860 MW is planned to be instal led by 1999. requirinc 
respectively about 28.4 mil.t of coal per year (61. Israel .a 
country which has no coal resources.adopted in !975 the strategy 
according to which all new power plants shoula be based on 

coai:actually.more than 50' of electricity is coal produced (I . 

Former Soviet Union.At present Russia accounts for around 60:. of
 
the former Soviet Union's production and almost all of the
 
remaining 40'" is nearly equally shared between Ukraine and
 
Kazakhstan (8). In 1991 in Russia the total amounts o, coal used
 

in power stations was over 130 mil.t MJ.Projections are to stop 

electricity production decrease reaching the 199o production 
level by 1995-1997 and to provide its growth up to 1.2-1.5 trin 
kWh hy the years 20)0-2010 18). 

EAsteL u rope.Mosr of the Central and Eastern Europe countr:es 
(former planned economies) have coal resources, but much of tnis 
coal is rather low-rank and low-grade (Poland exceptedl, ne 
largest quantity of coal is used for electricity generation.bu 
its share in the utilities varies between wide limits: 95". in 
Poland. 6U", in the Czech Repubiic and Slovack Republic and around 
30". in Romania.Hungaria and 3ulgaria (10.111. In Latvia. whose 
Q2' of toe energy resources are imported. the existing power 

plants UNe osa and heavy oil.but the new power plants are 

designed on imported cal. In order to overcome their nationai 
economy c:r ,is. not only Latvia but also Estonia and Lithuania 
mut solve cca! supp'iy prohiems with the Western countries heip 
(12 ;. 

Africa. About -5 ; of the total estimated reserves of Africa are 
in the Pepuglic of South Africa (RSA).Coa! consumption for power 
'ene:;at ion represents -3 ni l. t/year . respectively 40 A of toe 
total coal consumpt ion by market sector. Given that 1991 RSA' s 
annual coa I sales we, e 1-9 mi I.t represent ing more than 90 " of 
the coal produced on the African continent (131. 

Lotin_ Am oicon and t,_rihh ean RPegon . The Latin American ann 
Carobean Re,2ion's coal res a rves are 38 1 of its total fossi , 
fuels. The countries having the greatest coal resources I(for 

example Columbia and Venezuela ) have good-quality reserves witn 
low-sulphur and ash contents. During 1980 - 1986 the Region's 
coal consumption for electricity oeneration increased . but 
between 148- - l consumption fell to 4 , due to the oil price'; 

decrease and the economic recession. The Region s con! 
consumpt ion is about I -, of the world total. In 19 I . coa 
consumpt ion barely contributed with 3 % of the total amount of 
energy sources responsible for C02 emission (141.
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2.NLgESITY TO APPLY "LEAN COAL TECHNOLOGIESAN0 E31ERAT COUNTRIES cCTsJ IN DE\LLuPING 

Developin2 and emergin2 countries 
found themselves in difftren:
 
situations : countries 
which have great coal resources and export

coal (China.South-Africa. Russia.Poland 
) , countries which have
 
only limited 
sources and of low-rank quality (Romania.

Hunuaria.czech Republic. Bulgaria ) and countries which 
have not
 
their own coal sources and import coal (Israel. Latvial.
 

But the statistics and the predictions show that almost alt
 
developing economies 
look for coal to provide much of the 
increased electricity. Coal used for power generation pollute air 
. water and soil . Air pollution "enerates two damaging effects:
 
acid rains, due to SOx and NOx ,. issions and contribute to the 
climatic change due to the gr .nhouse 
effect caused by CO2
 
emissions. Also. there are two difficult problems solve
to : tile

first having immediately consequences and the second being very
dangerous in the future.
 

The first problem - acid rains - causing lake acidification 
forest damage, human health damage . etc. is very accute in 
Europe.In Asia. Latin America and Caribbean Region acid rains ne'
 
accured 
only in the largest cities and mainly because of the oil
 
products consumption.
 

The second problem - combustion coal contribution to the
 
greenhouse olobal warming effect - remain 
a problem in the
 
future, but with most 
important consequences for the whole
 
pianet. Replacement of non-efficent coal-fire power plants by new 
CCTs over the next 40 years can have a dramatic effect on both 
energy efficienty for power generation and impact the
on 

env ironimen t. 2
 

3. CLEAN COAL. TECHNCLOGIES 

There is only one possibility to change the black and dirt:, image

of coal : to apply the CCTs. The criteria which have determined 
to choose CC's are the emission reduction , efficiency, fuel 
flexibility and costs.
 

There are a lot of reports which have extensi',eiv dealt with 
technical. ehvironmental and economic detai Is at CCTs
( I15 . I1(-. I - . 1.8 I 

,-.
Depending oh the stadin2 which this technologies is applied. C'T 
can he classified in 
- precombustion - coal cleanin (CCI: 
- during combustion : circulating fluidized bed combustion (CIFBC

and pressurized fluidized bed combustion (PFBC.:
 
- postcombust ion : advanced pulverized-coal combustion with flue 
gas desulphurisation (PC + FGDI (and de NOxI:-
- colveSlon : integrated gasification combined cycle (IGCCI. 
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rher,- is also hvbrwd cycles - as topping cyvcles %%nicn try tne 
combination of other technoiogies to obtain more advantages. (In!
 
.y. c! , ,aseti on fuei ceils and magnetohydrodnamics (MlHD) w: i he 

used on long term.Tne major candidates will clearly be P1B3 . luIM 
and more advanced PC plants.
 

Coal cleanjn_ (CC) (24.21.19.20).
 

(C removes primarily pyritic sulphur (up to -0' S02 reduction can
 
be pos<ible) and ash content.increasing the heating value of coal
 
with I1) to 30 percent.Convent ional coal preparation plants
 

generally use methods developed at least 40 years ago. There is
 

no large ,caie activity in low-rank coals and lignites until now.
 

The decision to implement this type of strategy to the utilities
 
is essentially dependent upon the savings achieved by coti
 
cl.aning.rhe factors which determine these savings are:
 
Y coal cleanin; costs depend on the cleaning plant capital costs.
 

cleaning plant operation and ma -ntenance,the value of lower
quality coal disorded in the cteaning process:
 

-
X 	market differenc between the prices of good-quality coal
 
(similar with those obtained after cleaning) and the low-quality
 
coal which is cleaned:
 
A 	the benefits obtained by the reducing size of coal handlin
and ash handling equipment (capital and maintenance costs):
 
* 	 the benefits obtained oy the boiler efficiency increase: 

saving-. oue to:less expensive flue gas processing equipment use 
(reagent quantity reduction.amount of solid waste requiring
 

disposal reduction.
 

Cleani coil process e:ficiency depends on the coal characteristics 
quality :the amount . nature and size of mineral matter. th2 
re l t Iye propoitions of pyri tic and organic sjlphur . the si ze 
distrilhution of the coal. coal oxidation. the porozity of 
part Ic I e . 

.'ircuiatin Fluidtzed Bed Combustion QTFBI (21.22.231
 

The main advantage of CFBC sistems are : the ability to burn low

grade fuels with minimal preparation. the in-bed sulphur 
absorbtion capabi I ity and the low combustion temerature which 

inhibits NO% formation. The S02 reduction is about 90 n. sulphur 
being eliminated as gypsum (dry. granular waste). NOx are b. t MO 

lower than in case of PC:" systems. CFBC plant efficiency is 
comparable to those of PC plants - about 36 t. 

The producing electricity costs oy CFBC plants is comparative to
 

those of P: plants and have the advantage of pollution control 
and a hi h fuel fleibi Iity decree. The largest CFBC units ia 

olperauion have electrical outputs of about 150 MW, although units 

Of up to .iout 250 MW are under construction. 
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O SystemPress,.rz i. l urdiged ed lPCF,) 115.to.23) 

Ihe 1ow corn iustion t-emperature inhibits Nux production an,! 
operat ion under presrure enhances suiphur retent ion when 
limestont (or equiva!ent ) is added to the PFB. The succesfu! 
operation of the gas turbine depends on the cleaning of the 
e':haust _as from the PFBC to avoid the errosion and corrosion of 
the tur ine h lade_-,. So2 reduction is about 95 ; . a.ia N ,u
concent rat ion are with over 90 ' lower than the PC systems. PFI,
elficinin, is up to 45 ' (first commercia: - 40 " The "'first
 
genera .,an" Pbl is in commercial operation.
 

Ad%tanged pay.r_ iz,el coal with lue Kas desuj_p_hurizat i o n Qr. + 
F1Or jiard I, -' ,. ! (24.25.2h.2-I 

lmprouvement of P"cefficiency was ootained by the use of 
supercr p:essu!c (up to 350 bar i. double reheat and stee:l'inci 

temp,_rtures cf the orde r SO - oWO C. These conditions mean
 
that miteriaj are required to operate close to their designei
 
limits. i concv j ' 4 2-4 5 . m ss cont r o I i s cie bEmli ons :id 

n,'2 ' oo' rui and by instail inu flu gas clesulphur iz ation 
IF(A) in,: svI t cat a I,:t i c reduct ion ( SCR ) equipments, Iii _ 
mootS UqUi I i" Y *n.mt I wet 'crubb.rs . followed by spray dryer,M 
a n d a%kn1' h a rt I, r '2e c f mi r c ra I a va i I a h Ie . Comr n e N.x /S)2
 
cont: o proic v- o fo, the potential to reduce S02 and 140'.
 
emis, s icn I o r I es s t han t he combined cos t s o f S i R a n .
 
convent toll POP. Most processes are under a developing stage and
 
are not c,nune rc ii l y' aIIav iab le. a i t hough several[ processes have
 
hewn app.i t,, to In sul phur coal-fired boiiers.
 

j nt :-r. t a C a I O - i f j ction __i rin l 'vcI e _IG[CC j 28 . 2Q 

i' ,In,.Id rVI ,1.' p o ia cIlean " technology. S02 reCuction is 
of (P) and * redUct non s over 90 7 lower than PC systems.
Plant efici erncy i s up to 4- "1 (first commercia 42 % ) Different 
from other 'uTs . the quanti ties of sol id waste are very reduced 
and the sulphur ,. eiii1minated as elemental sulphur.Particulate 
emission is vl' renucod due to clean-up before gas turbine. Fie 
technolo'vy is rot vet commnercial available, the existing plants
being of demonvtratIV -type.This year a demonstrative piant is to 
be started up at Buggenum (Tile Netherlands). having 253 MBWnet 
capacit;. 43 net efficiency. 98 ; desulphurization efficiency. 
mllax . , Niv cxlii so ion.9 g!GJ 


Sign iflcant iipi otei nt 5 are expected in the performance of coal
babed electric power generation systeM until the beginnin'g of the 
2;t cu2tury. 

S. OPT)~ s F1 iN I41. E [jliP) :,D E1.01.GIERO CO INIR IES 

i aThe pol ic which Wrue to be adopted in order to diminish toe 
env i ronmena l dama -gcscauseid by the fossi I fue Is use are known 
aIll ovei tihe world: 

-441 

http:crubb.rs
http:115.to.23
http:Press,.rz


o d p nt r troftt ing a i n i n 2 o I g h - eff I c ie nc y a n oI 

cMi ss ion processes: 
re'.ulat ions for emissions reduction:
 
str:ct re.uia tion, for the new constructions emissions:
 
Stai t Iles merit tino s ImuIate energy savines and severe 

punahties for energy waste and emissions increase, as well:
 
* electric energy demand reduction by demand-side management: 

* wastes recycl ing.
 

Adopting the proper strategies meant to carry out these poiicit, 
Is determined by certain factors which are specific for cacti 
co urtry: the macro-economic development. environment.social 
factor and the maturity degree of certain technologies. 

General lv. the PC power plants is the technology us.v d at 
present.The absolute majority of the PC power plants have no 
emission control equipment other than some particulate removal 

ys etei. In upgrading power plants. developing countries start 
from a lower technical base than that of the developed 
econom:es.For the existing power plants there are three 
pos hijities : retrolitting. repowering and rep!acement. 

A numnber of existing PC power plants must be modified to enhance 

Ine i r 1i fe . to improve the I- perfornmances and to reduce thei r 
em iss ions. Depending on what plant components need replacement.
 
the reh ii I itat ion may or may not involve repowering.Ret rof itt in
s i tl t.-I-,,' and d -Nox equipment wi 1 1 occur in cases where the 
existin, poser plants are in good shape.
 

Plants that ru It the 1950s about 25 to 3('. '.kere bu in early use 
more fue I th in today's modern plants to produce a KWh 
e:ectrrcity.ln these case4 a decision must be taken whether it is 
prefera)tc to repower or to replace them. 

It is obvious that the opt ion for a su i tat) le alternative is 
difficult to make because it depends on the real conditions of 
each count I v. The steps that a country should undertake are: 
opti0o ilertification. costs estimation and financial sources 
ident ificttion as "elI. EPR I and other companies have developed 
comprehensive computer programs for help utilities in making 
decisions in retrofitting the existent power plants(20). The last 
mode Is created by EPRI :CCCM (Coal Cleaning Cost Model I).FGD COST 
(Flue Gas Desulphurisation Cost).COIM (Coal Quality Impact Model) 
are used as tools for the control technologies selection 126.271. 

Asira opt ion for different CCT in rehabilitation. retrofitting and 
modernisation o f e v i s t i n p I a n t s o r i n n e w powe r p I a n t s 
cnstructi am for A tan countries are determined also by the Asian 
Development Bank position.The Bank's influence on environmental
 
condit ion- In corveyed by a combinat ion of its comprehensive 
e nvironment.l revue and assessment of project:; at all state% 
within the project rycLe, They are five key environmental i nssue 
asociated with coal-ftred penert tcrs: resettlement of population 
I ota the plant sid e inI I Ielated social issue'n: illr po, lUI ion 
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tiermal po! iut ion by cooling and process \ater. water pe I ut on 
ci 'U'2,_',Ibyliquid afluents discharge and ash disposal (30). 

be Inu a big. coal consuinption country. Chi no pays great attentioi; 
t env ronmilenta pprotect ion. Special in\estment wi I I be made for 
ilust cont rol arid desulphurisat ion 'lore coal wi I be washed 
the percentage for coal gasification will be increased. The
 
Chinese .overnment gives favorable conditions 
on production
 
arrangement and tax for loreign investors 14.301.
 

In lid ., stud icc carried out by the National Product i vit y
C'o U iLiI sllo% that FBC ret rofi tt ing on convent iona I boi lers c an 
resu It in thermal efficiency and restore the old units to t h. 
uU I,-nerI outp uts. AlIliost IU.C JO vintage boilers need to oe 
replaced or r-ti fitttlcd " Ml' eff iclent coMMIlustion syStems. It li, 
'een also iadu a Fwal ilty study for M61C power generation in a 
O0 1 NV p an t Mn Ind iian c oa I s by means o f a j o i n t Indo - - S 
col Ilaborative project. On tIL. other hand. tie R & D workF carrie! 
oUt by the Natiornlb { Envirormiiicl aI Engineering. Research Institute 
- iEbl - i the area of coal cleaning have evaluated two raCto:" 
q."t iis for in cr'b il U pii u i a t i on of coal containing py'ri i c 

l I r Iur (7 . 

Forner S \ ier Union In Russia. the Part of the State Scientific 
and -.uChinical ' tro21aiimlle "Ecolopical ly Clean Power Generat ion is;

ii 'o I ud r c r at i nou Co0 10 2 1 I I y C CeI a 1 t lie r Ma I po we r p 1a nt s 
r irel hy lo-,rade solid fuel. I & ID activity aimued at 
substarit iil product toa of harmful eniss Ion: NMx and S02 up to 
200-30) m ,!cu.,,t.paiticulate m at ter - 50 iiig/cu.rn. no water 
pOl l t ion . o "nash. As a re uIt. there arre four projects under
 
wo rk iow oil Co miieliic
ciu aia two demo pian ts. The technology ohi LI 
MUs t he prorvd t :we t limestone do uphurisa tori with 
1,:o,!uct io n I-; ' p<ttUi Nf,. ru,(uc t ion by use of low-Nux swi rI
hu' r 02v,it 1 Ct 1 l .lI t lto ) U r ', t !e 

ca it I yty t: IedU rcn.u F ' IlI )1MW unit)I. I(3 ,C 1120 un i t )
 

1. r I-2 1 i1 2 ( .III a in s e c t IV 
1 NW 


errrained-flow. oxven-blown dry con, dust 2oasification.I CC (25.

MW detio pressuiized fluidi sed bed air-blown gasification).PCFB to
 
fire low-uriadv oa Is and 2NQ) MW deoio powe r plant based on
 
a iag.'unu fix\ l re':e asifier a . 

L___stern Eurone Almost all East European countries foresee 
desulphurisat ion pro-ramnes using most ly wet limestone methode.
 
In Poland. four project are a Iready under way. Poland. which haa
 
the best coal resources of al l East European countries, is tnt
 
most ainbitios inconsiderin, the new ,CT like PFB(" and I6CC (10).
'zech Republ ic and Slovakia take into account either to change
the fuel or use FGID: for further repowering of olds plants CF3, 
may be used. but for further reconstruction of electrici ty
generating systems 1GC is not excluded 1.311 . A contract has 
a Iready been si pned for the supply of a PF BU pi ant produced b: 
ABB . to the Czech utility VIS'. This wi I I be a PtS plantCarbor 

that protiuc on~ . l 1oMU heat to the district heating grids to) e 
and a,,, 1% 1I) M process' steamin to a nut houring industry. A numi),r 
of th0e pi jec aor e unerlI" di.,cu-*.- ion IN ). 

-443

http:iiig/cu.rn


Ihe Hun!2 11 .tl poter ge:lera Iion cO nlflity is veryi rese rvo aln 
Ca U i u I in choosing the new appropriate advanced technolog-y .'

l,,: and P[B'. but considers that the qua! ity of the tlunir tin 
coa I should be compatible with the introduction of CFBC . The ol 0 
a ye andI the small size of the p1 ants ma ke [GD retrofit i , 
economica ly viable only in the case of the 800 IW lignite-fired 
pl nts: the planned technologv is a limestone forced o: .xl tioT 
scrubbi nuwith removal efliciency over 9n 1 (101. 

•fri_E Iodiay tihe parastatal uti Iity on iargest
ca power Eskom th, 

electricity undertakings in the world, supplies 9- . of RSA's 
aninua I con sumnlpt ion . Deve Iopmen ts in boi ler dessign Iinked Lo 
advancet: character1sotiOn studies have led to the extensive use
 
with ma\Imum efficiency of the low-grade coals.
 

Eskom's luture power plants wi I probably be lokated near tihe
 
coal reserves of the Eastern Transvaa! High\,eld. Plants to he 
built in the foIlon ing 5-10 y'ears will probably follow the x6O) 
MW current set patterns:but those to be built later are likely to 
bu s ima i er an d w i I I involve the I6CC route .The older powe" 
stations are quite amendable to IGCC repowering (13). 

Th, La tin and 'aribbean'q te_ ionThw Latin American and 
Cariboean's present and fu:ure coal consumption has no" 
appreciable environmental effects. Th0e technologies for using 
coal to efficiently generate electricity and with appropriate 
pollution controls are well known.but the Latin American and 
Carti bbean reg ion shou Id not be pressured into applying the same 
pol lution control measures current ly used in developed countries 
114 ) . 

And no.%. please12 l Iot me to present some aspects on Romania' 
coal te Ano I og,. 

Romania. an East European country having 362,000 sq km area anti 
about 23 mil lions people, passes through a transition period 
tow-ar tI lie market economy, and economic decline is one of it, 
effects. The electricity consumption fell from 9.500 MW in 19M) 
to 6.-0( 1W in 1992. projections being that in the year 2000 it 
is Iikely to reach the 1989 consumption level. The present 
installed capacity of RENEL's (Romanian Electricity Authority) 
power plants is 20.500 MW ( out of which 8.500 MW from coal) is 
hipher than the demand. Coal ensures about 25 '1 of the primary 
energy resources . heavy oi I and natural gas.about 50 % and the 
rest is hydropower plants generated electricity. 

Cool is huined in PC boilers withtut FGD .The coal demand is 90 ' 
covered u:" the countries reserves of whom 8o " are lignites. 
Romanian lignnte reserves are of low-grade quality: moisture 40.. 
a sh mo isttr± free "2 . low heat power "J/kiz. sulphur I',. The 
I1') I1 iuni t e consumpt ion was I . ,0N. mi I I. t cc and fell to ".-00 
mi I I. tcc in 12. cail is expected to increasingly contribute to 
thi prima:y energy sources.
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.\t present, ig Romania there is no in force regulat ion for po ,-:
bo i ! er, eii;sion standard . ut norms II teIle poil utantaiming at 

concentLratLion reduction starting with 1992.
 

The Least Costs Development Study (financed y EC'E-PIIAREI made 
by foreign cons'ultant and appraised by RENEL and the Feasibility 
Study for 11 representative thermal power plants (financed by the 
WorlId Banki have contributed to establish RENEL's strategy on 
Iong and short term. By the year 20 0 0 .investments for new coal 
ire cIpscLties will he very reduced.On the other hand. old power 

plants retrofitting for efficiency improvement and air emissions 
reductions wiii be required. 

Due to the hi eh ash and water content in Romanian's coal . lar , 
quantities of raw coal are required in order to generate energy.
Fhe S)2 quantity released in the air upon a I tcc burning is of 
90 kg S02 in case of a coal type with 1 medium sulphur content. 
The s- tuat ion becomes more worrying when using a I ignite system 
wi th 2-3 '. sulphur content. which correspond to l0-270 kg Si2 
ile astd upon a I tcc burning.

We develop our own studies on primary measures imeant to reluc 
Nx and t apply the FGD technology. There are also concernis fPr 
the achivement of a coal gasification technology in view of lon,. 
as %t I I as of a fluid i shed bed combustion technol ogy. But 
experiments have been carri,.i out on small size pilot facilit ie 
an d it is difficult to a ;sume that own research without 
internationai couperat ion Might lead to technologies econom:cally 
compe, t tiC to the Wentern ones. 

The present o: funds the why ICrFscare i of is reason no 
app i at ion technolole is under way. Pomania is likely. however. 
to fol IK the opt ion of other East European countries for tie 
imple:lient.t ion of FMh' s.sterms in order to observe the etti ssI on 
re.qu :t tont.. More ver. if this is done in tile next few yearn %He*; 
tere are hopes for lGC ind PFBC deveiopement with lower cost. 
chances are that the FGD retrofitting wouid be less profitab e 
than tie repomering by means of WCC or PFBC. But tie financial. 
not thea t,:chnict! cvnsid rat ions are determining for the 
tuchnoi yY Mhoice by thu adecision making factors, regardless of 

countrv's e oriphic p,3 ition. 

\ 

COl r I- kE.PI~SS;:_[LIF. s.uL..'TION~S
 
5.OB:j!ACIE FOP LEAN COAL TECIINULOGIES APPLIED IN DEVELOPING 

The most important obstacles for implementing C:Ts in developin-_,
and emer" 'inu economiec are dlue to their inadequate financiai 
structu,-_s. tu difficulties in obtaining currency profits for the 
lnlesced capital to rudimentary schemes for generation costs to 
the lonp-term stabilIity of the business and to political climate. 

32 . Some of tilese obs'ticies and their possible solutions for 
encourti nl- CU.T introductiop in developing countries are further 
on pr-setteld: 
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L.___ _( f 1- o:-:'a_1. uterminei by: 

* ,n ,rceI xc .o l, a I rKholi -a,' con\vinl t Jfna twvcfl :ov :e' 

tit. Ila L.o I I'Iom at : l]n I Iorm USdA 0'" the LU7 Dec;s .ln
make[: r-, : 

perceive "C(Ts costs as higher than conventional technologies
 
Costs" 

Possible sciut ions:
 

4 ehtablish a concessional financial facility having local and 
reqional environmental benefits by supporting the incremental 
cost of CCTs over conventional technologies:
 
A create basic financing structure including lenders and sponsors
 
by:
 

elimination of country risk:
 
mi ea,) Ic comme rc i a I r isk
 

go\vernlln t i1volvem ent :
 

pub! ic finincial agencies involvement:
 

max; imnulm sup)port by the contractor and operator:
 
shorter loan term:
 

cooperat:vc effort between public and private sector:
 
findin2 mechanisms to promote the financing of certain
 

C"I~ demonstration projects in developing countries:
 
* institutional, legal. f:scal. financial and regulator:
 

framework conditions creating in order to introduce long
term ilnvestliments
 

2.Lack of informat ionand know-how 

Possible solutions:
 

* disseminate information on energy efficient and environmental y 

acceptable technologies about: performance. environmental 
impacts. suitability to specific fuels, state-of-the-art 
technol'- ies. costs and expected technology development: 

,d sseiminate information in developing countries to: Electric 
Utility [L-ecuti i s. Go vernment Officials. Electric Power Rese-arch 

Institutes. Electric Power Planners. Multilateral Bank OfficiaKs
 
and Commercial Bank Officials:
 
* disseminate a technical guide on How to Specify and Evaluate
 
(JCTs power plant;:
 
* disseminate of know-how regarding specification. (Ies i.
 
manufacturing and operation of CCTs plants:
 

ccTT as',esment and technology selection Methodologies:
 
fac ilities for participation of developing countries PL 

organ isat ions to the dlemonstrat ice CCTs project. 

3.lck of_ appL ate environmental standards and regulations lue 
t a.; 

I impos, hiIii ty to observe these norms in the prvsen, 

plants operatl ion state: 

l.ick oC procurement funds for emissions cOntrei 
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i nl t r ulnent at ion: 

' lack of funds for :he plants retrofitting. 

Possibies solution:
 

facilities for environmental standards and regulattons w,
 
encourage CCTs use in developing and emerging countries.
 

4.Po ic- d i sin cen ti ves 

Possible solutions: 

* fac iIit i es For the deve loping countries Gove rnmen Puwe
 
Corporation which updates an in order to
energy policy encourage
 
CCs: 

prices which reflect costs including environmental costs 
as much as identifiabie: 
0 subsidies removing. including those for fuels. labour. 
capital or others: 
W encouraging competition in energy and energy traie amc(n., 
r-gions and throughout the world: 
" stepping up of eovernment support for R&D to new .ld
cWeanur energy technologies but not under the market 
distorting subsidies form. 

6. D[-EE IN NI C NTR[ES NEED FOR A SUSTAINABLE DEVELOP.EI_
 
SHOLDL[ BE'..'-L _ 
.J RELJ TY 

Sulphur dioxide emissions can readily be eliminted by using

dv ance controi technaolo i s. Short-term solutions I i k 

ret rof itt ing old technologie, with scrubbers do not make 
 for
 
snurdl env ronmental policy in the lung term.
 

If coal is to r,_main a v:Ahie energy source in a worid concern,_,i 
on the human and ecological consequences of the global cl imate 
cGan-e, the imperative of higher efficiency technologies becomes 
more critEicai. 

Due to tn,_ currant est im tts of the relatively high costs ol 
greenhouse gas controls.many countries will postpone this problem
dealing until better information is available or will adopt onl:" 
those measures that make sense for other reasons. 

The mo:-t promissin, near-term opt ions include PFB: and 1 ' 
syste,,. est ima ted to re duce CO2 emissions by up to 20 - as 
aga inst tile exist in- PC. power plants. At present, the est imated 
costs for PIBL' and 13C'' range from slightly lower to perhaps 10 
or 20 higher than PC plant, with FGD (33). 

Mit i pat ions costs increase rapidly depending on the greenhouse 
gas emi sion redu tion level.K.Over a longer term. a variety of,
advanced coal technolo-y options hold promise for substantialiy
redluci n w2 emissions from coa! use at costs comparahle to thy
less efficient tecihnology no" in use. 
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A I ot of deve opi2n u and emer'2ir11- countries have t me r own RA.D 
act ivities but it s hard to believe that they could develop 
a short perWod. only by their own work . CC s in commerciai Sta-. 
to be competitive with those found in the developed countries. 

In case that the developing countries will be offered the 
coSn r . i - t pro cur e technolog i es considered ne%% in tht 
country. but becoming moral ly worn out in a near future. will bW 
an incorven:ent not only for the respective country. but for th
who l worl d. 

There are two aspects to be taken into consideration when 
applving CC s in deveiopine and emerging countries: 

tNe po lutIant emissions do not take into considerat ion tcn, 
countrieN frontiers. therefore the caused damages are a inOSt 
always irreversible: 

the wel l-known saying "I am too poor to buy cheap should b 
taken also into consideration because it fits almost everywhere. 
If in other fi, [ds of concern the acces limitation tc advance.! 
tech:noloien is normal . in that of CCTs. which is a technology 
that int,_ract s energy and environment, these obstacles should he 
i CeIlo l . 

Dev lo['nr, countries need co-operation in identifying and 
developing- economically viable and environmentelly sound coal 
technologies following the specific conditions of each country.
 

Inteinat ional financial institutions and other assistance 
prourammes should provide additional funding required to increas_ 
energy supply through environmental ly" sound technologies and 
effi-ient ener-y use.
 

15v idea to establish an International Electric Power Developm nt
 
Institute to wcrk with developing countries, multilateral banks. 
,multilateral and bilateral agencies is to b appreciate.iJ2I
 
International co-operation should include new forms of scientific 
and rese:arch partnership between developed and developing 
countr i S. 

Developed countries must agree on ways and mepns to facilitate 
the transfer Qf these technologies to developing and emerging 
countries and to assist them in applying these new solutions. 

The i n te r nat ional bod i es f i nan c 1ng programmes for CCTs 
imnpleinntation into developing and emerging countries shouIld 
de eiopy a policy that would stimulate international co-operation 
tow.rt rd, technolog-ical transfer and will support the electricity 
producers from these countries understand the requirement to 
cho.se thed mostr environmetal-friendly coal and ligni,t 
u. ! sit teechnology. 

To pro:mote th, conc'pt of substainable development in order to 
i l one. nvn I 1...2e between developtwent in enm ronment in tne 
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.r t vQ . er2 . the f ninc t Ia resources for an incieas,; 
Sciten-ific ad techno I ical co-operation is 0 y a I I i e n 
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1. INTRODUCTION
 

Coal remains the principal primary energy source in China and fitures strongly in many 
other Asian countries. In both the UK and China usage for power production dominates but 
siizificant amounts of solid fuel are supplied to other markets. In the UK. British Coal 
currently supply about 12 million tonnes per annum to industrial and domestic markets 
whereas in China. albeit with a much higher population, tie figure for industrial boiler use 
alone is estimated at around 350 million tonnes. In the case of the UK this represents about 
13% of British Coal's sales but would be more than double this in China. The pattern is 
similar in East European and CIS countries with significant quantities of coal being 
consumed in flctories, conmercial premises and homes. 

Ih'ere is increasing concern. worldwide, of the pollution that can be caused in coal utilisation 
processes. Such pollution is exacerbated in some countries by the use of low quality, high 
ash and high sulphur coals and further made worse by inefficient plant and lack of clean coal 
technologies. International concern about coal use and the environment tends to concentrate 
on the transboundarv pollution that comes fiom burning such fuels in power stations. 
However, local concern is as likely to be focused on health problems related to domestic and 
industrial burning in urban areas. 

In the UK severe problems wvith coal related urban pollution in the years following the second 
World War led to the passing of the Clean Air Acts of 1956 and 1968 This in turn triggered 
development of a range of smokeless fuels and improved appliances for domestic use so that 
urban pollution in the UK has long been associated primarily with the automobile rather than 
with coal. These clean technologies are likely to be suitable for use in other countries. 
certainly for hard coals, and vith some adaptation for low rank coals. 

Also in die UK industrial coal burning has been developed to meet increasingly fierce 
competition from oil and gas. In the late 1970's and early 1980's a large prograrrme was 
undertaken to produce industrial appliances, including coal and ash handling equipment, which 
begin to match oil and gas for cleanliness and convenience in use. There is now over a 
decade of experience of installing such equipment in cLstomers' premises. Again, adaptation 
of these designs is appropriate for use in other countries. 

Significant benefits in all of this development for the industrial and domestic sectors are the 
high efficiencies attainable with modem designs. In the domestic sector a fully enclosed 
boiler providing hot water and central heating Lar approach 75% thermal efficiency (GCV 
basis). In industry steam raising at efficiencies of over 80% (GCV basis) would be expected. 
Such high efficiencies not only help considerably to reduce pollution, they will also become 
increasingly significant to householders and industrialists as economic pricing of fuels 
becomes prevalent in China. CIS and Eastern Europe. 

Details of these developments and comments on their application are made in the following 
sections and perhaps as important are the intentions to make them available in other countries. 
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2. DOMESTIC HEATING EQUIPMENT
 

British Coal. in association with manuflacturers in the UK, has for over 40 years been 
developing improved fuels and equipment for heating domestic buildings. Much of this work. 
has been carried out at the Coal Research Establishment (CRE). The aim has beeai to provide
fuels and appliances that improve efficiencies and reduce emissions at affordable prices. It 
has made a sienificant contribution to the elimination of 'smogs' in our cities. 

Two approaches were fbllowd: viz (a) new "smokelLss" fuels that could be burnt in 
conventional appliances, and (b) new appliances that would burn bituminous coal
"smokelesslv". .Smokeless" can be taken to mean producing less than one tenth of the smoke 
which would he produced by htming a UK bituminous coal on a traditional open fire. 

2.1 Smokeless Fuel NMufacturr 

Conventional mcthods involve low and high temperature carbonizations of coal at between 
400 and 700'C and at about 1000°C respectively. There can be operational and 
environmental prohlens car'ing out such carbonization in conventional ovens and retorts at 
these ternperatures and advice should be soupht to preempt such problems. 

As the result of increased mechanisation of coal production in the UK, there was greater
availability of small-sized, low rank bituminous coals. CRE was instrumental in developing 
processes fbr producing smokeless briquettes from these coals -which are low swelling and 
high in volatile content. The fine coal is first carbonised in a fluidised bed reactor to render 
it smokeless, and then briquetted in a high temperature extnision press to enable it to be used 
in domestic heating appliances. le process is based on the phenomena that the temperaturc 
(430'C). xNlen the coal becomes smokeless, is also the temperature at which the coal exhibits 
its maximum plasticity and so is most amenable to briquetting. The heat for the carbonization 
stage is provided by combustion of a small amount of the fuel in the bed with the fluidising
air. Extrusion or roll presses can be used for the briquetting step. The product is sufficiently
reactive to bum on conventional open fires. 

CRE has had significant involvement with other processes for producing fuels often better 
suited to more efficient domestic appliances such as described in the ensuing section. By way
of example, an environmentally benign process was developed by CRE in the 1980's mainly 
to use nturally smokeless anthracite fines for which there were no ready markets. The 
process involves briquetting with molasses as a binder and hardening (curing) the product at 
about 250'C to give strong, weather-resistant compacts. The method can be readily adapted 
to use other binders. eu starch. lignin. depending upon local availability. 

2.2 GOrr'entionafl Combustion Appliances 

Along with developments in smokeless fuel production, CR: has made many significant
advanc s in the design of domestic combustion appliances: including achieving greater
efficiencies'. It recounised the fundamental design difficulty of the common open grate
domestic lire. Air. which is required to bum the coal on the grate. is supplied from oelow. 

-455 ' 



As the coal heals up. the volatile tars and gas are released and swept a\ay fiom the embers 
of the fire to regions of lower temperature. Consequently. these volatiles are incompletely 
burnt and are emitted fiom tie flue as smoke. 

hibs effect is particula ly marked immediately after refuelling of the fire. when maximun 
smoke emissions occur. As a consequence. such simple appliance require a smokeless fuel 
with a low volatile matter content in order to burn 'smokelesslv'; cg naturally - occurnng 
anthracite, some low volatile steam coals and suitable manufactured lbels. Naturally 
smokeless fuiels suffer a disadvantage of low reactivity which make them less suitable for 
burning on open fires. Such appliances, when incorporated into a hot water and home heating 
system can result in thermal efficiency of 75%. Consequently, new tyNres of appliance have 
been developed which overcome this problem yet take advantage of their natural 
smokelessness: viz a range of izavitv feied, or magazine boilers (Figure 1). 

Ibis not only benefits the household wid lower fluel bills, but is environmentally beneficial 

as it reduces the amount of pollution per useftl unit of energy extracted fiom tie coal. 

2.3 Smoke Rieducing Appliances 

The principal approach to obtaining smokeless combustion of high volatile coals at tie 
domestic scale Irs b en the adoption of "down-burning" designs (Figure 2). In this way, tie 
volatile tars and gases, formed when tie coal is heated, are drawn throug the embers of tie 
fire and are virtually "consuned" in the process. Refinements to the air distribution, which 
provides prima y and secondary air, improve tie control of the combustion conditions and 
significantly increase the overall efficiency of combustion. 

iis type of appliance reduces smoke emission by some 90% compared to a conventional 
open lire wvhen bturning hiJi volatile bituminous coals, and would also efLctively reduce 
stioke emission from lower rank coals such as liEnite and brown coal. Such appliances can 
be desiiried as dry stoves or boilers for hot water and central heating. 

Another CR- development has been the application of underfieed stoker technology to small 
coal burning appliances (Figure 3) in the range 13-45 kW (thermal). To er.able tis to be 
achieved on the small scale necessary for domestic applications, the coal i.Leds to be free 
bumintt have a fairly hill calorific value, low ash and to be sized within the range 6-25 mm. 
It is fed to the retort by a screw together vith air from a fan. Combustion occurs in a small 
7one, and a high tcmpcrature is maintained by a hot arch or plate above the retort. Ash falls 
over the edge of the retort into a collecting box from which it may be removed manually or 
automatically. 

These appliances combine low smoke emissions with high arnenity value, in part due to their 
excellent turndown capability (30:1) and response time to full output ofa few seconds. Their 
automatic coal feed and ash removal makes them suitable for unattended operation. These 
stokers are most suitable for independent boiler providing central heating for large houses: 
boiler efficiencies arc over 70'!,. 
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3. COMMERCIAL HEATING EQUIPMENT 

For a heat requirement of up to about 3 MW (eg fbr light indu.itrial or commercial buildines) 
a number of boiler designs have been developed by CRE, which are capable of hilg
efficiencies (78-84%o), and virtually smoke and grit trce operation at moderate capital cost. 
Ihe deizree of automation depends on user requirements, but such boilers n be operated
largely unattended when they' are fitted with suitable controls. electrical ignitioa, and 
mech anical coal and ash handling. 

Ihe same efficient. clean burning, underfed stoker technology, as can be used for large
domestic boilers, has been used fbr appliances with capacities ofup to 300 kW. 'ypical sites
lor such equipment include schiols. offices, fire stations etc. lhese slightly larger stokers can 
tolerate lower calorific value and higher ash fuels. 

Another development has been the manufacture of sel!wccnt ! Er,,p' Capsules'" 'hich 
utilise these boilers in transportable packages. One version is assembled from prefabricated
components clad with fibre panels. uses cargoglass Another a modified container to 
accommodate two 5(0 kW boilers with a 12 tonme coal bunkcr and an integral chimney
(Figure 4). Ibis whole package can be readily transported to site and made operational as 
soon as waler and electrical connections are made. 

A ve 300 kW there are a range of large conventional underlfied stokers available. These
fied the coal automatically and burn it under thernostatic control. 'Ihe ash is removed 
manually. typicaily taking 15 minutes twice or three times per day. Tlhese boilers are low in 
capital cost, and can be used to bum a wide range of low ash coals. 

Several small automatic reciprocating grate stokers are also available (Figure 5). The coal 
is fid onto the grate where it is progressively burnt out as it tra,'els along the moving grate
which reciprocates in order to advance the fuel bed progressively so that ash is discharged
at the lhr end of the grate. These stokers ar an improvement on the conventional underfeed 
design. they can easily include automatic ash removal, but they are more expensive.
Figure 5 shows schematically an integrated 1MW coal fired appliance which operates at very
high efficiency, minimal stack emissions and with good amenity. This particular design
operates at a relatively low combustion intensity with low air velocities through the firebed.
lhis feature vould provide advantages when operating with low grade, high ash coals. 

4. INDUSTIRIAL HEATING EQUIPMENT 

In the 1960's and 70's the coal industr, in the UK was faced with competition from cheap oil 
and, later, natural gas. R&D eflbrts at the CRE were redoubled to develop coal-firing
te-chnologies k'hich were more efficient, cleaner, more reliable with improved coal and ash 
handling facilities, and also environmentally acceptable. Attention was directed towards both 
Improving conventional combustion equipment and developing new systems, notably based 
on fluidised bed combustion (I:BC)2 . 
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4.1 Stolwr Firing 

Stoker firing isthe most common coal combustion technique. Recent developments instoker
lired equipment. used in industrial boilers particularly below 10 MW capacity, have been 
aimed at improving the intensity of comhustion. their reliability, ease of'operation. and their 
adaptability to awide range oflfels. Such improvements have been made for the underficd 
stoker (alrcady described), the drop tube stoker. coking 'q.nker, and die chain and travelling 
urate stokers. 

For example, gaded coal isdropped onto a static grate of adrop-tube stoker where it burns 
at high temperature. forming a layer of ash which is removed manually. Following 
collaborativc development work rifdta UK manufacturer. tipping grates have been designed 
which periodically drop this ash for subsequent removal. 

In its variouis forons die moving i-ate stoker isused for firing boilers with outputs of 2 MW 
up to over 70 MNW. Essentially, die grate is a continuous mat of bars and amenable to 
burning awide range of'coals. Lump coal isfed onto ti.se bars where it burns progressively 
as die grite mnoxes forward. discharging ash from the rear end. A new development enables 
ignition to be initiated electricallv and ispar-ticularly applicable when intermittent use is rade 
of die system a;. for cxaumplc. in die horticultural indtustry. 

Increasing concern for the environment over recent y'ears has led to conisiderable effort being 
spent on researching mcthods of reducing die emission of gaseous pollutants (particularly 
NOx and S,)Ircoal tired boiler plant. Wilst coal fired stoker equipment generally gives 
low NOx emissions, a ntumber (,fdifferent metiodLs of' SO,removal have been demonstrated. 
However such s'stcms are not widely used at die present time in the UK. primarily due to 
die cost of die equipment %hen compared to die cost of importing coal with an inherently low 
sulphur content. Using a limestone sorbent, studies at CRE have shown that sulphur capture 
isrelatively ineliective if limestone is lId directly onto die lfel bed. More suitable conditions 
exist immediately above die lfel bed in die furnace when die combustion gas temperatures 
are below 1200 C. 'lhc injection of line sorbent (<100pm) into this region can achieve 40
60"o SO, removal. 

Alternatively. adry sorbent. which would normally be lime, may be injected into the cool flue 
gases leaving die boiler (in-duct injection). It can be more effective in terms of sulphur 
capture than in-furmace sorbent injection provided the flue gases are humidified and there is 
a close approach (<10"C) to saturation temperature. Typically, Sa removal is 40-80%. 
Semi-dry or spray dry,, The sorbentsystemrs are principally for use on large industrial b)ilers. 
slurry. typically lime, is sprayed into die flue gas as it passes through areactor vessel. The 
SO, is removed as die slunV dries. typically achieving 60-80% capture. 

4.2 Pulverised Fuel Firing 

Most modem. large coal-fired pover stations and some large industrial boilers ,are designed 
to burn pulveri ,cd fuel (pl). Ilic coal is ground to a powder (about 75%, -75 pm) using 
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pulverising mills. It isdhn transported by preheated combustion air to tie burners installed 
at tie corners or on the walls of the boiler. 

Plcombustion hs not generally been asuccess on small industrial boilers thouveh much work
has been carried out on burning finer grades of pf in an attempt to increase flame intensity.
For example. microfine pulverised fuel firing has been introduced into the UK in recent years.
In this case, the pf is milled to less than 40,im. It burns with an intensity almost matching
that of heavy fiuel oil. Another approach isbased on aburner which burns only oil or gas for 
up to about 30% boiler heat input. Beyond that, combustion ofpf is initated and increased 
progressively so that pf isproviding 70% of the heat at full load. However, the higher capital
costs associated with milling and fly ash collection equipment have tended to make them 
relatively uncompetitive lor smaller boilers. 

CRE has evaluated and demonstrated the use of coal-water mixtures (CWM) to fire industrial 
boilers. CWM is made firom finely ground coal mixed with water in the ratio of about 70% 
coal to 30% water (by weight). The size distribution of the coal powder is important as it 
influences the 'coal loading' of the CWNvL this being dependent on the proportion ofvery fine 
particles present. Generally, additives in the form ofdispersants and'or stabilisers (up to 1% 
of each ) are needed to ensure that the CWM has acceptable viscosity fbr pumping and 
handling purposes. and to ensure it remains stable over extended periods. 

An advantage of CWM is its convenience and safety in storage and handling. Also, these 
fuels can be made firom coals which have been 'deep' cleaned (known as beneficiation) to 
produce low sulphur and ash contents. To achieve this. they need to be finely ground and 
processed in a wet state. Ilus. they are ideally suited for making into CWMs. Their 
combustion characteristics are good and they can be used as substitutes for heavy and light
fuel oils. 

Post combustion techniques. such as the in-duct injection and spray dry systems used with 
stoker-fired boilers, can also be applied to smaller pfplant. NormallY. wet flue gas scrubbing
(FGD) is selected only for larger utility scale plant. Although they operate with SQ removal 
efficiencies of around 90%. they involve much more complex plant; they are generally only 
cost effective at the large scale. 

NOx emissions tend to be high with flame combustion but there are a large number of 
combustion modification techniques available which can reduce these emissions by up to 
50%. The general principle employed is to change the distribution of fuel and air so that fuel
rich conditions, inhibiting NOx production arc present in the early stages of combustion. 
Sufficient air is then introduced to ensure complete combustion downstream of this zone. 
This staging may be done within the burners themselves or within the furnace. In the latter 
case, the lower rows of burners are operated under fuel rich conditions with the upper burners 
or ports supplying the remaining air. 

With a conventional pf burner. flame temperatures can exceed 1600-C and sulphur capture
by 1f-cding limestone with the coal is neft'ectivc. Tvo alternatives have been developed; viz 
sorbent addition into the furnace ahe the burners where the gas temperatures have dropped 
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to below 1200'-C. and sorbent injectior at the periphery of 'low N(,' burners. 13v either 

method, sulphur dioxide reductions of up to around 50% can be achievcd. 

4.3 Fluidised Bed Combtrstion 

In parallel with work on improving conventional firing equipment C2.E has undertaken a 
large deve!opment programme fbr applying FBC to a wide range of industrial boiler and 
furnace applications'. 'fhe incentive has been the lower combustion temperatures than in 
other systems: this otlirs the potential fbr low NOx emissions and effective capture of 
sulphur by direct licding of limestone to the fluidised bed. Also, it offers die prospect of 
much elCater fuel flexibility with the capability of burning efficiently a wide range of coal 
typc and quality, together with industrial wastes. 

CRE concentrated on developing low cost. 'shallow bubbling FBC designs in collaboration 
with a ntwnber of equipment luanulhcturcrs. Over 100 units have been built giving an overall 
theminl capacity of about 1200 M\M. '1lhesc i.iclude watertube. composite and locomotive 
boilers, and horizontal and vertical shell boilers together with fumaces 1br providing hot gas 
at up to 1600"C for direct contact drying applications (including mineral dryer., calciners) and 
clean hot air (food and plasterboard drying). 

In these designs lump coal is simply tiedby gravity onto die surface of a shallow bubbling 
bed (generally <-Ot) mm depth belbre fluidisation) which consists largely of silica-sand and 
residual coal ash particlcs of about millimetre size. Shallow beds are used in order to reduce 
costs by minimising flmace height and thn power requirements. lley also enable simple and 
effective load control for boilers dtrou!.h die use of carcillv designed 'in-bed' tube 
arrangements. 

'Ille simplest applications of FBC are for hot eas; furnaces and calciners. Thev account for 
some 50 units and about 400 M\V of'installed themal capacity in die UK- A further 35 units 
(215 MWt) have been sold into several European countries and in Asia licences have been 
taken up in Korea- India and Japan. These firnaces operate with high excess air and produce 
an uncleaned gas containing liv ash (Figure 6). However. they are low in cost and are 
suitable for dr. in a wide -anie of materials, including coal. sand. limestone. roadstone and 
clay for cement manulhcture. Unit sizes range from 2 to 40 MNW output. 

Shell boilers may have vertical or horizontal configurations, althougl the latter are more 
difficult to develop because of problems in matching the fluidised bed requirements to die 
dimensions of a horizontal lire tube (in UK limited to 1.8m diameter). On the other hand. 
vertical shell designs are particularly suitable as the fluidised bed can occupy the base of the 
firctube. However. because British Standards restrict die diameter of firctubes, thermal 
outputs are limited to about 4 M\ t. 

Shallow Fluidised bed firing has also been applied to conventional watertube boiler 
constniction to provide packaged boiler units. Examples include a 15 MW twin bed boiler 
unit supplying combined heat and power to a dvcworks (Figure 7) and a single bed design. 
rated at 7.5 MW. burning coal and \\oo \vlslaings (grease sludge) at a textile flctory. 

-460



Another manufacturer has adopted aonce through coil boiler to fluidiscd bed firine. Four 
boilers of this design have been installed at asugar manuflacturer's worLs. ]hcse boilers can 
operate on heavy fuel oil. as well as on coal. 

Boilers of composite design incorporate a watertube wall combustion chamber with a 
conventional shell and tube heat exchanger for cooling the flue vases. Such desigs followed 
initial development work by CRE and demonstration of a 8.5 IW double-ended locomotive 
type boiler. Several alternative desiens are available commercially and units installed range
fiom I MW hot water boilers to stean raising boilers of 21 MW capacity (F-igure 8). Ihc 
larger boilers are capable oflten of burning industrial wastes: they incorporate bed cleaning
facilities to allow die use of lower grade coals which have asignificant shale content. Also. 
these larger beds may be kI'd with limestone for controlling SO, emissions. 

As a lrthcr development of FBC systent., CRE has developed a twin bed desin which 
comprises two adjacent beds (Figure 9). One acts as a pyrolyser with die cther as a 
combustor: these beds are connected by transfi'r ports. Coal is fId to the pyrolyser \\,here it 
is devolatilised and a fuel gas is produced. TIhe devolatilised 'coke' then passes through the 
transfer ports to dhe combustion bed where combustion iscompleted. i"he desig does not 
incorporate in-bed tubes: radhr the combustor bed temprmture iscontrolled through operation 
at hiiuh excess air. 'lhe ol-gases f'rom the txvo beds are combined to produce a fuel gas: the 
oxygen in the combustor off-gas being used to bum the fuel gas. Becatise this is a btbnn of 
staged combustion, nitrogen oxide emissiors are low. Sulphur dioxide emission hecan 
controlled by li'edini-g limestone with the coal. 'ibis p}Tolyscr combustor principle has been
 
applied to industrial boiler phmnt and fbr generating high temperature gases fbr furnace
 
operation.
 

5. COAL AND AS!! IIAN[)LING EQUIPMEYNT 

To fhcilitate the introduction of clean coal-fired technologies, it is important to ensure that 
die coal and ash arc handled in al acceptable manner. Tmditionally, coal-tiring has been a 
manually-intensive practice. with the.operators (stokers) manually I'eding coal, and removing
ash ifom boilers and fumaces. With cleaner combustion systems becoming available, more 
accurate control systems arc needed to maximise efficiencies and minimise pollutat
emissiors. It is derefbre important to develop improved coal and ash handling equipment. 

Coal deliver to a user site can be by' tipper, conveyor. pneumatic or container lorry. These 
methods give increasing levels of' convenience lor site reception. A container vehicle can 
deliver a 20 tonne coal container. It gives a rapid turn-round time but does require special
site facilities. Thc pncumatic Ion-v of1ers a convenient delivery method by iLs ability to 
transxrt coal direct to a storage hopper up to 40 metres away. 'he conveyor Iorn has on
board facilities allowing it to deliver coal to astorage hopper up to 3 metres high. Hlowever. 
die tipper lon-v provides die most economic mediod in terms of operating and maintenance 
costs and is available in most countries. 

'Special covered reception hoppers at ground level have been developed fbir use widi tipper
lorry deliveries. "lhev avnid the need fbr relatively expensive underground storage. Two 
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types are available. 'le first is in the liwnn of a large 'drive-in' hopp:r which is loaded 1i( ni 
the lorry. flie coal can den be emptied into die site pneumatic con\eving facility by raising 
one cnd of the hopper by means of hydraulic jacks. Il the second type. die floor or die 
hopper is desiuncd to translr coal mechanically either by a belt convexor or by a 
reciprocating bar method (Figure 10). 

Space constraints at coal storaLge user sites (particularly open stockpiles) has led to the 
application of vertical silos of up to 10)0 tonne capacity. Silos may be of concrete stave, 
steel or plastic construction. Care is taken in de designs to ensure their sale uISSeinl terns of' 
structural stability and avoiding spontaneous combustion of' stored coal. Coal is removed 
firom silos by gravity discharge or by screw conveyor. Figure II is a schematic diagrani of' 
a silo structure suitable for use with industrial grades of coal. 

()n-site pneumatic conveving systems are available. 'lhey are lower cost. oller greater 
reliability. design flexibility and cleanliness than conventional mechanical systems such as 
bucket elevators, en-masse conve ors etc. Two types of' pneumatic system have been 
developed: viz 'lean phasc' and 'dense phase' depending on die solids to conveving air mass 
ratio (.1-20:1 and -40:1 respcctively and die meanls of' air supply. 

A 'dense phase' I'edcr issuitablef'(lr handling lun1p coal. It comprises a pressLrC vessel of 
up to 5() ku uipacity located at die basc of' a silh or bunker. \which fills tha\INthrouejh a 

special valvc. Wleni full. Liel xal e closes and the vessel ispressuriscd up to about 4 bar, this 
causes the coal bC 'extUd'd' inro auld firccd .1;0ng die conveying pipe in the form of' al 
aerated slug hMe sequence is repeated until die reception hopper is full. 

A lean phase suction n.';%.l' system uses a fian or bhwcr t(' rnisl'r coal, from stock to a 
lfecd hopper. thomugi 125 mmil diatnleir pipcvork at rates of' up to 15 tonnehr (Figure 12). 
In one de clopicnt the pick-op noylc cl traverse and clcir attomirticallh a coal stockpile. 

I1hus lhe controllability and anicnit\ of coal-Ii red equipment have been markedly improved 
by the introduction of' suitable coal h;:andling equipment. 'liis applies to die discharge of die 
ash as well as die coal. 

Dependent on die nedod of' combustion. halndling system have to deal widi a wvide range 
of' a.sh size fi rn large clinker pads to line particles. Mccliical systens cmi give problems 
when handling ash because of'itsabrasive nature and die possibility of'dust entering working 
parts. 'lheretbre, dense and lean phase pneumatic systems and also hydraulic pipe systems 
have been developed because of'dleir convenience and general cleanliness of operation. 

'lhe flv ash pre.ent in the flue gas isnonihall removed by means of high efficiency cyclones, 
bag filters or electrostatic precipitators., die principal requirements of Las cleming are to mneet 
die relevant emission standards at ninlinuin cost. 'lIere'ore. for stoker fired equipment 
attention has been directed tow~ards improving the eflicencv of inertial devices because of 
dicir mnuclh lower costs compared to other equtipmuent. 'Ibis has incuded improvements to 
multi-cell cyclone arranentins. Also blow down ssiens have been incorporated where a 
small gas bleed (typicallv I10"', of fle ttial flue eaLst is taken from the solids oftlakes of' 
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cvclonic devices and passed drough a small fabric filter. By so doing, emissions can be 
reduced comparatively cheaply by some further 30,i, the capital cost of the whole systen
being less than one half that of a hill size bag !ilter plant. 

E-xtensive trials have also been undertaken by CRE to evaluate the perfOrmance and relative 
costs of difrllernt hag filter cloth for coal-fired boilers. Again. these developments have led 
to increascd reliability and lowcr costs for particulate removal. 

6. "IRANSFER OF -IC!INOLOGY FOR COAL USE INI-IOMES AND FACTORi.S 

It is not ah avs appreciated in the West just what contribution can be made by technology
transfer in the non-power sectors,. For instance, in China domestic coal combustion efliciency
ismuch lower than in good UK appliances. lhere isalso a lot of scope for improvement in 
the industrial sector. In a recent report to the World Bank it was estinmatcd that current 
consumption of around 350 million tonnes could be reduced by 100 mtpa if best Western 
technology and practice were filly deployed.. Significant efficiency and environmental 
improvements could be made in the non-power markets by technology transfer involving
equipment v,hich. relative to the po\vcr sector, is usually easier to fabdcate and can be done 
in more modestly equipped flictories requiring much lower initial investment. On the other 
hand it takes a lot of small boilers to gi2vthe sane fuCI saving benefit as one clean coal 
technology power station. 

For technolom transl'r to work. both provider and recipient have to benefit. Ilie provider
will usually he aprivate, ratcr than agovernment organisation and must obtain appropriate
financial returns (xith finding agency aid where appropriate) and protect his intellectual 
property. lhe recipient needs to ensure obtaining the most appropriate technology and will 
necd contracts '.ttinclude appropriate training and after sales service. 

CR- has been involved in international marketing of domestic, conmmercial/industrial
technologies in amodest way hitherto, nd intend being, far more active in flture. A common 
route has been the development of' equipment in collaboru'ion with a UK manufacturer 
followed by selling licences aboard. 'ie licensing vehicle has e-en Combustion Systems Ltd 
(CSI.) a British Coal company which has concentrated on selling industrial fluidised bed 
licences - mostly f'r coal but including some oil firing. These systems are amenable to use 
with a range of coal t.pes and qualities. Licences have been given overseas for arange of 
fumaces and boilen;. Experience from 140 operating units in the industrial sector worldwide 
is led back to CSI. In tie domestic sector designs have been developed for clients in 
Mongolia. China, Russia. Poland and Czech Republic, whilst briquetting prospects are being
evaluated for a number of cotntries including China and Indonesia. 
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If it is advice or practical investigations into coal use which is required then CRE is also able 
to undertake contracts throueh its Technical Services organisation. A recent example is a 
completed contract ti-om tie UK Overseas Development Administration for an energ 
eaficiency study on a Chinese city. In EL-ast Europe and die CIS. CRE is already providing 
advice on energy efficiency and clean use of coal via a suite of contracts funded by tie UK 
(ovemment and the EEC. 

)n a broader liont CRI- has access to virtually all aspects of the coal chain including areas 
such aLs 

- Marketing and fuel pricing strategies 
- Mine desigln and operation 
- Surface opcratioris including coal preparation 
- Iransport and distribution 
- Social restructuring flollowing mine closures 
- Energ' efliciency and use of coal in all market sectors 
- Environmental aspects of coal extraction and use 

'This cross cutting, multi disciplinary expertise is available on a worldwide basis, tlus specific 
technology transler initiatives can be considered within part of a much wider exercise where 
appropriate. 
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Introduction 

The use of coal as a fuel for power generation is increasing throughout the world. 
This growth is particularly strong in countries where industrial output is expanding
and electrification is increasing. At the same time environmental awareness is 
growing worldwide, heightening concern over tile effects of coal burning on the 
environment. 

File U.S. government and U.S. industry are collaborating to develop innovative 
technologies that utilize coal cleanly and efficiently under the U.S. Department of 
Energy's (DOE) Clean Coal Technology (CCT) Demonstration Program. This 
program is a S5 billion (U.S. dollars) national commitment, cost-shared bv the U.S. 
Government and the private sector, to demonstrate a new generation of innovative 
coal processes in a series of full-scale facilities around the U.S. 

The objective of the CCT Program is to demonstrate the more promising technologies
in the commercial marketplace. To date, five rounds of projects have been selected 
for demonstrations, for a total of 46 projects. Approximately 20 of the projects
involve the demonstration of advanced air quality control technologies. As a result 
of the work of programs like the U.S. DOE's CCT, two types of air quality control 
technologies have emerged: 

combustion technologies, such as Integrated Coal Gasification Combined Cycle
(IGCC) and Fluidized-Bed Combustion (FBC), which efficiently remove SO, and 
NO, in the combustion process and eliminate the need for postcombustion flue 
gas treatment equipment; and 
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postcombustion technologies, such as Flue Gas Desulfurization (FGD) and 
Combined SO,/NO, Technologies, like the SNOX and the NOXSO processes, 
which simultaneously remove SO, and ", in an integrated flue gas cleaning 
system design and, in most cases, generate a salable by-product. 

Other types of projects (e.g, prvc,,mbustion technologies) improve the general quality 
of coal as a fuel for power generation or remove the pollutants from the coal before 
combustion. 

Precombustion Technologies 

To date, precombustion removal of sulfur from coal has had limited use in the U.S. 
because removal etficiencies are generally low and the cost are often high. Sulfur in 
coal can be found in two forms: organic and pyritic. The pyritic sulfur can be 
removed relatively easily through conventional coal cleaning processes, like coal 
washing. However, the pvritic sulfur comprises only 40 to 60% of the total sulfur in 
most U.S. coals. Current air pollution control regulations in the U.S. require much 
higher sulfur removal efficiencies. 

In order to remove the organic sulfur in the coal, some type of solvent technology is 
typically employed. These processes are quite expensive when compared to the cost 
of postcombustion removal technologies like FGD. Solvent technologies may find 
some application when the coal is intended for use as a feedstock fc; advanced 
hvdrocarbon conversion processes. In addition to their high costs, the fact that these 
processes require solvent makes them less desirable from an environmental 
standpoint. Preliminary rewearch i' being done in the U.S. on using microwave 
technology to clean organic sulfur (rom coals, which ma. hold some potential for the 
future. 

If air pollution control regulations require high levels of SO, removal, like in the U.S., 
FGD is usually the more economical choice, particularly on a unit-by-unit basis. If 
high levels of sulfur removal are not required, precombustion techniques may be 
economically feasible. 

Although it does not provide high levels of sulfur removal, coal washing may be 
appr('priate for Asia for two possible applications: 

" 	 as a means Of sulfur removal if SO, compliance levels are not high, and 

" 	 as a means of preparing high-ash coals for more economical transportation by 
removal of the mineral matter. 

Currently, there are some precombustion technologies under development in the U.S. 
One of tet'e i, the Lu1 id Fr i Coal (C) process available from SGI International 
and thie Ziv,4'r (A al Ii, Company. Ihe process economicallv converts low-rank 
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coals into a hvdrocarbon liquid, similar to No. 6 fuel oil, and a greatly improved 
solid fuel witi less sulfur and pollutants than the raw coal. Anothei process
available from the Rosebud SvnCoal Partnership is a technology that enhances 
subbituminous coal for boiler applications. The process is intended to remove excess 
moisture in the coal and increase tile Btu content by approximately 40%, making
transportation and operating costs more attractive. 

Combustion Technologies 

Fluidized Bed Combustion 

One environmentally sound combustion technology emerging in the U.S. is FBC. The 
technology is commercially available in sizes up to 150 MW from several boiler 
manufacturers around the world. Development continues on technology refinements 
and scaling up of sizes. 

The circulating FBC process utilizes a water-cooled combustion chamber and 
refractory-lined cyclone to recirculate bed material consisting largely of inert ash 
constituents. Combustion air is furnished at high pressure from forced draft fans. 
The combustion air suspends the circulating bed in the combustion chamber. Fuel 
and limestone are led into the lower part of the combustor. Combustion takes place
in a hot, turbulent environnient that contains a relatively low concentration of 
combustible, The reaction between limestone and sulfur in the fuel takes place in 
the combustor at a temperature (t approximately 870'C. Heat is transferred to the 
water-cooled membrane wall combustor. A large fraction of the bed material is 
recirculated from the hot cvclone through a seal back to the combustor. From the 
oLutlet of the hot cyclone, the gas enters the convective heat transfer surfaces of the 
boiler. Bo)ttor ash is removeId from the process at the bottom of the combustor. Fly
ash is removed by fabric tilters. Sulfur is removed in the combustion process. The 
low combustion temperature helps control NO,. 

The Point ,\ccni circulating F5C installation is a project in startup being built for 
Nova Scotia Power Incorporated by Mitsui. Sargent & Lundy (S&L) is the engineer.
The plant has a gross output of 200 MW and a net output of 165 MW. When the unit 
goes into operation this y%ear, it will be the largest circulating FBC unit in the world. 
The unit is rated at 8700 kg.min, 122 bar, 537°C/537°C. The primary fuel is a locally
mined bituminous coal with 5% sulfur content. No. 2 fuel oil is used for startup fuel 
and can also support up to 35% steam flow. The turbine cycle has four low-pressure 
heaters, a deaerator, and two high-pressure heaters. 

Circulating F13C technology hould be of particular interest for Asia because it 
provide,, good environmental performance without the complexity of an FGD system. 
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Slagging Combustors 

A relatively new combustion technology being developed in th: U.S. is the advanced 
slagging combustor. The slagging combustor burns coal, but results in low-NO, and 
particulate emissions. Sargent & Lundv is working on a DOE-funded project with 
Riley Stoker Corporation in the U.S. to develop a low-emission boiler system (LEBS) 
using a slagging combustor. An advanced design slagging combustor, manufactured 
by Textron, will be tested late in 1903. 

Sargent & Lundv is preparing tile preliminary design of a 400-MW LEBS plant using 
slagging combustors. A proof-of-concept facility (30- to 50-MW range) will be 
constructed and tested, followed bv the detailed design of the 400-MW plant. 

Although a slagging combustor physically resembles a cyclone boiler, there are many 
differences. From an operational standpoint, the most significant difference is the 
low NO, levels. These are achieved through substoichiometric (low-O.) operation 
during that part ot the combustion process where thermal NO, is formed. Because of 
the different combustion process, one theory even suggests that fuel (bound) NO, 
may be reduced. Another potential benefit of slagging coinbustors yet to be proven 
is the reduction of 50. through tile injection of a sorbent such as !imestone with the 
coal. 

The slagging combustor uses an external vortex combustor to burn the coal at a high 
temperature. The key to the process is keeping the combustion temperature above 
the ash fusion temperature so that the production of fly ash is minimized and only 
slag is formed. Since little fly ash leaves the external combustor, the main boiler can 
physicallv resemble an oil-fired boiler. That is, the main boiler furnace does not have 
to be sized for firing coal. NO,control is further enhanced by using an overfire-air 
system. 

The slagging combustor by itself will probably have only limited application in the 
U.S. because it cannot achieve the very high SO, removal efficiencies that are 
required in most of the states. The slagging combustor will have to be used in 
conjunction with some flue gas desulfurization process. The slagging combustor has 
a lot of potential for Asia in that it might be eventually used to convert thermal 
plants fired with oil to firing coal. 

Integrated Coal Gasification/CombinedCycle 

Another environmentally ;ound combustion technique is Integrated Coal 
Gasification/Combined Cvcle (IGCC). An IGCC project in the U.S. under the Clean 
Coal Technology Development Program that S&L is participating in is the Wabash 
River Repowering Project. 
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The Wabash River Project involves the use of coal gasification technology to repower 
a 100-MW steam turbine at an existing coal-fired power plant. The project is a joint
venture between Destec Energy and PSI Energy. Upon completion, the Wabash River 
Repowering Project will be the largest IGCC power plant in operation in tile U.S. and 
will also emit significantly lower flue gas emissions than most other high-sulfur coal
fired power plants. 

The project will utilize Destec's coal gasification process, also known as the Svgnas
process. The Destec gasification process is a two-stage, medium-Btu, oxygen- blown, 
entrained-lhw process. 

The Wabash River Generating Station consists of sLx pulverized-coal-fired units 
ranging an size ronm 10)) to 2-15 MW. The turbine-generator on Unit 1, which has a 
nominal rating ot 10)0 MW, will be the repowered turbine-generator. Unit I 
originally went into commercial service in 1953. The existing Unit 1 boiler will be
 
abandoned. The coal gasification plant, the advanced combustion turbine, and the
 
heat recovery bhoiler w,!; all be located on 
property adjacent to the existing generating 
station. 

The new combustion turbine will be a high-temperature design producing
approximately 107 MW of electricity. Steam injection and fuel gas moisturization will 
he used for NO, control. It should be noted that normally this machine's nominal 
output is approximately 155 MW. The power augmentation is gained due to the gas
moisturization process undertaken as part of the gasification plant. Exhaust from the 
combustion turbine and steam integration for the gasifier will produce steam in the 
new heat rmcoverv boiler. The boiler will be a single-pressure, superheat/reheat
unfired natural circulation type with horizontal gas flow and will produce the 
necessarv lligh-pressure 4eam for repowering the Unit 1 turbine-generator. 

The fuel for the project will be a local bituminous coal. The coal will be delivered to 
the site bv railroad and unloaded in existing coal handling facilities. A new coal 
preparation facility will process coal and water to produce the feed to the gasifier. 

Coal gasification/comnned-cvcle has a significant heat rate advantage overconventional coal-based technologies. By utilizing the combined cycle in conjunction 

with coal gasification, units can take advantage of the combined cycle's high
efficiency, which will likely increase in the future as combustion turbine technology
improves. Conventional coal-based technologies using the Rankine cycle are reaching
their efficiency limit, thereby limiting future improvements. Conventional 
pulverized-coal-fired plants and flue gas desulfurazation svsterm typically have heatrates ranging from 2520 to 2654 kcal/kXWh and 90% S removal. By comparison, 
coal gzasificationi/combined-cvcle plants can achieve heat rates ranging from 2140 to 
2015 kcal/kWh with 089%SO. removal. 

Unit I at W bash River currently has a heat rate of about 2800 kcal/kWh, which is 
typical for a coal-tired power p oaitof this age and without flue gas desulfurization. 
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The heat rate of the repowered facility is expected to be about 2255 kcal/kWh, or 
more than 25 % lower. This heat rate will be among the lowest of commercially 
operated coal-fired facilities in tile U.S. 

Coal gasification has significant advantage over other forms of direct coal combustion 
in terms of air emissions. The SO, and NO,emissions from an IGCC unit, such as 
the repowered unit at Wabash River, will be dramatically reduced compared to the 
original unit's coal-fired configuration. Coal gasification/combined-ccle air 
emissions are only slightlv greater than those from a combined-cycle unit firing 
natural gas. In terms of greenhouse gases (primarily CO.), the coal gasification/ 
combined-cv'cle unit emits about 15% less CO, compared to a comparabiy sized 
pulverized-coal-fired unit. This reduction is the result of its higher efficiency and 
lower heat rate, which ultimately result in lower coal consumption. 

Coal gasification / combined-cycle technology produces an amount of solid waste 
comparable to a conventional pulverized-coal-fired unit. However, the solid waste 
produced in the gasification process is nonhazardous and relatively benign, consisting 
mainly of tile mineral matter in tile coal feed stock. The physical form and nontoxic 
nature of the solids leaving the gasification process are such that numerous potential 
product applicat:ons such as road paving aggregate and blasting grit are possible, 
thereby reducing the solid waste disposal needs. 

Although, IGCC represents an exciting and a very environmentally sound coal 
technology, its applicability for Asia is probably limited at this point in time because 
of its costs. 

Fuel Cells 

Some research is being conducted in the U.S. to integrate fuel cell technology with 

the coal gasification process. High-pressure gas from the gasification process is 
reduced to low pressure through a turbine and then fed to the fuel cell. The fuel cell 
electrochemicallv converts tile fuel's chemical energy into electricity. 

Studies have been conducted where the fuel cell is substituted for the combustion 
turbine in an IGCC system. The resulting heat rate is substantially lower than a 

conventional IGCC sstem. However, because the fuel cell costs are higher than the 

combustion turbine, the cost of electricity for the fuel cell svstem were very close to 

the bus bar costs for the IGCC system. :-hus, there is little economic incentive for 
developing the coal gasification-fuel cell system. 

Fuel cell technology has applicability for Asia, particularly for electrification of 

distributed load centers. However, coal-based or coal-gas-based fuel cells are 

probably appropriate, primarily because coal gasification is not appropriate at this 

time for Asia. 
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Coal-Slurry Fuels 

In 	the U.S. and a number of other countries, coal-slurry fuels are being investigated 
for 	potential use in boiler systems that now use oil. Initial research started with coal
oil 	mixtures but is now focused on coal-water mixtures, eliminating the need for oil. 
Coal-water fuels (CWF) can be burned under conditions that are typical of many oil
burning units without severe slagging or fouling behavior. Current research is 
centered on firing CWF in smaller sized boilers, with the expectation that the fuel 
mixture can eventualh be used in larger units. 

Coal slurry fuels have some potential for Asia as a replacement for oil fuel in existing 
boilers. 

Postcombustion Technologies 

FGD Systems 

Tile basic postcombustion technology for utility applications in the U.S. is wet FGD. 
Wet FGD systems were first installed in the 1970s. Although dry FGD systems also 
have some applicability in the U.S., wet systems tend to predominate. 

Although alternative FGD technologies being developed in the U.S. (like in-furnace 
injection or innovative combined SO/NO, processes) will play a role in the electric 
utility industm-'s plans over the mext decade, wet FGD will continue to be the 
technology of choice as SO emission requirements in the U.S. become more stringent. 
This is because wet FGD systems have a considerab'. level of commercial 
development and capability to achieve ultra-high SO, collection efficiencies. 
Equipment suppliers, utility owners, and independent agencies such as the Electric 
Power Research Institute (EPRI) are directing extensive research and development
efforts towards technical improvements because of the renewed demands for cost
effetive wet FGD technology. Some of the significant design concepts or trends in 
the wet FGD field that will continue to mature or emerge for future compliance 
include 

" 	 the use of fewer and larger absorber modules-specifically, single absorber 
modules will be more frequently selected; 

" 	 SO removal efficiencies in the range of 95 to 989'; 

" 	 the use of performa.nce-enhancing additives for scale control and to boost 
collection efficiencies to ultra-high levels; and 

" 	 the increased use of high-performance alloys for the absorber modules. 
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The advanced FGD systems have some significant differences from earlier system 
designs. First, provisions are included to inject performance additives, such as 
organic acids. These adcitives supplement the base reagent by promoting or 
suppressing certain chemical reactions. Tile use of organic acid as a performance 
enhancer can boost SO,collection efficiencies from 959' to 98%. Second, hvdroclones 
are used in the scrubber blowdown loop. The use of the hydroclone reduces tile size 
of downstream dewatering vquipment and can save a lot of space. 

Numerous FGD technologies are available. Within the near future both wet and dry 
FGD systems, as well as seawater scrubbers for power plants located on the ocean, 
will begin to emerge in Asia. 

Combined SOINOX Processes 

Other postconibustion technologies that have potential advantages in plant efficiency, 
operation, and cost savings are processes that are capable of simultaneous removal of 
SO,, NO,, and particulates. For the most part, these technologies differ from the 
more conventional designs due to the following features: 

combination of high collection efficiencies for SO-, NO,, and particulates in an 
integrated process, and 

• 	a salable or commercial by-product is typically generated rather than a solid 
waste. 

One combined SO,/NO, removal process is the SNOX technology. Approximately 
95% of the SO. and 9U"% of the NO, in tile flue gas are removed. The end product 
from the process is commercial-grade sulfuric acid. 

Flue gas leaving tile boiler is cooled in the air preheater by the discharge air from a 
wet sulfuric acid (WSA) tower. Tie flue gas then passes through a fabric filter or 
electrostatic precipitator where the particulate is removed. Next, a gas-to-gas heat 
exchanger is used to simultaneously heat the flue gas entering the selective catalytic 
reduction (SCR) reactor and cool the gas exiting the SO oxidation reactor. The 
heated incoming flue gas is mixed with ammonia and enters the SCR reactor where 
the ammonia and nitrogen oxides are converted to nitrogen and water vapor. 
Following NO, conversion, the flue gas is heated with an in-duct burner prior to 
entering the SO. reactor where SO. is oxidized to SO.bv a catalvst material. The 
processed flue gas exits the 5O oxidation reactor and is cooled in the gas-to-gas heat 
exchanger. The flue gas then passes through the WSA tower prior to discharge to the 
atmosphere. In tile WSA tower, the acid vapor is condensed, concentrated to high
purity sulfuric acid and then pumped to a storage tank. 

A 35-MW demonstration unit was started up in the U.S. in 1992 and is presently 
undergoing extensive testing Urder the DOE CCT Program. 
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Currently, the costs for combined SO,/NO, processes are high compared to more 
conventional technologies. However, these high costs are because these technologies 
are currently based on first-generation designs. In the future, these costs can be 
expected to decrease with increased operating experience and cost optimization. 

In the near term, the potential for these types of processes in Asia appears to be very 
limited. 

Particulate Control 

Tile control of particulate emissions from utility boilers in the U.S. is not necessarily 
an emerging technology. Electrostatic precipitators have been used i. the U.S. since 
tile 	19 50s. Two factors have provided renewed interest in the U.S. in particulate 
control: 

" 	 increasing emission control requirements at both the federal level and the state
 
level, and
 

• 	the possibility of using the particulate control as part of an integrated approach to 
controlling other pollutants, like air toxics. 

One particulate control technology finding new interest in the U.S. is pulse-jet fabric 
filters, based on some work done with pulse-jet types outside the U.S., particularly 
Australia. Most previous U.S. experience with fabric filters has been with the reverse 
air type. 

A new variation of the pulse-jet technology is tile Compact Hybrid Particulate 
Collector (COHPAG). Under development by EPRI in the U.S., COHPAC is a pulse
jet technology with a low-pressure/high-volume cleaning system and a high air-to
cloth ratio. The high air-to-cloth ratio allows COHPAC to be considerably smaller 
and less expensive than electrostatic precipitators and reverse air fabric filters. 

Because of new more stringent emissions standards, existing precipitators designed in 
tile late 1960s cannot meet tile current opacity limits without adding new series 
precipitators or replacing the existing precipitators with new larger ones. The 
COHPAC technology is to place a baghouse after a precipitator to serve as a 
polishing device. Tle COHPAC baghouse is 50% to 80% smaller than conventional 
baghouses, with the corresponding space and capital savings. 

A project, for which S&L is the engineer, is currently operating at a two-unit 575-MW 
lignite-fired plant in Texas. The actual operating results to date have been very 
favorable, especially with lignite fly ash. Lignite fly ash in the U.S. has been difficult 
to collect in precipitators and reverse air bag houses. The Texas project has four 
baghouses consisting of eight compartments for each 575-MW unit. The bags are 
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about 7 meters long and are made of Ryton, a polyphenylene sulfide fiber capable of 
continuous operation at 195°C with excursions up to 220 0C. 

COHPAC technology may have some benefit for power installations in Asia for the 
following reasons: 

" 	 COHPAC appears to work well on U.S. or Texas lignites, and presumably would 
work well on Asian lignites. 

" 	 COHPAC is ideally suited for fluidized bed boiler applications, where bag houses 
are usually the preferred flue gas cleanup technology. 

* 	 COHPAC's modularized construction makes it easy to transpo:t to and erect at 
remote sites. 

Transfer of Technology 

Transfer of technology can cover two issues: 

• 	 transfer of knowledge, and 

" 	 transfer of hardware. 

Transfer of knowledge is the process of moving skills and expertise from one entity 
to another, person-to-person, company-to-company, country-to-country. For issues 
like clean coal technologies, there ar many ways available to transfer knowledge, 
such as: 

" 	 missions and reverse missions, 

• 	 conference and workshop attendance, 

• 	 training courses and seminars, and 

* 	 participation in EPR1. 

Missions to visit countries, companies, and actual installations provide people with 
the opportunity to get a first view of the types of technologies and solutions 
available. Attendance at appropriate conferences and workshops, provide 
opportunities to meet and talk with people who have expertise. Training courses or 
seminars are excellent ways of providing knowledge on a more detailed level. Often 
these training courses or seminars are funded or can be funded by a foreign 
government. 
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EPRI is an organization funded by U.S. electric utilities. EPRI engages in practical
research type work and transfers significant amounts of knowledge and expertise
back to its member utiities. Environmental and clean coal technologies are two of its 
1nlior research areas. E,'RI is willing to discuss membership options with non-
American utilities. 

One program that S&L is developing with EPRI is the Clean Air Technology (CAT)
workstation. The CAT workstation is an interactive computer program intended for 
use bv U.S. utilities for finding solutions for complying with air pollution control 
regulations. The workstation is a user friendly program consisting of an extensive
 
database of pollution control terh,ologies. The database contains technology facts,
 
costs, performance data, and experienc2 data that allow one 
to examine and compare
various pollution control technologies for a given power plant or application, and to 
run various "what if' scenarios comparing costs and performance impacts. Results
 
are presented 
 in the form of text, drawings, curves, tables, etc. The user-friendly
 
aspects of the program allow the data to be accessed and manipulated very easily.

The user can "call up" increasing levels of detail that describe the process, show
 
where actual installations are in operation, identify suppliers, and 
so forth. 

Transfer of hardware is a little more difficult and usually must be done through
actual projects. The National Energy Policy Act of 1992 includes provisions for the 
development of a fossil energy technology program to export clean coal technologies.
This program involves the U.S. DOE, U.S. Commerce Department, and U.S. Agency
for International Development (MD), and includes the development of financial 
mechanisms to increase U.S. industry involvement in hardware transfer. 
Implementation of the technology transfer program would consist of a twofold
 
approach:
 

" 	 showcase a few advanced technologies in foreign countries, with financial
 
assistan( L.eing provided by the U.S. DOE;
 

" 	 export commercially available pollution control technologies from the U.S. with 
financing being provided by multilateral banks or commercial sources. 

Finally, there is a program that has managed to incorporate technology transfer 
programs ranging from equipment demonstrations and engineering roundtable 
discussions to traditional training and orientation missions to the U.S. Asian 
Environmental Partnership (AEP). This program was originally started during
President Bush's administration and has continued to grow. The U.S. AEP funds 
programs that address environmental problems, and has a specific emphasis on 
energy and environmental air quality. The following are some examples of the types
of projects that the AEP has funded in the last 12 months: 

* 	 an environmental action team's analysis of air quality in the Mae Moh valley in 
Thailand, 
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" 	 mapping of air quality resulting from the volcanic eruption of Mt. Pinatubo in the 
Philippines, and 

" 	 a number of training grants to Asian countries to study the design of safe power
 
transmission lines.
 

Of the AEP's proposed $100 million budget for 1992-1996, approximately $10 million 
has been set aside for energy infrastructure and environmental programs. Specific 
information on U.S. AEP programs can be obtained from your regional U.S. AID 
representative. 

Summary 

There are many environmentally sound coal technologies being developed in the U.S. 
This paper addresses a few. Some of these technologies are very appropriate for use 
in Asia and it is expected that they will be implemented there in the future. 
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Abstract 

Vietnamese coals are represented by relatively large reserves of anthracite/semianthracite 
(about 3.223 billion tons), some bituminous coal (about I1 million tons) and different lignite
grades (more than 30 billion tons). Anthracite grade coal is occurring mostly in coastal region
(Quang Ninh Basin) and is of high quality (low sulfur and ash contents). Other coals occur 
mostly in inland position within northern part of the Vietnamese territory. The production of 
anthracite grade coals reached about 4 to 5 million tons, from which 30% are exported. 

INTRODUCTION 

Vietnam is a country situated in the Southeast Asia on about 326 000 sq. kms. Many deposits
of raw minerals occur in Vietnam. Coal represents one of the most important raw material with 
relatively very huge reserves. Coal deposits are concentrated mostly in the northern part of the 
country in one large basin ind in several smaller occurrences. Most of Vietnamese coals lies 
inclined. The inclination of 25 to 450 is characteristic for 65% of seams, 30% are over 45' and 
the rest is below 250. Vietnamese coal industry is one of the ol,',stin Vietnam. At the present,
coals are exploited in the Quang Ninh Province (lion Gai, Cam Pi:a, Uong Bi, Man Khe Mines) 
as well as in the Bac Thai (Lang Cam and Nui Hong Mines), Lang '.on (Na Duong Mine), Nghe
Tinh (Khe Bo Mine) and Quang Nam-Da Nang Provinces (Nong Son Mine). The deposits of 
anthracite to semianthracite coal grades and bituminous coals are of uppermost Triassic inage 
(Norian and Rhaetian), lignites are mostly Neogene. 

SIIORT REVIEW OF COAL DEPOSITS 

1.The Quang Ninh Basin
 
The basin is situated in the coastal region east of Hanoi. It consists of three large deposits, i.e.
 
Uong Bi, I-Ion Gai, and Cam Pha-Duong Hui sectors reflecting the geological structure of 
discontinuous strips of coal-bearing strata. Coal is developed in continental to lagoonal deposits
forming 300 to 700 m thick horizon in red beds. Basin was folded at the Triassic/Jurassic
bu;lnndary in the form of longitudinal open folds. Coal there lies horizontally to inclined (max.
inclination of 40o). The coal seam represents relatively unified body without intercalations, only 
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Table I Technological Properties of Some Vietnamese Coals (after COALIML,( data) 

Grades Size 

1 mm 

Hon Gai Anthracite Coal 
Lump Coal 33-100 

Lump Coal 50 

Lurn Coal 35-50 

Lump Coal 15-35 

Dust Coal 6-18 

Dust Coal 0-15 

Dust Coal 0-15 

Dust Coal 0-15 

Dust Coal 0-15 

Dust Coal 0-15 

Dust Coal 0-15 

Uong Bi Anthracite Coal 
Lump Coal 

Lump Coal 4 
25-100 

15-50 

Lump Coal 20-45 

Lump Coal 35-50 

Lump Coal 15-35 

Dust Col 6-22 

Dust Coal I0C 0-15 

Dust Coal 1OCI 0-15 

Dust Coal IOC2 0-15 

Moisture 

%max T 
6 


4 


4 


5 

5 


8 


8 


8 

8 


8 


8 


5 


5 


5 


5 


5 


8 


8 


8 


8 


Ash 

%max 

8-12 

6-8 

3-5 

4-6 

5-7 

6-8 

8-10 

10-15 

15-22 

22-32 

32-40 

9 

9 

9 

9 

9 

11 

15 

22 

30 

Volatile Matter 

%max 

6-8 

5-7 

5-7 

5-7 

5-7 

6-8 

6-8 

6-8 

6-8 

6-8 

6-8 

.4-5 

4-5 

4-5 

4-5 

4-5 

4-5 

4-5 

4-6 

4-6 

Sulphur 

%max 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

<l 

<I 

.I 

<1 

.1 

<1 

<1 

1 

,41 

Calorific Value 

kcal/kg 

8300-8100 

8300-S00 

8200-7900 

8100-7900 

8000-7800 

7800-7600 

7600-7200 

7200-6500 

6500-5600 

5500-4600 

7000-7200 

7000-7300 

70-7200 

7000-7200 

7000-7300 

6500-7000 

(4W600 

5504,00 

5000-5500 

7200 



rarely there are thicker sedimentary interbeds. The thickness of coal seams varies commonly
between 5 and 50 m, sometimes reaching up to 60 - 80 m.Selected technological properties of 
coal is given in Table 1.For the whole basin, in general, the coal is characterized by moisture 
1-2%, ash content 3-17%, Nolatile matter 6-11% and calorific value 7800-8400 kcal.kg'. Over 
60% of mining is in the form of coal dust and lump below 10 mm in size (Neumann 1959,
1lavlena 1965). The mining operates in open pits with short underground side galleries. In older 
publications, the basin was known as Tonkin Basin. 

1.1. The Uong Bi Coal District 
The deposit, situated in the east, contains two thick coal seams - Bo Dai and Uong Bi. The 
former has been mined in Dong Ri, Dung Vong, Canh Ga, Than Tung, Yen Tu, Khec I luoi and 
I io Thien Mines. The latter one has been exploited in Co Kenh, Mao Khe, *rrang Bach and 
Quang La sites. The reserves are estimated to about 1,284,283,000 tons, from which 112,721,0))0
tons have been already explored in detail. According to the ASTM D388 classification, tie coal 
represents anthracite and a small proportion belongs to semianthracite. 

1.2. The lion Gal Coal District 
The deposit is situated in the southern part of the main coal basin and extends from Bac Ninh 
to Ke Bao Island. It consists of Ha Tu, Nui Bel Ha Lam, Tan Lap, Bang Danh sites in the north 
and of Ha Tu site in the south. Three coal seems are developed in Ha To and Bang Danh with 
the thickness of 12-60 ni, 7-27 m and 6 m. Reserves are estimated to about 712,310,000 tons, 
from which about 19,214,000 tons have been investigated in detail. According to the ASTM D388 
classification, the coal belongs to anthracite and semianthracite. 

1.3. The Cam Pha and Duong luy District 
The coal district is also situated in the southern part of the Quang Ninh Basin. Coal seams are 
mined in Coc Sau, Deo Nai, Cao Son, Mong Duong, Khe Chain, Khe Tam and liga Hai sites. 
This district is the most important, having three seam groups. In the lower part, up to 150 m 
thick, there are three seams 30-50 m and up to 80 m thick. The middle seam group consists of
several unimportant seams. The upper group contains 10 seams 0.5 to 3 m thick in a 
sedimentary sequence 60 m thick. Reserves are estimated to about 1,209,466,000 tons, from 
whic about 241,433,000 tons have been investigated in detail. According to the ASTM D388 
classification, the coal isanthracite and semianthracite. 

2. Coal Deposits Situated inside the Vietnamese Territory
 

2.1. The Nul Hong Deposit
 
Here, the reserves are estimated to about 17 million tons in the semianthracite degree.
 

2.2. The Nong Son Deposit
 
The deposit lies in the Quang Nam-Da Nang Province and contains anthracite reserves.
 

2.3. The Lang Cam Deposit
 
The deposit contains about 9 million tons of volatile bituminous coal.
 

2.4. The Khe Bo Deposit
 
About 2 million tons are known in this deposit in the Nghean Province. The coal degree is
 
medium volatile bituminous coal.
 

2.5. The Na Duong Deposit
 
The deposit, situated in the Lang Son Province, have reserves estimated to about 90 million tons
 
of lignite B.
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2.6. l)ongiao Deposit
 
The deposit is of small extend and contains lignite A.
 

2.7. The Song hong Deposit 
The deposit was discovered during oil and gas exploration by drilling in the region of the Red 
River. Preliminary reserve estimations reached about 30 billion tons of lignite situated in shallow 
subsurface, about only 3 to 10 m Ielow the soil. The coal can be preliminarily classified as lignite 
A. 

WASIIERY SYSTEM 

In order to make coal of better quality after the mining, the coal is processed in washery plants
constructed in each coal region. There is cleaned coals of many grades, receiving the material 
from numerous mines and producing washed clean coal of several production grades. The JIG 
has been used in washing plants in tile first stage, and the product is rewashed by dense medium 
separator, sometimes also by dense medium cyclone according to demands of Clients. The total 
capacity of washeries is about 5 million tons of coal per annum. 

COAL PROI)UCTION AND EXPORT 

The annual coal production was about 8 million tons in the past. Owing to lower demands in the 
internal market, when some water power station started to operate and the demand of industry 
decres, d, the present coal production is distinctly lower. The production of 4.2 million tons was 
repore.ed for 1991 and 4.5 million tons for 1992. The estimate for 1993 is about 5.2 million tons. 

The quality of most of Vietnamese coals is high with high calorific values, low sulfur 
content and ash percentage. Therefore, they are suitable for burning in regions with high degree
Of atmospheric pollutions and they use need not very high construction costs for decrease in 
pollutants during the production of enern. They represent relatively clean energy source. 

Owing to coal qualit), about 30 % of Vietnamese coal production is exported, one third 
to Japan, one third to South Korea and one third to Europe (Belgium, Britain, etc.). The coal 
is exported via coal ports in Cam Pha and Hon Gai total loading capacity of about 1,500 t of 
lump coal and 4,001) t of dust coal per day. 

TIlE FUTURE OF VIETNAMESE COAL 

It is generally supposed, that the demand on coal will increase in the future mostly for the use 
in power stations andl for the cement production. Therefore, the coal production can be 
estimated to about 6.1 to 6.5 million tons of clean coal in 1995 and to 7.5 to 10.4 million tons 
in year 2000. The proportion of export can increase, too. 

To reach these demands, the capacity of already existing mines will be increased and 
mines will be restored. New min's will be opened, e.g. Yen Tu, Khe Tam, Nui Beo or Bac Bang
Dangh, Ha Tu south and Khe iri, east. Simultaneously with opening of mines, washery plants
will be improved too, e.g. in I-: . Gai, Khe Tam, Cuiaong 1, Uong Bi, in order to make coal 
quality better and to reach the 'r.,nand of forcing contractors, and also for the domestic use. 
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Abstroct: 

Coalbed methne, cnce believed to b: only amajor explosive danger in the mining of coal, is now amajor 
source of methane gas supply In the United states Today's technology for extraction has advanced to the point
where coalbed meJ'.ne Isbeing developed solely as an economic gas resource today. The U.S. Ooverrunent'i ta, 
credit program significantly enhanced tohe development of drilling and production technology for this resource. 

Methane ha. long been used in the production of electric power inthe United States. It isrecognized A3 
a clen burning and very efflcient fuel. The development of the combined cycle, gas turbine electric generation 
equipment ha significantly incrceed *he efficiency to almost fifty percent through the use of gas turbines, steam 
recovery boilers and steun urbines. 

Powerbridge, Inc. develoFed a strtegy of acquiring ownership of natural gas reserves as a way to both 
provide the Fuel re-ource nec-esary for finrncing and to improve the economics of poer projects. In the process 
of implementLe thi. qtrategy, Po,,erbrldge fcund that coalbed methane reour'es had two charactc.istics that were 
very desirable for power projects. 

First, coalbed ntetbane wells produce a. a much morc constant rae through tine than conventional wells. 
This Ispa.-icularly desL'.d as it more closely matches the consumption profile ofthe power plant. it also minimizes 
the excess productiun capaclty in the early years and the additional capital required in later years to maintain the 
production capacity. 

Secondly, coalbtd mrviiane wells are generally very shallow w-lls. Consequently, they are not ai expensive 
to drill as deepr, converiticnal gas wells, Coalbed completion technolugy hi. deve:oped to where kunowledgeable 
operators can make -conmic completion:. 

CoAibed methmna resourres are being pursued beyond the United Siratac.There are many projects underway 
including opemtkn. in Eng;ard nd Poland. It isreasonable to expect coalbed rne:hane resources derived from Ceal 
fields nrou'nd the world to provid, significant methar.e supply in the futur.e. 
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COAlBED METHANE
 

A FUEL SOURCE FOR POWER PROJECTS
 

Craio rnnthnne, once believec to be ny a major exploilve danger in the mining of coal, is now a 

major zouren at methene gas atijpry InIn#W Today s technology for mdraction hasUnited Stlnes. 

advanlced to the point where coalbed mofrrnno Inboing dovolopod cololy as un eoonornio go

resource todny. Majot sources in the U.S. ire In the black Warlo basin In Alabama in tlhEastwrt 

Unlid Slatems and in the Son Juan Basin. fr New Mcxicn n ie Weslern Unitod States. As of the 

er:d of 1G2, coalbed methane resources provided six percent (6%) of the totalgas reserves In the 

U.S. and tNs conltlbutlon has been Ornwong 

Methane nas long been used Intheiprnauclion uf lectrlc puwi irl the United Siius. IIrs 

r c:alized as aclean burning anc ver , eflit luei.iLlil The OdveAomerit of the combined cycle, gi 

turbl'e clacir, generation equlpmrnIl hFis ,hiq!'ircan:ly ;rcreBsud the efficiency of almosi fifty 

perceont (O%) through ilia as tirn-ies. steam recovery oert and steam lurbios.use of 

Pnw'r:rld.je Inc. duvuluped a uv'atej o acqdrng ,,wnrsninof natural gas reserves as away Ic 

oth ptov;de Iho fuel resoirce nrcessary fo, 1inan.ing aa '.r:.nprove the econorncs or InA powr.r 

poleel. 'nthu process of implementing his straingy. Pcworiidge found that coalbed nreLhaie 

ipsuurue5 had two characteristics matla ICpower Prolects.were vcry dctlrhl t 

FIrut, euuibfd muritne wells produco et a much iTyiC constant rate through lime then convontlona, 

we", This is particularly desired as it more closely mnatches the co1sumptionw pioflie of the powor 

plant. Ital3o mlnknlzes the excess productin capacity In the early years and the addigcnal.capilal 

requirod In later yearn Inmaintain the productinc capacdly 

Secondly, coalbod rnethure wuls ae nenrrlly very sNillnw wels. Consequently, they we not as 

exqjensve to drW as deeper, conve'tiOnfil gas wells. Coalbed completion technology has 

developed to wete knoMedgeable operatots can make economic completions 

Coaubed methane resources are being pursunn neyonc the UnItad States. Thers aean y pmJrns 

undetway Includin operations i England and Poland. It is rea.onable to n:npect coebed Mothano 

resources derived from coal fields around trie world to provide slgnrtlcant memane supply In tie 

future. 

-488

http:Pnw'r:rld.je


COALBED METHANE
 
THE CLEANEST COAL UTILIZATION YET
 

Methane has always existed in cool seams and i3 a major explosive danger during 

the mining of coal. During most of the history of coal mining, this methane was 

considered 9 major operational and safety problem. A large investment is required to 

provide for vent holes and ventilation equipment to make the mining operation safe. The 

methane that is vented tc the atmosphere is a source of environmental pollution. Only 

in rare instances waS this methan gathered into a useful product. 

In recent years, coalbed methane has achieved the status of a resource rather 

than a waste prodcJt which must be handled to mine the coal. This change of 

perspective is due to a number of things, but it is primarily associated with the increase 

in natural gos (methsne) prices in the U.S. and the advance and adaptation of oil field 

completion anrd production technology to the production of coalbed methane. 

In the U.S the development of coalbed methane as a source of gas is one of the 

few euccess storiea ansociated with government 3upport of a technology. Even though 

the first San Juanri basin coalbed methane well was developed over thirty-five years ago, 

there was little development of this "escurce until the early 1980's. Interest increased 

as natural gas pr~ces escalated i-!owever, development accelerated dramatically with 

the tax credit a!owed for cca;F d methor.e prcdLction from wel;s drilled beforo 1993. 
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Since 1988, the number of producing coalbed methane wells has been doubling every 

year. (See Exhibit I). 

While the tax cradit h3s been a major driving force in this dramatic growth, 

technclogical advancernents h,,!e a!so played a major role. It is difficult to say whether 

the tax credit enhanced the rate of technology development, but it is certain that it 

stimulated ihe drillinU of a large number of wells prior to the end of the qualifying period 

for the credit. The compsnies dr'lling these wells were also developing the technology 

In order to achieve succssful operations as the credit is only obtained through 

prcduction, not slmpl.v f'e dr'l;ing of the w0t!. Consequently, the greater the production, 

the more the tax credit. 

All areas of techno!ogy including types of comp!etlon, drilling fluids, perforating, 

stimulation deslgnc, production equipment, and water disposal advanced during the 

recent years. The basic tW3chnology has been known for many years and used 

extensively In Iypical oiland gas reservoirs. However, each area required the 

development of new parameters, designs and concepts in order to optimize the 

production from the d'ferent coalbed formations. The most critical aspect of this new 

technology i3slmolicity to minimize cost. 

Recently. the use of an air hammer drill was employed to drill wells of less than 

2000 feet. W.ile this drilIEng rig Islimited to this depth range, very high penetration rates 
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(over 150' per hour) were achieved while maintaining an in-gauge, very straight hole, 

The drilling time was reduced from an average of about 7 days to 2-3 days representing 

a major reduction in driting costs. In addition, the vertical, in.gauge hole helped 

increase the success rate of cement operations from about 50% to 100%. 

Further, during the past 7 or 8 years. a great deal has been learned regarding 

how the coal formations behave during the hydraulic fracture treatment. This knowledge 

has permitted the usa of much smaller treatments and less expensive propants. All of 

this knowledge has been used to determine the minimum treatment (this minimum cost) 

necessary to ensure a su.,essful fracture. 

Production technology has also advanced during this time. A coalbed methane 

reservoir produces its fluids much differently than the typical well. The methane In a 

coalbed reservoir isabsorbed on the coal and water pressure prevents it from escaping. 

To produce the gas, a great deal of water must be produced first. A significant quantity 

of very fine grains of coal (coal dt;Lt) is also produced with the water. These coal fines 

are damaging to the pumps which were used to dewater the formations, Consequently, 

significant expense was involved with the number of workovers needed in early wells. 

Pump technology, material technology and general production knowledge 

increased to sigrificantly enhance the efficiency of the dewatering operation, In 
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particular, the development of the progressive cavity pump han allowed the movement 

of high volumes of fluids and ca! fines without the wear that a typical rod pump 

experiences. 

The production prcfiles (the rate of production with time) are much less than the 

profiles found with the typical conventional natural gas sandstone or limestone 

reservoirs These conventional reservoirs tend to have very high initial rates relative to 

rezerve3 with high anrua decline rates (15% - 20%) The coal bed reservoirs, on the 

other hand actjaly h.v; increasing production rates in the Initial years, but they peak 

at a much lower 'eve: th-an the conventional well They also decline at a much more 

modersts rate (5% . 10%). Ccnsequently, it takes much longer for these coalbed 

mthane wells tc return a given amount of money than a typical gas well. This makes 

the total well cost much more critical indetermining an economically successful well. 

However, these low rate, long life production profiles associated with coalbed 

methane wells ara particu!arly wEll suited to the needs of an electric power production 

facilit/. This isespecially true for the independent power producer since the financIng 

requirements ior a power project generally requi'es a source of gas that will provide 

150% of the plants requirements for the term of the debt. Consequently, the flatter the 

production profile, the ;ess excess deliverability is deveioped to meet this reserve 

requirement. The !ow, flat profle of the coalbed methane well matches the consumption 

pattern of the power plent to amuch greater degree than conventional gas well profiles. 
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Methane has long been used in the production of electric power in the U.S. It is 

recognized as clean and very efficiplnt fuel. The development of the combined cycle, gas 

turbine electric gen.ratior equipment has significantly increased the efficiency to almost 

50% through the use of gas turbines, steam recovery boilers brnd steam turbines. 

Since the production Profiles of coa!bed methane wells provide a gas supply 

pattern which is much closer to the consumption pattern of an electric generation facility, 

this sou:ce of gas permits "mine-mouth" location of power plants. This also solves the 

difficult problem of tronsPorting the natural gas. While tnere continues to be a debate 

as to who-Aher it is more efcient to transmit electrons or molecules of gas, the critical 

maos needed to justify a new pipeline extension is difficult to generate in some coalbed 

methane areas. The critical mass needed to justify an e'ectric transmission line is the 

power plant, Thus, locating a poiwer plant at the coalbed methane source can resolve 

a difficult transportation problem. 

Uiing coalbed methane In power plants not only eliminates the elr pollution 

caused from methane ventilation during coal mining operations, It elso helps solve 

another problem with coalbed methane production. Water disposal is often a problem 

as there is such a large qugntity and it is sometimes required to be re-injected into 

another formation so as not to interfe'e with the fresh-water aquifers. Power plants often 

need to purcha.e large qu.ntltle9 ,f water for use in both the production of steam end 

in the cooling cperitItlcn.. The -veter produced from coalbeds is generally of sufficient 
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quantity to allow it to be used for the water needs of the power plant. Using this water 

lowers !he cost of both gas production and electricity generation, 

All of the synergies between coalbed methane production and electric generation 

are magnified in the international areas--particularly in the rapidly develuping Asian 

theater. The need for add;tional rel'able electric power is evident and many projections 

inc!ude a doubling of Ihe e'ectric generation capacity by the end of the century. 

Further, the infrastructure needed to trarsport both natural gas and coal is often 

not available. ey locating the power generation facility at the "mine-mouth", the need 

for this investment In ;nfrastructure Is minimized. Transmission lines must be built, but 

they ore relatively easy and inexpensive compared to pipelines and rail systems to move 

the coal. Further, these lines would be required eventually to bring power to the mine 

area if the pawer plant were built elsewhere. 

The production and use of ccalbed methane from the generation of electric power 

converts an environmental hazardous waste product into a useful environmentally

friendly product. The u-e of tax credits in the U.S. has significantly increased the rate 

of technology advancoment and has helped make coalbed methane into an economlc 

resource. Its prcducticr charactefistics are particularly suited to the requirements of 

electric power Produciior. All of this is enhanced significantly in the rapidly growing 

Asian theater. 

-494



WORKSHOP A3
 

TECHNOLOGY OPTIONS:
 
EMISSIONS CONTROL, COAL
 

PREPARATION AND CLM FUELS
 

-495



Carbon Dioxide Capture and Disposal as a Greenhouse Gas
 
Abatement Option
 

Ian C Webster, Harry Audus, Pierce W F Riemer, William G Ormerod
 
IEA Greenhouse Gas R&D Programme, CRE, Stoke Orchard
 

Cheltenham, Gloucestershire, UK
 
Introduction
 

The IEA Greenhouse Gas Programme is conducting a forty two month assessment of 
technologies which, capture, utilise and dispose of carbon dioxide generated from the use of 
fossil fuels in electrical power generation. The work is supported and directed by
representatives from thirteen countries, the Commission of the European Community, the 
German industrial organisations RWE and DMT and British Coal who is also the Operating
Agent. The work is carried out under an Implementing Agreement under the aegis of the 
Internqtional Energy Agency. Within member countries the Programme is supported by a 
network of organisations who contribute both funding and expertise. Membership is open to 
new members from both l.A member and non-membci countries. 

An agreed programme, initiated in May 1991 has systematically studied various components of 
the sequestration chain. This has been achieved by employing the best available contractors on 
each topic wherever they may be found. Work has been placed outside of member countries in 
the purs:-it of excellence. 

Assessment Basis 

A set of parameters was agreed between the membership of the programme reflecting the 
international nature of t'e activity. In summary this includes: 

Currency : US Dollars 
Size : 500 MW net output 
Location : North West Europe coastal 
Fuel : Coal - Australian (Drayton) 

Gas - North Sea (Brent)
Fuel Value Coal $2.00 per GJ 

Gas $3.00 per GJ 
Plant life • 35 years
Financial factors : Time value of money - 10% 

Con:ingency - 10% 
Load factor - 85% after year 3 for coal, 90% for gas 
Insirance, commissionary costs, fees included 
Fu1l equity 
No inflation 
Taxes excluded 
Effluent standards follow European directives 
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TOPIC 

PF + FGD 

CCGT 


IGCC 


O/CO2Recycle (PF) 

Absorption Capture 

Adsorption Capture 

Advanced capture systems 

Cryogenics capture 

Membranes capture 

Disposal Review 

Fuels Utilisation 

Chemicals Utilisation 

Ocean Disposal 

Aquifer Disposal 

Depleted Gas Wells 

Direct Bio Fixation 

Indirect Bio-Fixation 

Enhanced Oil Recovery 

Environment/Risk 

Transportation 

Solid disposal 

IGCC (0 2/CO 2 Recycle) 

CCGT (0 2 /CO2 Recycle) 

CONTRACTOR 


British Coal (UK) 

SINTEF (Norway) 

ECN (Holland) 

ERC (N Ireland) 

H&G (UK) 

Monenco (Canada) 

MIT (USA) 

Intech (USA) 

TNO (Holland) 

In House 

CSJ (Japan) 

Batelle (USA) 

Tecnomare (UK/Italy) 

Stanley ICL (Canada) 

TNO (Holland) 

CSJ (Japan) 

VIT (Finland) 

IWE Claushal(Germany) 

Erdyn (France) 


Atkins/Air Products (UK) 


ECN (Holland) 


SINTEF (Norway) 


STATUS
 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

R .rt Received 

I progress 

Complete 

Inprogress
 

Coming 1994 

Contract 

Inprogress
 

Complete 

Complete 

Table 1. 7he status of lEA Greenhouse Gas R&D Programme studies as of October 1993. 
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Results 

A number of studies have been carried out to investigate a series of power generation options.
These options were then investigated in turn to evaluate short, medium and long term
technologies when applied to, CO 2 capture and disposal options. A listing of the studies, their 
status and the contractors involved appear in Table 1. 

Power Generation Studies 

The power generation studies show an inverse relationship between efficiency and CO 2emission 
rate as might be expected. Specific cost expressed in US dollars (1992 figures) per KW installed 
capacity does not bear a direct corrf1ation with efficiency with costs expressed in ranges which 
reflect estimate accuracy. These results are illustrated in Table 2. 

Study Fuel Efficiency CO, CO 2 (vol % Specific Power 
(% LHV) (g/kWh) wet) Cost costs 

US$/kW mills/Kwh 

PF + FGD Coal 39.9 830 13 900-1200 49 

GTCC Gas 52.0 410 3 600-800 35 

1GCC Coal 41.7 790 7 1600-1900 59 

0,/CO, Coal 32.8 1000 63 2200-2500 78 

recycle 

Table 2 The major cost and efficiency datafor the four power generation base cases. 

The design of the pulverised coal plant (PF) is based on subcritical steam conditions of 
565°C/180 bar and a generic calcium carbonate slurry scrubber (FGD). The gas turbine plant
(GTCC) employs two Siemens KWV V94.2 machines while Texaco gasification is the basis for 
the IGCC plant. CO2 recycle refers to a process where combustion takes place in a mixture of 
oxygen and recycled carbon dioxide to yield conventional flame characteristics and essential pure
CO2 and water vapour. These studies have been reported in detail elsewhere (ref 1). 

CO2 Capture Studies 

The second phase of the technical assessment option studies consisted of examining alternative 
technologies for capturing carbon dioxide. Described in Table 3 are what appear to be the best 
short term or close to market technologies. 
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Generation Fuel Capture Technology $ per ton CO, Incremental 
Technology avoided mills/Kwh 

PF + FGD Coal MEA ,.bsorption 46 28 

GTCC Gas Membrane + MEA 31 10 
Absorption 

IGCC Coal Shift conversion with 16 14 
physical absorbent 

0/CO2 Coal Membrane separation 16 6 

Table 3. 	 The current 'bestfit" technologiesfor the capture ofcarbon dioxide when coupled 
with the four base cave power generation studies. 

Commercially CO2 is currently captured for industrial use through absorption with 
monoethanolamine (MEA) from coal fired system flue gas. The membrane systems considered 
were polydimethylsiloxane and polyamide low temperature polymers where the gas absorption 
membrane acts in much the same way as a packed absorber in a conventional process. 

Shift conversion in the IGCC process is a water gas reaction where water and carbon monoxide 
react to form carbon dioxide and hydrogen. Carbon dioxide is recovered at pressure using a 
physical absorbent in this case a polyethylene glycol ether. 

CO, avoided is calculated by subtracting emissions from the total generated in the process of 
power production and operation of capture facilities for the technology in question from the 
emissions which would have resulted. The additional energy, consumption, and so additional 
CO 2 formed in the operation of capture plant may represent over 30% of totals in some cases 
and is included in all of the calculations. 

The captured C, ir.ust be dried and compressed ready for disposal or utilisation. To accomplish 
this requires capital outlay in the order of $12,000-18,000 per tonne CO2 shipped per day. The 
cost to transport CO2 in a supercritical state to disposal or use is, naturally, completely 
dependent upon site conditions. If a 50 km pipeline system is assumed, then a further capital 
investment of $2,000 - $2,500 per tonne CO2 shipped per day. 

CO, Disposal Studies 

Turning to the global potential and the costs for disposal, avast range is provided by anumber 
of authors. The costs for disposal cveloped by the IEA Greenhouse Gas R&D Programme 
(GHG) are compared in table 4 witd those appearing in the literature. 
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Disposal Method Potential Global Cost 
Storage Capacity

Gt CO, 
(Literature) 

$/tCO: 
(GlIG) 

Ocean Disposal 5000-70 million - 1.4-6.8 

Aquifers 318-10,000 21.8 2.2 

Exhausted gas wells 300-1200 3.8 1.7 

Exhausted oil wells 150-690 

Fore-sLation (50 years) 180-360 1.0 3.3-8.5 

Table 4. 	 Estimates of global storage capacity and disposal costfor a variety of disposal 
technologies. 

It is useful to note that a 500 MW power plant may emit 8,000-iO,000 tonnes CO 2 per day,
equivalent to 0.14 giga (G) tonnes over a 40 year life. 

The indications are therefore that actual disposal is not expensive, but there are significant
technical and environmental hurdles to overcome. A single utilisation opportunity which has been 
studied in detail uses 50,000 tonnes per year of CO, to manufacture 100,000 tonnes of dimethyl
carbonate. Carbon dioxide avoided is 6,600 tonnes per year. Dimethyl carbonate would find
application as a solvent or chemical intermediate for polycarbonate plastics under favourable
economics, or possibly as an alternative to methyl tertiary butyl ether as a gasoline additive. 

The cost figures reported for forestation rcflect a tropical country scenario against an annual 
sequestration of 3 GT CO,. Tihe costs for industrialised countries are estimated at $17 to $46 
per tonne CO2 avoided. 

Forestation, to compensate for CO2 emissions from fossil fuel burning, is an alternative approach
and is a much cheaper option. The storage time however may not be adequate and there are
problems of land availability (a 500 MW coal fired power plant would require a forest area of 
2000km 2). 

Discussion 

A contingency plan or insurance policy is being formed against the possible verification of
models predicting global warming in the upper band of temperature rise projections. Some 
technologies being considered by the IEA Greenhouse Gas Programme are more longer term 
options; sone are minimum regrets options; all are "backstop" technologies. 

CO2 Capture 

Processes to capture CO2 from power generation flue gases or process streams are largely a 
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matter of optimisation and demonstration. Generally, this is low risk technology and the 
transportation of CO2 is a proven industrial practice. Disposal techniques however require 
extensive research and development. Many questions remain regarding ocean and aquifer 
disposal. Disposal and utilisation options generally tend to be niche opportunities depending on 
the geography, geology, energy costs and specific alternatives. 

One study exercise has suggested new absorbent chemicals, high temperature ceramic 
membranes, integration of systems and equipment development has the potential to reduce 
energy cost in capture by 20% to 50%. In that c-pture is the major cost component in 
sequestration any improving cost picture is welcome. 

CO, Utilisation 

CO, has a wide range of uses. For those in the food and beverage industry it provides fast 
freezing and effervescence but does not provide "storage". Urea-based fertilizers however, 
allow CO, to be transported and is in fact a temporary storage. Uses, such as enhanced oil 
recovery (EOR) and bioenergy, which are still under investigation are of obvious interest. EOR 
could sink 0.4Gt/y possibly at negative cost if in real terms the price of crude oil is 
approximately $20 per barrel. Biomass as a fuel has an estimated value of $4.4/GJ in 
industrialised countries and S2.5/GJ in developing nations. In total utilisation may not dispose 
of more than 20% of the annual imbalance of global emissions but will add to world economic 
productivity. 

CO, Disposal 

Ideally CO2 should be injected into very deep water (> 3000m) at a site where there is no 
upwelling; this would provide a retention time > 1000y with minimum environmental impact. 
It may be possible to achieve injection at this depth by means of vertical pipes suspended from 
ships or platforms but the technology does not exist at present and the cost is unknown. More 
conventional pipelines, laid on the seabed would, using present day technology be restricted to 
a maximum depth of 1000m: however with a refined injection technique (ref 2) and with careful 
site selection, a dense plume of CO, enriched seawater could bc formed (ref 3) which could sink 
to much greater depths, again providing a long retention time. Injection at depths shallower than 
1000mn may not be acceptable because of the impact on the marine environment. Costs of 
disposal in the ocean are mainly pipeline costs and, if sufficiently large pipes are used (860mm), 
could be as low at $1/t CO/Il00km. 

Co. could also be stored, as a solid in insulated repositories which, if sufficiently large and with 
high ',vels of iasu',ation, could result in the CO2 being released to atmosphere at a much lower 
rate ovei a time period of > 1000 years (ref 4). A study is under way to examine the 
practicalities and cost of this scientifically correct proposition. Early results suggest that in 
practice the method may prove difficult and costly. 

CO, Removal from the Atmosphere 

An alternative approach to capture and disposal of CO2 is to remove it from the atmosphere by 
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photosynthesis. Compensatory forests represent the cheapest option available for CO2
sequestration and our study has shown that sufficient land is available to remove > 3G COIyear
for 50 years. Costs are an order magnitude lower than capture plus disposal costs but there are 
concerns regarding !he eventual fate of the plantations. A more sustainable approach is to use,
where it is accessible, that land for the production of a biomass fuel which can be used to 
substitute for fossil fuel as noted earlier. 

Overall Costs of CO, Capture and Disposal 

A compilation of the results of tile best combination of capture and disposal shows (Table 5),
that given the inherent inaccuracy of estimates and uncertainty regarding databases a 

Additional cost 
mills/kWh 

Gas Coal 

Capture 12.0 16.5 

Dry & Compress 2.7 1.3 

Transport & Disposal 0.9 1.9 

Total 15.6 19.7 

Tabhle 5 Additional costs associatedwith carbon dioxide capture and disposal. 

preliminary range of 1.5-2.0 cents/Kwh for gas and 2.0 to 2.5 cents/kWh for Coal is suggested 
over basic power generation cost. 
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Conclusions and Future Work 

Although sequestration of carbon by capture and disposal may increase power cost from anything 
between 35% and 50% this approach is not unfeasible and therefore worthy of consideration as 
a mitigation option, using available technology. 

Further effort is required to refine techniques and costs to establish the position of sequestration 
as an option among competing approaches, whether the competing options are technological or 
political. 

A programme of comparative full fuel life cycle analysis is going to enhance the data of this 
paper in addition to including a comprehensive appraisal of externalities. Beyond the fuel cycle 
work the extension of the IEA Greenhouse Gas Programme is being discussed in terms of 
greenhouse gases other than (O, and more detailed studicS of attractive options. 

Opinions expressed are those of the authors and not necessarily those of the International Energy 
Agency, its secretariat, the Operating Agent or members of the Implementing Agreement. 
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CLEAN & EFFICIENT USE OF COAL WITH C02
STABILIZAT,.ION 

M.8. Iyuiiigor &Asaw,. ea (P) L61.
 

Nsw Dolhi, INOIA.
 

INTODUCTION 

Wo liv in aworld iiere the ovar-,oreirlng u.e of (casil furel he becorreP cause of great concern. At tho presnt lqte of ermnstor., C02 buWd-up in theatmosphete isexpacted to double by the nilddle of tha r,..xl con!tsigf ficanlt cimaroo~qJcal ancI hydcl oYojr~cl cia;,- ry. Th3i may oau 6o . ;h'o.gh €.',. ha.s crm to be 
known as GLOBAL WARMING. 

The optiorns for provvi , qncCOz 60t.cu r , ..,t . ':;rK ;2. :rpe :) h, ar : 

.switching Ovor to nluc)8wr Rnagy; 

* rellarce on u.c n!of , on*., iw. t',; p; 

* conservaion Inuse of fbaeqIl "til;
 

0 capture of CO 2 from gol Gt and lt j!so Ito ',oan depths;
 

* capture of CO2 atd d ci tnr to aytlei: gi- , -onr lrsicn to 
rrietnanol/MTOE, ,ith 7tro leol CO2 emlcic;. 

The t;;esanl peper,.riortQoot last O¢pl,'j. Cca, Uox~ir Car, be r~du.l,,d 
to CO and lA2 by tie follow4r:U edolhorrnlc ra,,tl!ns: 

0z 4 C . > 2CO 4. 173.65 KJ/mo (1) 

H20 4. C CO i H2 4 i"O iCjmot .... . 
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CIXEAN &EMQIVVWj 

The energy requibd for thc bVe8 prvjd6 b) the r., ,:g eYther[rmi. 

reaction: 

CiO .- CO- > Ca"3C • 1-81.&4 KlUJImo.. 

BACKGROUND 

The capturing and sequatering of CO,, has beien studied by various 
authors. Marchetti (1977;1979) suggepted cq~actlng of CO,, irom the flue gases of 
ten large power stations in A 1,000 CiM pipe ine end disposing it cff deep In the 

ocean (in the Str4!t of (3ibratar). Colomb ot e! (1090) tud'ad tho feasibility arid 
economics of sequestering power plant C02 tmlr 8eons Iron) D500 MW station in 

the aeep ocean. They estimeted the coet to be UGD 275 rn;iWon. 

The use of dolomite, en CO, cfptudng end IoasJ transfer agont. In fl 
studld- by Consolidatedgasification of lignite for production of plipe line giv,w ia 

Coal Company (1965). Th1e peuint authors In 6in ea-ea pueIz:,,ji:lon (1991) dls

cussed alternative methods of C6g stLblllzetlan. Tey ,-wom: 

* terniiflton of celbon c(xmbuatlcn at CO aloga; 

* reductioO of COP to CO 00,1/r CC aid II? for f;t,-.tiO of c0'm

cals like formic &c.d or ri¢I not; .nd 

o C02 uti~izotkOn in bo prc*(:r,.. 

The poesont paper do.,3rl~e9 t i'm pof..., O wi.,r,ci combining C02 

stabilization. 

MODEL PARAMETERS 

The flue gar thnt feed the prc.'jov ic taan from,Ft (V'0,3-C90 regsner.mor. 

The plant is assumed to ga;Wj i h0h oah ItdW- , to y6!, 5yr'thosls gas havin, 

the following composition: 

CO 07.5% (Lt, wei ',t) 

H2 12.5% 

Heating valui 6,:P30 K,.,;: 

BES'T AV/ LE DOCUME"TW 
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onm.po,'ifr 0 "e r&The .. f.,-!, Ned )I, 

C 48.1 

H 4.4 

S 1.5
 

N 0.9
 

0 9.3 

Ash 37.8 

Heating Value 0.014 GJ/g coil 

PROCESS DESCRIPTION
 

A prOCos, fiow do'r"i If# I gul, 1 11 I is.1'Lmdul prr,,esgqs
didaa irs p 
involved are as follows: 

1. Coal preheating. 

2. 002 absorption. 

3. CO, reduction in g~W'h,. 

4. CaO reoerwrrtlon fi,,.rn Cz,-Oj. 

5. Purlficailon of gaf wi 10oa'-.y O(C02. 

6. Methanol syrithasia. 

BEST AVAILABLE DOCUMENT 

COAL PREHEATING 

Inthe process, coal Is tfAzdmjillyUfcc lt* #n -wroc' ,&honvalu-is and 
nut as an energy sour". Pulver"zd a ( ,.W ton iim pr unt.u,') is modo 
Availablo to thn coal1 hoppar by ehG ootil prepwration scflon. 

From the hopper, tx) I,f9d to thy oed pr0haher. (fjcn,fion; tht 
CO2 absorbot, Isused lot hopt tzanifer wid t a coml fPu!'df taon media. Ci)B; Is 
preheated In this manner t. erou d 3,t.OC (from :cy.. teIr .ztne). 

-507 



C
L

E
A

N
&

 
E

M
,_ 

O
 

N
 

.... .. .
.
.
.
.
.
.
.
.
.
.


 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.



+


 

3,t,4 

/
p
 

.58 
B

E
ST

..
AI-LALO.M



-5)-
BEST AVAILABLE DOCUMENT 



C02 ABSORPTION 

The hot flue garor ir Ngonirator hei! Cotp~e., Qd vd conveyed to 
CO2 ausorber, Here 1t1 ga9Oe 1 Intl OoWc4 wMi ,'aiciaed CaO (from the
regenerator), Tho heat Ilberate f1 LibJW In gwitlenlon o,maI in a nubiequent, 
step. For this study, Ithadbeaensuried tht 70% c4f,'e Iscarbonated to COCO3. 
The temperature inside the absprber.l not dowe, to e~ed 1350C. Th iuneb. 
sorbed gases (mainly nlitrogon): '6ra georatgd cdue foc proliewing o! coal,generating steam, et-. wi~dthi, gftjt, the .9v ;:e hn.1gsL.tt5 


process.
 

C02 REDUCTION INTI"I QAT PIU 

The CaO/CaCO3 matars4,s tr.-vi from he L-ebe.'er and .on. 
'eyed to the gaaffler. WonU Wthee pyi fo !)6 prhet er. by highr.,,_, ,rofn 
pressure, super-heeted wtmri. "' pted fiom ' h.r s porifler, isalno (m'n.
veyed to tho garoifler. Aroun,1 0 cf Iv !t rtrJrr ' th- I~ ~~fi~i~ 
by reactlons (1) to (3). 

CaO REGENERATION. 

Me remalning cosi cihr pnd t C'OCCC-j mt:;L0 ?rtarn are wIthdrawn 
together from the gasifler tn oQvoyod, by ,;Kmpos,J air, to [he r8generalor.

Here, most (over 85%) of tho re4,!ntng witQanitburnt off at i,00C, aupplying

heat to docompose CaCOa to CiO.
 

The regernoratr off-4va a t0n ffllcirt ,rsLib :ut," to gonorato and 
super-hent all the stewm roqure.,or t* p.ou, ,rt, to pro-.'1 a power to the mneir, 
air compressor, the recycW gea Crpfior 'th inf'rt ...0*mprssor. 

PURIFICATION OF 0.A8 AD 4 IOVlYM.V 


The gasfier off-gas Is .oltd to 40 rnO then pz,,a.r4,91 o the abe.orption 
tower of the amIne sopersvton i.m m."whe¢s OC', e trom the synthesisabs ,rz.r 
gas (Or flue gas) as per th4 fAin ongroutn: 
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C2H4OHNH2 +tHpO + 00 ....> 02H40HNY3 1 -4 .1003

is~tabi~hewei Y10~ OK rOOM C~ 02 r~nmovai. The Dow 
Chemical Company Fr nell 1~n 61 Y'E solion, with acidittoM~0 vf 
to control corrosion and -Ai~nines.'Themalx so!%vent,' eis1V 
also removoi H2$, S02, andi NO rLi~ticfln of th3 syntosi 
gas isprovided. 

coljmn by op~tir thlgomlnr{"' 011ftsd t~s ~ 200 y~t~p 
('02 fro~m the amIna olijtcn =8 isbo -1sed Pnd yt o the gsflar. 

Since MEA vluo rgaote v4Th HaS, 802, tynd NG-x to loir stat~e salts which 
cannot be rogenerated InVia Mt~pr. oluttn, NaI Ki~'o bff prsqd through a 
MEA reclaimner, Her--t, Nsioo ad~e IQ 0 f~0pfrVn, lt ,tJ36r to vrecirfle out 
salts containing -50oand'NOX (0 M~ '904andfOCk ) The ragnwated 
armlne is stoe~rn strfpped ed OC&MifOi -NMi M1blrw fattc;r'" rtLoler vapor. 

Sin!,e the C02 rcwvi~rod 1Ycm tto syith"PO O" 0"IY Of VI~C C02 !IIP'it 
to the gasifror, tho remrnnn ~4j oQ~~v~l'f -h offqgsota fruin 
the regenerator An duicr-:ThU; ft, ~ .~lscP~ 
the scrubbe'r, InIhIr. oree, ir4y 04-np~& " virich i sopttraid for 
re-circiAtion as Inert g~as. 

MIET14AMOL SYNTHESIS 

For niathanol s~jnpi,Io, Utie 0o1gt1509 M)Mr u)4, M4 ueturfpictn tower are 
(t~ "it In~scompiessed Inn turbo rnmp.~j ir- ~ (p;-~ 

5 MF'a), admixf'd with cq ,[ 4ihd !c ur, dtrrired Wternerature 
by passing through a h -6 3. $ inpna4,,!" 19r"C>1 ,.he nmohan 
reactor. 

Crude. rniathanrci ij recoiiO~d by olfrp ths iraactdri fnixxure i"avfog tho 
roatt. The uT1'Ou?iensid gi 1 ridoh'Zi..A anmel r:nwl of purge goa Is 
expolled from th9!,)ovZQadh~u,~ ~ '~r gas. 

The rnain rik4lWf/ri h D!Imwt it CC cirli Hi*..'rwvi 

isas follows: 
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Tho rse1clicr'hodna~T eU~$ h ft)-~'ri3r
 
supor-heedc;9er roiulrod(~ Ad
 

The crude methwnol, fr~r~~.k h~dtlio 3un
 
to obtain pure mnethan~ol, Tha Pq ,m~~P.dri~i~.;eh1~rsi
 
end o-ther low bo~flo !?-,IU1 .~" it ~uliI,,e wanter m'ohe
 
high bollIng Impu,-Rim. wfI m~ le ' ~ 1,tfj iom tho 

is thus prcvduced 

Abuont 36,370 1PA r~m'tTAi.-nMra. 
with Iliobutylene. 

PRECIITATED CALNVA*O0SN 

Part of the Cio reltxmrOOTOM'Vl to~8n:jfacturnrpa:~i~Jl 

45,000)TRA poulpftt~.t ci 'rite
 

ELECTRICITY 

fthe pocof.; p'uliclq f l T1 Jir:t ~ i would Cervlt 
tlbout a MW of IciJf:o-

PROCESSC 0 

Thie projec cost, byr opg*'' tfri-woo~ r1et crxidgo-lis, Is etinted at 
around LISO 30 rnlon. The altI1~W ~ to be about 1mO 
38.10 million, yietding a pme4* O ozr 'P400)(o,0' Tb. reek-even 
.,spaclty ls estirrt! to bi .ia.4. bhrk , n..) -0 l slon 
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IMPROVED COAL UTILIZATION TECHNOLOGY:
 
POTENTIAL TO REDUCE CARBON DIOXIDE EMISSIONS
 

I.J. Graham-Bryce1 , W.G. Karis 2 , A. Kinoshita 3 , 
K.M. Sullivan 4 , G.G. Summers 5 * 

1. Shell International Petroleum, The Netherlands 
2. CONSOL Inc., USA. 
3. EPDC, Japan. 
4. Coal & Allied Industries Ltd., Australia. 
5. Shell Coal International, England. 

ABSTRACT 

Virtually every assessment of the future energy requirements of both the industrial and 
developing countries indicates that t'ie world will remain heavily dependent on coal as a secure 
and low cost supply of energy. Against this backdrop, there is growing concern over 
increasing reliance on coal because )f the contribution of coal combustion to global carbon 
dioxide (C02) emi':sions and the potential impact this may have on future global climate 
patterns. Notwithstanding the scientific incertainties surrounding the issue of global climate 
change, this paper reviews present and emerging coal utilization technologies to determine the 
potential for reducing future C02 emissions from coal. 

The mos: practical and economical method known today for reducing C02 emissions from coal 
is to increase the energy efficiency of coal utilization technologies. This is particularly true for 
power generation, where each one percentage point increase in absolute power generating
efficiency results in a 3 to 4 percent reduction in C02 emissions. 

Existing commercially advanced technologies for producing power from coal can achieve 
significant reductions in C02 emissions a3 compared with the average thermal power plant 
currently in operation. This is especially true within many of the less developed countries 
whLre the average level of thermal power plant efficiency is well below the level currently 
being achieved in the OECD countries. In addition, there are a number of imminent and 
developing coal utilization technologies that offer the potential for even greater levels of energy
efficiency. Moreover, these more advanced coal utilization technologies have the potential to 
produce power more economically than is possible with present coal-based technclogy. These 
technologies are reviewed in the paper. 

INTRODUCTION 

The subject of global climate change caused by man's activities remains a matter of scientific 
debate, but fuel and energy policies must take these uncertainties into account, ba.ancing the 
requirements for economic activity and development of a rapidly expanding world population 
against the desirability of precautionary measures relating to possible climate change. 

The authors are Associates of the CIAB Global Climate Committee and the paper is 
based or.the CIAB report "Improved Coal Utilisation Technology: Potential to Reduce 
Carbon Dioxide Emissions". 
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Analyses of future energy requirements indicate that the principal fuel sources on which the 
world currently relies will continue as principal sources for the foreseeable future, regardless of 
the policies adopted in relation to the issue of global climate change. It is, therefore, in the 
common interest that optimal use is made of all fuels, taking into consideration the whole range 
of relevant factors such as resource availability, economics and infrastructure considerations, 
and potential environmental impacts. It is also important that the emissions of all greenhouse 
gases be fully assessed with a comprehensive accounting from initial production to final end
use. In addressing these issues, it is necessary to appreciate the importance of coal in 
supplying global energy needs. 

Coal currently provides approximately 30 percent of world energy, of which some 46 percent 
is devoted to power generation and 54 percent to industrial and domestic uses. Dependence on 
coal is greater in some non-OECD countries, notably China and India. Taking into account the 
relative abundance and distribution of identified reserves, it is essential that the continuing 
world dependence on coal is recognized so that this vital energy source is not jeopardised, with 
profound world economic consequences. 

Whatever the conclusions from analysis of fuel options, it will clearly be wise to adopt those 
precautionary measures for reducing greenhouse gas emissions which have other advantages 
and which have no apparent disadvantages, whether or not global warming occurs. Among 
such measures, fuel and energy efficiency have the greatest immediate potential. 

This paper outlines various developments in coal utilization technology which can make a 
significant contribution to achieving improved fuel and energy efficiency and subsequent 
reductions in C02 emissions. To assess the full scope for improvement, the potential benefits 
of widely applying the most efficient existing technology should also be added. These benefits 
are very substantial, particularly in developing countries. For example, the efficiency of 
eletric power generation in OECD countries currently averages about 33 percent compared 
with levels nearer 25 percent in less-dcveloped countries. These efficiencies arc based on the 
gross or higher heating value of the coal. 

Beyond the scope of this paper is the subject of efficiency improvements in the consumption of 
electrical power, such as the implementation of higher energy efficiency standards for electric 
:.notors and appliances, conservation, and other forms of waste reduction. These demand-side 
management measures also can translate into significant reductions in C02 emissions. 

This paper considers the progress that has already been made in improving coal-fired power 
generation and the benefits and future potential of increased energy efficiency. Approaches to 
energy efficiency are then reviewed, beginning with existing and imminent technologies, 
followed by developing and future technologies. Finally advances in the utilization of coal for 
industrial and domestic uses are discussed. 

ADVANCES IN COAL FIRED POWER GENERATION 

Twentieth century developments in power generation have seen the advance from coal-fired 
non-condensing reciprocating steam engines with overall efficiencies of 8 percent to 
commercially advanced coal-fired steam turbines with overall efficiencies of 37 percent. 
Compared with the turn of the century, each unit of electrical power can now be generated from 
coal with iess than one quarter the amount of primary energy consumed, resulting in a 
proportionate reduction in greenhouse emissions. 

These advances in efficiency of power generation have been progressive, with 37 percent 
overall efficiency for coal-fired power generation being state-of-the-art for most developed 
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countries. However, many developing countries still produce power at well below these
efficiencies with some at less than half this value. Hence, there remains considerable potential
to increase their efficiency and reduce primary fuel use per unit of electricity produced, byapplying existing technology with a corresponding reduction in greenhouse gas emissions. 

ENERGY EFFICIENCY: BENEFITS AND POTENTIAL 

Increasing energy efficiency extends the capability to meet worldwide economic requirements
for energy from principal resources like fossil fuels. In addition, it reduces environmencal 
impacts from recognized pollutants like particulates,, sulphur dioxide, nitrogen oxides, carbon
monoxide, and hydrocarbons while mitigating growth in global C02 concentrations. Also,
since it extends the life of energy facilities already in place, it reduces requirements for 
additional capital and energy resources for new facilities. 

The potential and the benefits of increasing energy efficiency worldwide are considerable. For 
example, it has been estimated that the Canadian Industry Program for Energy Conservation
(CIPEC) saved over $2.9 billion in annual manufacturing costs, has achieved a 24 percent 
energy saving target for the five years ending 1985, and is now setting even higher targets for
the future. In Japan, energy consumption per unit GNP has reduced by more than 30 percent
since 1973 and 20 percent since 1979. Within OECD countries, energy intensity improved by
20 percent between 1973 and 19S5. Substantial further improvements in energy efficiency,
particularly in the developing countries, snuulJ !v aossihle by the year 2000. 

APPROACHES TO IMPROVING ENERGY EFFICIENCY 

Significant improvements in energy efficiency can be achieved on the supply side of power
generation. Supply-side management is concerned with how energy is produced and delivered 
to customers. It deals with generation and transmission technologies and with increases in the
efficiency of energy production. From the point of view of the coal industry, new coal
utilization technologies of note are commercially advanced pulverised coal combustion,
fluidised bed combustion, pressurised fluidised bed combined cycle and integrated gasification
combined cycle, whilst longer term developments include fuel cells, and MHD systems. The
emerging technologies have the potential to be cost competitive with existing power generation
methods, but with considerable improvements in energy efficiency and environmental 
emissions. 

TECHNOLOGIES FOR IMPROVING EFFICIENCY OF POWER 
GENERATION 

Coal utilization technologies are discussed in the approximate order of decreasing maturity, and
correspondingly increasing time scale to commercial deployment. The order of discussion also 
reflects an increasing potential to reduce C02 emissions. 

Table I compares the power generation efficiencies of commercially advanced, imminent and
developing coal utilization technologies against two base levels of average power plant
efficiency. The higher figure is represent,!L've of the current average level of power plant
efficiency in the more developed OECD countries. The lower figure is representative of the 
average level of power plant efficiency in many less developed countries. Also shown is the
potential for reducing C02 emissions as existing thermal power plants are replaced by
commercially advanced, imminent and developing coal utilization technologies. 

As shown in Table I, there is considerable potential for reducing C02 emissions as compared
with the average of existing thermal power plants by 
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(1) Deploying commercially advanced and emerging coal utilization technologies for new 

power generation in the less developed countries; and 

(2) Replacing older power plants in the developed countries. 

Such reductions would substantially offset any increase in C02 emissions due to worldwide 
growth in electrical power production. 

TABLE 1
 
COMPARISON OF EFFICIENCY1 AND THE CO 2 REDUCTION
 

POTENTIAL "'OR VARIOUS COAL-FIRED POWER GENERATION TECHNOLOGIES
 

BASE CASE EFFICIENCY (%)
 

Average Average
 
Lou High
 

Existing Thermal Power Plants 25 33 

EFFICIENCY (%) POTENTIAL REDUCTION IN C02 
EMISSION FROM BASE (%) 

From Low From High 
Base Base 

Commercially Advanced 
Pulverized Coal (PC) 37 31 9 
Atmospheric Fluidised Bed 

Combustion (AFBC) 37 31 9 

Imminent 
Pressurised Fluidised Bed 

Combustion (PFEIC) 40 36 16 
Integrated Gasification 

Combined Cycle (IGCC) 42 39 20 
Hybrid IGCC/FBC 46 45 27 

Developing 
IGCC/Fuel Cells 50 49 33 
Magnetohydrodynamics (MHD) 55 55 40 
1 Energy efficiencies are stated on a gross or higher heating value basis. Energy efficiencies for commercially 

advanced, imminent and de'-loping technologies are mid-range estimates that may vary by 1-2 percent from 
the figures shown. 

Commercially Advanced and Imminent Technologies 

Pulverised Coal (PC) 

Commercially advanced PC boilers equipped with flue gas desulphurisation (FGD) systems for 
S02 control are operating with efficiencies of 37 percent in developed countries. These power 
generation systems were built in the last 10 to 15 years and were designed to meet strict 
environmental standards and with improved efficiencies to meet the higher cost of fossil fuels 
experienced during the 1970's and early 1980's. Furthermore, many of these new power plants 
are operated at very high capacity factors and with high availability, which maximises fuel 
efficiency. The commercially advanced S02 FGD systems have also been designed to 
minimise power consumption. 
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Longer term, ultra-supercritical steam conditions in pulverised coal-fired power plants offer the
potential for efficiencies approaching 45 percent. Improvements would involve higher
combustion temperatures and pressures. This requires the introduction of new materials and 
production technologies. Progress already has been made in developing suitable materials
having appropriate mechanical characteristics and showing resistance to hot corrosion and steam 
oxidation. 

Fluidised Bed Combustion 

Atmospheric fluidised bed combustion (AFBC) provides the possibility for reliable and 
economic burning of a wide range of coal types with potential efficiencies approaching 37 
percent. 

Fluidised bed combustion technologies also reduce emissions of sulphur and nitrogen oxides. 
Sulphur oxides can be captured by the use of limestone in the combusting bed. Nitrogen
oxides are reduced by avoiding high temperature combustion. AFBC plants are now 
commercially available up to a scale of 150MWe. The technology is suitable for repowering
lower-efficiency existing power plants and reducing carbon dioxide emissions by up to 30 
percent. 

The advantages of AFI3C has been extended by the development of pressurised fluidised bed
combustion (PFBC). PFBC is expected to achieve efficiencies of 40 to 45 percent when 
operated as cmnihined cycle plant. Several PFBC units are operating, under construction, or 
planned for te United States, Europe, and Japan, 

As with pulverised coal firing, efficiencies approaching 45 percent may be achievable in the
future with the application of ultra-supercritical steam conditions to FBC technology. A 
70MWe PFBC combined cycle demonstration plant incorporating an ultra-supercritical steam
turbine will be operational in Japan by 1994 leading to a commercial plant in 1997 with a 
projected efficiency approaching 45 percent. 

Integrated Gasification Combined Cycle Technology 

Integrated gasification combined cycle (IGCC) technology has been identified by a growing
number of utilitie; as the potentially dominant coal-based power generation technology for the
laie 1990's and beyond. In this technology coal is gasified to produce a gas stream which is 
cleaned and burned in a gas turbine to generate electricity. The waste heat from the gas turbine 
exhaust is then used to produce steam which drives a steam turbine connected to an electricity 
generator. 

IGCC can convert a wide range of coals and can achieve efficiencies of 45 percent with a 
corresponding reduction in C02 emissions. In the oxygen-blown version shown in Figure 1,
the gasifier product is cooled to remove 99 percent of the sulphur in a saleable by-product form. 
The oxygen-blown IGCC systems are being offered commercially on a worldwide basis by
several companies. The air-blown IGCC version with hot gas cleziump (Figure 2) offers the 
potential for even higher energy efficiencies, but this technology is not developed beyond large
pilot plant stage at this time. Several air-blown IGCC demonstration projects are under 
construction in the United States and Europe. A small plant is currently operating ;n Japan. 

A hybrid or topping cycle (Figure 3) also is being developed in which the coal is partially
gasified and then combusted to provide high turbine inlet temperatures. Coal which is not 
gasified is fed as a char to an FBC unit. The FBC unit provides flue gas for the gas turbine 
and steam for the steam turbine. As shown in Table 1,the hybrid cycle has the potential for 
achieving 16 percent efficiency with a corresponding reduction in C02 emissions. Air

-517 



blown IGCC hybrid cycles are being piloted and demonstrated in the United States and the 
United Kingdom and could be ready for commercial deployment in the late 1990's. 
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FIGURE 3 AIR BLOWN IGCC HYBRID CYCLE 
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Promising developments in Japan and other countries with high inlet temperature, highefficiency gas turbines could make IGCC even more attractive in the future. Another concept
called Externally Fired Combined Cycle (EFCC) employs a ceramic heat exchanger being
developed specifically for gas turbines. EFCC is still in the small pilot plant stage, but could
offer the potential for efficiencies approaching 43 percent for small units of about 50 MWe. 

Developing Technologies 

The following technologies are not as well developed as the preceding coal-based powergeneration technologies and generally involve more development hurdles. Realistically,
commercial development probably could not occur until after the year 2000. However, thesetechnologies illustrate the future potential for excellent energy efficiency and C02 emission 
reduction. 

Fuel Cells 

Fuel cells are devices in which hydrogen, which is obtained by reforming natural gas,
methanol, coal gas or other fuel, reacts electrochemically with oxygen from the air to generate
electric power. Fuel cells are classified according to the type of electrolyte used, into alkali,
phosphoric acid, molten carbonate, solid oxide and other types. 

Fuel cells have the potential for a very high power generation efficiency of 50 percent andcorresponding low C02 emissions. These high efficiencies could be maintained under partial
load operations. When exhaust heat from fuel cells is utilized in cogeneration systems, even 
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higher efficiencies could be realised. There is very little emission of NOx and SOx or discharge 
of cooling water. Low environmental emissions plus the absence of mechanical moving parts 
that can generate vibration or noise make fuel cells very favourable in terms of environmental 
impact and siting. 

Much of the development activity wikh fuel cells is being done in the United States and Japan. 
Commercial applications could occur early in the next century. 

Magnetohydrodynamics (AHID) 

As part of the evolution of new power generating systems with high efficiency and superior 
environmental characteristics, the concept of direct coal-fired, inert gas MHD triple combined 
cycle systems is being developed. 

The efficiency of the MHD system is expected to approach 55 percent. In a coal-fired MHD 
system, coal is burned to produce an extremely hot gas or plasma. A chemical "seed" (for 
example, a potassium compound) is added to give the gas an electrical charge. The charged gas 
is passed through astrong magnetic field producing electricity. Heat from the combustion gases 
is used to generate additional electricity by means of a conventional steam twu'bine. 

Research on MIlD systems is being conducted in several countries, including Japan and the 
United States. Practical implementation will not occur until several major development 
obstacles are overcome. Developing the advanced materials capable of withstanding haish 
conditions is the greatest challenge for successful commercialisation of this technology. 

CO(GENERATI ON 

Cogeneration of heat and electric power is a very effective means to rationalise energy use, 
particularly when combined with a district heating system or a local plant requiring process heat. 
The combined production of heating and electric power (CHP) already is well establishel in 
several countries. Development started in the 1920's and received further impetus in the l,10's 
and 1980's with the increased interest in energy efficiency. CHP is especially favourable in 
situations where there is a high demand for heat concentrated in a small area (e.g. densely 
populated areas) and where demand characteristics for electricity and heat production are 
compatible. 

In a conventional condensing power plant, the steam used ti drive the turbine emerges at low 
pressure and a temperature of about 401C before condensation and return to the boiler. About 
45 percent of the primary energy input is rejected with the cooling water .4nd a further 15 percent 
is lost in the flue gas and other parts of the process. The high energy efficiency of CHP is 
obtained by using the primary steam first in a turbine to produce electricity and then partially or 
completely to produce neat for a district heating network. The steam is condensed at pressure 
and temperature conditions which produce heating water at a temperature of 100-12 0 C. The 
overall efficiency of the fuel energy conversion to useful heat or power can be as high as 85 
percent, with about 55 percent of the primary energy input being available ,rdistrict heatizg. 

ADVANCES IN INDUSTRIAL AND DOMESTIC USES OF COAL 

In OECD c.,untries, the largest proportion of coal is used for generating electric power. 
Elsewhere, a larger share goes to domestic a'd industrial uses (Table 2), where substantial 
improvements in efficiency can be made. 
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1988 

ECD 

TABLE 2 
WORLD COAL USE 1 

(Billion tonnes) 
CPE's LCD's WORLD 

Tons %of 
Total 

Tons 9%of 
Total 

Tons %of 
Total 

Tons %of 
Total 

Power Station 0.89 74 0.48 28 0.21 46 1.58 47 
Steel/Coke 0.21 18 0.37 22 0.07 15 0.65 19 
Industry/Domestic 0A0 8 0.85 50 0.18 39 1.13 34 
TOTAL 1.20 100 1.70 100 0.46 100 3.36 100 
1 Coal information 1990 International Energy Agency 

In the case of iron making, the dominant technology is the blast furnace which accounts for 
approximately 60 percent of world iron production. Scrap recycling (electric arc furnaces)
provides the remainder. The blast furnace accounts for 43 percent of the total energy
requirements for steel production. The other requirements are for rolling, coking, sintering, etc. 
Significant developments in current blast furnace technology and related coal consumption can 
be expected from increased use of pulverised-coal injection and oxygen enrichment. The shift 
to pulverised-coal injection could reduce further coal consumption per unit of iron produced. 

New developments in steel making include direct smelting and direct steel making. In direct 
smelting technology, a one-stage operation is possible, but a two-stage operation has better 
energy eff.ciency as the waste gases are used in thie process. These technologies offer various 
advantages, including the direct charging of raw mat:.,als, flexibility, energy efficiency, and 
reduced emissions. 

Similarly, there is considerable scope for achieving higher efficiencies in other domestic and 
industrial uses. For example, one approach which is particularly relevant in less-developed
countries is the develovrpmit of domestic boilers that will burn bituminous coal smokelessly. 
Particulate emissio,-., could be reduced by about 90 percent and efficiencies could be more than 
doubled. 

For industrial or small-scale power generation applications, many boiler designs using fluidised 
bed, chain grate, and other grate types have been demonstrated or are commercial. A high
combustion efficiency can be achieved in such systems. Cogeneration of electricity with exhaust 
steam providing heat requirements, would be especially efficient for industrial applications. The 
introduction of these proven technologies into developing countries could produce the necessary 
energy with significantly less coal and lowcer resulting emissions, including CO2. 

CARBON DIOXIDE REMOVAL AND STORAGE 

Several processes have been considered for the removal of carbon dioxide from combustion gas
and its storage in ways that prevent it from reaching the atmosphere. The :echnologies for C02 
removal are available, but would add substantial cost to power generation. Water, methyl 
ethanolamine, lime, caustic -oda, and physical solvents have been suggested as agents for 
removing carbon dioxide. Liquefaction of C02 is a possibility, particularly if an oxygen-carbon 
dioxide combustion gas mixture or oxygen-gasification is used. Proposed storage methods for 
carbon dioxide include dissolution in decp oceans and saline acquefiers, storage as liquid carbon 
dioxide in depleted gas and oil reservoirs, in caverns, or as plant material. 

-521 



The IEA is taking a lead in an international evaluation of all thesc possibilities and promoting a 
co-operative R&D and demonstration program to analyse options for C02 removal, utilisation 
and disposal from coal fired stations. The goal is to determine the technical feasibility and the 
costs involved in such approaches and to demonstrate that they are environmentally acceptable. 
Creating an environmental problem as a result of carbon dioxide disposal would not be 
acceptble. The program is being undertaken so that if remedial steps prove necessary, the 
scientific knowledge, economic costs and environmental consequences of C02 removal and 
storage will be better understood. Based on current technology, C02 removal and storage 
suffers from high cost and the uncertainty of containing stored material indefinitely. 

CONCLUSIONS 

It is apparent that there are substantial opportunities to improve the efficiency of coal utilisation, 
thereby extending the lifetime of reserves and helping to minimise emissions of carbon dioxide. 
Substantial progress in controlling C02 emissions can be made by applying state-of-the-art 
technology more widely, particularly in developing countries. In addition, some new 
developments are now reaching commercial application. Other technologies are still at the 
exploratory stage, but studies underway or completed, demonstrate that these emerging 
technologies offer significant future potential for further improvement. 

It is critical that R&D in these areas be expanded so that *he new technologies can be exploited as 
soon as possible and this potential for improvement be fully realied. Moreover, energy and 
environmental policy must be formulated to encourage the ear./ cormercial deployment of these 
technologies in both the developed and developing countries. 
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Perspective on Coal Liquid Mixtures (CLM)
 

This document contains the proceedings of a workshop entitled Near Term
 
Commercial CLM Applications. Itwas sponsored by the Execut ve Committee of
 
the IEA/CLM Implementing Agreement, under the auspices of the International
 
Energy Agency. The member countries of the Implementing Agreement that
 
participated in the workshop are Italy, Japan and the United States.
 
Representatives of countries with transitional economies were invited to
 
participate and China did so. It was held in conjunction with the 18th
 
International Conferene-e on Coal Utilization and Fuel Systems.*
 

The workshop was held on April 26, 1993 and was the first of a planned
 
series of workshops on CLM.** This series of workshops is part of a
 
strategy to promote the commercialization of CLM. The contributions to the
 
workshop articulate various aspects of the commercialization strategy and
 
the underlying rationale for promoting this technology:
 

a) 	coal is in plentiful supply throughout the world and coal is and will
 
continue to be a critical component of the world energy economy
 
bec. use it can supply clean, low-cost, secure energy;
 

b) 	CLM enables coal use to respond to environmental sensitivities to form
 
an integrated system for the beneficiation, transportation and
 
utilization of coal in a clean, low-cost way;
 

c) 	CLM technology has emerged and can be used to supply reliable, low
 
cost energy today; and
 

d) 	technological advances will enable CLM to integrate beneficiation,
 
transportation and utilization for conventional and advanced
 
combustion systems, including:
 

- pulverized coal
 
- pressurized fluidized bed (PFB)
 
- integrated gasification combined cycle (IGCC).
 

The IEA-CLM Executive Committee wishes to thank the Coal & Slurry
 

Technology Association for agreeing to this arrangement.
 

** 	 Although the term CLM continues to be used for historic reasons, the 
trend worldwide is to focus on one specific form: coal water slurry 
(CWS)
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Several graphics supplied by the JGC Corporation of Japan best illustrate
 
the integration role of CLM. The first graphic (Figure 1) shows how it
 
enables a chain to be formed to connect the production, beneficiation,
 
transportation and utilization o coal through a closed, clean, cost
 
effective system. The other graphics (figures 2a and 2b) show that at the
 
point of utilization, CLM allows for the elimination of solids handling
 
equipment, compaction of the space required for electricity production, and
 
production of energy in a way that is as sensitive to environmental concerns
 
as any other fossil fuel. The theme of these graphics is contained in one
 
of the U.S. contributions which shows not only the integrated use of CLM but
 
that it can be cost effective fir utility and co-generation applications.
 
The theme is also contained in both Italian contributions which demonstrate
 
an integrated application in a Russian p.c. plant and describes a future use
 
with IGCC.
 

These two graphics illustrate the long-term potential value of CLM, while
 
showing the compatibility between clean electricity and coal. The keynote
 
address for the workshop was delivered by S.F. Garribba of the International
 
Energy Agency. His presentation articulates the case that growth in coal
 
use is necessary in a growing world economy which needs a diversification of
 
sources to satisfy demand in a way that enhances energy security. His
 
presentation also forcefully and convincingly articulates the major issue to
 
which the coal community must respond: how to reconcile energy and
 
environmental policies in such a way that coal can be usc,: in an
 
environmentally compatible way and still be cost effective.
 

The second presentation was commissioned by the IEA/CLM Executive Committee
 
and was prepared by K.V. Thambimuthu of the IEA Coal Research Service and
 
outlines a strategy for CLM Commercialization. This presentation documents
 
the technical progress that has been made since the 1970s and specifically
 
describes current activities and achievements with respect to each element
 
of the integrated chain needed for clean coal preparation, transportation
 
and utilization.
 

Today, the elements of the chain can be integrated as demonstrated by
 
commercial scale projects in China/Japan and Italy. Work is also underway
 
to enhance the performance and cost-effectiveness of the technology for
 
operation with P.C. plants, PFB plants and IGCC plants.
 

The individual country presentations show a consistency in the view of the
 
long term role of CLM as the chain to integrate coal production with clean
 
electricity generation. The various presentations show differing approaches
 
to commercialization as follows:
 

China
 

China is a major producer of coal and is interested inCLM as a means of
 
exporting coal in a form that is of interest to users (see the section on
 
Japan). China also has a strong interest in CLM for domestic applications.
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As a transitional econr,my, China freed the price of oil in 1992. At current
 
domestic costs for materials and labor, CLM is cheaper than oil today and
 
China represents a near-term market to displace oil. The presentation
 
descriLbs specific activities underway.
 

Italy
 

Snamprogetti has participated in Russia in a large pilot-commercial project,
 
involving the CLM chain, which includes the CLM preparation plant, a 262 km,
 
20" pipeline with three pumping stations and the utility boiler at the
 
pipeline terminal. Snamprogetti is also participating in a commercial scale
 
demonstration in Sardinia inwhich beneficiated CLM is used to displace oil
 
in a large industrial boiler. The plant started operation in July 1993.
 
Finally, Snamprogetti has performed a feasibility study on the applicability
 
of coal-water fuels in the People's Republic of China. This study was
 
awarded to Snamprogetti by the International Centre for Scientific Culture
 
(World Laboratory) of Geneva, and has been conducted incooperation with
 
Chinese organizations led by the former Ministry of Energy Resources and the
 
Academy of Sciences of China.
 

The PRC CLM pipeline system study evaluates two alternative transport
 
streams fcr transporting 7 MTA of coal transformed inCLM to large utilities
 
and distribution centers located in the eastern provinces of China at
 
distances of over 700 km.
 

With regard to Italy, the major consumer of oil, the national electric
 
utility (ENEL), has previously conducted a large-scale, long-term
 
demonstration of CLM in an oil-designed boiler, but does not foresee
 
commt-cial application in the near term during which oil is not expected to
 
be morL costly than CLM.
 

Italy is planning to use natural gas-fired combined cycle for new electric
 
generating capacity. Apparently, to keep future options open, Italy is
 
interested in coal gasification which can be integrated in the future with
 
the combined cycle plants. Further, Italy has recently become interested in
 
gasifiers fed by CLM, presumably, in part, to realize the integrated use of
 
CLM with transportation and IGCC.
 

Japan
 

The most ambitious commercialization activity for CLM technology is taking
 
place in Japan. Commercial scale projects are being implemented to
 
transport CLM from China to Japan for industrial use by JGC and within Japan
 
for use in a 500 MW utility boiler by Japan COM Company. Japan is pursuing
 
an approach that is expected to be economically viable in the long run while
 
supplying adequate amounts of energy in a secure, environmentally sound way.
 

,JGC has had a one-year operating experience with bilateral CWM trade. Japan
 
COM company is starting commercial operation of its 500,000 ton/year CWM
 
plant.
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United States
 

While the U.S. has participated in large scale activities in the past, the
 
approach to CLM commercialization has shifted.
 

The initial incentive to commercialize CLM was to displace oil in utility

and industrial boilers. During the past decade, use of oil in utility

boilers has declined. In addition, oil prices are expected to be
 
sufficiently low for the next decade that CLM will not be competitive. In
 
addition, recent regulatory decisions (the WEPCO decision), have further
 
reduced any economic incentive to convert from oil to CLM in utility or
 
industrial boilers.
 

The DOE Coal Research, Development and Demonstration Program has recently

shifted its strategy to focus on the development of advanced power systems

(including advanced p.c. systems), having higher efficiency, lo.4er emissions
 
and lower costs than current power systems.
 

The development program includes advanced fine coal cleaning and
 
beneficiated CLM to integrate coal production with low cost, clean coal
 
electricity production. Current testing activities, initially begun to
 
minimize derating in oil-designed boilers, is providing critical data for
 
the design of new p.c. boilers to efficiently burn CLM. One of the U.S.
 
contributions to the workshop is a conceptual case study illustrating the
 
current status of beneficiated CLM technology: it can provide competitive
 
energy (for large scale electricity and cogeneration applications) while
 
dramatically reducing powerplant space requirements, and eliminating solids
 
handling and associated environmental control equipment. This CLM interest
 
is to promote the clean use of energy both domestically and for export.
 

As a major coal producer, the U.S. currently produces increasingly large

quantities of coal fines that must be disposed of. In addition, there are
 
many slurry ponds containing large quantities of coal fines. A number of
 
advanced fine coal cleaning processes are now emerging that can economically

reduce the ash levels (typically from 50% to 10% or less). This technology

has provided a new potentially clean, low cost resource that can now be
 
commercially exploited.
 

One of the U.S. contributions consists of a case study to examine the
 
economics of using a low sulfur coal waste (prepared, delivered and burned
 
as CLM) to substitute for a higher sulfur coal to comply with the recently

passed Clean Air Act Amendments of 1990. The study shows that the plant can
 
convert to CLM while reducing the cost of producing electricity, and targets
 
a significant market niche that CLM may be able to capture in the next
 
decade.
 

Conclusion
 

The contributions to the Workshop that are contained inthese Proceedings

describe elements of an 
emerging industry that the reader will find
 
stimulating.
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CLEAN COMPETITIVE COAL WATER FUEL
 

Coal Water Fuels (CWF) have been under development for more than
 
20 years. The first generation CWF was developed by
 
Consolidati.on Coal (Consol). Consol built a 100 mile pipeline to
 
demonstrate the efficacy of moving coal by pipeline in
 
competiticn with railroads. The Black Mesa Pipeline in the
 
southwestern area of the US has mcved more than four million tons
 
of coal per year for more than 20 years.
 

These early slurries were relatively coarse in particle size and
 
contained about 50% solids. The slurry was not stable and
 
required careful control to avoid settling in the line or erosion
 
of the line.
 

More recent work has focused on the production of stable, more
 
Aighly loaded slurries (eg 70-75%). FMI participated in
 
efforts toward a succesaful commercial demonstration at the 
Nakoso Power Station of Tokyo Electric Power in 1986. At that 
time CWF could be produceJ for about $20-22 per barrel of oil 
equivalent (BOE). Early in the year of 1986, oil prices rose to
 
$35 per barrel, then fell dramatically late in the year rendering
 
CWF uneconomic.
 

Analysis of the cost components showed that the cost of the
 
parent coal accounted for about 50-60% of the cost of CWF. Thus
 
lower cost CWF had to come from lower cost parent coal. The
 
obvious candidates were waste from conventional coal wash plants
 
and sub bituminous coals. Because of the high moisture and
 
oxygen contents of sub bituminous coals they tend to sell for
 
less than bituminous coals.
 

This paper will describe the recovery of coal from wash plant
 
wastes using low oil agglomeration. The paper will also describe
 
a novel drying technique for sub bituminots coals and the co
 
processing of sub-bituminous coal and heavy oil to produce an
 
upgraded oil and a de watered, partially de oxidized coal.
 

Preliminary economic analysis shows that each approach has
 
attractive economic yields. Clearly economics are site specific
 
and thus each prospective site would have to be evaluated on the
 
economics of that site.
 

CWF FROM WASH PLANT WASTE
 

Conventional wash plants using froth flotation cells vary widely
 
in efficiency. FMI has identified a number of them where the
 
application of low oil agglomeration (LOA) would significantly
 
improve their opetation. LOA can be applied economically to
 
recover coal from waste ponds as well.
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The National Research Council (NRC) developed the LOA technology.

It has been demonstrated at the commercial level in a 700 T/D

plant at Phillipsburg, Pennsylvania in 1991. 
 The LOA process

consists of adding a small amount of oil 
(1-2%) to a suspension

of coal and ash. 
C-'1, being oil wet, adsorbs the oil and forms

weakly bonded agglomerates. The agglomerates are removed in a

froth flotation cell. 
 The ash is removed from the bottom of the
cell. 
 The coal removed from the cell is then processed into CWF.

Since the coal is generally less than 100 mesh, only a small
 
amount of grinding is necessary to produce a stable slurry.

Carbon recoveries in the order of 90% 
are not unusual. A sketch
 
of the technology is given in the Appendix.
 

An example of an economically attractive application of LOA to
 
recover waste and produce CWS is 
a facility in Kentucky. A plant
to produce 330,000 TPY of CWS 
was designed. The capital cost is
estimated at $8 million. 
The annual cash flow projection is $4.5

million. 
FMI believes there are a number of applications for the
 
process World Wide.
 

DRYING AND MOISTURE READSORPTION IN LOWER RANK COALS.
 

Coals lower in rank than bituminous have high inherent moistures
 
which are contained in the porous structure of the coal

particles. Such inherent moisture is retained in the "airdried" state and can only be removed by thermal drying. Unless

the dry coal is required for further immediate processing,

however, it is unproductive to dry much below the air-dried
 
moisture content, otherwise the coal will quickly readsorb

moisture on exposure to the atmosphere. In addition, excessive
 
drying of lower rank coals can 
lead to fines generation in

shipping and may create serious fire and explosion hazards. The

production of CWF from these dried fines eliminates such
 
potential hazards.
 

A number of approaches have been examined to prevent moisture

readsorption and 
to block off the internal pore networks from the
atmosphere. Traditional approaches have included briquetting to
mechanically densify and compact the coal particles Into a largerentity. Other more recent approaches have used direct contact
drying (for example, in oil or hot water) at temperatures
sufficiently elevated to cause changes in the porous structure of 
the coal.
 

NRC/FMI examined a further approach to the drying of lower rankcoals, based on 
thermal drying in a non-oxidizing or reducing

atmosphere. 
We have also examined both agglomerated and
unagglomerated coal feedstocks using the oil agglomeration
process. Oil agglomeration has an inherent dewatering capabilitydue to the displacement of surface and interstitial water by the 
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hydrophobic adsorbed oil. While oil agglomeration is not able to
 
reduce the inherent moisture bound within the structure of
 
particles of lower rank coal, the adsorbed oil in thermally dried
 
agglomerates will help to prevent the readsorption of moisture by
 
the dried product. We have also found that comparable results
 
can be obtained using a reducing agent in the drying operation.
 
Data showing these results are given in the Appendix.
 

Laboratory scale tests were carried out on Adaro coal from
 
Indonesia and on Cordero coal from the Powder River Basin in the
 
U.S.A. In each case, the coal had a size consist of 100% minus
 
6mm and about 50% minus .6 mm. Oil agglomeration was done in a
 
Waring blender using No.6 fuel oil as the agglomerating agent
 
with product recovery and dewatering in the laboratory flotation 
cell and centrifuge, respectively. Thermal drying was done in a 
laboratory furnace capable of a range of temperatures and 
atmospheres. Moisture readsorption on the product was examined 
both in an atmosphere saturated with moisture and by immersion in 
water. 

These tests showed that the drying temperature and the drying
 
atmosphere are very significant parameters in determining the
 
moisture readsorption properties of the product coal. Above
 
250 0C drying temperature and in mildly reducing atmospheres,
 
reabsorbed mointure can be limited to the range of 4 to 5%. 
Even small amounts of adsorbed agglomerating oil (2% and less) 
in the dried product were shown to be beneficial in limiting the 
amount of moisture readsorption. In addition, prelim-rary 
results from XPS analysis indicate a reduction in the oxygen 
content on the surface of the coal following these treatments. 

This work has shown that novel drying techniques, from 
combinations of drying temperature, drying atmosphere and 
adsorbed oil from the agglomeration of the feed coal, can produce 
high quality products from low quality coal. As with the 
coprocessing option, the question is the cost of the operation
 
which can only be answered by further laboratory and pilot tests.
 
Laboratory data and a process sketch of the technology are
 
presented in the Appendix.
 

FMI has done an economic assessment of this process. Based on the
 
use of Powder River Basin Coal, the capital investment is
 
estimated at $42 million for a one Aillion ton per year plant. A
 
cash flow of the $15 million per yeQ is projected.
 

Co PROCESSING
 

The concept of the co processing of oil and coal has been tested
 
and discussed for many years. The bulk of the effort has been on
 
high temperature, high pressure catalytic hydrogenation
 
processes. The quality of the products from these efforts was
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very high. However, the high capital and operating costs 
rendered the economics unfavorable. 

The approach of FMI has been to start with a proven process(fluid
coking) and to simply add coal to the coking reactor. "'. While 
this is a relatively high temperature, process (8500 F Plus) it
 
operated at about two atmospheres of pressure and no catalyst is
 
required.
 

The impact of fluid (or delayed) coking on heavy oils is well
 
understood. The pyrolysis of coal is also well understood. ' The
 
products in general are gas, liquid and coke. 
 For exanple, the
 
py.colysis of a sub bituminous coal at 5000 C yielded 

Wt.% 
Coke 57.6 
Oil 8.5 
Gas 6.2 
Water 27.8

Obviously 
yields will vary depending primarily on coal type,

and temperature.
 

Considerable work has also been done on the pyrolysis of coalx
 
in the presence of liquids such as phenanthrene and naphthol.

The work done at 2500C to 350°C range was described as an
 
extraction operation as opposed to a pyrolytic phenomenon. The
 
chemistry of the solvent was 
the most important variable. These
 
studies do establish a certain synergism as to the pyrolysis of
 
coal in the presence of a liquid medium.
 

The coking of heavy oils has been a commercial petroleuR process

for more than 50 years. Its basic objective is to destroy 950OF
 
plus materials and produce 950OF minus materials along with
 
petroleum coke. An example of fluid coking of a typical 
150 API 
residuum at 950(F may result in the following yields:(") 

wt. % 
Gas 7
 
Naphtha 20
 
Gas Oil 45
 
Coke 28
 

Earlier work on Co Processingm
100
 

n has shown yet further benefits.
 
This is the removal of oxygen from low rank coals. Most sub
 
bituminous coals contain oxygen ranging from 15 
to 30%.
 
Varghesen shows an 
example of the impact of Co Processing on the
 
oxygen content of the product as follows.
 

(D) Dunlop, U.S. Pat.5,145,489 8/8/92
 
(T) Varghese USPat#4427532 1/24/84

(X) Chamistry of Coal Utilization, p. 346, John Wiley & Sons 1963
 
(Y) Hydrocarbon processing, Nov. 1190 p.110
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Belle Air Coal/Coke
 
Coal Product
 

Carbon 63.8 83.2
 
Hydrogen 5.4 	 4.2
 
Oxygen 24.6 	 4.2
 
HV 	BTU/# 11219 14689
 

Clearly the reduction of oxygen in the coal significantiy
 
enhances its value as shown by the increase in heating value of
 
the product.
 

It is also obvious that the Co Processing of the coal will reduce
 
the volatile matter of the coked coal. FMI financed a study of
 
the combustion of a fluid coke water slurry at Babcock and
 
Wilcoxs' Research Laboratories. To the surprise of most experts:
 

(1) The coke burned without the need for supplemental fuel.
 
(2) The unburned carbon on ash was reduced to conventional
 

values with the addition of only 6% supplemental fuel.
 

A review of the forgoing suggests that Co Processing can produce

high quality products from a low quality coal and a low gravity
 
oil. The question is the cost of the operation. To answer the
 
question in a rigorous manner would require laboratory and pilot
 
plant data which are not currently available. FMI believes that
 
a joint Canadian-US project would show .a return of 30% on equity.
A Flow Plan of the process is given in the Appendix. 

FMI believes that there are at least three areas of the Wcrld
 
where sub bituminous coal and either RFO or heavy oils are in
 
close proximity. These are (1) Indonesia, (2) the Powder River
 
Basin in the USA and in (3) Alaska. FMI has ongoing discussions
 
with the principals in each area.
 

CONCLUSION
 

NRC/FMI conclude that a recent Chinese-Japanese work on
 
commeralizing CWF has established CWF as an article of commerce.
 
From our work we conclude the folowing:
 

* 	 CWF from bituminous coal waste is commercially viable 
using LOA to clean the waste. 

* 	 CWF from sub bituminous coal is viable using the NRC/FMI 
drying technology.

* 	 The marriage of petroleum processing technology makes CWS 
economic in three major coal producing areas world wide 
using the patented FMI process. 

(S) Private Communication
 

The authors wish to express their appreciation to Richard Coleman
 
and Floyd Toll for conducting the experiments reported herein.
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1. Introduction 
Coal is the world's most abundant fossil fuel and there are sufficient reserves for more than 

200 years, even if output should increase. These deposits are relatively evenly distributed around 
the world and it is unlikely for coal to raise such security problems of supply as oil used to have in 

1970's and might have again in the future. Then coal is the most reliable fossil fuel and it is 

expected to play an important role for energy supply in the next century. 
Coal accounts for 28 percent of world total primary energy consumption and stays the second 

largest energy source position in 1992. The major coal using sectors are electricity generation, steel 

making, cement manufacturing, paper and pulp production and other industrial sectors. 

Approximately 60 percent of the world's coal production is used to generate electricity and 25 
percent of the coal production is made into coke for use in steel making. The electricity generation 
is the dominant sector and is furthermore projected to become the fastest growth coal consuming 
sector in most economies. 

Japanese industries including electricity generation sector have been fully enjoying advantages 

of low pice abundant imported oil from middle-east before series of oil crises. The share of oil in 

primary energy consumption reached almost 78 percent in 1973, while coal share remained only 16 
percent and total coal consumption was 80 million tons at that time. Thermal coal consumption was 
especially low, only II million tons. Late 70's and early 80's, efforts have been concentrated on 

energy conservation and substituting fuel oil with other energy sources such as coal, natural gas and 
nuclear power to reduce such high and unsettled oil dependency and obtain the security of energy 

supply. 
Japan's total coal consumption in 1992 is around 108 million tons and account for 18 percent 

of the pnmary energy consumption. This number is a little higher than it was in jie past but rather 

lower than world's average coal share, which is 28 percent. The coking coal consumption is 

accounting for 64 million tons or 59 percent of total coal consumption but future demand of coking 
coal is estimated to be flat or declining because of extended introduction of pulverized coal injection 

process(PCI) into blast furnace and presumable reduction of steel production. On the other hand, 

the current thermal coal consumption is 42 million tons or 39 percent of total coal consumption and 

is expected to double in the 2000. According to a long term forecast of energy supply and demand 

formulated by Japanese Government(MITI) in October 1990, the total demand of coal will increase 

and amount to 142 million tons by the year 2000. 
Burning coal in cement kilns, utility boilers and large scale industrial boilers have become more 

economically attractive because of the price difference between oil and delivered coal just after oil 

crises. Then most of all cement kilns have converted fuel from oil to coal. Some existing coal 

designed oil finng utility boilers moved back to coal firing again and some coal fired utility boilers 

have been newly installed and commissioned since then. Another considerable number of coal fired 

utility boilers are now under construction or being planned to be built and commissioned near 

future. A large number of relatively larger coal fired boilers also have been newly built by encrgy 
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users in industrial sector to replace oil fired boilers and enjoy a real price advantage over oil or 
natural gas. However there have been few cases to build new small scale coal fired boilers since 
smaller coal fired boilers are not so economically attractive as larger coal fired boilers. The 
problems posed by coal use in small scale boilers, such as high capital requirement, more space 
requirement, more burdensome operating conditions and environmental regulations concerning 
NOx, SOx, particulates and noise emission control, dust suppression and ash disposal restriction, 
are all significant cost consuming obstacles against enhancement of coal use in industrial sector. 
Most of the smaller industrial boilers are not base load and new coal fired boilers should meet 
swings in demand, which occur 3o often and so quickly. This is another challenging issue for the 
coal fired boilers. While there are so many small size oil fired industrial boilers, which are more 
than 30 years old and have the potential to be replaced by new coal fired boilers, and the economies 
for increased industrial coal use are promising in general, the adoption process to the smaller 
boilers is fraught with not only economical uncertainties such as fuel price trends but also 
unresolved technical problems to lmpro e coal economics. 

Coal Cartndge System (CCS) is considered seriously as one of the potential breakthroughs to 
mimmize the disad',antagcs of coal use in small scale boilers and improve coal use economics. 

2. Concept of Coal Cartridge System (CCS) 
(1) Conceptual Design of CCS 

CCS is a series of systems to process coal in a central plant, to deliver the pulverized product 
coal to several small or nicdium size of coal use customers in a neighbonng area by tank trucks, to 
collect fly ash from the customers by tank trucks again and to process fly ash for disposal. 

In the central plant, CCSCenter, feed coals are provided from an adjacent bulk terminal, where 
they are unloaded and stored, and are blended to control product quality to meet requirements of 
customer's boilers. Finely blended coals are dnL 1, pulverized and classified in a gas-swept mill
 
system. Hot gas oxygen content 
of the gas-,Nvept mill system is controlled to prevent pulverized 
coal from explosion. Particle size and quality controlled product coals(CCS coal) are stored in 
product coal bins or CCS coal bins under inert gas atmosphere. Then the CCS coal is 
pneumatically loaded to tank trucks to be delivered to customers and it is unlcaded there 
pneumatically again. During loading, transportation and unloading, product coal is always handled 
under inert gas atmosphere or oxygen content controlled gas such as truck engine exhaust gas. 
Delivered CCS coal is also stored under inert gas atmosphere in the customer's pulverized coal 
bins. Since ready dried and pulvenzed coal is fed to boilers from the bins, it is expected to perform 
quicker response for boiler load changes and higher combustion efficiency in this system compared 
to the usual mill feed system. Fly ash stored in fly ash bins, separated from flue gas after coal 
burning is recoered by tank trucks and collected in a centralized fly ash processing and disposal 
site, which is called Ash Center. Fly ash can be used for the source of construction and building 
materials. 

Expected capacit\ of one unit of CCS is from 3C0.000 to 800,(MO tons per year, depending on 
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size and number of customer's boilers in single unit area where tank trucks can deliver product coal 

economically and practically, which is estimated within 50-km radius around CCS Center. Product 

coal supply depots and fly ash collection depots should be necessary in some case. 

(2) Advantages of CCS 

CCS is developed to solve the problems of coal use in small scale boilers in industrial sector 

and CCS customers have the following advantages: 

+ Space savingfor smaller coal use customers 

Most of the smaller industrial boilers are located in industrialized complex area, where is 

very crowded, costly and even difficult to have enough space to build coal storage yards, pulverizing 

facilities and ash dumping lands. CCS is a effective way to encourage potential coal users in such a 

crowded area because fuel coal is already blended , dried and pulverized in the CCS center near bulk 

terminal and fly ash after burning coal is also collected in the centralized Ash Center. Then each 

coal use customers are not required to hold the coal yard, the pulverizing facilities or the ash 

dumping land. Only required facilities beside the boilers are pulverized coal bins and fly ash bins 

for 2 or 3 day storage. 

+ Trouble-free handling 

CCS coal is handled pneumatically under the inert gas atmosphere all the way through inlet 

of customer's boiler burners after CCS storage bins in the CCS Center. Fly ash is also handled 

pneumatically. CCS is a complete closed system and coal is handled very cleanly and safely. Then 

CCS coal is free from the troubles such as sticking, plugging, clogging, spontaneous combustion 

and explosion, which happen dunng usual coal handling and are labor consuming and dangerous. 

CCS coal can be used as easily as fuel oil. 

+ Environmentallybenign 

As mentioned above, coal yard including unloading facilities, julverizing mills and ash 

disposal facilities are not installed in customer's site and CCS coal is handled completely in the 

closed system. Environmental issues such as dust and noise usually arising from coal handling and 

milling, are not necessary to be considered in the customer site. Disposal of fly ash is also out of 

scope of the customer's works. It is not necessary' for the customers to conside r that issue either. 

+ Clean,stable and highly efficient combustion 

Since smaJler boilers have intrinsic sensitiveness to coal qualities, unexpected changes of 

coal qualities such as calorific values, moisture contents, S contents, N contents, combustion 

characteristics. ash contents and compositions resulting dust collecting, slagging and fouling 

characterstics are always cntical for boiler operation and environmental emission control. CCS coal 
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is already prepared and finely quality controlled even moisture contents to meet the operating 
condition and environmental emission standard of the customer's boilers by selecung source coals 
and blending a multiple of coals and sometimes managing particle size distnbution. Then it always 
gives stable and fine control of boiler operation and environmental emission. Another advantage of 
the CCS is to meet the requirements of swing operation which isvery common for smaller industrial 
boilers. Most smaller industrial boilers are swing load and they change boiler load from day to 
night, from weekdays to weekend, from season to season according to requirement of energy 
demand of the plants or factories. Unexpected load changes of main process of the plants are 
sometimes likely and the boilers might suffer big and quick load swings to respond to the main 
process changes. So, swing boilers always have to be prepared to respond such a quick changes 
and turn-down operation. Coal fired boilers are not necessarily good process to respond such a 
quick change because feed coal pulverizing mills are insensitive to load changes and always have 
time lag to respond. However, CCS coal boilers are equipped with pulverized coal feed bins instead 
of pulvenzin mills and they are prepared to respond any changes of boiler load which are required 
from the main plant operating conditions. 

+ Economically attractive 
Coal replacement for smaller boilers become marginal because of higher investment costs of 

coal fired boilers than thoqe of oil fired boilers: Total investment for coal storage yard, blending 
faciliies transportation con'evors of feed coal, pulven7ing mill, boiler itself and environmental 
emission control units such as ESP, scrubber and so on are enormous for a small size industrial 
boiler compared to the real coal price advantage over oil, running cost advantage. 

CCS would gain the advantages of location and scale-up, because CCS Center can be built 
nearby bulk terminal and faci!oi's of the Center are large enough to enjoy scale merit. Total 
erection cost per ton of burning coal can be reduced. Then, applying the CCS, the combined costs 
of fuel, transportation, plant investment and operation such as blending, pulverizing and burning for 
smaller boilers can be minimized and favor coal. 

3. Test programs of CCS development 
Conceptual design studies of CCS have been initiated for substituting fuel oil of industrial 

sector with coal since 1980, just after a series of oil crises. Despite of widening oil-coal price gap, 
coal still remained unsuitable fuel for use in smaller industrial boilers because of disadvantages of 
coal use, such as higher capital cost, more space requirement, more burdensome operating 
conditions and stnngent environmental regulation. CCS is believed to be one of the breakthroughs 
to improve those coal's disadvantages. 

Results of conceptual design studies of CCS have brought a recommendation of a pilot plant 
test program to conduct technical demonstration of CCS with pilot plants as an integrated total 
system. And technical issues to be solhed in the test program were summarized as follows: 
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Technical issues to be solved 
Each separate technologies applied to CCS are not new and already available. Reliability of the 

integrated total system, however, should be developed and demonstrated. And also individual 

technologies should be fully developed and matured to meet the objectives of CCS. 

+ Preparationof CCS coal 

Combining existing blending, drying and pulverizing technologies systematically and 

effectively, safe and stable operations should be demonstrated to produce expected cost and quality 

of product CCS coals. 

+ Storage of CCS coal 

Pulverized coal has the potential to initiate spontaneous combustions and sometimes even 

explosions under oxygen containing atmosphere. Operating standards or procedures for protecting 

CCS coal stored in product coal bins from such spontaneous combustions and explosions should 

be prepared. 

+ Transportation ofCCS coal 
Operating standard for loading and unloading of CCS coal to and from tank trucks should 

be prepared to secure clean, safe and trouble-free handling. 

+ CCS coal combustion 

Demonstration of clean, highly efficient and load flexible combustion should be required in 

small scale commercial boilers. 

+ Ash collection anddisposal 

Demonstration of ash transportation by tank truck and development of practical ash 

disposal methods. 

(1) 	 Pilot Plant Test Program (1983---1987) 

A project of the Pilot Plant Test Program started in 1983 and was provided with the MITI's 

subsidy for coal utilization technology development. After one year study, pilot plant construction 

sites were decided to be Tokuyama city for a CCS coal preparation plant and Iwakuni city for a 

CCS combustion boiler. Both cities are in Yamaguchi prefecture and are 50 km apart. 

In 1584, CCS Promotion Association was established to carry out this Test Program. More 

than 30 private companies have joined this Association. 

+ CCS coal preparationpilotplant at Toku'ania 

-- construction completion date : Decemberl5, 1984
 

-- location : Harumi public berth adjacent to coal yard in Tokuyama port
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-- plant area: 2,275 m-: 
-- production capacity: 15,000 tons per year 

-- plant configuration : raw coal storage/blending bins(3), product CCS coal silo(170 m3 ), 
pulverizing mill(5tons/h) with hot gas circulation(gas-swept), 

a bag filter and N2 supply facility 

+ Tank trucks (4) : 10 tons each 

" CCS combustion boiler at lwakuni 
-- construction completion date: September 20, 1985 
-- location : Union Sekiyu Industnes' lwakuni plant 

2 
-- plant area: 658 m


-- boiler capacity: 15 tlh saturate steam generating
 

-- boiler configuration : CCS coal storage silo(70 m3 ). 2 drums-water tube-natural 

circulation type boiler(12kg/cm 2 ) with 4 low-NOx burners and 
staged combustion, multi-cyclones and a bag filter, a fly ash bin, 
N- supply facility and back-up fuel oil system 

Total production of CCS coal at Tokuyama Pilot Plant during continuous operation from 
1985 thorough 1987 accounts for 16,300tons and 13.200tons of those were transported to lwakuni 
Boiler to test and demonstrate continuous operation of CCS coal combustion. The remaining 3,100 
tons of CCS coal was transported to Hoshizaki plant of Daido Special Steel 650 lrn away from the 
Pilot Plant by tank truck ior the combustion trial in electric furnaces. Fly ash produced at lwakuni 
Boiler was also brought back by tank truck and land reclamation test was conducted in other place 
of Tok-uyama Port. 

All the objectives of CCS Pilot Plant Test program were succ'-sfully performed. The 
technical issues concerning CCS coal preparation, storage, transportauon and ash collection, 
transportation and disposal were all solved and demonstrated perfectly. 

(2) 	 Demonstration Test program of Commercial Plant (1990--- 1994) 
E.xpenmental results of the Pilot Plant Test Program have seemed promising, but the 

technologies should be demonstrated on sufficient larger scale. Commercial scale demonstration of 
CCS is necessary to establish process and equiprnient standard, as well as to demonstrate the basic 
economics of CCS. 

After intensive studies to evaluate the possibility of all Japan's industrialized market areas 
for CCS in 1989, Aichi(Nagova)area was selected as one of the most promising areas for CCS 
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commercialization and the potential areas to build a commercial scale CCS coal preparation plant for 

demonstration of CCS technologies and economics. 

The project of the Demonstration Test Program of CCS was initiated in 1990 and was 

promoted by Center for Coal Utilization, Japan(CCUJ) supported by MITI's subsidy. 

Construction of the CCS coal Preparation Plant in Aichi Refinery of Idemitsu Kosan started in 

1990 and completed in 1991. The first customer of CCS coal was Nagoya factory of Nichiha, a 

building material manufacture. Their 100 t/h steam generating coal fired boiler was newly installed 

for CCS in 1991. Another customer, Miai factor) of Nisshinbo(textile) built a new 70t/h steam 

generating coal fired boiler for CCS in 1992. 

Outlooks of the CCS coal Preparation Plant and the customers' CCS boilers are as follows: 

+ CCS coal PreparationPlant 
2 

-- plant area: 9,600 m

-- production apacity: 200,000 tons per year 

-- plant configuration : raw coal storage bins(2x 400m3 ), coal blending facility, product 

CCS coal silos(4x 680m 3 ), pulverizing mills(2x 25 tlh) with hot gas 

circulation(gas-swept), a bag filter, truck scales(4) and N2 supplier 

-- typical CCS coal HHV : 6,850 kcal/kg, moisture : 3 %, ash: 13 %,sulfur: 0.5% 

propertics nitrogen: 1.8 %. AFT: 1360 C, -200 mesh: 80 %, Fuel Ratio: 1.45 

+ customer's boiler(Nichiia) 

-- manufacturer: Kawasaki Heavy Industries
 
2
 

-- boiler capacity: 100 t/h steam generating( 100 kg/ cm , 528 C) 

-- draft : balanced 

-- environmental emission control : FGD(SOx), SCR(NOx), bag filter(particulates) 

+ Customer'sboiler(Nisshinbo) 

-- manufacturer : Mitsubishi Heavy Industries 

-- boiler capacity: 70 t/h steam generating( 39 kg/cm 2 , 375 C) 

-- draft: balanced 

-- environmental emission control : ESP(particulates) 

The Test program has not been finished yet and it continues until the end of March in 

1995. Though the evaluatio,,s of the commercial scale demonstration of CCS are still underway, it 

seems that CCS is actually a promising technology to adopt coal in cmaller industrial boilers 
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judging from successful operations of the CCS coal preparation plant and successful and highly 

efficient operations of the customer boilers. However, it seems unlikely to observe CCS's 
economical attractiveness because coal can not offer industry an opportunity for substantial cost 
reduction under such poor circumstances for coal as current lower oil price and higher echange 
rate of yen, resulting CCS's potential customers stay back and demand of the CCS coal is as low as 
a half of output of the preparation plant. This economic study should be continued. 

4. Summaries 
Development and demonstration of Coal Cartridge System is seriously considered to encourage 

industry to use coal, minimizing the disadvantages of coal use in small scale boilers and improving 
economics of coal use. Based on conceptual design study of CCS, successful operation of pilot 
plants was conducted in Yamaguchi prefecture and established technical bavsir of CCS from 1983 to 
1987. After studies of potential CCS demand, commercial scale demonstration CCS preparation 
plant and CCS boilers were installed in Aichi area. Technical reliability of integrated total system of 
CCS was successfully demonstrated there. However, economics of CCS is not so attractive as 
expected under such poor circumstances for coal as current lower oil price and higher exchange rate 
of yen. Whether or not future energy price trend widens oil-coal price gap, is a key factor in the 
decision process for small industrial boiler economies. Then oil price trends are critical for the 
potential customers of CCS to determine. As the oil price under these market conditions should be 
assumed to remain relatively low and steady for a while, CCS can not offer now the potential 
customers an opportunity of energy cost reduction by use of coal. For the longer term, however, 
energy price trends will be different, increasing spread between the price of oil and those of 
delivered coal, and we believe that industry will appreciate again available energy supply sources and 
prices, as %ell as consideration of secunt of supply and take the CCS. 

-549



IEA Second International Conference on the Clean and Efficient
 
Use of Coal and Lignite:
 

Its Role In Energy, Environment and Life
 

30 November - 3 December 1993 

Topici: 	Technology Options/ Emissions Control,
 
Coal Preparation and CL!N Fuels
 

Title: 	New Development of Processing for Coal
 
Benefi ciati cn
 

Professor Pei Hong Ling
 

Ministry of Coal Industry, People's Republic of China
 

Abs tract
 

China is the largest Coal production country in the world.
 
By 1990, China produced 109o million tons of ROK coal andi up
 
to 1400 	million tons by the year 2000. In 1990, the total
 
number 	of Coal :reparatlon Plants in P.R.C. in 335 ste,
 
treating 254 milllicn tcns of POM coal. Py the year 20(W, it 
will be,--0 coal preparation plants treating 425 million tons 
of ROM ccal. 

Fomo,7ni 	z--tC n of R0:.fccil I- ver imrcrta:t eso -c'u.lv!> Cr 
ii fferant ',: w: t). .iff rent. wash-b I i tv i--	 n 

.
junlIt. . r jr_ ni nlin-, w. ne ,l bnnkers -rI I nt, , 
tr -uii .n< ev e, . 21 tic -1 (CA-in' >2-'C, 20 micro cc,!put cr3 
are used. T T'l tras ni c level transmitter or Nuclear lev-l 
Sensors should be used. 

Centrifugal force cleaning is more efficient than gravitational 
force cleanin-.Peause, the gravitational constant is 'G' which 
equals 9P0 cT,, ;ec-. We can not chaxgge it when we are on the 
earth. But theCentrifugal forcem.vW//r can be cha!,- ed, At the 
amex of t'e cvlone, the aacer~erctlcn increases to cver 2JO 

t i mes tIan7raVi ty. 

In order t- close the water circuit, we use oil agglomeration, 
floculant3 -ni je-Watering ejui)Vment such as high fre-uenc; 
iewaterinin :icreens and centrifuges. 

The whnle plant is unrhr crnprutcr control, 
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DIRECTOR, CHI;A COAL PREPAATION 
UTILIZATION ASSOCIATION
 

INTRODUCTION 

CHINA ISONE OF THE LARGEST COAL FRODUCTION COUNTRY IN TIE WORLD IN 1937, 
WAS MORECHINA PRODUCED 920 MILLION TONS OF RUN OF MINE (ROM) COAL, WHICH 

THAN 26 MILLION TONS OF NET INCREASE OVER 1986. BY 1990, THE NATIONAL 
AND UP TO 1400 MILLIONPRODUTION WILL HAVE REACHED OVR 1000 MILLION TONS 

TONS BY THE YEAR 2000. 
IN CHINA, COAL OCCUPIED 16.3'16 OF TOTAL EN'ERGY CONSUPTION IN 1981. COAL 'IS 

THE MOST IMPORTAVNT ENERGY RESOUCES 	 INCHINA UNTIL THE END OF THIS CENTURY. 
THE END OF 193'7, PROVEN RESERVES OF COALACCORDI.;G TO STATISTICS OBTAINED BY 

IN 'fiE COLTRY HAV REACHED 00. 000 MILLION TJN;S. WEDO HAVE ALL KINDS Oi-

COAL INCLUDING COKING COAL, STEF-ACOAL, ANTHRACITE, BROWN COAL, AND PEAT. 

ACCORDING TO THE REQUIREAENT OF TILE MRKET, CHINA %UST DEVELOPE HER COAL 

PPRE.AATION PLANTS, DURI:G TILE PERIOD FROM119u6 TO 1995, .ORE T H A 
F!TI r.n; , I V07DA'D 10%, Pt i I n' WIL T I., WITH A TOTALPT B 

CAPACITY OF ABOU'T 180 MILLION TONS. 
THE FOLLOWINk;G NE DEVELOPM4ENT OF 	 PROCESSING FOR COAL BENEFICIATION 

SHOULD BE CUNSI DEEE.ED.
 

HOMOGEIZATION OF ROM COAL 

IN ORDER TO GET TIE LIGHER YIELDS, HOMOGENIZATION OF ROM COAL IS VERY 
SE.MS HAVE DIFFEREJTI.£PORTA:NT. BECALSE IN A COAL FIELD. DIFFHER E 'T COAL 

WASH.ABILITY AND DIFFERENT QUALITY.
 
ASS FEED RATE COAL BUTRS LOADEDHOMOGENIZ-ATIO; CA, BE OBTAINED BY USING 


BY USl'j I -)c I RON DEVICE. A TYPICAL I A "
ANAUTOMATIC-, CO.VEYER.TIPPING .C HOMOGE"NIZATION4A 

ALND SYST'i HAVE AT LEAST FOUR COAL BUNKI.S, EACH WITH A ASSBLE DIN'G SIOULD 
DISCHARGE FEEDER. EACH BUKER ISLOADED TO A FI\ED LEVEL BY USE OF 

ANAU TOATIC ROMACON',EYER TRIPPING MECLANISM THAT COUSES FAC}{ BIN TO BE 

FILLED SEQLUTIALLY U'ifIL ITS APPROPRIATE LEVEL IS REACHED. EITHER 

UlTP.ASOIC LE'EL TRA4SMITTER OR NUCLEAR LEVEL SENSORS SHOULD BE USED TO 

SFNSE THE APPROPRIATE LEVEL. 
,,- L-.,. TL'::TTT. CF T%7 UL:RA,,N: RA:S r2E ..... 1.. ........ 

OF TILE REFLECTEDENERGY PULSE VERTICALLY DO'WNWARD. TILE TIME OF ARRIVAL 

ENFERGY DETEF',INES THE LEVEL IN THE BIN. 
RADIO ISOTOPIC SOLRSE,THE NUCLE.AR LEVEL SE SOR IS NADE UT OF A NUCLFAR 

O- 0,E SIDE OF THE BU ER, ANDANARR.AY OF GARMA - PAY DETECIORS,MOUN.TED 
NUCLEAR DE'ICES ARL RELATIVELLYMOUNTED ON THE OTHER SIDE OF TILEBILYER . 

PROVIDE ACCURATE AND RELIABLE !E.SURFME.NFTS OF COAL LEVELS.EXPE:SIVE BUT 
THE NOR.AL WAY OF ACHIEVING GOOD HOMOG..IZTION IS STACKING BY TIE CHEVRON 

METHOD AND FRO;T RECLAIMING. WHE OPERATING WITH A CIRCULAR HOOGENIZTION 
ME71OD OR BY THE CHEVRONPLANT, S-7 CK:NG YA' BE ENE EITHER 	 BY TTHE KELLY 

,METHOD.
 

IN CHINA, FANGEZL'ANG COAL PRE.PAR.ATION PLANT USE SIMATIC-150A AND MC-6300
 

MICRO COMPUTORS.
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C-;NTR:FUGAL FORCE CLEA.ING 

C:NT,'..L RCE IS MORE IPORTANT TiA', GRAVITATIONAL FORCE FOR TE 
PPE.AZ'T;,, OF CHIN;ES-- COAL. BECAUSE THE WASH.ILITi OF CH!:ESE COAL IS VERY 
DIFFICULT EFEC:ALLY THE COKING COAL. THE GRAVITATIONAL CONSTA.NT IS "G", 
WHICH EQUALS 2,OCt Sect DO THING A.3OUT IT WE WA.TL WE CANNOT kN' E(CELT TO 
LEAVE THE EARTH. BUT W'ECAN INCREASE THE ACCERATION OF THE CENTRIFUGAL FORCE 
TO SEPARATE THE COAL AND REFUSE. SUCH FORCE CAN BE AS MUCH AS SEVEPAL 
H-INDREDS TIMES GEATER THAN GRAVITATIONAL FORCE. MICIAEL SOKASKI AND M. R. 
GEER WROTE: "IT 15 APPARENT THAT THE FORCES CAUSLNG THE PARTICLES TO SEPARATE 
IN A STATIC BATH ARE PRGPORTIO.IAL TO "G", WHEREAS IN A CYCLONE THEY ARE 

PROPORTIONAL TO V,R -H-IC}{ IS MUCH LARGER. AT THE APEX OF THE CYCLONT THE 
ACCERLERATION; INORREASES TO OVER 200 TIMES GREATER THA..' GRAVITY". THEREFORE I 
VE CHOICE THE CYCLONE OUR EQUl,'M."T RCM AND COAL.AS .AIN TOTFEAT COUAL FI,'E 
THLEBRITISH LARCODEAS ( f 1.21) CAN HN.;DLE PRA'COAL SIZED 100MM4-0.51C. THE 
RA'WCOAL CAN CONTAIN U? TO 501 REJECT. TIE FEED RATE CANBE UP TO 250TH. 
THE VOLUETRIC CAPACITY OF THE LARCODE4S IS 300 ! H AT THE DESIGNED INLET 
PRESSU.RE EQUIVELET TO I0. o N. OF 1EDIU4. 
CHINA HAS BUILT UP 600 4. DIAMETER HEAVY M4EDIM C'CLONES IN PINGDINGSHAN 
COAL PREPATTION PLANT A:D !NAJIAGOU COAL PREPARATION PLA T. T}E CAPACITY IS 

IES PER PER SiZE IS50-7T " HuILR L0CLUNE. liE FEED IL 50-0.5 T-1, t.iG;NETITF 
USED AS HEAV'Y MEG'".4. WEALSO USE TIE FLOTATION TAILINGS AND FINE REFUSE AS 
HEAVY MEDIA. THE TYE OF THE CYCLON,,E IS DBZ-I. 
IN CAI-TUcl. COAL PRAP1?A.TION PLA'T. TIREE-PRODUCT CYCLONES DI.METER 500 AND 
300 HAVE BEEN BUILT UP. THE FEED SIZE IS 23-0.5 !-C. TIE CAPACITY OF THE
 
TITHREEFRODCT CYCLO,- IS 40 TONES PE? HOUR.
 
THE WATER ONLY CYCLCNES, TYPE WOE-35, WOE-,O, ARE USED IN CHINESE COAL
 
PREATION' PLA,;TS ALSO.
 

E'GI',NEERS,THF AERCAj " lT ROBEFTS , SCHAEFER, AND MCNALLY CO.ETC. H.AVE 
BUILT L? KI',iNRE-2 OF COAL I'EPAPARTION PLANTS USING DIFFEREJT MODELS HEAVY
 
MEDIU4 CANCLES AND WATER. CYCLO;ES, TO APPLICATE DIFFERENT SIZES kND
 
CAPAC:TIES7. NANI TOPF 50:4!,I. TO MESH (0.15 0.
P4 h4 SIZE. DOWN 100-150 - 10,1N)
 
THEREFORE. THE CAPACITY OF FLOTH FLOTATION WILL BE REDUCED OR THE FLOTATION
 
PROCESM14OT BE C.ACELLED.
 

OIL AGGLOMERATION AND CENTRIFUGING 

OIL ArGLtEO'4Y.TIC. RELIES ONDIFFERENCES IN TT! SURFACE PROPERTIES OF COAL 
A;D DIRT TO EFFECT SEPARATION. OIL AGGLOM.ERATION CANPRODUCE A DF',SE. COARSE 
GRX.'.L.XR PRODUCT OF ACCETA3LE STPR'EGTH AND LOhIWATER .ONTENT WITHOUT THE 
NEED FOP FILTERI!;G OR THERMAL CI MODEL EBW CETRIGUGEVACUUM1 DRYING. WILL 
BE USED FOR DE'iATEING. THE TOTAL MOISTURE OF THE CLEAN COAL IS PROSPECTED 
BELOW 7,4 I"LDIN;G 1.5% OIL FY WEIGHT OF COAL SOLIDS. 

CLOSED WATER CIRCUIT 

'EWANT, TO RECIRCULATE THE WATER I,, THE PLA.T. THE REQUIRE4ENT OF THE SOLID 
CONTENT OF TIlE RECIRCULATING WATER SHOULD BE 10-100 gm-L AND TIE EFFLUENT 
MUST BE BELOW 0. 4 gmwL. THEREFORE. WENEED TO ADD FLOCULANTS TO ACCERATE THE 
SETTLING R-ATE OF SOLID. LONG - CHAI'N FLOCCULuNTS OF HIGH MOLECULAR WEIGHT. 
SUCH AS SUPER - FLOC 127, SEPARA. MG200. NALEOLYTE 603 ETC. IN CHINA, 
POLYACRLAIDE IS THE MOST POPULAR FLLOCULANT AND DUAL ATOM'IZER SHOULD BE 
USED.
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LL.,r
LT. NO 

THE 	 '. CI! TE., IN ThE COAL EAR:LN PL._'HS I ', ''7HE: 
EVEP. CF.".Ei:A ", 7,TES H."E -i ALED IN P. -...... PC.;.TS ,' LX, 

THE 	 '. ,2E.E7iT- OF T- C3O')H7R CONTR-.L I'CLUIDED: 
1)MF EFFFICIENT L-E OF AP,E.. 
2) I:WJVED PLANT . A-'.E-F.F 	P E , IENCY; 
3) BETTER US'EOF TWfzPL' T-:.Y PR0V!DP:Nr HIG:ER MO=,CCTIVITY;
 
4) [!JPRO'.7D QUALMTY C'JNTROL REtLITIN, IN INCR.EASED YIELES;
 
5) I-,T.Sv ED INT-,,.LT!I., OAN'CE-E'TOVERALL PERF ,AANCE
FOR CN PLANT USES 

OF CO:MWTEFS IN P PLANT-UNESS OPTI:EIZATION 
Ar FIRST. ',E SNLLE PAVE GOOD IN:STEL7.EXITAT!ON; USED IN Til CCAL 

!:LLDED ',CLEZAR DF'SIT. i;AOES, BU',CE. LEVEL IN-aIOCA.....P,?ARA .C. PLA;T .''En BEL. . . SPEED LiQUID -LTORS. L;"FER , BELT SENSOR. LEVEL AN Q 

Ng",-',CT EASIRE.ENTS 5L'CAS ULLTEASNIC. ECHOSNIC.
FLO. P2.TE 'FTERS. 

NLCL: A. ,;1P"E.-. TPv.', BEE,E' -"NSTRT--D TO F"
LE VELOCITY 
REL!ABL-E I;COL PK'PANAT:-'U PLANT APL!CATION:S. 
I: C{i: 'E7 COAL PL.ANTS,?:PF-ANT,,,,OnE THN 2 0 STS OF P0-1500 PVC*7ET 
CC1P'.T'" HV,E BEE:: SE AD.[ ALSO BC74-3 M11ICROC.PLTORS. APFLE-2 N C'I 
COMPATORS. TE; FA:OBEEHT..:'F COAL PRPR.-AAT-lIO ?LANT WIfCH WAS IMPOR rED FROM 

XI.,., AO COAL PREPARATION PLANT iICi W:S IMORTED FRO'4 
' 

U.S.A.,.04ERN1 GE.,E.\AL ELECTRIC S LOGIROL-500 AND LOGITRL-0 CO.', TORS 

HLAVE USEEDALSO. THE -[lNE-E COAL RESEARCH II;STITETE IN TANGSHA.NG HAS 

I'NE':TED T}"E AUTO'LAT:C IN-LINE ASH MO'4'ITOR FOR M4IZuS !3.-1 SIZED COAL. Tl[E 
MOISTL7E C IS BE'.1iEN ASH CONTE-NTF:-TEE I2-]4.6.THE IS BEThE; 4-1.:o. TIE 

T iC. THE CC-L BED IS BELC., IHu.,. THE AOCMR.!-A'' OF TIE I,.N-LINE ASNi 
.....NI'~~ .n 3:; F ,l.,D, T- BE ';ITII!N . - e. 5"'TE RA:O ISOTOPE IS ":41:-

TH 	 V O,flR. TiTE L ','ElGI'4 7~ AiTLW 'C MIN-LINET .. M fS BEEN 

FOP r; ; . TOTAL PP42'.IS ETWEE:.; 6 - . . 3 . TnE ACC CY-> o77 MnSTcRE 

C	 IS SIUF FCIEN'TLY WELL UN.DE.STOOD.
COT'R F AVY .ED: . .1LO' PID.S E:ES 
IT 1TLW- VA'T-,ATE, i LITTLE DIFFICT'LTY. TKERESERC.H OF CONTROJL OF 

N B TFE CANADIAN C\CLO>'ETHE CL "ATN- ?FCESSE'- IS Q'ISO OGE YLENON-EIN :AL" LTD.E .', I.,-E1::. 'LH..t.1 

A C3' B O\T:.. Y!T_..! 0F TE HATER RECOVERY SECTICO AND STRATEGIC 
S>STE'4 11ILL INCLUDE THExPOIN.TS THR'.GHOLT TE FLA'T COULD BE CARRIEDE IT THE 

FOLLcMI'F, INSTRU'4ENTES: 
UELECTFI,.nLLS .,, ?N:~ iu'.ic.%rn.,L'7ED~:. nuvc..;
 

FLO.,ETER;. (DOPPLER ULTRASO:iIC VELOCITY):
 
3 DO:SITY METERS (UCLEAR);
 

PH ,4ETERS A.'D TE'4PE-,ATUER METERS;
 
5) TUP&IDITY METERS;'
6 VAR.iABLE SPEED ELECTRIC DRIVES WITH TACHOIAETE:. FD B.\CC:
 

; STRAI* GAUGES:
 
9) LEVEL INDICATMIG EQUIP!4Er.
 
9) LAMP EQUIPME.*T A:NDVARIOUS FREQUENCY ALAPMS;
SO1UND 


10) PRE'S ,',,D EUIPMENT.
E CAT I:cr 
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COWLETE COM.PUF.'TERCOWFOL S'-STE'l 
PCS 7:X..N iM', 7 

TIME CL, CN: 

CO% SISTI';G 
"'OR$ 

OF THE FOLLOYIN': 
IO.E B.E1ORUBOOTSTR,AP LOADER. R.EAL 

2) DISK A.D C'NTOLLE,; 
J) PRiNTER 
4) IND'STRIAL INTEP.FACE CONTROL BOX: 
5) F0FTWiV.E PACKAGE; 
6) ACTIVE 1,0 TER..INAL, VIDEO TYDE. 

FOR SCrESSF.L CONTROL PROCESS INSTRUMENTATION MUST 
OPTICAL C'4L;ICATION' CABLES ARE BECONING POPULAR IN THE 

BE REPEATABLE. 
PROCESS C

FIBER 
ONTROL 

INMUSTRY. IT IS EXECTED TIT TIESE LINES .WILL BE USED IN AUTOMATED COALPREPAR.ATIO PLANTS. ANOER REQUIREENT IN AN' CO4PUTER qONROL SYSTE4 IS TO 
FROV,'O RLIA3LLE SIGNALS AT THE '4AIN COAKTOR. 

CONCLUSION; 

CHINA WAN'TS THE7SErVICE5 OF A COAL PREPARATION PLANT TMAT HAS A HIGH DEGREE
OF EFFICIE CY A:D A LO COST PER TON OF OPERATIOL. THE COAL PREPAPAION
PLA.'T MUST BE BUILT AT T:E CfEAPEST COST. THEREFORE. ADVANCED TECHN;OLOGY FORIMPROVIN , COAL QU"LITY IS ESSENTIAL TO I.CRESIENG CHINA' S DOMESTIC AND
EXORTABLE COAL FRODUCTION' TO TiE DESIRED LEVELS. I WOULD LIIE TO POINT OUT
TIE FOLLOWI.;G FIVE POINTS ON TIE N DEVELOPM ;T OF PRULESSING FOR COAL 
BENlEF iC!AT IO,: 

TIC; OF COAL 
2ACEN rTh IS IMPORTANT CHI, ESE COAL, EITHER BY 
I) HC' AZAZ. ROY. IS NEEDED: 

GL FOR .CCLEANING FOR 
IEAV' MEDIA C'CLOE. OR BY WATER ONLY CYLO,1ES. 

3)OIL ..,GLJ' NERAN AND CEN1TRIFUGAL DRYING WMILLBE INST-AD OF ThER'AL 
DRYING: 

" 
CLUSED W~A-ER CrIC:'!T WITH FLOCCULATION WILL BE USED:

5) CO'PLT2 
COTR.L ISREQ.IRED NOT ONLY FOR REDUCING ORPEFATIN G M.;

BUT AC F 
 71:ThE7FV.!l'TQ.ALTY OF TIE CLEAN' COAL AND THE EFFICIE.'CY OF 
TIE PLA;T. 

TH'xi<:
YOU.
 

BEs, VAILA8LE DOCUMENT
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ABSTRACT
 

Among several emerging new technologies for coal cleaning, the packed flotation column stands out 
as the only high efficiency device meeting nearly all performance targets set by the US Department
of Energy for Btu recovery and ash/pyritic sulfur rejection. The packed column, originally
developed for beneficiation of minerals and paper de-inking operations, is now being explored by 
many for coal cleaning applications including fine coal recovery from waste ponds. The packed
column performs like multi-stage open columns because its unique packing design is capable of 
supporting a very deep froth bed without causing froth channeling or overturn. Besides providing
intimate particle-bubble contact, the packed column overcomes the intrinsic problem of vertical 
mixing of an open column. The scrubbing action of the packing to cleanse the entrained ash
forming particles from the coal froth is the key factor for sharp separation. A premium coal of 1% 
to 3% ash can readily be produced at 80 to 90% combustible matter recovery on many US coals. 
Effective flotation extends down to particles of only a few microns in size. The practical limitation 
is not the separation device but the degree of liberation needed and the cost of grinding. Since die 
new technology has also been tested successfully for recovery of coarse coal (top size of 0.5 mm),
significant opportunities are created with this technology toward secure energy supplies through
economical use of coal in an environmentally acceptable manner. This paper presents the status of 
advanced flotation machines and processes that show promise for imminent industrial adaptation. 

INTRODUCTION 

1. Background 

Coal is a major energy resource of the world. The responsible use of coal is vital to maintaining or 
improving the standard of living for the majority of world population, including those living in the 
United States. Rapidly changing global market has encouraged technical developments in coal 
cleaning to control emissions and to minimize operating costs. Coal cleaning reduces the amount of 
sulfur and mineral matter. The ckaning process also provides a more acceptable fuel for compactly
designed combustion and boiler systems. The benefits of coal cleaning on system performance are 
numerous. Not only does it decrease ash-handling requirements, but when coal is ground to fine 
particle sizes to liberate mineral matter, hoiler tube erosion is minimized because fly ash particle
sizes are smaller and abrasive ash species (such as quartz) are reduced. Also, heat transfer 
performance when firing these cleaned coals is better because less ash accumulates on the tubes. 

2. Emerging Fine Coal Cleaning Technologies 

Among several emerging new methods, physical separation remains the center of interest because of 
its near term potential. The principal methods take advantage of the differences in physical
properties between coal and mineral matter to achieve the separation. Even though the physical 
process only removes ash and pyritic sulfur, it can convert many high-sulfur coals into compliance
coals more economically than competing technologies. However, to achieve a high level of pyritic
sulfur "ejection, coal needs to be comminuted to fine sizes say, minus 200 mesh, resulting in a large
quantity of coal below 400 mesh size. Conventional fine coal cleaning consisting of sub-aeration 
flotation poses problems when dealing with such fine particles. Accordingly, the expanded use of 
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coal resources requires the developments of advanced coal cleaning technologies that can provide 
economic performance while reducing environmental impacts. 

The leading processes now under development are: (1) Selective agglomeration, (2) Heavy-liquid 
cyclone separation, and (3) Advanced flotation. Selective agglomeration technology, which has 

received considerable attention from researchers over the last 10 years, suffers from economic 
of agglomerant required. The heavy-liquid cycloneproblems due to the high dosages (6-10%) 

appeared to be an attractive technology initially, but the losses of organic liquids via absorption in 

the product and tailings have become a major environmental concern. It is doubtful if the heavy
liquid cyclone can work effectively for particle sizes below 325 mesh, even with very low
viscosity, high-gravity liquids. In comparison, advanced flotation offers considerable advantages 
in terms of rejection of mineral matter and collection of fine coal particles using small air bubbles. 

In the following, the status of advanced flotation technologies is reviewed in an effort to assess the 

impact to improved fine coal cleaning. Special emphasis will be on the development of an almost 

ideal counter-current mass transfer device - packed colunmn. 

3. Evolution of New Flotation Concepts 

Flotation is a complex process involving a variety of subprocesses with respect to time and space in 

the flotation machine. It may include mass transfer through particle-bubble attachment from slurry 
The physicalto froth, and from froth into concentrate. Conversely, detachment also may occur. 

and chemical nature of the material to be treated and its interactions with reagents and air bubbles are 
all critical for a successful performance. 

Advanced flotation extends the principles of conventional froth flotation to particles of micron size. 

The current development of a number of innovative flotation systems can be compared technically 

and economically, but the evaluation of new flotation technologies should carefully consider overall 

system benefits, such as product handling, dewatering cost and ease of operation and control. 
come to dominate while others disappear. Future flotation circuits willAgain, one system may 

make use of metho0s StuitCd for the particular flotation requirement [1]. 

ADVANCES IN FLOTATION MACHINE DESIGN 

1.Conventional Flotatior Equipment 

The flotation machines can be categorized as mechanical, pneumatical, froth separators, columns 

and other variations [2]. Until recently, flotation was almost completely dominated by the agitation 

type mechanical device, usually consisting of banks of stirred tanks. The major development in the 

evolution of the conventional flotation machine has been the steady increase in the size of individual 

units for economy of scale. However, compromise is very often made between the separation 

efficiency and the capacity of the machine. 

is being asked to do several conflicting tasks. It has toThe agitation-type of flotation machine 
provide turbulence to maintain particles in the suspension and promote contact between particles and 

the small air bubbles introduced into the pulp by the stirring action; and also to provide a quiescent 
frothregion for efficient separation of the loaded bubbles from the remaining pulp through 

was recognized as the maindrainage. Entrainment, particularly of fine hydrophilic particles, 

mechanism interfering with selectivity early in the development of the model for flotation [31, yet
 

or treated entirely empirically. A basicthe importance of froth cleaning is usually overlooked 
understanding of the problems with conventional flotation cell design along with the competitive 

nature of the mining industry on a global basis has recently resulted in the rapid development and 

acceptance of new flotation concepts, including some novel flotation cells which seem to find favor 
in various applications. 
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2. Novel flotation Cell Designs 

Several of the newer methods employ different techniques for increasing air and slurry contact ai d 
ach'eving improved flotation performance. Froth washing can give improved concentrate grades.
Some stress a shorter residence time so that more compact flo:ation plants can be designed and 
constructed. The removal of impeller/motor mechanism can give reduced power requirements.
However, significant economic benefits must be realized from the circuit before any of these new 
concepts czn be accepted by the industry. The inroads made by column cells have to date been in 
the right trend. Advances in the understanding of separation mechanisms with respect to slurry and 
airflow rate, uniform bubble size distribution, and froth washing, have enhanced the column 
applications for coal cleaning. Highlights of the new flotation design concepts include: Flash 
flotation, AFT flotation, Open and Packed Colurmn flotation and many others currently under 
development [4]. It is quite likely orv a few of these will survive after industrial scrutiny. 

Recent advances in conventional column flotation have shown clear benefits in actual froth 
separation. During scale-up in commercial-size columns, howeer, vertical mixing and bubbles 
coalescence have proven to be significant problem areas, thus needing very tall columns or a drop in 
performance. These problems are addressed by the unique design of the packed column. 

DEVELOPIENT' OF PACKED COLUMN CE[.L 

1. O erview 

The development of the packed column (or static tube) flotation system has proven to overcome 
most of the shortcomings of conventional flotation methods including open columns. The packed
column was originally developed for treatment of fine-grained iron ore more than 10 years ago and 
later expanded to many applications including de-inking for paper pulp recycling. It is intriguing to 
see the successful demonstration of the packed flotation technology in such a wide scope of 
applications. 

Producing an iron ore concentrate of >66% Fe from a feed of 30-35% Fe in a single step has indeed 
set a new standard. In several pilot and industrial scale test campaigns for suhlide ore concentration,
the packed column has significantly outperformed the open columns. For example, at the similar 
concentrate grade of 32-33% Cu, the packed c!!umrn improved the recovery from 42% to 77% even 
operated at much higher (almost 3 times) througi:put capacity per unit cell volume. The extension 
of the technology' to coal applications has also become an instant success. The cleanest coal 
produced by the new process corresponds to caout 90% ash removal and almost total removal of 
pyritic sulfur, the theoretical limit for physica separation. Moreovur, the packed column process
has been effective to treat particles down to suosieve size ranges. The distinct design feature of the 
packed column is its in-line packing that has led to significant improvements in process economics 
as well as metallurgical performance in grade and recovery [5-8]. 

2. Packing Structure ard Operations 

The packed column flotation machine, which is presented schematically in Figure 1,incorporates a 
packed-bed column design to provide small flow passages for intimate particle/bubble contact (For
illustration, the size of the column is arbitrary). A most effective packing structure found is a stack 
of corrugated plates as shown in the exploded view. The packing plates are arranged in blocks 
positioned in layers at right angles to each other. These stacked corrugated plates obviate the need 
for an air sparger, since they break any bubbles into small sizes. Capillary effects between the 
plates support an almost unlimited froth height. 

This devic',, which resembles a conventional flotation column from the exterior, has a pulp inlet at 
an intermediate location, a water inlet near the !op and an inlet for introducing compressed air into 
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Figure 1. 'acked Flotation Column Setup. 

the bottom of the column. Wash water percolates down through a maze of small flow passages 
conforming to the shape of the packing structure. Low pressure air is added direcdy to the bottom 
(no sparger). Bubble size is uniform as air takes a tortuous path upon rising through the packing. 
Coal concentrate is pneumatically conveyed to the next processing step (no launders), while the 
tailing stream exits at the bottom. It has been shown that the effective volume of the machine is the 
major factor for scale-up considerations, provided the unit cell geometry of packing elements does 
not change significantly. As air passes upward through the winding flow passages, it continuously 
disperses into fine bubblus that carry the floatable particles into a froth compartment in the upper 
portion of the column, where the clean product is discharged through an outlet. Wash water 
descending through these same flow passages induces entrained mineral particles to separate from 
the clean product. With adjustment of the machine operating parameters, various degrees of 
separation can be obtained. 

The operating conditions of the packed column can be manipulated in accordance with the 
requirement of each system. The key factors affecting its separation performance are reagent 
addition, feed rate, air rate, wash water, and most imporandy the pulp level and/or froth-bed height. 
Depending on the particle size and pulp density of the feed material, the feed rate can be varied from 
0.5 to 2.0 TPfl/m and the pulp density ranged from 5 to 40% solids. It should be noted that the 
feed rate can be scaled up directly by cell volume, or by cross-sectional area if the column height is 
unchanged. 
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3. Typical Coal Cleaning Results 

The packed column flotation, has consistently demonstrated its ability to reject 85-90% of the pyritic
sulfur from many of the U.S. coals at over 85% combustible matter recovery. The quality of coal 
can be easily monitored with the froth-bed height adjustment through a pressure-controlled tailing
discharge outlet. The typical coal flotation test results obtained using the packed column flotation 
process are presented in Table 1.The results of packed column flotation are extremely promising 
when compared with convc.,tiona methods. 

Table 1.Comparison of results for selected bituminous coals. 

Packed Column Flotation Conventional Flotation 
Head Stapes Quality %Rec. Stages Quality %Rec.

Coal %Ash P. 2Ash tu No. %A h Btu
 
Western Canadian
 
(-65 mesh) 15.1 1 9.9 98.3 1 1.3 98.6 

8.4 96.3 2 10.4 96.0 
7.9 93.5 3 7.8 78,0
5.6 80.6
 

Upper Freeport A
 
(-100 mesh) 1S.l 1 7.0 98.6 1 6.4 85.4
 
Upper Freeport B
(-35 mesh) 13.6 1 2.5 841.9 

Illinois #16A
 
(-100 mesh) 4'.7 1 4.6 93.5
 

3.8 91.3 
3.6 89.6

Illinois 46 B
(-400 mesh) 14.1 1 3.3 94.1 

Pittsburgh A 
(-400 mesh) 17.5 1 2.9 92.4 

Pittsburgh B 
(-325 mesh) 12.0 1 3.0 99.2 

2.6 96.1 
1.9 78.2 

2 2.6 98.1 

The effectiveness of the packed column flotation process is demonstrated by its excellent selectivity,
maintaining both high Btu and mass recovery of coal with low dosages of reagents. Table 2 lists 
the results of a round-robin testing program, organized by ICF Kaiser Engineers sponsored by the 
U.S. Department of Energy. These results were bascd on tests using a standard sample of 
Pittsburgh No. 8 coal ground to 325 mesh. The data show that the packed column process is 
superior to all of the other leading processes in ternms of Btu and pyritic sulfur rejection. 

The results of a recent study show that the coarsely packed column has significantly improved the 
throughput capacity, up to three times per unit cell volume of the finely packed column without 
compromising the fine coal cleaning efficiency [10]. Table 3 presents the test results on Upper
Freeport coal with 19 mm packing, including the test conditions. The test performance under this 
program was evaluated using a Selectiviy Index (SI): SI = (Tailings ash/Product ash) x Yield. A 
higher SI value equals to a better separation and, hence, better performance of the column. The 
results indicate that a clean coal product containing 5 to 6% ash was obtained, and in one series of 
tests, Btu recoveries were about 90 to 94%. 
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Table 2. Round-robin test results for leading fine coal cleaning process 

Grind: -325 mesh 
% Btu % Pyritic S S/t of S02 

Processa) Recover" Rejecton Efficiency Removed 
673All Mineral 95.9 58.0 54.0 
N/AB.D. Research 99.4 69.2 68.6 
308
CAER 97.7 79.7 77.4 

Deister 94.6 68.9 63.5 383 
ISGS 95.6 74.3 70.0 372 
VPI 80.3 88.6 68.9 263 
NITU Process 96.6 86.1 82.6 321 

a) CAER = Center for Applied Energy Research; 
ISGS = Illinois State Geological Surwvey;
 
VPI = Virginia Polytechnic Institute:
 
NTU = Michigan Technological University (Packed Column).
 

Table 3. Coarsely Packed Column Test Results on Upper Freeport Coal with 19 mm Packing 

Feed ed:JFu1l Pi-e A!, V'e.h Froth Product Perfo.m -acc 

Test Flo'.' 
E-1Lrim 

1 !40 

SolhdOil c3 Oil 
Lhit I~i 

4.0 0.93 0.93 

F!ow 
LEi 
22.7 

WVtc.Lzve' 
I/rn,i,, --
0.61 5 

HcigLt -

L, fLAYh 
223 10.2 

= 
1.13 13335 

LIelBtuR ecJB 
73.5 91.3 30.7 

j 
479 

2 
3 

140 
140 

4.0 
4.0 

0.93 0.93 
0.93 0.93 

22.7 
17.0 

0.61 
0.61 

0 
0 

229 
229 

9.4 
8.7 

1.14 13974 
1.10 14095 

77.7 
73.9 

91.3 30.8 
87.6 36.5 

522 
488 

4 
5 

140 
140 

4.0 
4.0 

0.93 0.93 
0.93 0.93 

28.1 
tS.3 

0.61 
0.91 

0 
0 

229 
229 

9.1 
7.3 

1.12 
1.12 

14026 
14250 

73.6 
76.5 

92.7 31.2 
91.6 33.1 

575 
644 

6 140 4.0 0.93 0.93 23.3 1.21 0 229 6.6 1.08 14458 73.6 89.5 37.9 698 

7 140 4.0 0.64 0.64 9!.3 0.91 50 130 7.6 1.05 14258 52.2 62.6 57.2 251 
8 140 
9 140 
10 140 
11 140 
12 200 
13 200 
14 200 
15 200 
16 200 
17 200 
13 200 
19 200 

4.0 1.25 1.25 
4.0 1.25 1.25 
4.0 1.25 1.25 
4.0 !.25 1.25 
4.0 0.93 0.,-3 
4.0 0.93 0.93 
4.0 0.93 0. 3 
4.9 0.93 0.93 
4.0 1.25 1.25 
4.0 1.25 1.25 
4.0 1.25 1.25 
4.0 1.25 1.25 

22.7 
22.7 
22.7 
22.3 
17.0 
17.0 
17.0 
22.7 
22.7 
22.7 
22.7 
22.7 

0.91 
0.60 
0.40 
0..1 
0. 3 
0.80 
0.40 
0.40 
0.40 
0.40 
0.60 
0.80 

-25 
-25 
-25 
-25 
-25 

0 
0 
0 
0 

-50 
-50 
-50 

253 
253 
253 
253 
253 
229 
229 
229 
229 
277 
277 
277 

9.0 
5.1 
5.6 
5.5 
6.5 
6.9 
8.4 
9.0 
10.6 
7.6 
7.1 
6.5 

1.13 14043 
1.08 14717 
1.09 14631 
1.10 14642 
1.11 14475 
1.07 14406 
1.10 14147 
1.15 14043 
1.18 13766 
1.15 14285 
1.17 14371 
1.15 14475 

81.5 
73.8 
75.9 
76.8 
66.2 
64.7 
70.2 
77.0 
83.9 
79.4 
78.9 
77.2 

96.2 
91.3 
93.4 
94.6 
30.6 
78.4 
83.5 
90.9 
97.1 
95.4 
95.3 
93.9 

28.1 
37.7 
35.4 
34.0 
42.6 
45.9 
39.7 
30.8 
22.7 
28.7 
27.9 
30.6 

689 
975 
965 
1033 
515 
450 
435 
539 
613 
780 
832 
853 

Column Size: 10.2 cm ID x 610 cm tall 
1.28% TS, 11,895 BN/lbHead Analysis: 21.47, .. ,,, 

g/m.nul of cell volume)Feed Size: -35 mel-4; Feed Rate: 140 g/irn and 200 g/n-in (-4 
BtuRec: Percent Btu Recover" 
CMR: Percent Coal Matter Recovery 
AshRej: Percent Ash Rejection 
TSR: Percent Total Sulfur Rejeciion 
SI: Selecli'vity Index 

*Pulp level referenced to feed in!et position (170 cm from the top) 
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The re.ilts of several series of tests conducted on the Lower Freeport coal are shown in Figure 2.
The data indicate the performance of the packed column is equivalent to that of about five stages of
conventional batch flotation. This coal is difficult to clean because it is the reject from a fine coal 
cleaning circuit. The feed coal contains more than 40% ash but still could be cleaned to under 10% 
product ash in most cases at over 80% Btu recovery. 

Additional tests on the same coal was ,in using different sizes of packing at a fixed feed rate, but 
with varying dosages of reagents. These data shown in Figure 3 are compared directly to the same
column with no packing. More open packings give similar performance. The very obvious
advantage of the packing in comparison with that of open or no-packing columns is shown in the 
data presented. 

Unlike any other conventional flotation methods, the packed column flotation is actually a froth
separation process since it involves mass transfer that takes place almost exclusively in a froth phase
imbedded in the packing elements. Figure 4 shows the effect of froth depth on the selectivity of
packed column flotation. The data clearly substantiate the advantages of deep froth bed. Also,
scale-up of the packed column is straightforward. This is especially true when the similarity of the
unit cell georpetry and wall effect within the packing structure in different cross-sectional areas of 
the separator is maintained. Applications for many other minerals have also been successful. The
technical advantages are primarily relied on froth separation effectively preventing fines 
entrainment. 

5. Economic potential of the Packed Column 

As with any form of processing, the ultimate criterion of success is economic viability. The majoradvantage of the packed column over conventional and other columns is its ability to produce higher 
quality concentrates at equal or better coal yield. A comparison of estimated capital for a 40 TPH
clean coal plant and the annualizcd cost per ton of cleaned coal is shown in Table 4. 

It should be noted that the packed column delivers the best quality coal at the least cost. Based on
this data. the payback time for a fully installed plant in all three types of plant can be estimated in 
less than one year. 

Lower Freeport Coal 
*150 mesh Feed 

80 o so 

-150mensh o 
o ou n 3 m P c0n . O 0 13mm 3:raTc irn n Z~~ 

0" 40- Colunm 6 cn' Pai,- 0- 40- 0 19 mi Pacl.n- a 

+ 3-Stae P a':h T,,: 

20 5-Stage : 1: 2 X NO Paclirig
 
20 4900 61) :o2o 20 ;
00 40 6,0 s'o too 

% Pyritic Sulfur I,"ejection % Pyritic Sulfur Rejection
 
Figure 2 Comp.ri-on of Packed Column Figure 3. Comparison of Column Performance
 

with Standand Batch Tests. with and without Packing.
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1500 
Packin' size: 13 mm 

0 10.2cm x 610 cm Column 
1250-

X 
Upper Freeport Coal 
-35 mesh 

1000 0 10.2 cm x 305 cm Column 
0 Lower Freeport Coal 

750 1 mesh 

750- x 
,x Packinp Size: 6mm 

tr 500-
/X 

0 
4.6 cmx 244 Column 
Illinois No.6 Coal 

0 -100 mesh 

250 250 1 1 1 

50 100 150 200 250 300 
Froth Depth, cin 

Figure 4. Effect of Froth Depth on PackedColumn Flotation Performance. 

Table 4. Cost Comparison of Various Flotation Unit Operations 

to Produce Superclean Coal 
Ez,_csQm -- P r.a m-,, ,5 

Plant capacity 40 TPH 

Plant lite 20 	 yrs 

Debt 	 10 
1 1%
rate
Interest 

1 2 %ashRa.., coal 

4 916S 

Cos .Qn ontionl ColunL Piked oum 
Stages 3 1 1 

Total Capital 	 680,000 550,000 600,000 
250 200 120I-FP 

AnnualLCoQuL./i 
Operation &Maintenance 

Power 	 77.500 62,000 37,200 

Reagents 40,000 14,000 9,700 

Supplies 5,000 3,000 1,000 

MaoA 50MOQ HMO~l 150Q00 
Total O&M 	 372,500 279,000 197.900 

Capital Amortization 85 391 753 

Total Annual Cost, S/yr 457,891 348,066 273,245 

Clean Coal 
%ash 3.60 3.32 2 60 

2.00 2.02 1 65 

%Btu 	 Rec 95 64 89.02 96 56 

%Yield 85 40 78.75 83 70 

ton/yr 113,445 104,677 111,187 

Cost, S/ton of clean coal 
Flotation $4.04 $3.33 $2.46 

Other Unit OerationS IZ.2A 10.57 La 

Total Plant Cost S16.28 $13.90 S12.26 
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SUMMARY AND CONCLUSIONS 

1. 	 Advanced flotation technologies have a significant role in the future of coal utilization. 

2. 	 Among several emerging new technologies, packed column flotation has met almost all 
requirements set by the U.S. Department of Energy for high separating efficiency at acceptable 
process economics. 

3. 	 Packed column can work with both coarse and fine-sized particles and is flexible to produce
clean coal of different ash contents over a wide range, thus allowing a plant to control the clean 
coal quality and meet specifications at an optimal coal recovery level. 

4. 	 The packed column is commercially viable and offers the following advantages over an open
column: (1) constantly breaking bubbles into fine sizes, thus eliminating the need for a bubble 
generator, (2) allowing repeated bubble-particle interaction, (3) preventing vertical mixing in the 
column, and (4) providing extensive froth support. 
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1. INTRODUCTION 

There has been signifiant interest in recent years in development of 
domestic fuels which could displace those presently imported by certain countries 
industry . Because of the large quantity of fuel consumed by the electric power 
generation industry , much of this interest has been focused on fuels to replace oil 
and gas combusted in existing utility boilers . Many of these efforts have focused on 
the use of coal as the replacement fuel since it is the world 'most abundant fossile 
fuel (1). 

It has been suggested (2) that concentratee coal-water slurries can be 
utilized as an economical means for the transportation of coal over long distances or 
as substitute fuel for oil or c )al-oil mixtures for electric power generation . 

The growing importance of coal-oil mixtures and coal-water mixtures as 
alternate fuels to replace oil in industrial boilers and furnaces has been 
demonstrated in recent years . The symposia on coal slurry combustion and 
technology have brought together a large number of workers interested in the 
various methods of preparation and handling of coal-oil mixtures (COM) and coal
water mixtures (CWM) , their rheology and stability, their combustion characteristics 
and other aspects of this technology (3). 

Since coal is a complicated mixture of carbonaceous and inorganic matters , 
the physico-chemical properties of each coal must be understood in order to 
optimize the rheology and the stability of the slurries. 
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TIie purpose of this paper was to optimize the preparation conditions of 

concentrated (>70%) aqueous suspensions of coal that would be stable and fluid 

enough to replace a conventional fuel in existing systems of transportation, storage 

and combustion. To do this, it was imperative that two parameters be controlled the 

stability and the fluidity of the suspensions. The high percentage (up to 30% ) of 

mineral impurities in the coal may have a considerable effect on the charge and 

surface potential of the coal particles , and consquently on the stability cf the 

suspensions . The choice of stabilizers and thinners then depends directly on the 

nature and quantity of these impurities (4). 

2. 	 OPTIMIZATION OF THE SURFACE CHARGE DENSITY AND 

SURFACE POTENTIAL OF COAL-WATER SUSPENSIONS 

To estimate the physico-chemical interactions between dispersed particles 

and the stability of the suspension, it is necessary to appreciate their surface charge 

and surface potential (5). 

This electrical double layer displays a fundamental role in the field of 

colloidal phenomena like, for instance, stability , electrokinetics, micelle formation, 

elecroadsorption, flottation and polyelectrolyte properties . To estimate the influence 

of physico-chemical interactions between particles and dispersive medium on 

stability of suspensions , it is necessary to know surface charge and potential of 

solids . Of course , these parameters only are not sufficient to represent the both 

nature and whole of the interactions. Nevertheless , surface charge and potential 

constitute very important parameters in studying attraction phenomena between 

solid surfaces . Dispersion stability is characterized by zeta potential measurements 

of dispersed solid particles (6). 

Unfortunately, there is no exact analytic solution to the Poisson-Boltzmann 

(P-B) equation for a charged particle . Many numerical solutions have been 

proposed by Muller and Hoskin by using electronic calculation techniques (7,8) . 

More recently , Loeb et al. (9) proposed tables giving the surface potential as a 

function of distance for a variety of electrolytes at different concentrations. 

All these theories even they am useful, lack clarity. Indeed, they don not 

propose simple mathematical functions for the surface potential and charge. In this 

section , we have gone back to the primitive model of classical P-B equation in the 

case of spherical particles in assuming the same classical approximations . The ion 
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is simply treated as a point charge. 
The influence of certain physico-chemical parameters such as the ion 

valence in the case of dissymmetrical electrolytes has never been seriously studied. 
We proposed in a previous study (10) a more realistic solution of non-linear P-B 
equation using the spherical coordinates , gave the equations of the electrostatic 

potential I(r) in the case of 1-1 , 1-2 and 2-1 electrolytes and established the exact 

expression of the surface charge density G of a charged shere for differento 

electrolytes 1-2 , 2-1 , 1-3 , 3-1 , 2-3 and 3-2. This theoretical study allowed us to 
classify thF different electrolytes with decreasing order of charge density : 

Go (2-3)> C( (1-3)> 0o (3-2) > Go (1-2) > Go (3-1) > (To (2-1) > Oo (1-1) 

to obtain more stable suspensions of negatively charged solid particles ir 
water when preparing it , one must chose electrolytes (1-3) or (2-3) which highly 

increase the electrostatic repulsion between particles. 

These theoretical results were confirmed by experiment in studying the 
surface charge and potential of the suspensions of coal in water in the presence of 
different dissymmetrical electrolytes like Na2 SO4 , Na5 010 , Ca C12 ,P3 

Na3 P0 4 and Na Cl. This study showed that electrolytes (1-3) or (2 3) ojch as 
Na 2 S04 or Na5 P3 010 which highly increase the surface charge density and the 

surface potential of the coal particles in water. 

Finally , we have showed that the surface potential and charge of coal
water suspension are interdependent. 

3.INTERACTION ENERGY BETWEEN PARTICLES OF COAL IN WATER 

The most important physical property of colloidal dispersions is the tendency 
of particles to agglomerate. The encounters betweeen particles in a dispersed 
medium are frequent as a result of the brownian motion and the stability of the 
dispersion results from the interaction between particles during these encounters. 
The principal cause of aggregation is the attractive force of Van der Waals (VDW) 
between particles while the stability against aggregation is a consequence of the 
repulsive iorces between the double electrical layers of particles of identical 

charges and also the affinity particle-solvent (11). 

The D.L.V.O (Deryaguin, Landau, Verwey and Overbeek) theory (12 .13) 
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only takes into account the interaction between particles having a double electrical 

layer. This theory is applied in principle to dispersions in aqueous medium and used 

for an estimation of the relative values of the attractive and repulsive forces. 

The interaction energy of VDW is given by:[___+ + Hi]_4a 
2

V 2 Aa H + 2a 2 LogH +4a2 [1]
H+ 4aH H+2a 2 

Where A is the Hamaker constant of the sytem, a the radius of the particles and H the 

separation distance between the particles. 

The repulsive electrostaic energy VE between two particles is equal to: 

VE = 7 c a X'2 Log Exp ( H Lo[1Exp2KH [2] 

where ' is the electrical potential of the surface, 

c the permittivity of the medium 

K: the Debye-Htickel constant by the following formula: 

k: the constant of Boltzmann and T: the absolute temperature 
The total potential energy of interaction VT between two particles in D.L.V.O. 

theory is given by: 
VT = VA +VE [3] 

The'refore, VT depends upon five parameters: a, A, Yp,K and H. 

We tried to apply this theory in order to understand the stability of high 

concentrated coal-water suspensions. 

The conclusions of this compiete analysis indicate that a stable suspension 

may be obtained with an ionic strength equal or below 5.10 -3 mol.dm "3 , a surface 

potential (p higher than 1501 mV and a particle radius settled between 1 to 5 Pm.A 

small A value also contributes to a good stabilization. 

Experimentally we can act upon the surface potential 41 (zeta potential) by 

modifying the pH of the medium, the agitation time of the suspension and the ionic 

strength K. 

With y and K optimised, only the size of the particles a and the constant of 
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Harnaker can be changed. For economic considerations, we have to grind coal 
within a range of 0-300 jim . The radius a is therefore fixed by gaussienne 
distribution within the interval [0;0300] pm . Finally, to modify the constant of 
Hamaker, we introduce some polymeric dispersants or some polyelectrolytes in the 
medium. In this case, new repulsive energies appear and overcome the attractive 
energy of Van der Waals, which will stabilize the suspension by a steric effect. 

We would also remind that the surface potential may be increased by using 
some ionic dispersants like polynaphtalene sulfonates and lignosulfonates which 
also allow to lower the Hamaker constant. 

The study of the evolution of the surface potential for coal suspensions 
versus the pH with or without an electrolyte has been undertaken by zetametry with 
the help of a Laser Pen Kem zetameter (model 500), which enables to determine the 
zeta potential of colloidal particles from measurement of their speed of displacement 
in an electrical field. 

On the other hand, when we often observe a high negative charge of the 
coal in acid medium. While in this area of pH, the adsorption of protons should rather 
favour the creation of a positive surface charge . For instance, the zeta potential 

reach -20 mV at pH values around 3. At this pH, C- ions should be neutralised 

by H + . Otherwise coal particles are still wet with water at this pH, while they 
normally should be hydrophobic in acid medium since the ionisation of superficial 
groups (-OH, -COOH, etc...) being very weak. 

In fact, the wetting by water is due to the mineral impurities in th ecoal, such 
as alumino-silicates which set the high nagative surface charge of the coal . This 
hypothesis has been confirmed by studiyng the influence of the demineralization 
upon the surface charge and points out, without any doubt, the influence of mineral 
impurities upon the surface potential of coal . This has led to the interesting result 
that thinners and stabilizing agents of concentrated clay suspensions, as 
lignosulfonates, tripo!yphosphates, polynaphtalene sufonates, etc... must also be 
good thinners and stabilizing agents for ground coal-water. 

These findings lead us to study the evolution of zeta potential versus the pH 
in the presence of TPPNa (sodium tripolyphosphate). It can be observed that the 

zeta potential increases to reach -75 mV for a TPPNa concentration of 10-3 M, hence 

an excellent stability for the suspension . This result then confirms the theoretical 
model discussed in section 2. 

-571



This very important result should allow to prepare coal-water suspensions 

definitely stable in presence of TPPNa and lignosulfonates. 

4. 	 STUDY OF A STATIC STABILITY TEST : APPLICATION TO 

HGHLY CONCENTRATED COAL-WATER SUSPENSIONS 

The 	stability of coal-water concentrated suspensions is of vital importance 

for 	bulk transportation, as opposed to pipeline transportation and for storage. It is 
imperative that a slurry can be produced which will remain in suspension for 

extended periods of time. 

Stability is directly dependent upon the yield stress of the fluid which 

depends in turn on the reactions between the colloidal fraction of the particle size 

distribution and the chemistry of the system. A stable slurry, therefore, demands a 

compromise using a size distribution for maximum packing efficiency but containing 

a colloidal fraction sufficient to react to the chemistry for acceptable stability (14). 

The stability of the suspension depends on the following factors : the 
densities of the coal and liquid, viscosity of liquid , the surface properties of coal - its 

relative hydrophilic nature , its zeta potential and its morphology .At very low 

concentrations , free settling occurs according to the stokes equation . The 

concentration of coal increases ,the stability becomes a complex phenomenon . 

There are lots of particle - particle interactions taking place which will hinder 

settling . The particles may also adhere to each other to form clusters (flocs or 
coagula) . Depending on the state in the suspension , the suspension can be 

broadly classified into three types :Aggregatively stable suspension ,flocculated 

suspension and coagulated suspension in which the sediment formed might be 

compact and difficult to break (15). 

Another popular method of measuring stability in glass containers is a rod 
penetration test .A glass container filled with slurry is allowed to stand for a period 

of time ,after which a glass rod of specific weight and diameter is dropped into the 

slurry and allowed to penetrate through it.The time it takes for the rod to travel from 

the surface of the slurry to the bottom of the container is measured :the shorter the 

time of travel the more stable the system (16). 

We intend in this section to compare between two techniques used to 

obtain information both on the stability and the fluidity of highly concentrated coal in 
water slurries :the techniques are penetrometry and viscosimetry. 
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Penetrometry technique consists in the dropping, with no initial speed, of a
glass rod with known dimensions ( length L and diameter d ) into the suspension ,
 
installed in a graduated test-tube.The rod is submitted to its weight P (gravity) and 
the viscous forces f of the suspension. The fundamental principle of dynamics gives 
the ?quation 

m dv =i+ [4]-F- P+F 4 

Now , equation 4 can be written: 

dv Crsp 2 
m-T+2v =mg-V x pg [5] 

where x is the displacement of the rod , and g the gravitational acceleration. 
=Vx s x = m(t) /ps (the volume of the rod sunken into the suspension ). ps and p are 

the volurnic masses of the glass and the suspension respectively , m (t) is the 
buoyancy of the sunken part of the rod at time t,v the instantaneous speed of the 
rod , s the rod section area and Cr the viscous resistance coefficient. 

Solution of equation 5 is generally very complicated ,however , if we use 
the experimental data ,we obtain : 

dx 418.342 1 Cr 
dt C 1+C- 8 x [6] 

x is expressed in cm and v in cm/s 
By integration we obtain x(t) and v(t) as a function of time t 

9.2 [4 .6 9 0 ,,/ ] ]8~ + COt"-5.499 t2 (7] 

418.342 
 9- 1Cr '/t -- [8] 

The viscous forces are highly dependent on Cr and decrease as a function 
of the time t . The limiting speed v, of the rod decreases as a function of the 
resistance coefficient Cr. This last parameter can be related to the viscosity 71(called 
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theoretical viscosity) of the SLIpnnsion %,'a semi-empiric relationship
1 Cr 

24 1000 v d 9] 

Information on the stability of these suspensions was obtained by using the 

previously described penetrometry technique . A suspension is considered to be 

if the rod entirely penetrates in less than 6 
"stable" and its stability equal to S days, 

minutes after a settling of S days. 

Certain rheological properties of the suspensions for instance the limiting 

speed vI , the resistance coefficient Cr and the viscosity i" were obtained (Table 1) 

by applying the theory previously developed . 

Table 1. 

Values of limiting speed , resistance coefficient , theoretical and experimental 

viscosities as a function of settling time 

theoretical experimental
Settling limiting speed v, Cr 

(cm/s) viscosity 7(cp) viscosity q(cp)
time(day) 

20 0.200 4.4x10 6 1800 	 1950 

4500
40 0.083 2.5x10 7 	 4300 

5500
60 0.067 3.9x10 7 	 5400 

not measurable
80 0.025 2.8x10 8 	 14000 

not measurable
90 0.013 9.8x10 8 	 27000 

It
There is a good correlation between calculations and experimental data. 

can be observed that in order to obtain a fluid suspension .the resistance coefficient 

Cr must be lower than 107 and the limiting 	 speed v, higher than 0.1 m/s . The 

viscosities is less than 10%. 
uncertainty between calculated and measured 

This study reveals the importance of the resistance coefficient Cr that can 
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be used as a criterion for the evaluation of CWM stability and fluidity. 
The "fluidity" of the suspensions is only obtained after addition of stabilizers 

and dispersing agents . It was measured by determining the viscosity of the 
suspensions (containing 75% solids) with a Rotovisco RV3 viscosimeter made by 
Haake . The testing of the slurries was accomplished by steadily increasing the 

-shear rate to which the sample was subjected from zero to approximately 300 s 1, 

steadily decreasing y back to zero , and then repeating the cycle. Experimental 

viscosity of the CWM was determined at 100 s-1 from the initial and equilibrium flow 

curves .Results obtained show that there is a good correlation between viscosity of 
our concentrated suspensions measured by penetrometry technique and that 
obtained by a viscosimeter (Rotovisco MV II). 

5. CONCLUSION : PREPARATION OF CONCENTRATED
 
STABLE AND FLUID SUSPENSIONS
 

According to the above findirgs, we were able to affirm that the thinners and 
stabilizers of concentrated clay ( aluminosilicates) such as the lignosulfonates and 
polyphosphates used as thinners in drilling muds , should also be good thinners and 
stabilizers in suspensions of ground coal in water since the surface charge depends 
on the silicate content. Following this hypothesis , we admit that the stability is due to 
the electrical repulsion of the charged particles. If ihe charge on the particles is high 
(zeta potential > 60 mV), the particles repel each other and the suspension is stable 
. If the zeta potential is less than ±20 mV, the Brownian movement of the particles 
promotes their hitting and attaching to each other , and there will be lumping and 
flocculation (DLVO theory). 

Intensive research has been undertaken over the past decade in the 
analysis and production of coal suspensions in oil and in water . This research is 
generally described in the form of patents. But the effect of the surface charge and of 
various additives on the charge is never approached systematically. 

This investigation allowed us to analyze systematically the variation of the 

zeta potential as well as charge , as a function of pH , in the presence of the different 

dispersants and additives at different concentrations. 

Concentrated coal suspensions ( about 75% of solid by weight ) were 
prepared in water by using different additives , for instance sodium tripolyphosphate 
(NaTPP) and surfactants like the Surfaron (81520N100 :sodium polynaphtalene 
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methane sulfonate ) and lignosulfonates (by coupling of the dispersion and 

stabilizing effects) with the optimum concentrations of these two products . 

The results of the penetrometry technique also reveal that the concentration 

ratio CNaTPP / Clignosulfonate must be higher than 2 in order to get fluid and 

). The stability of the suspensionsstable concentrated suspensions ( 75 % in coal 


was then greater than two months, but with a viscosity of 1900 cp.
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INTRODUCTION 

Inan earlier paper [I] tfle economic incentives for upgrading low-rank subbituminous coals from 
the Powder River Basin in the Western United States, using the mild gasification Liquids From 

Coal (LFC) Process, were discussed. Four incentives are identified: 

1) 	 two value added co-products a clean, high heating value solid, referred to as 

process-derived fuel (PD1,) and a fungible petroleum substitute, referred to as 

coal-derived liquid (CDL); 

2) 	 a reduction in the relative cost of transporting these value-added co-products to 

muket, as the result of removing most of the moisture and a substantial portion of 

the volatile matter; 

3) added incentive provided by amendments to the Clean Air Act that encourage coal

fired electric generation fuel switching to low-sulfur Western U.S. coals; and 

4) favorable tax treatment, in the ,form of tax credits, for the co-products from these 

LFC Clean Coal Refineries. 

These economic incentives have led to the demonstration of the mild gasification LFC technology 

at aplant located in Gillette, Wyoming, capable of processing up to 1000 short tons per day of 

Buckskin Mine subbituminous coal. This Demonstration Plant (see Figure 1) is owned and 

operated by ENCOAL Corporation', a subsidiary of Zeigler Coal Holding Company. The 

construction and first two years of operation of the ENCOAL Demonstration Plant ($72 million) 

has been and continues to be co-funded by the U.S. Department of Energy's Clean Coal 

Technology Program. Construction began in the fall of 1990 and was completed in the summer 

of 1992. The plant continues to meet its objectives of demonstrating the technology at near

commercial capacity and of providing PDF and CDL for market evaluation and acceptance [2,3]. 

During the period of ENCOAL Demonstration Plant construction and initial operation, SGI 

International as the technology licensing contractor for the TEK-KOL Partnership has been 

testing low-rank coals from the United States and around the world, in an effort to identify other 

significant economic opportunities for upgrading subbituminous and lignite coals. One of the most 

compelling opportunities is that represented by East Asia and the Pacific Rim, in part because of 

some parallels with the Powder River Basin situation, but also because of regional characteristics 
that provide added inducement. 

The ENCOAL plant ha;a lic,!nse for the use of tieLFC technology from tie TEK-KOL Partnership, jointly owned by 

SGI lnternationed wid SMC Mining Company. The latter is another unit of Zeigler Coal Holding Company that also owns 

and operates dieBuckskin Mine. SMC Mining Company was forrmerly owned by tie Shell Mining Company, which sold 

their interests in timeTEK-KOL Pautnership, tieENCOAL Demonstration Plant, and the Buckskin Mine to Zeigler in late 

1992. 
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Two characteristics of the steaming coal trade in the Pacific Rim that are similar to those of the 
Powder River Basin have been identified: 

S iThesignificant geographic distances between steam coal suppliers in the Powder 
River Basin (steaming coal exporters in the Pacific Rim) and the utility users in the 
mid-western United States (the steaming coal importers in Japan, Taiwan, South 
Korea, Hong Kong, and elsewhere) cause transportation costs to be a determining 
factor in market share and provide an incentive for upgrading; and 

" 	 The growing concern over environmental issues facilitate an increasing reliance on 
Clean Coal Technologies, especially those such as LFC Clean Coal Refineries with 
their value-added co-products. 

Additional incentives are provided by three unique characteristics of the Pacific Rim marketplace: 

" 	 The excess of steaming coal supply over demand, with the resulting downward 
pressure on coal prices provides incentive for marginal producers of low-rank coal 
to upgrade their resource into products deemed more valuable by the marketplace; 

* The high growth rates in East Asia, especially for the developing nations, some of 
which are dependent on the export of natural resources (e.g., coal an(; oil) to 
provide currency exchange to finance internal growth provides incentives for more 
efficient use of their natural resources for both domestic application and exports is 
needed; and 

" 	 The heavy reliance on imported oil from a politically unstable Middle East, or 
dwindling domestic reserves of oil in some cases, leads to favorable consideration 
of the other LFC co-product, the CDL. 

These five factors make the Pacific Rim a geographic region with long-term business opportunities 
for the application of Clean Coal Refineries using the LFC technology. In order to address these 
opportunities, and to maximize the market potential, SGI has developed a comprehensive business 
strategy for its operations in the Pacific Rin. This strategy consists of four parts: 

1. 	 Test a wide variety of low-rank subbituminous and lignite coals from locations 
such as Alaska, Australia, China, Indonesia, the Philippines, and Thailand, to 
determine the technical feasibility of LFC processing of these coals; 
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2. 	 For those low-rank coals that can be shown to represent technically-feasible 
applications of LFCprocessing, evaluate the PDFand CDL co-products for yield 
quantities and market acceptance; 

3. 	 Carry out engineering studies, in conjunction with qualified mechanical equipment 
suppliers and engineering/construction companies, to determine firm construction 
and operating costs; and 

4. 	 Work with potential project owners (i.e., licensees) or joint venture p.,rtners to 
obtain institutional and commercial financing to supplement equity participation, 
emphasizing the role to be played by one or both of the plant co-products in the 
export markets. 

In tile remainder of this paper, emphasis is placed on the first two parts of this strategy, with the 
country of Indonesia used as an example. Results obtained from testing some thirteen different 
Indonesian coals from the two primary coal-producing regions of that country South Sumatra and 
Kalimantan are described. Finally, a hypothetical example of an LFC Clean Coal Refinery 
complex in Indonesia, with both the PDFand CDL co-products aimed at export markets, is used 
for illustration. 

LFC COAL EVALUATION-PROCEDURES 

The technical feasibility of LFC processing for any particular subbituminous or lignite coal is 
determined by state-of-the-art testing at the SGI Development Center in Perrysburg, Ohio, and 
by analytical evaluation of the test results at SGI and Anatech offices in California. Both the test 
methods and analytical techniques are outgrowths of SGI's research and development programs 
extending back to the early 1980's. The computer simulations of LFCprocessing were based on 
adaption of the Sandia National Laboratories MARIAH finite element code [4] capable of 
calculating the gas velocity and temperature profiles for convective heating and cooling of a 
porous coal bed. The coal testing program began with bench-scale tests at Davy-McKee 
laboratories in Cleveland, Ohio (1981-82), followed by tests in a Process Test Unit at Midland-
Ross in Toledo, Ohio (1983-85), and tests in a Process Development Unit at Salem Furnace 
Company in Carnegie, Pennsylvania (1986-88). The size of these tests scaled from 2 kg batches 
at bench scale to almost 100 kg per hour for the Process Development Unit operating in a semi
continuous mode. Although these tests varied in cross-sectional area, in all cases the vertical (or 
coal bed thickness) dimension was represented in full scale. Therefore, since coal particle sizes 
and convective gas composition are also identical to those in full-scale applications, the areal gas 
flow rates, pressure drops and temperature profiles replicate those in actual practice. 
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The SGI Development Center was formed in 1991, and is operated for SGI by Maumee Research 
& Engineering. Here, tie technical feasibility of LFC processing is examined through the use of 
standardized thermogravimetric analysis (TGA) testing to determine accurately the moisture, 
volatile matter, fixed carbon and ash in the coal. Heating value is also measured in order to 
complete the proximate analysis. Then, the TGA is coupled to a Fourier Transform Infrared 
(FTIR)spectrometer, in order to measure the gaseous constituents leaving the coal during 
standardized drying and mild pyrolysis heating profiles. In addition to the weight loss data, a 
small quantity of char is produced that can be used to estimate an LFC processing mass balance. 
Outside laboratory proximate and ultimate analysis supplement the estimates. These estimated 
mass balances are not intended to be representative of optimal LFC processing, but merely to 
confirm technical feasibility. 

When technical feasibility has been established, larger quantities (500 kg) of the coal are processed 
in the Sample Production Unit, which operates in a semi-continuous mode. The unit consists of 
a heater module, a reactor module, and a sample collection module (see Figure 2). The heater 
module controls the composition of the convective heating gas, its flow rate, and its entering 
temperature. Drying and mild devolatilization take place in the well-instrunmented rtactor module, 
while the sample cooling and collection takes place in the char cooler and Electrostatic 
Precipitator; for the solid and liquid, respectively. Data from the thermocouples and other 
instruments are recorded in an on-line computer archival and control system. The unit is capable
of considerable variation in processing conditions, so that co-products from seni-optimal
processing can be obtained. The Sample Production Unit can produce about 4 kg of PDFand I 
liter of CDL per hour of operation. These quantities are sufficient to permit an early assessment 
of market acceptance for the co-products. 

In additioa to co-product yield estimates and preliminary market acceptance, the test data are used 
to calibrate the LFC sirrulations for plant control system adaptation. These simulations provide 
a key element in the optimization of co-product quality and quantities. Accurate simulation and 
control of the LFC process requires experimentally verified methodologies, and the models 
developed at SGI are constructed and verified with data from the Development Center and 
Demonstration Plant. Production of CDL and non-condensible gases (used for supplying the 
process heat required by the LFC process) results from volatile matter removal during the mild 
gasification step in the LFC process. The TGA/I/FI experiments provide accurate characteristic 
data of the candidate coal for constructing robust, empirically calibrated, volatile matter removal 
kinetics models. The Sample Pr,'uction Unit experiments provide accurate (ata of the heat 
transfer and process time characteristics of an LFC plant system for constructing robust plant
simulation models. The control system uses these kinetics and plant simulation models in real 
time analyses to predict CDL and PIDFco-product qualities resulting from current plant conditions 
and to recommend new process conditions to maintain specified product quality and production 
levels. 
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SCOPE OLEC TESTING-PROGRAM 

SGI's early coal testing programs emphasized Montana Rosebud, Alaska Usibelli, and Australia 
(Victoria) Loy Yang coals, primarily because of their potential application to cogeneration projects 
in the United States and coal-fired electric power projects in Australia. Attention shifted in the 
late 1980's to stand-alone LFC projects in the Powder River Basin of Wyoming, and most of the 
Process Development Unit test results were based on subbituminous coal from the Buckskin Mine, 
the site of the ENCOAL Demonstration Plant. In more recent years, the test program has been 
expanded to include Sample Production Unit testing of Wyoming Buckskin, Alaska Usibelli, 
North Dkota Knife River, and Montana Sarpy Creek (Absaloka) coals, in order to provide 
sampic, of PDF and CDL for evaluation by outside laboratories under contract to the U.S. 
Department of Energy. At the same time, SGI has expanded its technical feasibility test program 
to include a large number of coals from various countries around the Pacific Rim, in accordance 
with its overall business strategy. 

Low-rank coals from Thailand, the Philippines, China and Indonesia have been tested at the 
Development Center. The Chinese program includes coals from three different provinces 
Shanxi, Liaoning and Shandong and may be expanded to include Inner Mongolia, Hebei and 
other provinces with low-rank coal reserves. However, the Indonesian coal testing program, with 
thirteen different coals tested to date, is the most extensive, and will be used as the prototypical 
example of SGI's Pacific Rim business strategy. 

INDONESIA _-_TIJE PACIEICRIALPROTO _TPE 

Indonesia, aithough not the major steaming coal exporter nor the major coal user in the region 
(Australia, with some 60 million tonnes of steaming coal export, and China, with some 1.1 billion 
tonnes of production, respectively, have these distinctions), plays an increasingly pivotal role in 
the Pacific Rim steaming coal trade. Several important factors combine to emphasize this 
importance and lead to Indonesia becoming a major coal exporter: 

- Large coal reserve.; - enough for several hundred years of production. 

- Largest percentage increase in electrical power demand in Asia. 

- Rapidly expanding coal production capacity - exceeding growth of internal 
demand. 

- Close proximity to key Asian markets. 
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The Indonesian coal reserves are estimated at 37 billion tonnes, as shown in Table 1. [5] Note 
that approximately 58% of the measured coal reserves are located in Sumatra and 32% are located 
in Kalimantan. 

Indonesia also has the fastest growth rate of electricity consumption in Asia, averaging 
approximately 15 percent per year over the last decade. This rapid upsurge in demand is a result 
of higher than expected growth in manufacturing. In fact, the growth in the demand for electricity
coupled with more rapidly diminishing petroleum and natural gas supplies will result in coal 
providing the largest single source of energy in Indonesia by 2021 (See Table 2). The forecasted 
coal demand through the year 2008 is shown in Table 3. 

In 1990, Indonesia had an electric power generation capacity of 8900 MW, of which 1730 MW 
was coal fired. Perusahaan Umum Listrik Negara (PLN), the Indonesian state utility, plans to add 
some 2330 MW of new electrical generating capacity, with eight new coal-fired power plants to 
be built by the end of 1996. 

The Indonesian government encourages the use of coal in the power and cement industries in order 
to diversify demand, thereby releasing oil and natural gas for export. Coal use in the power sector 
is expected to increase from the cunent 4.5 million tonnes to 11.5 million tonnes by 1995. After 
1995, almost all additional generation will come from coal, with twenty-five new coal-fired power
plants scheduled for construction and operation, thereby increasing domestic coal use to almost 
30 million tonnes by the year 2004. 

Indonesian coal output expanded rapidly from 400 thousand tonnes in 1981 to 10 million tonnes 
in 1990. Production is expected to reach 25 to 28 million tonnes annually by 1995 and 40 to 50 
million tonnes annually by the year 2000. Despite this growth in production, Indonesia's coal 
reserves are predicted to last for several hundred years. This is considerably longer than the 
expected lifetime of its gas and oil resources. Furthermore, the growth in production will greatly
exceed the growth in internal demand leading to a significant export potential (See Table 4). 

Another key aspe of the Indonesian market is its relative proximity to the very large steaming 
coal markets of Japan, Hong Kong and Taiwan. The southern provinces of China may even 
become a net importer of steaming coal if the transportation infrastructure problems cannot be 
resolved within China. All these factors provide the ingredients for opportunities to apply Clean 
Coal Refineries, which produce both a petroleum substitute and an upgraded, clean coal product
from the abundant low-rank coal. Figure 3 shows the principal coal export routes of the world 
and demonstrates how Indonesia is ideally located to capitalize on the growing need for coal in 
Asia. Coal is definitely not an energy source of the past, but one for which demand is recognized 
to be growing internationally. Such growth is absolutely essential - especially in the developinig 
countries of the Pacific Rim - for sustainable growth. Pacific Rim coal demand is expected to rise 
sharply, primarily for power genciation. It is forecast that coal demand in China will rise from 
1.1 billion tons a year to 1.5 billion tons a year by 2000, that demand in Korea, Hong Kong and 
Taiwan will increase from 80 million tons to 120 million tons in 2000, and that demand in the 
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Southeast Asian nations (including Indonesia, Thailand and the Philippines) will increase from 30 
million tons to 90 million tons in 2000. Japan's coal imports are expected to increase from 110 
million tons a year to 140 million tons in the year 2000. Figure 4 reflects these trends. 

INDONESIANCOAL_E VAL UA TIONRES ULTS 

Using Indonesia as a prototypic example of its Pacific Rim business strategy, SGI has evaluated 
thirteen different coals from two of the primary coal-producing regions of the country Sumatra 
and East Kalimantan. Eleven of these coals are from mines or potential mines in the Tanjung 
Enim district of South Sumatra; the other two are from a potential mine site in the Musi Rawas 
district of South Sumatra and from the Berau district of East Kalimantan, respectively. Each of 
the testing programs has a slightly different objective. 

Some of the mines in the Tanjung Enim district are operated by the state-owned coal mining 
company, P. T. Tambang Batubara Bukit Asam (PT TBBA) expressly to supply fuel for the large 
(1600 MWe) Suralaya power plant complex on the west coast of Java, a power station that is 
scheduled to expand to 3400 MWe in the next few years. Currently, some 5 million tonnes per 
year of relatively high-rank subbituminous coal from the Airlaya Mine, supplemented by small 
amounts of lower-rank subbituminous coal from adjacent Tanjung Enim mines, provide the fuel 
for the Suralaya station. As the fuel requirement at Suralaya increases to 23 million tonnes per 
year, the 5300 Kcal/kg (9540 Btu/lb) heating value lower limit will be increasingly difficult to 
meet withoui exhausting the Airlaya resources prematurely. Upgrading the lower-rank coals from 
the adjacent Muara Tiga Besar, Banko, Kungkilan, and Arahan sites would permit both blending 
of PDF in the interim and eventual firing entirely with PDF in the long term, as sufficient number 
of Clean Coal Refineries are built. 

The other aim, for both the Musi Rawas and Berau projects, is to upgrade the low-rank coals and 
enhance their characteristics and marketability to the steaming coal markets of East Asia. The 
13erau Lati mine, in particular, is operated under a Coal Concession Contract (CCC) between PT 
TBBA and the operator, P. T. Berau, a joint venture between the Japanese trading company 
Nissho lwai (40%) and the Indonesian company P. T. United Tractor (60%). The output from 
the Berau Lati mine, scheduled to be a few hundred thousand tonnes in 1994, is expected to 
increase to possibly 5 million tonnes per year. LFC upgrading will improve the coal 
characteristics and help the project to achieve its production goals. 

The Musi Rawas project, on the other hand, is an Indonesian private mine development activity, 
under the auspices of P. T. Triaryani. Some one billion tonnes of relatively low-rank 
subbituminous coal are available at the site, and two potential markets for the out put are being 
evaluated: 

- 584 



(1) 	 independent power production at or near the mine, with the electric power 
generation units burning either the existing low-rank coal or upgraded PDF, and 
the electricity sold to PLN; and 

(2) 	 upgrading the coal in LFC Clean Coal Refineries and transporting the PDF, by 
barge and ship, for sale to the Suralaya power station or to other Pacific Rim 
steaming coal users. 

Combinations of the two are also under consideration. 

Independent power production, through joint ventures between PT TBBA and private Indonesian 
or foreign companies, is also an option for the thermal efficiency, and LFC Clean Coal Refinery
co-product added value, especially for the CDL, will dictate whether raw coal or PDF will be 
used as the boiler fue!. 

In order to determine the technical feasibility of upgrading these low-rank Indonesian coals in an 
LFC Clean Coal Refinery, TGA/FTIR test results, proximate and ultimate analyses by an outside 
laboratory, and engineering evaluations were used to establish approximate LFC process mass 
balances. Table 5 presents the results of the testing and evaluation effort for the thirteen coals, 
with a rating based on the estimated CDL yield in kg per tonne of feed coal. As can be seen from 
the table, at least nine of the coals are rated good to excellent candidates for LFC processing.
Similarly, the PDFco-proJuct can be seen in Table 6 to be significantly improved from the run
of-mine (ROM) coal. The value added by LFC processing makes the co-products from these low
rank coals ideal candidates for exporting to the very selective power utilities in Japan, Taiwan and 
Hong Kong. 

LFCCLEANCOALREEINER YECONOAIICS 

The opportunity represented by an LFC Clean Coal Refinery complex located in either South 
Sumatra or Kalimantan can be illustrated by the following example: Four 5,000 tonne per day
LFC modules are assumed to be located at or near an operating open-cast, subbituminous or lignite 
coal mine. The coal from the mine has been shown by laboratory testing to be a technically
feasible candidate for LFC processing, similar to the findings shown in Tables 5 and 6. Further 
evaluation of PDFandCDL obtained from Sample Production Unit (SPU) processing at the SGI 
Development Center, or possibly from processing larger quantities of coal at the LFC 
Demonstration Plant, has shown that the co-products are acceptable in the export marketplace at 
adequate prices. Staged construction, start-up, and operation of the four modules has confirmed 
plant cost estimates of approximately $75 per tonne-year (or about $465 million for 6,200,000 
tonnes per year of throughput). The LFC Demonstration Plant and the staged, modular 
construction and operation have also enabled plant personnel the opportunity to become trained 
.ind familiar with the sophisticated systems that control plant operation. 
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The Clean Coal Refinery complex, assumed to operate throughout the year at an 85% capacity 

factor (e.g., 310 days per year at 100% capacity), would produce about 3.5 million tonnes of PDF 

and about 4.2 million barrels of CDL for sale each year. If the feed coal price is of the order of 

$10-12, feedstock costs will be between $60 and $75 million; the revenue from the complex will 

be on the order of $165 to $195 million per year, including some $65 to $70 million from the 

CDL alone (assuming $14 to $18 oil price per barrel). Estimates for the revenue from the PDF 

will depend on the market value associated with this clean, reactive, high-heating value solid fuel. 

Conservative estimates of $30 per tonne would yield about $105 million, while $35 per tonne 

would give over $120 million. 

The complex will generate almost all of its energy for drying and mild pyrolysis from combustion 
of the third co-product, a low-heating-value, non-condensible gas; Electric power requirements 
will be met by on-site generation, using combustion of coal fines, with some excess power 

available for export to the Indonesian national grid or to a local user. As a result of these 
efficiencies, and because of semi-automatic plant control, operating costs will be very low (less 

than $20 million) and the net revenues from the plant complex would be in the $80 to $100 

million range, depending on the payments for any exported electricity. Such an economic 
opportunity would be very attractive. 

Another approach for examining the economic benefits of LFC processing, without dealing with 
any uncertainties in plant construction and operating costs, is based on the increased value of 
processing an existing asset in this case, subbituminous or lignite coal reserves. Suppose that 
the existing asset is defined by 300,000,000 tonnes of coal reserves, sufficient for 50 years of 
production at an annual rate of 6 million tonnes. Suppose that this asset has a current value that 

is approximately equal to the fixed cost of developing the mine plus variable production and 
handling costs needed to place the coal in a position for export. If this value is $18 per tonne, the 
asset has a total value of $5.4 billion. Also, suppose that low quality of the coal and uncertainties 
with respect to any profit margins permitted by the marketplace prevent the asset from being 
exploited. 

If this low-rank coal is upgraded into two value-added co-products by LFC processing, the 
schematic shown in Figure 5 would apply, based on PDF and CDL yields for many of the 
Indonesian coals tested by SGI. In this case, for every two tonnes of coal from this mine 
processed in an LFC plant, about 1.13 tonnes of PDFand 1.35 barrels of CDL are produced. 
Bcth of these co-products will command premium prices in the marketplace because of their 
desirabie characteristics. Because of the added value to the co-products through LFC processing, 
"ne asset value essentially doubles, to approximately $10 billion. The cost of plant construction 
and operation to realize this asset value is only approximately 10% of the increase. Again, the 
economic opportunity offered by upgrading the coal reserve is extremely aatractive. 
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Table 1 

Indonesian Coal Reserves 

|Kalimantan 

Sumatra 

Java 

Sulawesi 
Irian Jaya 

Total 

Measured 

2.86 

1.99 

0.012 

0.005 
-

4.87 

_ 

I 

j 

Probable/ 

_ Possible 

13.41 

5.28 

0.029 

0.019 
0.083 

18.82 

Hypothetical 

8.34 

4.23 

0.02 

-

-

12.59 

i 

:_ 

it 

. 

Billion Tonnes 

Total 

24.62 

1 1.50 

0.061 

0.024 
0.083 

36.29 

Source: Directorate of Coal. May 1993 



Table 2 

Primary Energy Supply for Uses in Indonesia 

101s Joule 

1991 2001 2011 2021 

Oil -,292 (38.7%) 1,671 (29.4%) 2,335 (25.2%)! 4,720 (28.7%) 
Natural Gas 711 (21.3%) 1,566 (27.5%) 2,300 (24.8%)! 2,977 (18.1%) 

Coal and Cokes 194 (5.8%) 790 (13.9%) 2,660 (28.7%)! 6,521 (39.6%) 

Geothermal & Hydro 142 (4.2%) 419 (7.4%) 544 (5.9%)l 535 (3.2%) 

Biomass 1,003 (30.0%) 1,239 (21.8%) 1,437 (15.5%)! 1,712 (10.4%) 

Total 3,342 (100.0%)l 5,685 (100.0%) 9,276 (100.0%)l 16,465(100.0% I 

Source: BPPT - KFA Studi Markal. 1992 



Forecasted 

Users 

I. Domestic 

1. Power Plant 
2. Cement Industry 
3. Metallurgy 
4. Small Industry 
5. Households 

I1. Export 

Total Demand 

Source: 	 State Electricity Co. (PLN). 1992 
Directorate of Coal. 1993 

Table 3 

Coal Demand of Indonesia 

Million Tonnes 

Year 

1993 1998/1999 2003/2004 2008/2009 

5.5 28.4 58.6 68.3 
3.0 5.5 7.5 9.0 
0.5 1.5 2.0 2.5 
0.5 2.7 6.9 9.4 
0.5 4.8 13.3 17.7 

15.0 30.0 45.0 50.0 

25.0 72.9 133.3 156.9 



Table 4 

Indonesian Coal Production & Consumption
 
Predicted (1994-1999)
 

Million Tonnes 
1994 1995 1 1996 1997 1 1998 
/95 /96 /97 /98 /991. Production 35.20 44.00 52.00 60.00 71.00 

* State Owned Coy. (PTBA) 8.50 9.20 10.00 10.85 11.60 
* Contractors 24.50 32.30 39.50 46.45 56.20 
* Private Nat. Coy. 2.20 2.50 2.50 2.70 3.20 

2. Consumption 12.91 16.24 22.36 26.08 31.72 

* Electricity 7.21 8.44 11.66 13.88 17.52 
Cement Industry 3.50 4.00 4.30 4.50 4.60 

* Metallurgy and Small Ind. 1.20 1.80 3.20 3.70 4.30 
* Households 1.00 2.00 3.20 4.00 4.80 

3. Export 22.29 27.76 29.64 33.92 39.28 

Source: Directorate of Coal. July. 1903 
PLN. August. 1993 



Table 5 

Indonesian Coals Tested 

Tanjung Enim District (South Sumatra) 
" Air Laya*"
* Banjasari** 
• Kungkilan, Seam B** 
• Kungkilan*" 
• Muara Tiga Besar Timur'* 
* South Arahan, Seam B* 
* North West Banko 
• Kungkilan, Seam A2 
• South Arahan, Seam A2 
• Muara Tiga Besar Barat (Very High Moisture) 
° Pendopo (Very High Moisture) 

Musi Rawas District (South Sumatra) 
• Sungaimalam* 

East Kalimantan 
* RT. Berau* 

** Excellent LFC Candidate 

* Good LFC Candidate (Wyoming Buckskin CDL Yield is about 90kg/tonne) 

CDL Yield 

(kg/tonne) 

155 
145 
140 
115 
100 Wyoming 
100 Buckskin 

80 Baseline 

60 
45
 

<40
 
<40
 

80 

95 



Table 6 

PDF Quality Profile 

Powder River Berau Lati Air Laya 
Basin Kalimantan Sumatra 

ROM PDF ROM PDF ROM PDF 
HHV AR,kcal/kg 4500 6700 5100 7100 5600 7300 
S0 2,LB/MM BTU 1.2 0.8 1.18 0.72 0.48 0.39 
H20, %wt 30 4 24 5 24 5 
ASH, %wt 5 10 3 2 3 5 
VOLATILES, %wt 29 19* 33 20* 32 18* 
FIXED CARBON, %wt 36 67 40 74 41 77 
SULFUR, %wt 0.40 0.44 0.60 0.47 0.24 0.27 

* Variable, Controllable by Process 

Source: SGI Data 
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World Coal Exports 1992 
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Figure 4 

Pacific Rim Coal Demand 
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Figure 5 
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ABSTRACT
 

Energy continues to be of strategic importance to Indonesia. Since Indonesia may become 
a net oil importer in the early of the next century, it would be prudont in this circumstances to 
consider exploiting its vast coal reserves to offset such import. One possible way isby producing
liquid fuels from coal. For that reason, the Indonesian government has decided to promote R&D on 
coal liquefaction technology inIndonesia. The research program, which has just been established 
recently, is planned sotest almost the majority of Indonesian coals, especially brown coal. 
Assistance from developed countries, such as Japan, the USA, Germany and Australia, will 
eventually be needed for te completion of the project.

Because bituminous and sub-bituminous coals are potentially export competitive, brown coal, 
as a major coal reserve3' in Indonesia, should be utilized as much as possible for domestic use. 
However, the nature of this coal has caused difficulties in transpolation and storage. Burning this 
coal in a power generation away from the mining sites will likely be impossible. On the other hand, 
build a power plant inthe vicinity of the mining site combined with asubmarine cable network from 
outside Java to Java (as an island with a major energy demand), economically, still not be possible 
today. Similarly, Brown Coal LIquefaction Technology isalso still very expensive at the moment. 
However, the technology will hely play a very important role on the development of coal utilization 
in Indonesia in the future, particularly in the transportation sector. 

INTRODUCTION 

availability atEnergy continues to be of strategic importance to Indonesia. Its sufficient 

amount, supplied at an economical price isa major requirement for securing the country's economic 

stability at all times. As Indonesia iscommencing its second twenty-five-year national developmcnt 

plan inthe early of 1994, it is vital for the country to develop a comprehensive energy master p-1... 

!,r its national development. 

Inthis regard, the government energy policy now istargeted into two main aspects 

1. Securing the domestic energy supply, and 

2. Sustaining the export of oil and expanding the export of natural gas. 

Inorder to achieve this, the government has to promote the utilization of itscoal resources, -. ich 

are abundant, as one of itsmajor energy supplies in the future. 

Since Indonesia may become a net oil importer in the early of the next century, htwould 

be prudent inthis circumstances to consider exploiting its vast coal reserves to offset such import. 

This can be done by introducing more coal power generation and, ithe economy issatisfactory, 

by producing liquid fuelsfrom coal. Based on that reason, the Indonesian government has decided 
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to promote R&D on coal liquefaction technology inIndonesia. The research program, which has just 

been established recently, is planned to test almost the majority of Indonesian coals, especially 

brown coal which isavailable more than 70% of coal measured reserves inIndonesia. Assistance 

from developed countries, such as Japan, the USA, Germany and Australia, will eventually be 

needed for the completion of the project. 

This paper is going to discuss and highlight the need of conducting R&D on coal 

liquefaction technology, the program and prospect of the technology. Prior to this, coal utilization 

technologies and previous research activities on coal liquefaction in Indonesia will be reviewed. 

THE UTILIZATION OF COAL AND LIQUEFACTION TECHNOLOGY 

ININDONESIA :A REVIEW 

The utilization of coal in Indonesia, today islimited only to the cement industry and power 

generation. Infact, many small industries still rely on oil and wood for their primary fuel supply, 

which actually can be replaced by coal. As with the household sector, there isa great potential to 

substitute fuels being used ;oday with coal. 

Although the use of coal isstill limited to several sectors coal demand is rapidly growing, 

domestically as well as intemationally. Since the government adopted a policy to use coal as much 

as possible, the domestic energy mix has also changed dramatically. In1979, for example, coal 

contributed only to less than 1%of the total energy consumption inIndonesia. But ten years later, 

the use of coal has increased to more than 6%, and at the end of 1994 isprojected to reach 8.8%. 

From 1984 to 1989, the role of coal inelectricity generation has steeply increasod; itwent 

up from 0 to 22.5% of the total capacity, and isprojected to increase to 25.2% at the beginning of 

1994. One of the main reason, as reported by PLN (State Electricity Company), isbecause the cost 

'rf ;oal power generation isonly 54% and 61% respectively of those the costs of power generaon 

, nuclear ar. , -:-:rces. 

At the moment there isonly one large power plant inoperation, i.e. Suralaya power station 
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inWest Java, with a capacity of 4 x 400 MW for supplying electricity demand inJava and Bali. 

There isanother unit of 600 MW in Paiton, East Java which has just been completed and are still 

being commissioned. Itis expected to be in operation at the beginning of 1995. Similar to the one 

in Suralaya, this power plant will use local coals which are generally clean in terms of low sulfur 

and ash contents, therefore does not need to be fitted with expensive coal cleaner devices. There 

is also aplan to install a400 MW IGCC power plant inBumi Serpong Damai, Tangerang. This will 

be the first plant of its kind in Indonesia. 

The technology used for existing power plants is the conventional (pulverized) coal-fired 

system. This technology was chosen as the best possible solution at that time, for meeting energy 

demand inIndonesia. The selection of technology for the future will certainly depend ipon what type 

of coal will be used for a particular power generation and the financial situation or capability of the 

Indonesian govemrr ent and those private sector companies who are interested inbuilding electricity 

generation plants in Indonesia. 

To date, the govemment is also encouraging the use of coal in households and small 

industries through the production of coal briquettes, with a target of producing 12 thousand tons this 

year. It is projected that by the end of the Sixth Five Year Plan (1998/9), the production of coal 

briquettes will reach approximately 4.8 million tons. The main purpose isto reduce their dependence 

on kerosine and wood for energy, so that it can substantially reduce the subsidy it applies to 

domestic oil prices. 

Inthe field of coal liquefaction, few engineers/scientists have attended training or visited the 

related facilities inseveral ccuntries such as Japan and Germany. On their return, coal liquefaction 

research facilities was established to be utilized for the improvement of their expertise and 

knowledge. There are two coal liquefaction research facilities available, one with the capacity of 5 

liter is in MTRDC (Mineral Technology Reserach and Development Center), Egovernment research 

institution under the administration of the Department for Mines and Energy, and the other (1 liter) 

is in ITB which is mainly used for research for students who are working on their theses. Coals 

used in both places are sub bituminous coal from Kalimantan, Sumatra and West Java. 
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COAL LIQUEFACTION PROJECT 

1.Justification of the Project
 

Why changing coal to oil is important?
 

1. 	 The rapid increase of oil demand with limited amount of exploitable oil has dictated the need 

for searching means of substituting oil and diversifying energy resources. 

2. 	 Its abundance availability has offered potential continues/stable supply. Today, 127.1 billion 

BOE of coal reserves in Indonesia are considered to be technically and economically 

exploitable, almost 4.5 times more abundant than petroleum and gas reserves. 

3. 	 To ensure continuous supply of oil and at the same time to conserve oil resources that have 

played important role in the development of science and technology in this century 

4. 	 To take on the challenge of clean coal technologies, as one of important tools for achieving 

sustainable growth. 

2. Objectives of the study 

Short term : 	 a). to enhance the transfer of technology and know-how from developed countries 

in the field of clean coal technologies, in particular coal liquefaction technology 

through collaboration or joint research: b). to provide fundamental data of operating 

conditions of 	 coal liquefaction and the up-grading processes using various 

Indonesicin coals, especially lignite. The data will be used for the selection of the 

optimum reaction conditions for each type of coal. 

Long 	term : to investigate the overall performance of the coal liquefaction process, reliability, 

operability and economic viability for the purpose of commercialization. 

3. Scope of the Activities 

The implementation of the project can be divided into 5 stages 

51ae : 	 Coat Analysis and Liquefaction experiment 

Analysis of various Indonesian coals to select the most suitable coal&r liquefaction 
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process will be conducted in Indonesia, and possibly in Japan too, ifan agreement 

on acollaboration research program between the two govemments can be signed by 

the end of this year or early 1994. Through that program or other scholarship 

schemes, further study in the field of coal liquefaction process in Japanese 

universities/research institutes and hands-on training for Indonesian scientists and 

engineers will be carried out. Although the involvement of NEDO (Japan) in these 

activities isstill under consideration, those programs isexpected to commence on the 

beginning of 1994. Coal field studies for the investigation of the present infrastructure 

conditions will also be conducted during this stage (1993 -1994). 

2 Process Design, Experimentaion Methodology and Training 

The objective of this stage is to design and develop an experimental methodolog,, 

and to establish a project planning. Assistance from NEDO (Japan) or other 

developed countries on conducting those activities will eventually be neeoed. One of 

the best possible approach in this case is to involve BPPT's scientists/engineers on 

the research activities being conducted in a particular country. By doing so, there will 

be a transfer of technology and know-how from foreign expers to Indonesian 

scientists (mid 1994 - end 1994) 

3 : Establishment of a Continuous Laboratory Scale In Indonesia 

Although collaboration with other developed countries remains open, until today there 

is still an expectation that NEDO under the permission of MITI could assist BPPT in 

the establishment of coal liluefaction research faciliy in Indonesia (LSDE, Puspiptek, 

Serpong) and provide technical assistance in carrying out the research works 

(beginning 1995 - 1996) 

tag_ 4 Experimentation and dissemination of the Results 

Fundamental study on Coal Liquefaction uJing different type of coals such as lignites 
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from Tanjung Enim, Cerenti, Meulaboh and Asam-asam inthe presence of iron sulfide 

catalyst (tor primary hydrogenation) and Mo-Ni with Ca (for secondary hydrogenation), 

will be carried out. Liquefied coal products under various operation conditions, e.g. 

temperature, pressure, slurry concentration, amount of catalyst, and ratio of hydrogen 

/liquid, will be evaluated. Following this, further research to optimize the liquefaction 

process, and to provide evidence of the advantages and predominance of that 

process will be needed. Research report will be submitted to countries involved inthe 

joint research. (1996 - mid 1998) 

SW@ 5 	 Scale-up, preliminaryfeasibilitystudy (overall assessment)and furtherresearch 

work 

Development 	 o a conceptual design and ftowsheet for commercial plant, overall 

performance evaluation, preliminary economic assessment, and examination for the 

necessity of conducting a further research will be carded out during this stage. (mid 

1998 - end 1998) 

COAL LIQUEFACTION TECHNOLOGY OUTLOOK 

Indonesia has total coal reserves of about 34 billion tones with the largest deposits being 

located inSumatra and Kalimantan. Figure 1and table 1show the distribution ot coal reserves in 

Indonesia. From that amount, only 20-30/, o measured reserves are colisidered sutable for export, 

while the remaining 70-80% (brown coal) is often considered as non economic coal. Because 

Indonesian bituminous and sub-bituminous coals are potentially export competitive, logically 

speaking, brown coal, as amajor coal reserves inIndonesia, should be utilized as much as possible 

for domestic use. However, the nature o this coal, which typically has many holes, and consists 

of considerable water and high oxygen content that causes self ignition when exposed to air, can 

cause difficulties intransportation and storage. Thus, burning this coal ina power generation away 

from the mining sites will likely be impossible due to that difficulties. On the other hand, if the power 

plant isbuilt inthe vicinity of the mining site combined with asubmarine cable network from outside 
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Java to Java (as an island with a major energy demand), economically the technology is still very 

expensive today. The challenge is,therefore, to seek the best way of utilizing this coal insuch clean 

and safe manner. As a matter of fact, its abundt nt availability and its critical role in national 

economic growth and energy security require that special attention be paid inutilizing them as much 

as possible inways that can reduce their negative impact on the environment. Inthis regard, Clean 

Coal Technologies, among others, coal liquefaction technology will likely play avery important 

role on the developmenl of coal utilizalion in Indonesia in the future. 

CONCLUSIONS 

Energy continues to be of strategic importance to Indonesia. Since Indonesia may become 

a net oil importer in the early of the next century, it would be prudent in this circumstances to 

consider exploiting its vast coal reserves to offset such import. One possible way is by producing 

liquid fuels from coal. For that reason, the Indonesian government has decided to promote R&D on 

coal liquefaction technology in Indonesia. The research program, which has just been established 

recently, is planned to test almost the majority of Indonesian coals, es.,-cially brown coal. 

Assistance Irom developed countries, such as Japan, the USA, Germany and Australia, will 

eventually be needed for the completion of the project 

Because bituminous and sub-bituminous coals are potentially export compelitive, brown coal. 

as a major coal reserves in Indonesia, should be utilized as much as possible for domestic use. 

However, the nature of thiz coal has caused difficulties in transportation and storage. Burning this 

coal irl a power generation away from the mining sites will likely be impossible. Oi the other hand. 

build apower plant in the vicinity of the mining site c.-mbined with a submarine cable nelwork from 

outsioe Java to Java (as an island with amajor energy demand), economically, still not be possible 

today. Similarly, Brown Coal Liquefaction Technology is also still very expensive at the moment. 

However, the technology will likely play avery important role on the development of coal utilization 

in Indonesia in the future, particularly in the transportation sector. 
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Figure 1 : Coal Reserves Distribution in Indonesia 
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Table 1: Indonesian Coal Reserves As of February 1992 

No- Location 1i sured Probable & I lypothetic Total (%)
I Possible 7

AJSuraca .57.5 0 1344.67 0 .372..14 
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4 Cenntl Kahman gt 
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.',s~tii. Is now the wcrld"s largest ccal exporting country and, with over 30 billion 

'oine; of -ect',verab!e coal, is wel piaced to resoond to Increased demand for 

r.arn.irg coa! in the Asia Pacific region. 

The arge three roa.sons 1-r Australia's success in the export coal trade: 

.Au3irel!a's proximly to Ihe rapidly developing Pacific Rim countries 

Th, omparative attractinn of Australian black coal In terms of reliability of supply, 

cons.senl iqe!it . compeilivA cost, and relatively low environmental Impact. 

t ,Ajor capitai investrnnt during the 1980's *n large scale opencut and 

Irftdrroi.;nd *-ires :n r.,lw South Wales and Quensland fully inlegrated with rail 

,'a r,i,. tr,Stockpiling, shiploading and port facilities. 

.. ,npe.:0lvj! p-crd c! : underpins Australia's position as the world's largest coal 

.L'errr and giv.q aeciuate returns on investmonl Is prepared to expand 

S.,!.art;ar !y 41omnc-t irc;: -..ing world demand. 

- 614



3 

The Role of coal is critical in the Asia - Pacific 
Reglon Energy Mix 

C~o.-:rrri11'dprivat-e bodies around the world forecast that over the next decade or 

e th=., vi!! br a strong derna'.d growth for steaming coal. 

.J:; d.mrnad w!l! he 'ertred in tho newly industrialising nations of the Asia - Pacific 

r,,O-,. ver tho par,, decade the Asia Pacific region has been growing faster than 

,y ?hor region Grwth in GNP over the past 10 years has averaged 6 percent per 

_.;nu;,, c.mpare uth 2.7 pGrc'ent for OECD countrigs, 

,,wh :n , on:ie .crrnc i na!orn is fundamentally dependent the economic 

.. . 

10 r per Arnunm cYr the next decade. 

suc; ee . r ...y -Jqmand In the Asia - Pacific region is projected to grow at 

Thiugh tl.eo are supplies of 6i in the region, it is a net importer of oil. Since the two 

cI I'.0 7 0.,s thai lied to rapid oil price rises and energy security concerns, 

j.- , , , toc rly , n ci! as its malor source of energy particularly for large 

po',j. r stitions, 

,. : gv: is also ;qi'ab~o in some parts of Asia. however the linkage to oil price, is 

,tro:t3r :th, ha! of c); pa'iicularly for LN'. Unless converted to LNG natural gas is 

ict *Hy.r'c,,w':e, ,,he abuindanco -of coal reserves worldwide ensures that 

W.mrn;%et! -v0; cortinu:; to be subj'et to strongly competitive pricing, 

. ;Y:t. nr ; h ,:inte ,,o ,cal of all energy sources. 

ULSI ,VAILABLE DOCUMENT
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Tha wi~d g.:.o.graphical dslribuiion of coal deposits inclUding the Asia - Pacific region 

L.,,.4-q con"-..imers with security of access to supply. 

Th3s .ac.;r5 dctate thzil the rce of coal will remain critical in the region's energy mix, 

vith an esii.".al.d 75 percent expansion in coal consumption in the Asia Pacific region 

c..'w: th, !10 - 2310 period. 

The rtr,-fu'tion o improved coal technology will bQ required to reduce the 

nvirin'rona! o)fth!.s Incroased coal use. 

BEST AVAILABLE DOCUMENT
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is the World's Largest Exporter of Coal 

Sirc-C 1984, Ausiralia ha! been th. world's largest exporter of coal achicuing record 

:;p ,amr 26 Mllior, tonne in1992.ts cf 

Th ird,.istry has a prmvnnr record of satisfying customer needs for reliable, competitive 

i':.';cec,
enioomental;, prerrd coals becoming the largest exporter of thermal coal 

-o tii Northern Asia as they grew rapidly in the 1980's.povver u;;it:es ir, 

.J;pai ,era.mIns th,' mn > customar for Australian black coals taking 60 Million tonne in 

1-^,2 Th t othei major customers being the Republic of Korea (14 Million tonne), 

T-i,,.,' (8 Millon tonm), and Hong Kong (3.6 Million tonnG). Other Asian countries 

(i K; Pakisl . Tturkpy. Iror. and Israel) accounted for 10 Million tonne. 

-' wcrld ;ncreasin0;y zidd e.sses environmental concerns related to the burning of 

f;s , : derr'.prd for Akstralia's relatively clean coals will escalate. 

tustr.izr t:-.i.-rl co;; typi,:ai'y have high energy content, moderate ash levels and 

m .. impo1tnfly low su.phur an6 other contaminated levels making them suitable for 

.ha r,. e:'vir-3.T enaliy consciouS consumer. 

BEST AVAILABLE DOCUMENT 
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Australia is Committed to Clean Coal Technologies 

Th,; A,.',;iar coal ir-dur',ry recognises the need to minimise emissions from the 

"l:tJ: l~tof ccal Tho :rdustries aim is to concentrate on improved and new coal 

tnhicwc!ogies which wi:! increase combustion efficiency as an effective means of 
rdu Earl" 1 percent increase In absolute power generationdmssions 

officiency rs=ults In o 3 pqrcant reduction in 002 emissions. 

Combuz'ion oWir: onvsntional pulverised coal (PC) power stations can be 

-n;-.:n-cd by us: iel .rirgy Australan black coals. 

.,.:.::ding t, a rimbsr of a:lhoritative studies the most economical means of SO 2 

l'n rcJ.f IS r, u'so ;ow; ",ui;,1-:!r cca s. Flue gas desulphurisation (FGD) can meet strict 

, emission : when higher sulphur coals are used, FGD has been installed in 

over 5rjO large .olawz -iround tha world but there is a substantial capital and ongoing 

.-po,'-t;,C cost for insi!t!or; of this technology. The low sulphur content of Australian 

coal is ths',.lfcre bac--ming incr-iasingly important in the selection of fuel supplies 

D~r ,r..a!y r, aebp, ccuntries which may not have the investment capacity to 

k :i..1dv r'te of new qmiss!on control technologies. 

F!vc-;sed crial boiIer.'; wth FGD and de-N0x equipment is a proven mature 

ec.rology. CcrnmitrnJrn to this technology underpinned by abundant economical 

ctnal P'!,, 6 and re!iabiu economical supplies involves minimum commercial risk. 

BES' AVAILABLE DOCUMENI 
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Ir c.*:h pressurisod fluidised bed combustion (PFBC) and integrated ,;oal gasification 

cC"bined cyc", (IGCC) acid gas control and partlcu!ate collection are integrated into 

'he pr-",ess sc ihose systems lend themseives to minimal enissions at higher overall 

. ,th, Research is currently beingie9. conventional pulverised coal technologies. 

w'1-d by the Aust~a;;an Coal Association into the suitablity of Australian coals for 

;hclze n,-:w c'eai cop; techno!ogies. Research is also being undertaken Into more 

Cf.r;,znt coal preparalon technoigies for the production of superclean (3 to 5 percent 

,:h o.nd L!Ira, eon (1 percent ash) coal. 

I'wl)ver. IIvwi!l bq; 19177. q8 b;fore there is sufficient operational performance data on 

1.. systms to suppor commitment by Power Utilities with an acceptable level of 

L; e -Oa' wil; re',.r the dominant coal boiler technology of choice for Power 

U VI',- 1 ll bf'cnd 2000. 

BEST AVAILABLE DOCUMENT
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.,Aitra!ian Expertise in Coal Mining, Transportation 
amd Utilisation is of Relevance to the Asia Pacific 
Region 

A'zu tra;ia has develOrced considerable expertise in coal mining, transportation and 

,. and providing equipment, services, training and technology to the energy 

.. :-:or in Akistra: a and aidjcining regions. 

',cuid So percanl of Wecticity in Australia is generated from coal. In New South 

.V?.16n and Cu,oslancd o'o, 90 percent of electricity is generated in large pulverised 

s!w;,cweratiOr:s. Vict.A,;r. remains thi; principle producer of brown coal to fuel 

t,,r .;ta;oi,: goenr,-r! mo-ro than 80 percint of the states energy needs. Australia 

- E, a h.,!ha !ore-,cnl in (]e@\.,alopirg stnt-of-thp-art technolcgy to improve power 

';.vaf', ckr'.c'i¢.rd poilutior; contgols. 

, ,....;r r&.4vance to the Asia Pacific region is Australian expertise in coal 

W',':'•._ in'zi ;ingj pOv ' Mation design, construction and operation, especially in 

,:!, boil desiri an.,- emission controls to fuel sources. This expertise 

, ,,,me,,ts experienre g.it:ed in integration of the coal transport chain from mine by 

road with -o-te-a shiploading and blending operations at export coal 

t ::nii~ls cao bl o. !opding tho iargest coal vessels used in the international coal 

tradu 

T ,',. nt f nwvj rines together wth the related transport and shiploading 

,.:.. ;, .!n3 f.,.:; ;s m.3jor integrated' undertaking requiring long lead times and 

BEST AVAILABLE DOCUMENT 
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•i.I.ir ,hh ynjnsion and development of c!ient counlries coal receival facilities, 

hir.' r!soc,,-1 syitoms and oowrr stations involve long lead time and major capital 

inv4s!msnt. 

1b :e'' t vir,,,!d ':,nsiderable benefit to both coal supoliers and Power Utilities-

in, Ih- :.!ra!egi,; clanning chain from mine to powerPeg,.Ed -if the extended coa-l 


!-tor.z pr )posed in ,t1 Asia Pacific region This will become most important to
 

a:';iev I' n.f from blending high enoroy, low sulphur Australian coals
the ,.'c betls 

,,L 2..- . V '.:,JroJ5 coats from various South East Asian countries. Coal & 

-h,.. s -,., c .mc, g blundng studies aimed at reducing the effect on the 

.. irxrt.,r of ulrn indigoncus low rank coals as a fuel for the rapidly growing 

1;...qn oirgy . '. " At Australia:1 coal terminals innovative computer controlled 
St."l oi!'.,. , , j ding systems are used to accurately blend different 

.1 V, or' ..- to .ocmd:. composition rcquired by individual customers. These 

.r... m . ., b.-r of'ored to regicnal coal importing ports. 

nit!- . 's ;rsv.,l..d .with Ube Industries Limited and Nissho Iwai Corporation of 

Ja.-in evecg Ubp's Coal Water Mixture Technology which can supply coal in 

o;,"uidj forrn li.!aLle ; pireline transportation and storage in tanks which avoids the 

.",ed for cocr, 5qCi :pi' r ; high popu!ation and environmcntally sensilivc areas. 

/,'. tr c mxi,nios iCvclvfld in coal mining and manufacture of coal preparation 

a# .;';slsi'c Asi,.- countries in improving coal mining and preparation 

BEST AVAILABLE DOCUMENT 
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This is also being enr.nnced hy the Joint Coal Board of Australia arranging UNDP 

com.-v for rgpresentativP.s of developing countries in coal technology. The courses 

..ove" a a.pe:,s of coal gniri;n,. handling, preparation and utilisation. 

Te AusraiPir, Co.?! Trz,.) and Technology Commitee (ACTT) brings together coal

ri1e:..l.or',ke,, rrse rc;Ci tr,4rlng, manufacturing and heavy engineering industries. 

h;a1sz) pro,ides n !cc-,,- 'or liaison with organisations with similar interests in other 

courtries. 

- 622 



Cooi Truly is the Energy Source of the Future 

Wo b.;lieve that coal can provide the base load of Asia's energy growth in the 1990's 
arid wrl! ;no tho 2000's ecornomically and efficiently. To ensure this, I am sure there 

, on-going re.,earch programs by the Australian coal Industry targeted at 
oro:,,;cing, handling and utilising coal in an moreeven efficient, safe and 

r':ir, r i,ly .cep!.lle manner. 

BEST AVAILABLE DOCUMENT 
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ABSTRA CT 
Asia-Pacific and Europe are two of the key world markets for the sale of traded coal. mining 
eciuipment and al u11liSation technologies. The paper analyses the likely kevelopment of coal 
demand in the two regions to 2010. in the context of overall energy and electricity growtll 
trend.,,. The regions ate protected to show considerable differences. Between 1990 and 2010 
Coil] dclriaiid could alhnosi double in Asia-Pacific, but fall by over a quarter in Europe. 

Power station,, will be the nain coal market in both regions. Bv 2010 electricitv. generation is 
projected to icCtLtin or almost 1.9 billion tonnes a year in Asia-Pacific: over half of the 
region's 3.3 Rt coal requirements. In Europe power plants will account for over three quarters 
of total coal demand of 0.9 lt in 2010. Meeting Asia-Pacific needs will require at least 
320 GW of additional coal-fired plant by 2010. European additional capacity requirements 
will be much lower, but the market for replacement plant and environmental upgrading of 
plant will be substantial. 

In Europe coal demand will be met increasingly by imports, which could rise from 
153 mi!!hon ionnes in 1990 to 250 Mt in 2010. European hard coal output will be halved and 
brown coal output sil 1 tall by a third. In Asi:,-PaciFic, by contrast, coal output could auMost 
double over the period to reach 3.2 [it. iarj coal imports. including intra-regtonal trade, could 
rise to 350 Mt in Asia-Pacific by 2010. 
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INTRODUCTION
 
Asia-Pacific and Europe are two of the key markets for those involved in the sale of
 
internationally traded coal, mining equipment, and coal utilisation technologies. Between
 
them, the two regions account tor over 90% of world coal imports. They produce almost 60%
 
of world hard coal. brown coal and lignite. They consume a similar percentage of world coal,
 
including over half of the coal used in power stations.
 

Developments in these two regions will clearly influence the overall market prospects for
 
traded coal and coal-related equipment. However, the two regions display many contrasts in
 
their pattern of coal trade, production and use. These differences will continue, and become
 
more marked, over coming decades.
 

An understanding of the differences is a prerequisite to an appreciation of the particular needs
 
and opportunitie,; presented by countries in tie two regions. To this end this paper describes
 
(ie likely developments in coal demand, output and trade in the two regions over the period
 
to 2010.
 

CONTENT AND DEFiNITIONS
 
The paper is based on a se~ct-, of ,!etailed studies undertaken by lEA Coal Research on coal
 
prospects in the two region. Dovl (1990), Couch and others (1990). Daniel (1991 and 1992),
 
)aniel and Jamieson (1092) and Daniel 1993) are the main studies. The last mentioned
 

report. European cou1 pro.%, ects to 2010, was published in September 1993, and forms the
 
basis of the European projections. Asia-l'acific projections partly derive from unpublished
 
work in progress. The paper also draws on recent work by the International Energy Agency
 
(lEA) in Paris.
 

In 'he paper Europe is defined as all countries west of (and excludin,) Russia, Ukraine and
 
Turkey. Asia-acific is defined as all countries east of Iran and south of Mongolia. However,
 
in some of the analysi,, Australasia is not included. In these instances the text refers explicitly
 
to Asia and not Asia-Pacific.
 

The main emphasis of th, ,,per is on developments in the power station market. This is the
 
sector where most ol the growth in coal demand has occurred in recent decades, and where
 
most future growth will occur. The paper also pays particular -ttention to the traded coal
 
sctfor. 

All units atc gi en in metric ronnes. ..0t is million tonnes. Tonnes of coal equivalent (tce) 
refers to the intemational standard of 29.3 Gigajoules (GJ) per toone. Unless othervise stated. 
'coal" refer,, to all tipe\ of solid fuel from lignite to anthracite. 

ENERGY BACK(;ROU'N D 
In 1992 total pri rar. energ, consuniption in Asia-Pacific waus 2.65 billion tonnes of coal 
equivalent (Mltcc . European cowsumption was around 2.4 Btce. Composition of total demand 
by fuel source varied consideratl'.. although oil accounted for around two-fifths of the total in 
both region,. Natural L.v ard nuclear contributions were much lower in Asia-Pacific than 
Europe. In Etu r p coai met ,"quarite of needs but in Asia-Pacif:c almo.: half (see Table I 
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In both regions coal accounted for by far the largest share of proven fossil fuel reserves 
(see Table 2). In Asia-Pacific the reserves to production (R/P) ratio in 1992 was 53 years for 
natural gas and 18 years for oil. The RIP ratio for coal was 179 years. Europe had a similar 
R/P ratio for coal at 173 years. However, the ratio for natural gas and oil in Europe was much 
lower, at 26 and 10 years respectively (13P, 1993). 

Fossil fuel imports met a lowaer proportion of demand in Asia-Pacific than in Europe. In 1992 
Europe obtained two-thirds of oil, a third of natural gas and a fifth of coal needs from third 
countries. In Asia-Pacific net imports from third countries accounted for a half of oil, a third 
of natural gas, but only 4% of coal supplies 

FUTURE GROWTH IN ENERGY DEMAN) 
Primary energy demand has grown very fast in Asia-Pacific over the past decade. Between 
1982 and 1992 the region experienced growth of almost 5% a year. European growth started 
from a higher base and was niLhli a year over the same period.iower, increasing by 0.8% 

These divergent trends will continue for several reasons. The population of Asia-Pacific will 
continue to grow substantially over coming decades. The World Bank anticipates that the 
population of the region will increase by 1.3% a year. By 2025 the Asian population co ld 
exceed 4.4 billion people. In Europe. by contrast, the population will remain almost stationary 
at around 0.5 billion people (World Bank, 1990). 

Population growth will inevitably lead to rising energy consumption in Asia. This factor will 
be compounded by the low level of per capita energy consumption in the region. At present 
per capita energy consumption in East Asia is 1.3 tonnes of coal equivalent (tce) a year. The 
level in South Asia is only 0.4 tce a year. European consumption is over ten times higher at 
4.7 tee - in spite of the low levels of consumption in some eastern European countries. 

Asian per capita energy consumption may thus be expected to grow much faster than in 
Europe. This will in part reflect the higher rate of economic growth anticipated in the region. 
A recent IEA analysis of future world energy supply assumed that economic growth ir 
Europe would average just over 2% a year from 1990 to 2010. In Asic dhe assumed growth 
levels were much higher. Growth in China was anticipated at 7.6% a year. East Asian growth 
was put at 5.8% a year. and South Asian growth at 5% a year over the period (lEA, 1993). 

Primary energy requirements in Asia-Pacific will thus rise substantially (see Table 3). The 
IEA projected growth in Asia-Pacific primary energy demand of 3.6% a year from 1990 to 
2010. In the latter year total primary energy demand could stand at around 5 Btce. 

European primary energy' demand is projected to increase much more slowly. Western 
European energy demand may rise by 1%a year to 2010, but eastern European demand may 
barely exceed 1990 levels by 2010. Between 1988 ard 1993 eastern European energy demand 
fell by over a third as economic output slumped. The collapse in eastern European gross 
domestic product will have been reversed well before 2010. However, economic restructuring
will result in a trend tow:u-ds less energy intensive economic activity. Combined with much 
more efficient energy use !his will offset the impact of renewed economic growth on energy 
consumption. By 2010 European primary energy demand is projected at just over 2.9 Btce. 
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ELECTRICITY DEMAND PROSPECTS 
An increasing proportion of total primary energy supply is devoted to the generation of 
electricity in both regions. In Europe over a third is used in this way, and in Asia-Pacific just 
under a quarter. However, in Asia-Pacific there are substantial differences between countries. 
In China., for instance, electricity production accounts for only 15% of total prit iary energy 
supply, whereas in Japan the figure is 39%. 

It has already been noted that the composition of primary energy supply by fuel source differs 
between the two regions. This applies to electricity supply as well (see Table 4). However, at 
present the differences are less marked. In both regions coal provides two-fifths of electricity 
ouput and renewables just under one-fifth. The main difference is in the re!ative shares of 
hydrocarbons and nuclear power. The latter accounts for 30% o electricity production in 
Europe, but only 12% in Asia-Pacific. The proportions met by hydrocarbons are reversed. The 
low percentage of hydrocarbon usage in Europe will, however, change in future years. 

The past decade has seen very fast growth in electricity demand in Asia-Pacific and a much 
more moderate increase in Europe. These trends will continue. The rapid growth in Asia-
Pacific primary energy demand will be paralleled, and in large part driven, by the growth in 
electricity demanL. Asia-Pacific electricity demand is projected to grow at almost 5% a year 
between 1990 and 2010. In the latter year electricity output in Asia-Pacific could exceed 
6.360 TeraWatt hours (TWh). This would represent over 30% of world electricity supply, 
compared with the 21% recorded in 1990 (IEA, 1993). 

European growth in electricity demand will be much lower. In 2010 European electricity 
output has been projected by IEA Coal Research at 3,592 TWh (Daniel, 1993). This 
represents growth of only 1.4% a year over the period from 1990. As with energy demand the 
effects of economic restructuring and improved efficiency in eastern European electricity use 
will be mainly responsible for restraining growth in demand. 

COAL DEMAND - ASIA-PACIFIC 
The substantial growth anticipated in Asia-Pacific energy and electricity demand will be 
primarily fuelled by coal. Coal accounts for just under half of total primary energy supply in 
the Asia-Pacific region today. In 2010 the level is likely to be similar. Coal use in that year is 
projected to reach 2.25 Bice (or 3.3 Bt) - almost double the 1992 level. 

Most of the increased demand will occur in power stations, almost all of which will operate 
on base load. Coal-based electricity output is projected to grow by nearly 6% a year in Asia-
Pacific, taking the fuel's share of total electricity output from 42% in 1990 to over 50% in 
2010. Coal-based power production would thus more than triple, exceeding 3,270 TWh in 
2010. To put it in perspective: coal-based power output in Asia-Pacific would then almost 
equal total electricity output in Europe. 

An increase of this magnitude will require enormous investment in power station capacity. An 
additional 320 GW or so of base load plant, excluding replacement capacity, will be needed 
between 1990 and 2010. Much of the additional plant will be required in India and China. In 
India net additionl coal-fired capacity of up to 99 GW is planned by 2010 (WEC. 1992). In 
China some 70 GW of additional capacity is being sought between 1993 and 2000 alone. 
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Large tranches of new capacity will also be required in countries such as Japan, South Korea, 
Thailand. Indonesia and the Philippines. By 2000 an additional 50 GW could be in place in 
these countries (Doyle, 1993). 

These are, however, only projections. The amount actually built will in all cases be 
constrained less by demand than by available capital - much of it derived from foreign 
investors. Annual capital expenditurc on coal-fired plants in Asia-Pacific to meet these plans 
could easily exceed $20 billion over the period. Capital will be directed primarily to those 
countries with liberalised electricity systems and prices. Without guaranteed returns much of 
the planned capacity may not be built. 

Power station coal use could thus rise substantially over the period. In 1990 some 380 Mtce 
(or 622 Mt) of coal was consumed in Asia-Pacific power plants. By 2010 annual consumption 
could exceed 1.1 Btce (almost 1.9 Bt), if capacity is added as planned. Coal demand in other 
market sectors will rise more slowly, with most of the growth occurring in the industrial 
market. Household and transport use will suffer a relative decline. As a result power station 
coal use could rise from 37% of total coal use in 1990 to well over 50% in 2010. This will 
follow a well established trend (see Table 5), but would still be a much smaller proportion 
than in Europe, where power stations already account for over three quarters of total coal 
demand. 

COAL DEMAND - EUROiPE 
In Europe there will be a decline in both overall and proportional coal use. IEA Coal 
Research projects that overall coal use will fall from 1,198 Nit in 1990 to 835 Mt in 2010. 
The share of European electricity output met by coal will fall from 38% to 31% over the 
same period. Nevertheless solid fuels will remain the largest single contributor to European 
electricity supply (Daniel, 1993). 

The projected decline in European coal demand can be attributed to several factors. The low 
growth anticipated in energy and electricity demand has already been noted. So, too, has the 
collapse in economic output and energy use in eastern Europe. Energy and electricity supply 
in eastern Europe were heavily dependent on coal - especially brown coal. Collapsing energy 
demand has thus mainly affected coal. 

However, economic revival in eastern Europe in future years will not result in renewed coal 
growth. Improved efficiency of energy use, environmental taxes and concerns, and the 
incursions of natural gas will constrain coal demand. These factors will have an impact on 
coal demand throughout Europe - especially in power generation. Natural gas use in power 
stations is projected to more than double by 2010. Nuclear output will also increase. In some 
countries coal-fired plants will not operate on base load. As a result electricity production 
from coal is projected to grow by only 0.4% a year from 1990 to 2010 (see Table 6). With 
coal use in other markets projected to decline, European coal use in 2010 will thus fall by a 
quarter, to 0.9 Bt. 

Falling demand does not mean that Europe will offer no opportunities for sales of coal and 
coal-related equipment. It is true that commissioning of additional coal-fired capacity will be 
limited:- especially when compared with the prospects in Asia-Pacific. However, the' stock of 
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European power stations is much older than !hat of Asia-Pacific (Daniel, 1991). A significant 
portion - up to a half, or 115 GW - will need refurbishing, modifying or replacing before 
2010. This especially applies in eastern Earope, where most power stations are old, inefficient 
and environmeittally inadequate (Couch and others, 1990). The cost of modernising eastern 
Europe's energy sector wis recently quantified by the US Secretary of State for Energy at 
USS200 billion. Much of this cost relates to expenditure on coal-fired power plants. 

COAL PRODUCTION AND TRADE 
Coal demand will thus almost double in Asia-Pacific. In Europe it will fall, but still remain a 
substantial component of energy supply. In both regions a significant part of demand will be 
met by imports, which will rise substantially from the 379 Mt recorded in 1992 (see Table 7). 

IEA Coal Research has projected that in Europe net hard coal imports could rise from 153 Mt 
in 1990 to over 200 Mt in 2000, and reach 250 Mt in 2010. All the growth will occur in the 
thermal coal sector, with coking coal imports remaining stagnant over the period. Most growth 
in thermal coal demand will come from power stations (Daniel, 1993). This forecast is in line 
with other recent projections, certainly up to 2000 (see Table 8). 

The growth in European demand for coal imports will mainly reflect the replacement of 
indigenous output, rather than the creation of additional markets (Daniel and Janieson, 1992). 
European hard coal output is projected to halve, falling from 376 Mt in 1990 to under 190 Mt 
in 2010. By the latter date imports will thus substantially exceed European hard coal 
productioi. Brown coal and lignite output will also decline by a third, to 446 Mt, between 
1990 Pjid 2010. Loss of markets, high costs and, in cases, relatively poor quality will militate 
against indigenous output at a time when Europe will be undergoing increasing economic 
liberalisation. 

Asia-Pacific gross ":oal imports will also increase substantially. However, net imports into the 
region will rise muci, less significantly because of the export roles of Australia, China and 
Indonesia. By 2000 imports (including intra-regional imports) could reach 250 Mt a year, 
comprising around 150 Mt of thermal coal and up to 100 Mt of coking coal (see Table 9). By 
2010 imports could easily exceed 350 Mt, with most additional sales being thermal coal to 
power stations. 

This import figure relates to a projection of Asia-Pacific coal production of over 2.1 Btce (or 
3.2 Bt) in 2010 - almost double the 1992 figure of 1.7 Bt. A large part of the growth would 
occur in China. India, Australia and Indonesia. Chinese output plans envisage production of 
1.4 Bt a year by 2000 with substantial growth thereafter to 2 Bt a year in 2010. Indian output 
in 2010 has been projected at between 550 and 650 Mt (WEC, 1992). Australian production 
could exceed 330 Mt by 2010. Production at these levels would, however, require both large 
scale investment in power station capacity - as already described - and in the mining industry. 
Without these investments Asia-Pacific output in 2010 could stand at 2.5 Bt or less. 
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CONCLUSIONS 
Coal demand in Asia-Pacific could rise to around 2.25 Btce (3.3 Bt) in 2010. Over half of the 
demand would arise from the power generation sector. Achieving this level will require 
massive capital investment in at least 320 GW of new coal-fired power station capacity. 

Coal production in Asia-Pacific could grow from around 1.7 Bt a year in 1992 to around 
3.2 Bt a year in 2010. This total would include over 0.2 Bt of intra-regional coal imports. A 
fur.lier 0.1 Bt or so rf coal imports from third countries would be required by 2010. All these 
projections are, however, dependent on substantial investment, which will in turn require 
guaranteed returns through realistic electricity and coal prices. 

In Europe coal demand will fall by over a quarter to 0.9 Bt in 2010. Slow growth in energy

and electricity demand, environmental concerns, and competition from natural gas, will
 
constrain coal use even in the power station sector - the main market for coal in Furope.

Nevertheless coal will remain the largest single supplier of European electricity output, with
 
up to half of tile region's power station stock requiring replacement or environmental
 
modification in the period to 2010.
 

European coal production will fall because of lost markets, high costs and environmental 
problems. Hard coal production will be particularly hard hit. falling to half of its 1990 level 
by 2010. Coal imports. by contrast, will rise from around 150 Mt in 1990 to 250 Mt by 2010. 
At that stage imports will substantially exceed indigenous hard coal production in Europe. 
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Introduction 

In June 1990, the Chairman of the United States Energy Association (USEA), the United 
States Member Committee of the World Energy Council (WEC), chartered an Energy Research 
Committee that included a representative of the En:rgy Council of Canada, the Canadian 
Member Committee.' This Energy Research Committee was tasked to examine advanced 
technology and development required to address concerns regarding global climate change, 
comment on research and development demonstration programs in the United States, and 
contribute to U.S. and Canadian member com.mittee involvement in the 1992 World Energy 
Cong=e.3 in Madrid. The com.,iittee, of which this author was chairman, produced a report(1) 
upon wthich this paper is based. 

The committee began its deliberations in a conventional way in order to come to grips with 
investigating the range of research activities under way and commenting on them. Because of 
the multi-fuel industry and technology representation on the committee, it became apparent that 
a conventional (parochial) approach would not yield more than the usual catalog. We came to 
the conclusion that a long-term global view starting with local and regional short-term priorities 
was necessary and chose 2100 as the target year. 

Electing the lor.g-term approach enabled us to get above short-term difficulties and intra
national, regional, resource, fuel, or technology rompeition issues, and thereby critically
examine the general direction of governmental energy research, development and/or
demonstration (RD&D). We found that thee was a need to make RD&D prioritization and 
planning more pertinent and responsive to long-term needs. Though regional views may not 
show global priorities in the short-run, they will in the long-run. 

"Committee Members: S. W. Gouse.,Chairman. Bruno Brodfcld, John Casazza, J. Edward Cichanowicz. John Clarke. 
Peter Dyne, Thomas Gillette, William Harris, Richard Hilt. Feenan D. Jennings, Dolores M. Kern, Date E. Klein,

,Thomu Leuchtesnburg, Edward K. Levy, Thomas H. Magness. Robert C. Marlay, Robert McFarren, Richard H. 
McMahan. Loring E. Mills. Frank C. Schora. Irving J. Solomon. Michael Tinkleman, David 0. Webb. Jay Wilier, 
Richard H. Williamson. Barry K. Worthington. Fred H.Zerkel. 
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Energy, A Future of Fundamental Change 

The most recent cyclical activity in energy RD&D began with the oil embargo in 1973 and 
has weathered two price shocks, a major surplus of natural gas, and current real prices of oil 
below those at the start of the period, with current reserves of all fossil fuels at record highs. 
Over the past two decades, energy policy concerns have focused largely on the security of 
supply. This concern has been dominant due to growing world dependence on oil, with the 
concentration of oil reserves in areas of potential instability. 

During this period, exploration and finding techniques have improved, strategic oil reserves 
have been established, and RD&D efforts have been directed toward expanding the capability 
to use previously untapped or underutilized energy resources. n addition to increasing supply 
options, energy research of this period has led to major advances in the development, 
demonstration, and application of technologies to increase the efficiency of energy use and thus 
reduce potential demand growth from all sources. 

The period started with price instability and a fear of running out. It has ended with an 
understanding of the vast amounts of resources available, the ability to deal with the short term 
instabilities, and a growing realization that true long-term issues revolve around the increasing 
density and standard of human activity, increasing population, and the greatly increasing level 
of residuals of all types being placed in the environment. In particular, emerging concerns with 
respect to global climate change and the role that fossil fuel use may have in accelerating or 
decelerating this phenomeaon are major emerging uncertainties effecting the choices available 
to us in the future. 

Our target year was 2100. Several studies became available during deliberations. Table I 
is a surnmary of their projections. When the time into the future and the varied approaches are 
consider.d, the agreement is remarkablc. The lower numbers have allowed for continued 
efficiency improvement of the type that 
have been historically embodied in Table 1: Estimated Future Global 
economic development. In the year 2100, Energy Requirements 
the annual requirement will be at least three (Exajoules/yr) 1986 = 317 
times that of today, and that the resource 
base exists to supply this without major .SourWeear- 7960 2100 
reliance on renewables. The total level of 
economic activity in the world will be Holdren 19902) 834 1244-1577 
considerably higher than today. In the year 
2100, the level of economic well being of Stair, et a]. 19903) 810 

today's less developed world is likely to MIrRE 1992(4) 709 1100 
exceed that of Italy today. The residuals 
produced in providing for these energy Greenpeace 1993(5) 987 
demands will be of consequence and their 
nature will vary according to the kinds of 
primary resources, conversion, and end use systems that will be deployed. Because of the 
evolution of technology and the differcnt stages of energy system infrastructure investment and 
development around the world, actions in the future will vary by region even though the 
commerial energy forms employed are likely to be similar. 

Most of us, when working at or thinking about parts of the energy system, come at it from 
the point-of-view of elements of the system. However, the real issues are more fundamental, 
global, differ in detail regionally, and will have a profound effect on what ultimately will be 
deployed in the future. 
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The principal constraints to change facing us are economics, the time constants associated 
with the energy infrastructure, both in conversion and in end use, and the fact that many of the 
effects and impacts of -nergy conversion and use are not borne directly by the individuals 
responsible for a particular phase of the system A primary aspect of the decision problem
facing all involved in the energy system is that one can go from virtually any primary resource 
through various commercial energy forms to an ultimate end use. There is rarely a one-to-one 
correspondence. The system is richly redundant and the choices overwhelming-not only
today, but for the future as well. However, careful analysis linking energy, the environment,
and economics must be the norm if we are to afford the future. 

The Job Ahead of Us-We Need an Architecture 

In the year 2100, total primary energy consumption will be at least three times today's
level. This requires an energy system infrastructure at least three times larger than what exists 
today, and allowing for infrastructure lifetimes, perhaps two to three replacement cycles of 
equipment. This is a staggering prospect and calls for an evolvable system. Because of the 
increased density of activity around the globe, this system will be subject to more 
considerations than were taken account of inour energy system evolution to this stage. 

We use the term energy system to refer to the integrated set of primary energy resources 
through end use function provision systems and devices that are necessary to provide for our 
energy enabled services--defense; goods and services; lighting; production of food; space
conditioning: and transportation; etc.-in the various regions of the world. Between resources 
and end use lie the various extraction, refining, conversion, storage, transmission, and delivery
systems and processes. It is recognized that a focus on the integrated system is necessary in 
order to understand the economics, evolution, and performance of future energy systems. We 
felt that the energy system is often construed too narrowly. As a result, the phrase
"architecture of the whole energy system" was adopted to emphasize the idea that an energy
system is more than a collection of devices, processing plants, resources, etc., that satisfy the 
energy demands of the economy. 

Architecture is the art or science of designing the system in accordance with principles
determined by practical or functional coi siderations. For structures in which people live and 
work, etc., there is a general understanding of what architecture means with respect to the 
location of activities, the movement of goods and people into, out of, and within a structure,
the illumination, maintenance, provisioning, remodeling, sewering, space conditioning, etc. In 
addition, building codes, zoning laws, and esthetics considerations are understood and 
accepted. There is an analogy to almost any system including energy systems. All systems 
need an architecture that deals with all their finctions and interfaces and provides for evolution 
of function and technology. 

For the energy system, the architecture is an organized arrangement of development
locations, flows, physical facilities, storage depots, transmission links, and their interaction 
with accessibility, climate-existing population centers, cultural differences, economic 
development centers, stage of development-resource distribution, water supplies, etc. Were 
it to be designed by an accepted architect, all could be laid out in advance. However, we do 
not have that luxury or possibility. We have a non-uniform global distribution of various 
resources, including the renewables. We have existing population density and economic 
activity plus embedded first and second derivatives or rates of change, etc. 

For the energy system this means the distribution of all resources to be employed, the 
choice and location of various intermediate steps of benefaction, conversion, delivery, 
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extraction, refining, storage, transmission, transport, etc., of commercial energy forms 
through enabling end use functions. including accounting for appropriate actions with respect 
to all effects, requirements, and impacts and ultimate disposition of all residuals and spent 
system hardware. We need a full understanding of the paths we are on, as well as the paths we 
must follow into the long-term. 

The effects, inputs, requirements, etc., will vary geographically. However, because of the 
sTpecifications surrounding the production of commercial energy forms (fungible commodities), 
independent developers can produce devices and subsystems for various parts of the system 
including end use devices. There will be need for a great deal of local, regional, and global 
discussion about coal ports (loading, unloading), LNG terminals (shipping, receiving), major 
plant locations, nuclear waste repositories, pipe lines, refineries, solar converters, transmission 
lines, wind farms, etc., all with new and more stringent standards and requirements coming 
into being (some retroactively) with respect to various environmental effects; occupational, 
health, and safety effects; residuals; etc. 

The issues are: how does one examine the choices and arrive at conclusions or figures of 
merit as to what combination of non-uniformly distributed primary resources and intermediate, 
as well as perhaps changing with time, commercial energy forms leads to the overall most 
beneficial way to meet service needs in various regions of the world when the location and life
cycle of all elements and outputs of the system are considered. This has not been society's 
approach. Generally, the focus has been on relatively small pieces of the system, e.g., a new 
refining technology, a new automobile engine, or an alternative fuel. Over the past 450 years, 
a vast world energy system has evolved without conscious attention to many of its affects. We 
believe this energy system has reached a scale that demands attention to its architecture to 
determine where and how the system might be changed, how that change could be 
accomplished, and what the resulting impacts and effects might be. We need to develop a 
process to study the architecture of the whole energy system (AWES) to allow all effects of 
arrangements for various architectures to be evaluated on a consistent basis. 

Current RD&D Planning 

We believe that most governments have a relatively short-term myopic process for looking 
at energy RD&D. The programs look like catalogues of resources, technologies, devices, etc. 
Little attention is given to real success, that is research results that lead to large-scale 
implementation of a technology. We believe that the planning of government RD&D aimed at 
developing new energy technologies, components of tomorrow's energy system, should be 
based on a broader analysis and longer-term criteria with evolutionary system requirements. 
Considering only the existing regulatory structure and standards is not adequate. The 
combination of increasing population and continuous economic development have effects that 
seem tolerable at the outset, unacceptable later. These large-scale activities can include things 
that were thought unimportant or neutral but become critical, such as the chloroflourocarbons 
in the amnosphere. 

Thus, a new approach is needed. Today, many environmental challenges are being 
confronted locally or regionally. However, they will generally all become global. Some 
already are. Because of the enormous flexibility before us, choices for RD&D investments will 
require developing a new planning system. Such a system must allow tracking of all the 
effects--positive, negative, and neutral-as if the RD&D were successful and the product 
implemented on a large-scale. This is not a simple task. The present global energy system is 
huge, complex, and evolving. How it evolves is effected by many factors, such as the finding 
of new reserves, changing end use requirements; new extraction, conversion, and delivery 
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technical capabilities; geographic,

environmental, and social constraints and 

regulation; changing economic ground 

rules; national security considerations. 

Furthermore, most of these factors can and 

do change more rapidly than the energy 

system infrastructure. 


The technical and economic lifetimes of 

major energy facilities are 30 to 50 years or 

more. These facilities represent an 

immense imbedded investment of capital 

and other resources. The future expansion 

of the energy system, and especially the 

incorporation of new technologies, will 

pose an equal or greater requirement for 

capital and technical resources. The result 

is a tremendous inertia that allows only 

gradLt I changes from existing technology 

in the developed world. 


Since the rate of economic development 

isincreasing more rapidly inless developed
isinresng moapids iny lhesscountries and since their current 

infrastructure investments are small 

compared to future requirements, these 

regions will have opportunities (from a 

long-term perspective) to employ better
 
technologies. The developed world is 

mostly in the replacement business, rather

than inthe new insrtallation business. We
mthani te an ita ftio es. Wpply
must take advantage of this. 

This is especially true when one 
considers our habitat structures where 
many buildings have lives in excess of a 
century or two, and, where ordinary 
housing runs close to a hundred years. 
Dealing with the complexities of an 
evolving and expanding energy system and 
its increasing effect on the environment due 
to the scale of activity will require 
fundamental changes that will take a long 
time to be fully realized. Achieving 
substantial changes in the structure of the 
global energy system will also require 
decades, thus the long-term view. 

This is a conclusion that raises a 
number of practical questions. Is it 
possible to perform a valid analysis of our 

The Inertia of Energy Systems:
An Example 
Homes can be built to require far less energy for 
heating or cooling than is today's norm. However, 
the energy-efficient house illustrates the problem of 
the inertia of energy systems. Houses built today
will be heat nd cooled for close to the next 100 
years. FP'm an energy system viewpoint, what are 
the consequences, the advantages or disadvantages, of 
not building as many houses as possible today? 
Wl*. would be the preferred method of heating (in,
for example, the northeast) or cooling (in the 
sotahwest) with the majority of all dwellings being 
built tocurr tandmrd 

How is electricity to be provided to these homes? A 
large portion of domestic services (lighting, air 
conditioning) require electricity cooking and heating 
can be serviced with elertricity or with natural gas.
Are houses best served by centrally generated
electricity, as today; by some combination of central 
and locally generated electricity; or by wholly 
decentralized systems? If electricity is provided by
central generation, isthe heating load s3 low that anadditional natural gas distribution system would be 
uneconomical? How would heat pumps affect the 
seasonal load patterns of the utility or a reduction in 
electricity demand? 

Suppose further that photovoltaic panels existed 
with the cos and performance projected for 20 years
hence. How would they interface with electrical

systems? Would they he better deployed in 
large central facilities, or decenamlized. sited wl--h 
each home? What are the technical problems and 
costs involved in interfacing a tow-voltage DC 
source with the conventional 110 V AC supply or 
with the higher voitrges in longer-distance 
transmission systems? flow does such a supply 
vector, periodic and variable with respect to the sun, 
affect the utility's load management? For the utility,
what am the better ways of providing reserve 
capacity for a succession of cloudy days? Isthe fully 
decentralized, stand-alone system a possibility? 
There am some environmenil questions as well. 
Energy-eflrwient houses require carefully controlled 
te.tilatio Is indoor ir quality adequate? Whatmust be done to recycle defective photovoltaic cells, 
which, if based on heavy metals, may cas 
difficulties? 

Dealing with issues of such complexity requires a 
time horizon that precludes all but the most gradual 
changes. 
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requirements a hundred years in the future? In some ways, the long-term is less uncertain in its 
global characteristics than is the short-term. In the absence of surprises or miracles, the 
population growth already in place and the fundamental forces causing economic development 
will lead to numbers of primary energy resource requirements as shown in Table 1. Even the 
lowest number may cause unaccep' %7,1e stressing of the global environment. It is clear that in 
the far distant future only renewable or non-depletable resources will be able to meet our needs. 
While they appear attractive today, it is highly likely that as we get to know them and 
understand all of their effects and requirements, they too will have their share of problems. It 
is important to understand the shortcomings of renewables as soon as possible, even if we 
cannot assess their net cost or benefit at the present time. 

A New Approach: Analysis of the Architecture of the Whole EL.ergy System 
(AWES) 

In a simplified form, the two phases of the world energy system are depicted in Figure 1. 
Phase I starts with primary energy resources, either depletable, such as fossil, geothermal, 
nuclear, etc., or non-depletable, such as agricultural waste, biomass, gravity, ocean thermal, 
solar, tidal, wave energy, wind energy, etc. The primary resources with inputs are then 
refined and/or convened into commercial or manufactured energy forms-butane, chemical 
feedstocks, diesel fuel, electricity, gasoline, heating oil, jet fuel, natural gas, propane, etc., 
leaving residuals and producing emanations. In Phase II, commercial energy forms are then 
employed in a variety of devices and processes with perhaps additional inputs to enable 
services and functions, such as agriculture, food preparation, lighting, manufacturing, minerals 
extraction, national defense, space conditioning, transportation, etc., also leaving residuals and 
producing emanations. 

Inputs Inputs 

Primary Energy Processes Commercial Provision of End Spent 

c Energy Forms Use ctions Components 

Residuals and Residuals and
 
Emanations Emanations
 

Phase I Phase II 

Figure 1: World Energy System 

The end use functions are rich in their range and choices, e.g.: transportation can be of 
people or goods; on land, sea or in the air, long distance or short dir nce, slow or fast, in an 
automobile, in a mass transit vehicle; etc. Even a particular choice like an automobile can be 
powered by several fuels in various types of engines, on or off the vehicle, etc. It is indeed a 
complex system. It is useful to become more systematic in viewing such a system, if for no 

"The question ofdepletable or non-depletable (non.renewable/renewable) isone of time-fossil fuels can be 
renewed but very slowly; nuclear can be extended far to the future with breeders: geothermal is depletable at a 
particular site, but will be somewhere as long as the earth lives; etc. 
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other purpose then counting. Within each of the general functions there are, of course, many
 
subdivisions.
 

What follows is a description of one way to keep track and identify all the effects, impacts,

requirements, etc., of going from any primary resource to the provision of a function in such a
 
way that it would be possible to compare the merits of choices on appropriate scales.
 

Figure 2 shows the generic steps and production of commerial energy forms fro, primary
 
energy resources in Phase I of the energy system. The primary resources are solids, liquids,
 
gases of the fossil nature, nuclear materials, renewable resources based on the sun and gravity,
 
etc. There can be quite a geographic range of distribution of the steps from resource recovery

through processing, storage, transport, and conversion. All could be located at a particular

site, such as a mine mouth central station electric plant, or the final refining could be on the
 
other side of the world from the extraction of an oil from the ground, i.e., the generic steps are
 
not as simple as depicted. 

~Ac~ Reowo P~ing 4~i>"Commercial or
iadsc step Reowv ,oon,. Manufactured Energy 

• 	Collection Cleaning • Central Station Forms 
* 	 Exploration • Concentration Generation of 

Extraction * Refining Electricity 
- Pumping Sizing • Gasification Ethanol 
- Mining Storage Liquefacoon Feedstocks 

Representative 	 - rtrling * Transport Locl Output Gasoline 
Activitieg - Excavation - Pipeline Generation of Heating Oilsfor Each 	 E wctGeneric Step Harvest - RailEltricity Hd,genG 	 Reclamation - Barge • 	Retorting Jet Fuel 

. Etc. - Truck • Refining Methane 
- Ship * Etc. Methanol 

Etc.* 	 Upgrading 
• 	Etc. 

There can be multiple processing, conversion, transport, storage, etc., steps-depends upon
particular resource (e.g., gas-solid), location (e.g., surface-underground, relation to
demand centers), conversion process, and commercial energy form. 

Figure 2: Phase I of Energy System Generic Steps in Production of
Commercial Energy Forms from Primary Energy Resources 

Figure 3 shows the assessments, efficts, requirements, impacts for the generic steps in the 
production of commercial energy forms, which arc necessary to identify all costs, benefits,
externalities, currently n eutral effects, etc. It is important that c ,mmon units or measures per
unit of commercial energy form be employed here. The means for identifying the 
requirements, i.e., in land use (the number of acres of land), the length of time of the land is 
sequeste:ed or out-of-service for other uses (e.g., acre years/megawatt year), must be 
comparable for various paths from nuclear, fossil, and renewable resources to different 
commercial energy forms. Disposition of spent systems, components, and other residuals
have to be identified. In the past, we have not paid sufficient attention to dismantling and 
disposition of old plants and spent fuel. This has become particularly important with nuclear 
power plants, but it is equally important with all chemical processing devices and even with the 
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Disposition of Spen Systems 
Component md OC'heResiduals 

E-M Fields 

Gaseous Efflurn 

Commercial or 
Land Use Manufactured Energy 

Forms 

Liquid Effluent Diesel 

Electricity 
Market Potential Ethanol 

FeedstocksNuclear Radiaion 
Gasoline 

Operations ard Maintenance Heating Oils 

Hydrogen
Occupational and User Helth 

and Safety Jet Fuel 

Methane 
Process Inputs 

Methanol 

RD&/orD 	 Etc. 

Security 

Solid Effluent 

Thermal Radiation 

Water Use 

Etc. 

Figure 3: 	 Phase I-Assessments, Effects, Impacts, Requirements for Generic 
Steps in Production of Commercial Energy Forms 
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disposal of working fluids, e.g., refrigerants or toxic substances in batteries and other 
components. These things may not be a problem-if you are dealing with small numbers-but 
in the growing global energy system, the numbers are large. 

Figures 2 and 3 can be combined in the matrix shown in Figure 4. This matrix, for each 
primary energy resource, if fully expanded with the generic steps for each particular application
allows one to identify all effects, impacts, judgments, requirements, with respect to a particular
path from a resource to commercial energy forms and allows comparison with any other path 

C C0 

SDiesel 

-- • ,,, - " NOV. - I "-: 	 LUElectrcity Heatin Oils 

too,,
 

eed"ock
Ethanolfor Systm 

Commerciala 
Fiure"4 .Mati nntoyo Attributs"lemets toodue 

Eney F 

".Etc.
 

Figure 4: 	 Matrix for Inventory of Attributes of Elements of the System to Produce 
Commercial Energy Forms from a Primary Energy Resource 
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for other resources. All possible commercial energy forms have not been shown in Figure 4. 
There are new reformulated gasolines becoming available, as well as new ultra low sulfur 
diesel and jet fuels. Other changes such as this may come in the future. 

Commercial energy forms are what are available in the marketplace to enable various end 
use functions. Figure 5 is an aspect of Phase II of the energy system. It depicts generic steps 
enabling end use functions, showing how commercial energy foLns enter the distribution 
storage or transmission system ending up in enabling generic end uses. This system can be 
more complex than that shown, in the sense that there can b- several transmission and storage 
steps between refineries, storage yards, retailers, etc. There is an analogous figure in Phase I 
to that shown in Figure 3, where one must track the effects in each generic step. These can 
then be combined as shown in Figure 6. 

Commercial or
 
Manufactured Energy .. . m. 


Diesel : ': ..... .. S !
... '. 
 EnUs"sTranmission' Di 

Electricity • Electric Lines Agriculture
 
Ethanol * Pipelines Commerce
 

FeedstocksFeestolik Service Stations • ManufacturingGasoline 
HeaLing Oils Substations and • National DefenselsTransformers 


Hydrogen •Spe
 

Tank Farms Conditioning
 

Hedrgeng Space 

Jct Fuel 

Transportation
Methane Truck 

• Etc.Methanol Etc. 

Ec.
 

Figure 5: Phase II--Generic Steps in Enabling End Use Functions 

Figure 6 is a matrix for an inventory of attributes of elements of the system to enable end 
use for a given commercial energy form. The combination of Figures 4 and 6 is the total 
energy system for each resource, but since they are actually separable at the commercial energy 
form interface, it is convenient to work that way as each of the commercial energy forms are 
fungible commodities." One can see that given the knowledge base available to us today, the 
number of paths from various resources, renewable and non-renewable, through provision of 
end use functions is staggering. The system is rich and redundant, a strength and a weakness. 

It is precisely because of the richness of the existing and the potential global energy system 
that we need to be more deliberate aboat being systematic in identifying appropriate 
architectures, e.g., which resources are best suited for various commercial energy forms, 
which commercial energy form is best suited for various end use functions. What is the best 
means of shipping and storage, etc.? Where should operations be located? The best is likely to 
vary for different regions of the world, but in all cases will be under ever more stringent 
requirements with respet-t to environmental, etc., effects. 

* One could, in principle, stack the matrix for each primary energy resource one upon the other---all the 

renewable and unrenewable resources--in order to have the entire energy system in one matrix. However, it is 
cm'nbersome to look atit in that form. 
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IiA B-iit 
. ,Heating oilsI ~ Gasoline 

' K,'Hydrogen 

Methane 

Methanol E 

Etc. 

Figure 6: Matrix for Inventory of Attributes Of Elements of the System to EnableEnd Uze for a Given Commercial Energy Form 

P-eparadon of an analysis that would permit real comparisons of alternate choices wilMulti-disciplinary process and must identify all of the effects and how they wil 
be a 

be dealt withover the whole life cycle of the system. In many cases, the data will not exist or will haveconflicting values, in which case uncertainty bands must be included in our system description.The work should begin at the local level, gro. into a regional analysis, and then be integrated
oni a global basis with feed back. 

Bcausc technology and regulations change, with time, the analysis must be dynamic n thesenso of dealing with the evolutionr~y and transition issues of going from where we are todayto wher- we might be, with allowance for the time constants in the infrastructure and end use 
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station, habitat, and transportation infrastructure. It is
hardware, especially central 
unreasonable to believe that in the absence of compelling forces, we will abandon useful capital 

equipment and structures. 

With all the models that have been developed, the computational, database, and graphics 

display' technologies available, the rapidly emerging global muld-media communications 

systems, it should not be difficult to begin describing the system. It must be done in such a 

way that objective comparisons can be made between alternate paths and choices and that the 

form of the comparison be under;tandable and credible to the decision makers in the process. 

This includes the public. 

While it is important to deal with regional differences with respect to resource availability, 

history, state of economic development, cultural preferences, one must also deal with the 
Because of rapid spread of information and multi-nationalemerging global economy. 


companies, the infrastructure and end use function technologies are not likely to be that
 

though there will be strong competition among providers. Also, of the 
different, even 
commercial energy forms, the fraction used as electricity increases as development proceeds. 

The number of other commercial energy forms that are likely to be used on a global basis may 

So while there will be regional differences, there will also be global similarities.
be limited. 

The basic purpose of an analysis is not to provide a solution, but to display the choices in 
This permits more rational decisions about can clearly be compared.such a way that they are to 

preferred architecture or ways in which commercial energy forms and end use functions 

be supplied and how that will vary over time in different regions. The basic building of the 

information should be technically based in order to avoid value judgments that are best treated 

This does not mean that externalities should not be internalized where 
in the political arena. 
there is an agreed upon basis to do so, but many effects can only be quantified as to amount, 

Much research needs to be done in order that there be an 
strength, size, etc., not valued. 

This would be one of the dynamic
agreed upon way to internalize costs of externalities. 

As society comes to terms with values for effects, the costs 
evolutionary features of AWES. 

Where there is not an agreement on values, 
can be put into the analysis as a technical factor. 

Because of 
effects must be identified, and the various political processec will assign values. 

the consideration of scale of implementation, most important is me identification of all effects 

that emerge. Scale will identify significant effects that are often overlooked on a short-term 

small-scale basis. 

The conduct of such an analysis would suggest basic, as well as applied energy research 

activities that could point the way to beneficial modification of the global energy system 

It would provide a methodology for assessing the potential value of new applied
architecture. 

We believe that with improved insights and understandings, there could be 
energy technology. 
major improvement in the planning and prioritization of public and private energy RD&D 

programs and the allocation of available energy RD&D resources. The analysis would inform 

national planners and policy makers of the potential effects of economic, environmental, and 
It would allow anticipation of 

other regulatory changes in the evolution of the energy system. 

broader policy issues that might arise from the longer-term consequence of changes in the 

AWES analysis would also bring about a broader foundation for 
architecture of the system. 
improved international dialogue and coordination of energy and environmental issues among 

the world's planners and policy makers. 
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Implementation 

To begin such a process, we need broad participation. However, the home for the 
collection and inputting of information and data for the comparative aspects of various
architectures of the energy system ought to be an objective, analytical organization-perhaps a 
new one, perhaps an cffshoot of the United Nations, the International Energy Agency, or the
World Energy Council. Advocates, of course, must be allowed and encouraged to have full 
access with their ideas and information, but some group without predilection towards a
particular solution will have to -valuate the data, assign uncertainty ranges, and raise the
appropriate questions. Advocates are ootimistic and need to be, for if they were not, there
would be very little new. However, the comprison of alternate paths on a regional and global
basis to produce the commercial energy forms to provide for end use functions needs to be
objective, and comparison of future systems must have appropriate un-ertainties incorporated. 

We have used a set of figures and a matrix organization to describe the energy system.
This is not the only way. However, it does have elements that are useful. Th- matrix boxes
provide for a database structure for computer stcrage and access of information. This
organization can also be easily visualized and re.,dily expanded for new conversion and
processing technologies or effects in either Phase I or Phase 11 of the energy system. The 
important elements are completeness; sta-ndard units for comparison for effects in relation to
inputs and outputs; and standard ways of presenting uncertainties, risks, and unknowns.
Probably much of the information needed exists. Data that is not available for pathways
otherwise attractive identify priority research areas. 

For example, today we see much about the hydrogen economy, using that form of energy
carrier to enable our end use functions because of the low pollution resulting from the
combustion of hydrogen. This, in fact, may be the way to go. However, unless one looks at
how the hydrogen is produced, it is not clear that making storable hydrocarbon liquid from 
water and the carbon in the atmosphere is not a better way to go. It is only by a complete 
resource to commercial energy form to ultimate end use analysis that one can understand all therequirements, effects, etc. Similar questions can be raised with respect to concurrent programs
to encourage the use of -Iternate fuels in various transportation applications-natural gas,
ethanol, methanol--as well as reformulated gasoline. Then one must look at the total resource 
through end use to understand which in fart is the more desirable. 

Institutional Framework 

As already indicated, one needs an objective home for this work; for without objectivity
and hopefully, credibility, it will not be of sufficient value to warrant the effort. Therefore, we 
must somehow be creative in getting this done. Since the energy system and technologies are
global, though built up of local and regional activities, there ought to be an agreed upon
framework of units and system description, so that analysts from various locations can readily 
access and provide information. The technology to provide access from anywhere in the worldis more or less in place and improving rapidly. What is important is to have the information 
put together to be used by various types of decision makers understandable and available. 

Complex political processes will arrive at the decisions. However, to enable thoseresponsible for overall architectural choices and major investments, etc., we need to implement
something like the system described earlier in this paper, that isa systematic way of accounting
for everything including associated uncertainties. Because the energy system will be huge, and 
even if developed with appropriate regard for "externalities," it will not be without effects or 
riskless. 

- 645 



References
 

I.United States Energy Association with the participation of The Energy Council of Canada; 
'"The Architecture of the Energy System and Energy RD&D: A Look at the Building as 
Well As the Bricks;" February 1993. 

2. 	 Holdren, JP.; 'Energy in Transition;" ScientificAmerican; September 1990; pp. 157-163. 

3. 	 Starr, C.; M.F. Searl; "Global Energy and Electricity Futures: Demand and Supply 
Alternatives;" EnergySystems andPolicy; 1990; Vol. 14, pp. 55-83. 

4. 	 Greenpeace International, Energy Policy and Research Unit; "Energy Without Oil: The 
Technical and Economic Feasibility of Phasing Out Global Oil Use," January 1993. 

5. 	 Gouse, S.W.; D. Gr,. 3.C. Tomlinson; D.L. Morrison; "Potential World Development 
Through 2100: The '...pacts on Energy Demand, Resources and the Environment;" World 
Energy Council Journal;December 1992; pp. 18 - 32. 

-646



EFFICIENT USE IN INTEGRATED REGIONAL ENERGY SYSTEMS 
by Takao Kashi%%agi, i'roi'essor 
Tokyo University of A & T 

I. TilE IMPORTANUE OF TECHNOLOGICAL DEVELOPMENT 
Technological development for sustained progress involves a vast gamut of technologi


some 
 already existing and others currently undergoing development. While technological
s, 

development related to clean coal utilization is obviously an extremely effective tool for solving
energy 	supply and demaxd as well as global environmental problems, future technologies for
coping with energy and global environmental problems involve high-grade and complex systems.
which 	 require long lead-timres to be made practicable. Hence, it is very important to conduct
technological development with a long-term perspective and full consideration of the related 
systems' characteristics in the community level. 

Interms of energy supply, the development of technologies related to the assurance of stable 
electric power supply is very important.

With regard to energy demand, the time has come to direct our environmenUlly-friendly
energy vision toward the community level and maximize the introduction into urban areas of clean
energies, such as solar energy and full utilization of waste heat from small scale coal-fired power
stations. One very important feature of rationalized energy utilization at the community level is the
promotion of cascaded energy utilization systems, as well as garbage and natural-resource recycling 
systems.

The research phase of CO 2 recovery from coal combustion and utilization is expected to be
completed around the year 2010, when the technology is to become practicable, albeit costly.
Developments should thus be made in technologies incorporating C02 recovery and utilization into 
the above-mentioned systems.

As it has been previously mentioned, the systematic integration on a regional level of theseindividual technologies toward improving the quality of our 	environment is of parainount
importance for the future. 

2 AN 	 INTEGRATI) APPROACH TO URBAN ENERGY SYSTEMS 
Energy and environmental problems in the 21st century will inevitably have a global

character, which means that energy and environment measures developed to meet the needs of
specific countries, such as Japan, will be of use and necessity to other countries as well. If the
related technologies are thought of as International Public Property, it becomes necessary to
establish an open-door international cooperation system from the research and development stage,
and to actively promote technological transfer so as to broaden the dissemination of R&D results.
Such international cooperation will make it possible to tackle global environmental problems on a
world-wide level and ensure mutual benefits to all countries involved. 

2.1 CLEAN ENERGY LAR(E NATIONAL PROJECTS IN JAPAN 
Japan now accounts for 5%of the total world energy consumption and, next to the UnitedStates, is the world's second largest user of energy. A plentiful, inexpensive supply of petroleum

enabled Japan's consumption of energy to increase swiftly as it did during the early 1960's. Since
then, however, all of this petroleum has been imported and, as d'mand increased, self-sufficiency
in energy fell from 76% in 1955 to only 19% today.

With this background, the Sunshine Projectwas initiated in 1974, with the aim of securing
solutions to basic energy problems and at harmonizing energy utilization with the need to protect the
environment. This project is the first large-scale, long-term technological development effort which
deserves to be designated as a national project. It has as its object all aspects of new energy
technology, with the exception of nuclear power technology.

Major development targets have been set in four fields: 
0 Solar Energy, 
0 Geothermal Energy, 
0 Gasification and Liquefaction of Coal. 
0 Hydrogen Energy. 
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Research and development also include alternative energy sources such as wind ocean, etc. 
Another large national project, nicknamed Moonlight Project, was launched in 1978 as an R 

& D program for developing advanced energy conservation technology, now being carried out by 
the Ministry of International Trade and Industry's Agency of Industrial Science and Technology. 
Under the Moonlight Project, R & D on energy conservation is conducted systematically by 
national laboratories, private firms and universities working in cooperation. 

The name Moonlight Project was chosen because energy conservation technology should 
enable the efficient use of even small amounts of energy, as the moon shines by reflecting light 
from the sun. 

Recentl,. five large-scale projects have been carried out: 
0Advanced Battery Electric Power Storage System, 
0 Fuel Cell Power Generation Technology, 
0 Super Heat Pump & Energy Accumulation System, 
0Superconducting Technology for Electric Power Apparatuses, 
0 Ceramic Gas Turbint. Project, 
The Research and Development Project for Environmental Technology includes studies on 

carbon dioxide fixation by artificial photosynthesis, separation of carbon dioxide, and 
biodegradation of chemical compounds. 

These projects, which have been carried out in parallel, have lead to the accumulation of a 
substantial technological stock for effectively coping with energy constraints. 

Tile global environmental consequences of energy use are now calling for acomprehensive 
approach in paving the way for sustainable economic growth by overcoming energy and 
environmental constraints simultaneously. In response to this urgent need, MITI has established 
The New Sunshine Program (R&D Program on Energy and Environmental Technologies) by 
integrating the Sunshine Project, the Moonlight Project and the Global Environnental Technology 
Program. Through tie integration of these R&D activities, effective and accelerated achievement of 
R&D in the field of energy and environmental technologies is expected by means of co-utilization 
and supplementation of various technologies common to new encrgy, energy conservation and 
environmental protection. 

2.2 TIIF Ni*\V SUNSHINE PR(O;RAM 
The New Sunshine Progrant comprises the following three technological systems. 

III Innovative technology development: The development of innovative energy and 
environmental technology is accelerated to implement the Global Warming Prevention 
Action Plan, while focusing on important subjeits in the course of progress. 

121 International, large scale collaborative research: An international, large scale collaborative 
research program is prompted to implement Earth Regeneration Program "New Earth 
21".
 

131 Collahorative R&D on Appropriate Technology: A collaborative research and accelerated 
development program is promoted for fitting energy and environmental technology to 
the conditions of the partner country to ease energy restrictious and address 
environmental concerns in neighboring developing countries. 

Figure I illustrates the concept of the New Sunshine Program. The development of 
innovative technology will contribute to the Global Warming Prevention Action Plan of Japan, 
while the collaborative R&D on appropriate technology will contribute to innovation in neighboring 
developing countries. The results of these two projects as well as international, large-scale 
collaborative research will contribute to the Earth Regeneration Program. 

Figure 2 shows the contribution of the New Sunshine Program to the Earth Regeneration 
Program, while Figure 3 shows the increasing contribution of tie New Sunshine Program to the 
domestic eriergy supply and to the reduction of carbon dioxide emissions. 

many subjects in the new energy and energy conservation technologies that haveAmong tile 
ben studied in the Sun.%hine Proqect and the Moonlight Project,solar cells and fuel cells show a 
'positive circulation *,or favorable synergistic effect. The development of technology for these led 

to an increase in demand and a reduction in cost. which wac triggered by major recent technological 

innovations. Nevernhelss. full scale introduction of the technology still requires lead time to 

establish sufficient production capacity and develop adequate marketing. Therefore, research and 
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development of solar cells and fuel cells must be accelerated to maximize their supply potential and 
realize the supply of energy alternatives to oil for the Global Warming Prevention Action Platt. 

Figure 4 shows a cost reduction scheme for these two technologies. Accelerated promotion
of the New Sunshine Programwill reduce the cost of electricity from both technologies to Y20/kWh
by the beginning of the year 2000. Innovative technologies are expected to contribute markedly to
the solution of energy and environmental restrictions in the medium to long term. 

Three innovative technological subjects were initiated with the New Sunshine Programin
addition to the continued, accelerated implementation of research and development of subjects such 
as solar cells and fuel cells from the Sunshine Project and Moonlight Project.These new subjects 
were derived from the results of the Sunshine Project and Moonlight Projectand are expected to 
yield significant medium to long term benefits: 

[11 Broad area energy utilization network system technology (Eco-energy City System),
121 	 International Clean Energy Network using Hydrogen Conversion (World Energy 

Network: WE-NET),
[31 Economically and environmentally compatible combustion system (Lean burn de-NOx 

catalyst system).
Coal is expected to show a drastic world-wide increase in demand. The New Sunshine

Project deals with coal conversion technology in response to the increasing request for its use under 
environmentally friendly conditions. Coal conversion technology that has long been under study is 
integrated with hydrogen production technology using renewable energy and lean burn de-NOx 
technology to develop the Environmentally-Friendlyand Economically-Viable Coal Conversion 
Complex Technology. These technological development issues are outlined below: 
0 Broad areaenergy utilizationnetwork system technology (Eco-energycity system), Figure 5. 

Outline: Advanced cascaded and combined thermal energy recirculation system based 
on innovative technology that recovers waste heat from facilities and 
transports the recovered energy efficiently to remote urban consumption 
areas.

Breakthroughs: [II Key technology developments: heat recovery technology with a maximum 
utilization of sensible heat and with temperature lifting technology; heat 
transport and storage technology using chemical reactions; and multi
functional heat supply technology.
[21 Structuring and optimizing the total system by matching multiple and 
wide-area heat sources to the energy demand. 

Expected results: When unexploited energy in coastat industrial regions near major urban areas 
is used to the maximum extent, Japanese energy consumption can be reduced 
by 6% and CO2 emissions can be reduced by 9%. 

0 International clean energy network using hydrogen conversion 
(World Energy Network: WE-NET), Figure 6. 
Outline: World-scale clean energy system based on innovative technology from 

production and transfer to consumption using hydrogen as the medium.
Breakthroughs: Il Development of elemental technologies relating to hydrogen utilization: 

high efficiency and large scale hydrogen production technology; high density
hydrogen storage and transfer technology; and hydrogen turbine technology.
121 Structuring and optimizing world-scale systems related to production,
distribution and utilization. 

Expected results: When fully implemented, the system will contribute to the reduction of world
wide CO 2 emissions by 10% in 2030 and 20% in 2050. 

0 Economicallv and environmentallycompatible combustion technology
(lean burn de-NOx catalysttechnology), Figure 7. 
Outline: Exhaust gas de-NOx catalyst technology applicable to diesel engines and lean 

burn engines aiming at the improvement of vehicle fuel costs and the 
simultaneous reduction of CO2 and NOx emissions. 

Breakthroughs: Development of elemental technologies related to new catalysts: analysis of 
material and structure, heat resistance, corrosion resistance, and improvement
of catalysts' life in atmospheres witli high oxygen concentration. 
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Expected results: 	 Compared to conventional systems, the technology contributes to reducing 
Japanese energy consumption by 2%, and reducing CO2 emissions by 2% 
and NOx emissions by 40%. 

0 EnvironmentallyFriendlyand Economic.l0y Viable Coal Conversion Complex Technology 
Outline: 	 Coal liquefaction complex technology aiming at drastic reductions of product 

cost 	and CO2 emissions by combining a hydrogen production system 
employing renewable energy and ade-NOx lean-bum combustion system. 

Breakthroughs: 	 I II Establishment of key technologies related to coal liquefaction. 
121 Integration of hydogen production and lean-bum catalyst technologies 
with coal liquefaction technology 

Expected results: 	 Reduction of CO2 emissions by 2%; reduction of product cost from $35/bbl 
to $25/bbl. 

3. 	 TilE NEED FOR AN INTE(GRATEI) APPROACH TO URBAN ENERGY 
SYSTEMS 

In general, energy conservation has been largely concerned with the improvement of 
elemental technologies, like the quality of heat insulation or the efficiency of individual machines 
such as exhaust-heat boilers or heat pumps. Although unquestionable achievements have been made 
in these domairs, wr have now reached a stage where furtoer improvements call for a more 
systematic and functional approach to energy utilization. 

Several measures can be taken in this direction; from an engineering perspective, this 
includes rationalizing the utilization of energy in its multiple forms and creating complex energy 
systems that encompass heat utilization and power recovery with maximized exergetic efficiency. 
The following systems deserve attention, as representative of effective energy-conserving 
technologies. 
1.Cascaded Energy Utilization Systems; 
2. Co-Generation 	Systems; 
3. Unexploited Energy Utilization Systems. 

The systematic combination of these three technologies enables the creation of large-scale 
centralized electric power generation plants for a highly efficient and stable supply of heat, 
electricity and power. The fact that both cascaded energy utilization and co-generation systems 
cannot materialize without an efficient utilization of mid to low temperature waste heat further 
emphasizes the social importance of urnexploited energy utilization systems, particularly from a 
long-term perspective. 

3.1. 	 CASCAI)EI) E'NERGY UTIIiZATION IN REGIONAL INTEGRATEI) SYSTEMS 
The cascaded use of energy, i.e., multi-stage use of energy with consideration given to its 

quality, is extremely rational from a thermodynamic viewpoint. This concept is applicable to 
thermal energy (multi-stage use by temperature level) as well as heat-and-power (co-generation) and 
electricity (combined cycles and re-powering). 

Future cogeneration systems are expected to greatly benefit from an extensive use of fuel 
cells. 

Fuel cells are electrochemical energy conversion devices for direct conversion of fuel 
chemical energy into electric energy, which feature high efficiency, low pollution, multi-fuel 
capability, ease of location and are expected to be applicable to a wide range of power generating 
systems, such as large-scale centralized, suburban, on-site and other types. InJapan, fuel cell 
technology development has been proceeding with comprehensive R& Don fuel cell types such 
phosphoric acid, molten carbonate, solid oxide and others. 

For the phosphoric acid fuel cell, two different types of 1000 kW power generating 
systems and 200 kW on-site systems are being developed. The former has undergone a 

usesuccessfully rated output run in fiscal 1987 and the latter, expected to be put into practical in 
the near future, is undergoing R & D on applications to isolated islands and commercial 
utilization. 

The molten carbonate fuel cell ischaracterized by a higher efficiency in comparison to the 
phosphoric acid type and can be utilized with coal gas. 10 kW class stacks have been developed 
for fiscal 19X6. and the accomplishment of 1000 kw class power generating systems isexpected 
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for fiscal 1995. The solid oxide fuel cell, which may be the most efficient in the future, is 
undergoing development on elemental technologies.

In order to apply the concept of cascaded heat utilization, efforts should be made to form
the ideal energy flow among industrial processes classified by their temperature levels, including
lower temperature levels below environmental conditions, such as LNG. In Japan, LNG is stored 
at the temperature of -160'C and usually evaporated by sea water, but this exergy should be
recovered by industrial processes at its highest efficiency limit.With this point of view, the author 
suggests a representative example of ideal exergetic utilization with a cascade form as shown in 
figure 8. 

An effective utilization of this system requires the incorporation of co-generation, heat-pump
and energy storage technologies. Predicted rises in electricity demand coupled with difficulties in 
long-distance heat transport further enhance the merits of this system. Figure 8 , needless to say, 
assumes the existence of a base-load supplied by a a large-scale, centralized electric power plant.
The current need for effectively utilizing the vast amounts of waste heat that result from electric 
power generation may make it necessary to scale down power plant sizes to a certain extent, and 
locate them in the vicinity of areas with high heat-and-electricity demand. Typically, co-generation
systems are broadly divided into topping cycle and bottoming cycle, the former !nvolving direct 
generation of electricity by fuel combustion with gas-turbines or fuel cells, and the latter consisting
of power recuperation from waste heat. 

In the case of Japan, topping cycle co-generation has rapidly diffused into the industrial 
sector, while an expansion into the commercial/residential sector requires support by regulatory
provisions and technological advances in areas such as heat-electricity ratio control and freetom
from maintenance. Another important element regarding the energy utilization situation in some 
countries is the distinction made by the government between primary energy supplied for Electricity
Generation and that for purposes Other Than Electricity Generation. In Japan, 37% of the primary
energy (nuclear, geothermal fossil fuels and others) is utilized for electricity generation, and the 
remaining 63% is used for purposes other than electricity generation, as shown in Figure 9 (a). If 
energy utilization is to be rationalized by adopting co-genetation and cascaded use technologies,
however, this parallel distinction between energy for electricity and other purposes must be 
thoroughly reformulated. 

The basic concept of cascaded energy use involves fully harnessing the heat generated by
fuel combustion, from its initial 1800"C down to near-environmental temperatures, with a thermal 
"downflow" of heat analogous to the downward flow of water in a cascade. One obvious example
of such utilization is the use of cogeneration systems where a heat engine generates power and 
converts it into electricity, and the exhaust heat is utilized in industrial processes and/or in
heating,cooling and hot water supply systems for the commercial/residential sector. Such systems,
where both heat and power/electricity are generated and used, can only be fully efficient if electricity
and heat are managed not in the conventional "parallel" way, but in a "serial" manner. As cascaded 
use and cogeneration systems such as fuel cells become more widespread, the cases of 
simultaneous heat and electricity generation at the same location tends to increase. 

While heat demand in industries and hotels, for example, has hitherto been met by using
boilers, the advent of cascaded energy use will require the use of engines instead of heat-only
generating boilers, which are no longer a thermodynamically sound option. A more widespread use
of engines as heat sources will mean more electricity generated as heat is produced, which will 
require careful reformulation of the future energy supply structure to accommodate these much
needed changes 

As has been mentioned earlier, ahighly important task from now on consists of determining
how unexploited energy, including low to mid temperature waste heats can effectively be utilized 
within such systems. Significant developments in energy conservation by waste heat recovery can 
be achieved if near-environmental temperature waste heats can be effectively utilized as heat sources 
for heat pumps. While heat pump technology has an enormous potential in terms of carbon dioxide
reduction, developments in bottoming cycle co-generation are also highly important for effectively
utilizing large amounts of industrial waste heat. A systematic combination of heat pump and co
generation technologies is thus highly desirable from the view point of establishing a free 
interchange of energy between different economic and geographic sectors. 

The author firmly believes that we are now at a time when energy utilization must not 
confine itself to one specific sector, but rather be functional as a system, in an organic combination 
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where mutual profits are ensured to a multitude of corporations. Positive action in promoting the 
development of new integrated industrial/commercial community projects is essential in the 
establishment of new environment friendly communities with minimized exploitation of energy 
resources. 

Furthermore, if future needs for carbon dioxide fixation and recycling are considered, as 
shown in Figure 10, the development of poly-generation systems may contribute not only to energy 
conservation but also to environmental preservation. Figure 9 (b-f) outlines possible cascaded 
systems for utilizing energy in a serial flow manner. 

4. 	 UNE XPLOITEI) THERMAL ENERGY UTILIZATION IN TIlE REGIONAL 
COMMUNITY LEVEl, 
Among the energy systems shown on figure 8, one aspect which deserves particular 

attention is the rational utilization of near-environmental thermal energy to meet the heat demand of 
the commercial/residential sector as shown inFigure 9 (f). 

In the case of Japan, for example, the growth in heat demand for HVAC and hot water 
supply systems in this sector has been exceeding twice the national growth rate of energy 
consumption. It must be noted, however, that most of this demand can be met by heat sources of 
relatively low temperature, below !00 *C.Hence, rather than using high-grade energies as heat 
sources it can be very appropriate, also from a thermodynamic viewpoint, to construct systems 
capable of utilizing hitherto overlooked and unexploited low-grade energy sources. 

If one looks at urban areas with high heat demand, one will find that this demand can be met 
and even exceeded by utilizable yet unexploited nearby energy resources which include not only 
waste heat from electric power generation and garbage incineration plants but also river and sea 
water-whose temperatures differ from the atmospheric throughout the year-as well as sewage, 
for example. 

High-temperature heat supply, which utilizes steam or other latent-heat media and has a 
broad application range, is generally regarded as the most desirable heat transport system. If, 
however, heat demand in the non-industrial sector isemphasized, from adifferent perspective, it 
becomes possible to meet most of the demand with low to mid-temperature waste heat. Moreover, 
by making extensive use of absorption and super heat pumps, it is possible to broaden the range of 
unexploited heat utilization and effectively use low-temperature heat sources and heat sinks at near
environmental temperature, such as river and sea water. 

In an effort to construct cistrict heat supply systems utilizing unexploited energy sources, 
the Japanese government (MITI) has been promoting R&D on large-scale, high-efficiency 
machines, heat transport technologies, large-scale heat storage, and the planning/operation of 
optimized systems combining these technologies. An expansion of district heat supply systems 
through dranmatic increases in the efficiency of unexploited energy utilization systems isexpected to 
assist in reducing and optimizing energy consumption, and hence in peak-shavi"g the electric 
power demand, particularly by the residential/commercial sector. An example of a development 
project incorporating these concepts is shown in figure 11. The project is scheduled for 
implementation between 1991 and 1997. Design and manufacture will be completed by 1994, and 
verification studies will be conducted beginning in 1995. 

4.1 REQUISITES FOR TIE UIIIIZATION OF URBAN UNEXPLOITEI) ENERGY 

Difficulties in long-distance heat transport make it desirable to have heat supply networks in 
areas where demand exists within relatively short distances. From this viewpoint, emphasis can be 
placed on urban areas where heat demand isconcentrated.In particular, the recent trend for more 
antenity-oriented lifestyles has brought very rapid increases in heat demand for building 
climatiza!ion and hot-water supply in the non-industrial :ector, thus making it very important to 
rationally utilize low to mid-temperature waste heats. 

The potential for unexploited heat utilization in the Tokyo metropolitan area has been surveyed 
by the Agency of Nattural Resources and Energy, and unexploited energy was found to be available 

in excess of the heat demand. Thus. the construction of mnexploited energy utilization systems as 

part of the social infrastruc:urc, with due consideration to various factors such as temperature level 
and geographic distribution of heat sources, can result in substantial benefits to urban areas, where 
the demand for energy is hig 1!y concentrated. 
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This concept of unexploited heat utilization systems requires fulfillment of a number of 
conditions for implementation, namely:

0 As a pre-requisite, there must be heat supply networks within each specific area. The 
inter-connection of several such decentralized, relatively small-scale networks will then 
originate a large-scale heat supply network. 

0 There must be aconsensus that heat supply pipelines constructed over wide areas are part
of the social capital and that the provision of a stable and efficient supply of heat is the 
responsibility of local governments.

0 	Also, aconsensus must be built among the citizenry with regard to legally enforcing the 
shift from decentralized heating and cooling to centralized systems utilizing unexploited 
heat. 

The planning and establishment of such unexploited energy networks as part of the social
infrastructure requires the solution of several problems, many of which are of technical nature. 
These technological improvements must not be restricted to the establishment of criteria for 
standardization and the development of elemental technologies, but must also involve a better
understanding of overall system performance improvement by means of empirical experimentation.
In particular, substantial contributions to the diffusion of unexploited heat utilization systems can
derive from standardization and the resultin,- hardware cost-reduction, provided that the 
temperature levels of collected and discarded heat are adequately matched upon the planning and 
establishment of such broad networks. 

4.2. ActU..kl. EXAMPLES OF" ENERGYc TRANSFER BE.TWEEN INDUSTRIAL AND 

A few examples of energy transfer between the industrial and commercial-residential sectors
implemented in Japan are the use of COG from coke processing plants as sources of town gas, the 
recovery of heat from Japan Synthetic Rubber's coke combustion ovens for use in a hot water
distribution pipeline in the early 1970's, and also the use of waste heat recovered from Japan Heavy
Chemical Industry's ferro-all )y combustion ovens for hot water supply to governmental official
buildings and old people's 'tomes in an adjacent town (70'C, 30 t/h). Although in the latter case 
crude oil saving, of up to 1000 kl were made possible, examples of industrial heat utilization by
the commercial/residential sector in Japan, are still rare. Since energy conservation by using
unexploited heat is highly desirable as a means of reducing emissions of greenhouse gases, the
promotion of energy transfer between the industrial and commercial/residential sectors is highly
recommendable. 

One such recent example which will be presented here is the use of residual heat from acement factory for district heating and cooling in Hitachi city (figure 12). This system, which 
started operation in December 1989, is being run by the Hitachi Thermal Energy Co., established
in march 1988 with joint capital from Toky,-) Electric Power Co. and Hitachi Cement Co.. Within a 
total area of 12.5 ha, 107,000 m2 are to be serviced by the DHC system, which has a maximum
supply capacity of 7.682 Gcal/h (8.934 GW) of heat and 10.29 Gcal/h (11.927 GW) of cooling.
The serviced facilities include Hitachi's civic center, hotels and offices. 

The main heat source of this system consists of industrial waste heat from the cement kilns
of the adjoining Hitachi cement factory, which is used to supply hot water and to drive absorption
chillers. Residual heat is recovered from a four-stage NSP kiln for the production of 9.4 t/h of 
steam at 8 kg/cm 2; aplate-type heat exchanger is used to supply hot water at 60"C and a volume of 
1560 m3 is provided for chilled water storage. The factory has a production capacity of 150,000 tof cement per month and requires a heat input of 98 Gcal/h (113.97 GW) into its cement baking 
ovens. 22% of this heat input is discharged as pre-heater waste-heat gas, of w.ich 6.5 Gcal (7.56
GW) or 6.6% of the total heat input are re-utilized as heat input for the residual-heat boiler. Since
the required temperatures are 360"C at the pre-heater's exit and 270"C for clay drying, the 
intermediate temperature level is utilized by the residual-heat boiler. 

One noteworthy feature of this system is that when DHC load fluctuations result in a surplus
of heat in the residual heat boiler, the excess heat is used to generate electricity with aT&M-driven,
373 kWh generator. Seasonal and daily load fluctuations in the DHC system are hence absorbed,
while the stability of a rofttd-the-clock operation of the kilns throughout the year is ensured by a 
constant supply of steam. At present. 60% of the residual boiler's heat output is used by the DHC 
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system and 40% for electricity. As can be seen by this example, due to seasonal and daily load 
fluctuations only about half of the industrial waste heat can be utilized for DHC, but by it coupling 
with electricity generation an effective use of energy can be realized. 

An example of integration of asteel manufacturing plant into aregional community isshown 
in Figure 13 , where waste heat generated from the coal-intensive steel manufacturing plant is 
utilized for supply into the community energy network. While the amount of waste heat recoverable 
from a4 million ton steel manufacturing plant isabout 7.7 Tcal/day, the heat demand from a city ot 
500,000 people is about 1.9 Tcal/day, so that thermal energy available from the steel works easily 
outstrips demand from the community. 

5. CONSTRUCTING ENVIRONMENT-FRIENDLY URBAN ENERGY SYSTEMS 
By utilizing both new and unexploited energies with maximized efficiency, one can break 

off the connection between amenity-oriented lifestyles and increased energy consumption with 
resulting augmentations in CO2 generation. Hence, a substantially large impact can be achieved in 
terms of accomplishing the goals of global warming prevention plans.One problem which must be 
overcome for practical implementation to be achieved isthe mismatch between heat sources and heat 
demand in terms of location, time and temperature level. This mismatch cannot be overcome 
without the provision of large-scale pipeline networks, heat pumps, heat storage taiiks, etc. Many 
countries, such as Sweden, France and others, have hundreds of kilometers of heat pipeline 
networks as part of their social capital, in district heat supply systems which meet most of their 
urban heat needs. 

In the case of Japan, however, this is a domain in which there is still much to be done: 
increasing affluence and a shift toward more amenity-oriented lifestyles will require substantial 
public investment for the provision of a comprehensive energy infrastructure, which is imperative 
to efficiently meet the surging demand for heat by the commercial and residential sectors. 

It is essential that eco-energy be the guiding concept behind the provision of these urban 
energy systems, whereby early -stage integration with transportation and sanitary networks in urban 
planning will enable us to bequeath a high-quality energy infrastructure to future generations. 
Growing heat demand due to urban re-development, water front development and new town 
construction projects, in particular, calls for joint efforts between the public and private sectors in 
the establishment of an energy infrastructure making use of unexploited thermal energy. 

The concept of rationalized urban energy sys:ems, proposed by the author, is illustrated in 
figure 14. It can be seen that this urban energy vision encompasses not only the residential and 
commercial sectors, but also includes conveniently located industries in the surroundings, 
consisting altogether of greenery, water, commercial. residential and industrial areas. This holistic 
approach to district development must be actively pursued as, for example, in the creation of towns 
in the surroundings of existing large urban areas. 

These newly-developed areas should be provided with both radial and concentric 
transportation networks and also with an energy infrastructure capable of recovering waste energy 
from the industrial sector and transferring it to the residential/commercial sector. The promotion of 
such integrated industrial/commercial communities should be actively promoted as a means of 
enabling the free transfer of new arid unexploited energies. Furthermore, from an eco-energy

lectric power generation facilities canperspective, the provision of underground LNG supply and e
be very effective in terms of cold, gas and electricity supply. It is also very important to effectively 
use greenery to promote natura! air recycling within local areas, Lhus integrating urban energetic 
metabolism .ithi material recycling. 

Future integration of energy recycling systems and CO2 fixation facilities into the urban 

system can also be highly significant from the viewpoint of environmental preservation. For the 
it is highly important to have integratedrealization of such functionallv integrated systems, 


technological development, combining maximized utilization of renewable energies with highly
 
efficient energy conservation. Such a holistic approach can bring about rationalized urban energy
 
configurations that will contribute to global environment preservation.
 

In concltusion., the author wishes to stress that the widespread use of such a network by a 

multitude of industrial and commc-ci cial/resideitial entities can result in mutual benefits to all parties, 

and the active promotion of such new regional development projects can create communities of 

higher environmental and social quality, with minimized use of primary energy resources. This will 

result in materiali/ation ot the ultimatc environment-friendly energy syqtenis. 
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lEA Second International Conference on Clean and Efficient Use or Coal and Lignite: 

Its Role in Energy, Environment and Lire 

30 November - 3 December 1993 

Lignite Mining in Germany 

Workshop A (4) Regional Needs 

"Changes In German Lignite Mining: Just the Effects of the Reunification?" 

Friedrich von Bismarck, Ph.D. 

Head of Lignite Planning Section, 
Ministry for Environment and Regional Planning, Brandenburg 

Abstract: 

Reunified Germany now has to cope with the effects of integrating two rather different 
energy sectors. Consumption of energy in East Germany dropped since 1989 by 45%, which 
reflects not only the collapse of entire industries, it also marks the correction of an enormous 
waste of resources. With respect to mining, the lignite reserves are probably the most 
sizeable plus for the German economy after the reunification. But irresponsible mining in the 
GDR caused a damage of 19 billion US Sand left 600 square kilometres devastated land and 
a groundwater deficit, that will take almost 100 years to refill. To manage this 'inheritage',
about 1 billion US S will be allocated yearly for a rehabilitation and recultivation program.
The highlights of the policy in the East German federal states are: coping with the ecological
damages of the past; establishing asupply structure that is based on the fulfilment of modeni 
environmental and social standards on equal footing to economic rcquirwceats; redtucini 
environmental impacts through increased performance efficiency and emission control. 
But the integration of both German energy sectors is not without disputes. In times of 
shrinking markets competitors are not everywhere welcome. An open market for power
supply, as demanded by the German Government and the EC-Commission, is not yet fully
established. But the unique chance of a new beginning in the East should be taken up.
With the energy policy for the new "Bundeslfinder" the foundations are laid to a modem 
competitive energy structure that shoulders the responsibility for the environment and the 
quality of life. 
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Changes in German Lignite Mining: Just the Effects of the Reunification? 

After more than 4 decades of being devided, East- and West Germany became almost unex

pectedly reunified in 1990. During those yeais of separation, both states have gone through 

a dynamic social and econoiaic development. But their path of development did not lead in 

the same direction. This was also true for the mining and power generating industry. Reuni

fied Germany now has to cope with the effects of integrating two rather different energy 

sectors. What are the consequences and what is achieved three years after reunification ? 

The Structural Context 

It is hard to say, whether the reduction in German energy consumption of 3 % in the first 

quarter of 1993 (compared to the first quarter 1992) is more an indicator of recession or 

largely caused by improved efficiency. The disengagement of energy consumption from 

economic growth has been one of the remaining 'achievements' in energy policy after the 

oilprice explosion in the late 70's. In West Germany it led to a situation where energy 

consumption in the last two years was at the same level (408 - 410 mill. tons of hard coal 

equivalent) as it was in 1979, having been constantly lower in the years inbetween, although 

the GDP had risen by 30 % during this period. 

The German reunification did not change this trend. But due to other reasons it rather en

hanced it. Before reunification the GDR statistically belonged to the top group of industrial 

nations with one of the highest energy consumption per capita (much higher than West 

Germany). Since 1989 energy consumption in East Germany dropped by 45 %. 

This dramatic reduction reflects not only the collaps of entire industrial complexes, particu

larly of heavy industry, it also marks the correction of an enormous waste of resources. 

- even on world scale - large lignite deposits temptedThe fortunate geological blessing with 
the political leaders to build up a monostructured energy supply, that did not consider ap

propriately the environment, the natural balance, ecological consequences, health or quality 

of life in the region. 

Looking on the particular background of East Germany, it is surprising that its impact on the 

all German energy structure after reunification is rather minimal. On one hand this is due to 

the small share of East German consumption which is only 15 % out of total energy con

sumption in Germany. On the other hand it is due to the dominating share of lignite in East 

Germany that is now compensating for a shrinking proportion of hard coal in the western 
part of the country. 

The same is true for a balance between the growing consumption of mineral oil in the east 

and a slight reduction in the west. East German position in natural gas is too weak to make 

any measurable impact on the total energy balance and no nuclear power plant was added to 

the German supply from East Germany. 
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Energy structure in West Germany had developed until the late 80's according to a 1-2-3-4 
formular (10 % nuclear energy, 20 % natural gas, slightly less than 30 % for coal, and 40 % 
for mineral oil). 

This formular is also arrived at in the energy balance of reunified Germany (11 % nuclear 
power, 22 % natural gas, 28 % coal (half hard coal and half lignite), 37 % mineral oil,
whereas the remaining 2 % are for hydroelectric power and other renewable energy sources. 

These figures indicate a comfortable supply structure with a wide ranged energy mix. 
Looking from the outside, it is most probably hard to understand the current political discus
sions about a German energy consensus. The dispute is interestingly not based on a classical 
shortage in supply, or on new positions in the environmental policy, but rather on the 
question how a longer period of over-supply can be handled. The fight for a good share in 
an energy market, that became tight through successfull energy savings, is the background 
for the current energy disputes. 

This is the context for the currently rather slow process of integration of the East German in
to the all German energy industry. 

Inherited Problems: a Challente 

The aggressive form of lignite mining in the GDR has left deep scars in the environment. In 
contrast to legal obligations according to the GDR mining law, the companies did not recieve 
the funds to rehabilitate and recultivate the dumps, heaps and tailings of the mining opera
tions. The result: 

A damage estimated at 30 billion DM (19 billion US Dollars) and an area of 60.000 hectares
 
(600 square kilometres) devastated land including 1000 illegal waste dumps with unknown
 
content, and a groundwater deficit of 16,5 billion m3 
 that will take almost 100 years to refill. 

With utmost urgency, action programs have to be implemented for safety, protection from
 
landslides, watcrregulation, clean up of toxic waste dumps, rehabilitation and recultivation.
 

East German federal states can not afford the required funds, and the government in Bonn, 
as the legal heir of GDR's state companies, has to take up responsability. So a financial 
treaty was signed on December 1st, 1992 that covers - as a first step - the period of five 
years. According to this treaty 1,5 billion DM (just under I billion US Dollars) will be 
allocated yearly from the government, federal agencies and the concerned four 'Bundes
lander'. 

Besides the goal of rehabilitation and recultivation, this program also supports the labour 
market as the funds will secure 15'000 jobs. These jobs are, on the short run, primarily for 
the people that are dismissed from the mining companies. 
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Particularly the federal states of Brandenburg and Saxony, that have the largest areas of 
devastated mine lands, are eager to combine the work on the inherited ecological problems 
with a structural policy for the future. So it is planned to integrate the areas recovered after 

completion of recultivation into the concepts of the regional structural planning. According 
to those planning concepts conditions should be created, where work, housing, and cultural 
life should take place in an environment that is not burdened anymore by inherited ecological 
problems and that is in a natural balance. 

In contrast to the capital stock of industrial plants, that are in avery poor state and burdened 
with ecological ,9roblems of the GDR past, the lignite reserves are probably the most sizeable 

plus for the German economy after the reunification. Even if lignite mining in the East will 

be reduced by two thirds from their traditional level (from 300 Million t/y to 70 - 90 mill t/y 

in the late 90's) the brown-coal represents a considerable addition to energy reserves in the 
reunified Germany. 

The most important benefit of East German lignite mines is, that they are competitive to 
imported coal and are operating profitably without governmental subsidies (as the hard coal 
miners depend on in the Ruhr district ). 

German Brown-Coal Industry 
(before and after reunification) 

I. Lignite Mining (million tons per year) 

Yea; 1989 199(1 1991 1992 1993" 

West G. 109.8 107.6 111.7 112.3 105.0 

East G. 300.8 248.9 167.7 129.4 117.0 

Total 410.6 356.5 279.4 241.7 222.0 

projection 

II. Employees in Lignite Mining 

Year 1989 1993" 

West Germany 17'900 16'000 

East Germany 132'000 41'000 

Total [ 149'900 57'000 

projection in 9/93 
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New Policies 

In order to facilitate and support the "growing together" of east and west energy sectors, the 
five East German federal states have worked out guidelines for the energy policy. 

The stites of Brandenburg and Saxony, as the major lignite producers, put a stress on the 
following major policies: 

- disintegration of the monostructure; opening of markets and building up of a modern 
supply system with a wide spread energy mix. 

- coping with the ecological damages of the GDR energy industry. 

- setting up a future supply structure that is based on the fulfilment of modern environ
mental and social standards on equal footing to economic requirements. 

- reducing environmental impacts through increased perfo,'mance efficiency and emmission 
control. 

- a market share in power generation for a reduced amount of subsidy-free East German 
lignite. 

- support for research and development for a long-term energy structure that is leaving 
maximum room for renewable energy sources. 

The turning away in East German energy policy from reckless lignite mining with too little 
responsability for man and nature towards an opening of energy markets and improved
efficiency in power generation is hightlighted by two major postulates: 

- not more lignite mining than absolutely necessary for a secure economic energy mix 

- minimization of land consumption and social impacts.
 

Although there is no alternative to a tWrnaround in East German energy policy, it creates
 
severe problems in the labour market. 
 Like in all other labour intensive industries, the 
political change had the effect of major cutbacks in the employment structure of the mining 
industry. 

Since 1989, when 132'000 people were employed in the eastern mining industry, more than 
90'000 miners lost their jobs (see Table II on page 3). Early next year, in the context of 
privatisation another 10'000  15'000 employees will have to be dismissed. That means, that 
only within five years cver 100'000 people lost their jobs in the East German mining 
industry. 

In comparison: in the West German hard coal mining district similar structural changes
needed more than 20 years. 
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This example demonstrates the dramatic change in the East German energy sector, where the 
negative impact on the living conditions in the mining region cannot be overestimated as job 
alternatives are still scarse. 

Taking up the Chances 

Dealing with the economic, environmental, and social aspects of the structural change in 
mining will be incomplete, if not at the same time also the chances for new developments 
and new economic activities are considered. 

The policy to cope with the ecological damages of the past is already in the phase of im
plementation. Because of financial and technical constraints it will not be possible to restore 
completely the pre-mining conditions, and it is in many cases not even desirable. 

After the devastation of the landscape now the unique chance of a new beginning to create 
an environment, that fulfils the different needs of a modem society, should be taken up. 

The implementation of an energy policy to create a modem structure of energy sources 
stimulates a variety of job creating effects. So, as an example, led the development of 
logistics and marketing for the mineral oil business to the creation of thousands of small and 
medium sized companies that did not exist in the old system. 

The building up of urban and regional public utility companies for power generation in 
combination with heat supply, is apart from the benefit of improved energy efficiency of 
those plants also a sizeable employment program. 

As all companies require goods and services from other branches and sectors the restructu
ring process creates major investments and safeguards employment also in other sectors. 

In the next five years 28 billion DM (17.7 billion US Dollars) will be invested in the eastern 
energy sector. About half of this amount will be for large powerplants. 

So special employment effects will also bc created by the implementation of investment
projects in lignite power plants. In the context of privatisation of the East German mining 

and power generating industry, there will be three new plants (with 1.600 MW each) set up 

with a higher net efficieacy rate of over 40 % and with the 'state of the art' in emission con
trol. Two plants ( with 3'000 MW and 1'000 MW) will be refitted to conply with the 
German laws for emissions. 

Each new power plant will create or guarantee between 5'0O and 10'000 jobs. There will 
-be jobs for the construction, jobs for regional suppliers that should get a share of 60 % out 
of the total investment volume, j,-ibs in the opin-pit mines that supply the plants with coal, 
and jobs to recultivate the mining area. 

Those examples should demonstrate the positive effects on the labour market of new East 
German strategies in energy policy. 
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But it would not be honest to say that integration of both German energy sectors is without 
disputes. So is the appearance of the East German lignite coal in the energy market of 
reunified Germany not welcome everywhere. Like elsewhere in the world, a competitive 
newcommer in the light of shrinking markets is looked upon with scepticism. Even the 
macroeconomic benefit of generating power from national low-cost lignite coal from the east 
is not generally appreciated. On the other side there is limited acceptance to the take-over of
the East German electric power grid system by a West German mrtell like consortium. It is 
feared that the cartell might prevent third party access to the power distributing system. 

The German Government as well as the EC-Commission would like to see more competition
in the energy market in order to put pressure on costs and prices. It is important to note that
the German consumers have to pay the highest prices for electricity in the European Commu
nity. More comp 'ition in the German energy sector would be achieved if the power genera
tion and power distribution would be generally separated. The concerned companies reject
that and claim, that they need secure markets to protect their major investments from risks. 
As a compromise to introduce more competition, the companies are now suggesting a new 
tendering procedure for new power plants among the major energy companies. 

International competitiveness requires cheap, subsidy-free energy in the framework of an 
open market. Protectionism and market constraints will not be the adequate tools to build up 
a healthy reliable energy sector for the reunified Germany. 

With the energy policy for the new "Bundesl~nder" the foundations are laid to a modem 
energy structure that shoulders the responsibility for the environment and the quality of life 
for all concerned people, those who consume electric power and are interested in low prices 
as well as for those who are directly affected by the mining operations. 
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ABSTRACT
 

THE SCARS MADE ON TiE NATUREL ENVIRONMENT BY ECONOMIC 

ACTIVITY HAVE BECOME TIE FOCUS OF UNIVERSAL CONCERN. 

NEVERTHELESS POVERTY AND OVER POPULATION IN DEVELOPING 

COUNTRIES CONSTITUTE AN OTHER SOURCE OF DEGRADATION FOR THE 

ENVIRONMENT. 

ENERGY IS FACTOR OF GROWTH BUT WHEN IT IS OVERUSED TIlE 

ENVIRONMENT WAS INVOLVE. 

THE APPROACl ENERGY-ENVIRONMENT HAS SUMMONED UP 

INTERNATIONAL EFFORTS IN ORDER TO COUNTER THE "WARMING UP" 

DANGER. 

MOROCCO I' CONSIOUS TIIAT THIS A SERIOUS PROBLEM HE 

CONTINUOUSLY CONDEMNS TIlE DAMAGES MADE ON ENVIRONMENT AT A 

VARIOUS OCCASION. 

IN DEED TIlE ENERGY FIELD OF ACTIVITY IN MOROCCO IS KEEN ON THE 

PROTECTION OF ENVIRONMENT AT TIlE DIFFERENT LEVEL OF TIlE 

CONCEPTION AND USE OF PRODUCTION UNITS OR AT THE LEVEL OF THE USE 

OF ENERGY. 

A JUDICIOUS PROGRAMS WAS BEEN ESTABLISHED WHICH INSURE THE 

ENERGY SUPPLYING OF THE COUNTRY WHILE TAKING INTO CONSIDERATION 

FACTORS WHICH MiGHT AFFECT THE ENVIRONMENT. THIS PROGRAM IS 

GEARED MAINLY TOWARDS LOWE,3T COST PROJECTS AND IMPORTED COAL. 

TIE INTRODUCTION OF IMPORTED COAL HAS BEEN ACCOMPANIED BY A 

FEW ACTIONS TO LIMIT COAL POLLUTION. 
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I) GENERAL INFORMATIONS ON MOROCCO
 

A) GEOGRAPHY, CLIMATE AND POPULATION
 

MOROCCO STRETCHES OVER 710.850 kn, WITH 3.250 km OF COASTLINE OF WHICH 

2.500 km ON ATLANTIC OCEAN AND 750 km ON THE MEDITERRANEAN SEA. 

THE TOTAL POPULATION IS ESTIMATED AT 25 MILLIONS PEOPLE. TWO MAJOR 

MOUNTAIN RANGES, THE RIF IN THE NORTH AND THE ATLAS IN THE MIDDLE NORTH 

DIVIDE THE COUNTRY INTO: 

-THE MEDITERRANEAN ZONE IN THE NORTH, 

-THE ATLANTIC PLAINS IN THE WEST, 

-AND THE SUB-SAHARAN AND SAHARAN ZONES IN THE SOUTH. 

FROM THlE SOUTH TO THE NORTHl, THE CLIMATE VARIES FROM ARID, SEMI ARID AND 

WARM TO MILD. 

AVERAGE ANNUAL RAINFALLS ARE ESTIMATED BETWEEN 35 mm IN TilE MOST ARID 

ZONE AND 900 mm IN THE NORTH OF THE COUNTRY. 

THE ANNUAL TEMPERATURE AVERAGES 21°C IN DAKHLA, 19°C IN CASABLANCA, 18.50 

IN RABAT AND 20°C IN MARRAKECH. 

B) NATUREL RESOURCES 

MOROCCO IS BESTOWED WITH IMPORTANT NATUREL RESOURCES INCLUDING 

MINERALS, VEGETATION AND ANIMALS. ITS PHOSPHATE RESERVES ACCOUNT FOR 2/3 OF 

THE WORLD'S RESERVES I ADDITION TO A HOST OF METALLIC AND NO METALLIC 

MINERAL ORES. 

WITH REGARD TO AGRICULTURE, MOROCCO POSSESSES 9 MILLIONS HECTARES OF 

ARABLE LANDS, IN IRRIGATED AND RAIN-FED AREAS. 
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C) EVOIUTION OF ENERGp..UI _NS J 

PRIMERY COMMERCIAL ENERGY CONSUMPTION IS ABOUT 6.904.000 TOE 

IN 1992. PETROLEUM PRODUCTS WITCH ARE OBTAINED BY LOCAL 

REFINING OF IMPORTED CRUD OIL, REPRESENT 77,5 % OF THE WHOLE 

CONSUMPTION 

EVOLUTION OF CONSUMPTION 

1000 T"OE- 1988 1989 1990 1991 1992 

PETROL 4.513 4.821 5.027 5.095 5.524 

GAZ 56 47 43 29 18 

COAL 1.029 1.143 1.104 1.261 1.107 

IIYI)ROELECTRICITY 243 301 317 329 255 

TOTAL 5.841 6.312 6.491 6.714 6.904 

LOCAL PRODUCTION AMOUNT TO 1.110 TOE COMPRINSING: 

ItYDOELECTRICITY : 440.000 TOE 

COAL (anthracite) 550.000 TOE 

OIL AND GAZ 120.000 TOE 

SO, TIlE ENERGY DEPENDANCE RATE IS PARTICULARLY HIGH 

REACHING 84 % 
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D) NATIONAL ENERGY PROGRAMME 

IN ORDER TO LIMIT THE BAD IMPACT OF THIS SITUATION TO IMPROVE AS FAR AS 

POSSIBLE THE ENERGY BALANCE, MOROCCO HAD IMPLEMENTED A NATIONAL ENERGY 

PLAN WITH THE MAIN OBJECTVES: 

a. TO ENSURE THE ENERGY SUPPLY OF THE COUNTRY AND THE BEST CONDITION OF 

TECHNICAL QUALITY AND COST. 

b. TO REDUCE THE ENERGY DEPENDANCE THROUGH A WIDE MOBILISATION OF LOCAL 

RESSOURCES: 

- HYDROELECTRICITY POTENTIEL DEVELOPMENT, IT CAN PRODUCE ABOUT 

1.5 MILLION TOE. 

- REINFORCEMENT OF OIL EXPLORATION, WITH A NEW EXPLORATION CODE WICH 

IS PARTICULARY ATTRACTIVE BECAUSE STATING THAT THE INTERESTING COULD 

BE, UNDER SOME CONDITIONS OF EXPLORATION PROGRAMME STRENGTHING, 65 % 

FOR TIlE COMPAGNY AND ONLY 35 %FOR THE STATE. 

- RENEWABLE ENERGY POTENTiEL DEVELOPMENT, THIS POTENTIEL WAS STUDIED 

AND EVALUED AT: 

* 3.000 H/YEAR OF SUN 

* A MEDIUM WIND SPEED OF 4.5 m/s ON THE LONGEST PART 

* BIOMASS 

c. DIVERSIFICATION OF SORTS OF ENERGIES USED AND THE SUPPLYING SOURCES. 

d. IMPLEMENTATION OF A NATIONAL ENERGY MANAGMENT PLAN. 
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II) THE COAL AND THE ENVIRONMENT 

A) OVERVIEW OF MOROCCO'S COAL SECTOR 

1) NATIONAL COAL: 

THE COAL ZONES ARE IN THE NORTH EASTERN PART OF THE COUNTRY, JERADA IS THE 

ALONE MINE WORKED IN THE NORTH OF AFRICA. 

EVOLUTION OF ANTHRACITE PRODUCTION 

I0TONS 1988 1989 1990 1991 1992 

ANTHRACITE 637 504 526 552 576 

95 % OF TIlE PRODUCT OF JERADA CONSOMED IN THE THERMAL POWER STATION OF 

JERADA (3 * 55 MW). 

2) IMPORTED COAL: 

THE ENERGY FIELD OF ACTIVITY IN MOROCCO HAS ESTABLISH AJUDICIOUS PROGRAM 

WHICH INSURE THE ENERGY SUPPLYING OF THE COUNTRY WHILE TAKING INTO 

CONSIDERATION FACTORS WHICH MIGHT AFFECT THE ENVIRONMENT. THIS PROGRAM 
IS GEARD MAINLY TOWARDS LOWEST COST PROJECTS SUCH AS THE IMPROVEMENT OF 

ENERGY SAVINGS, THE VALORISATION OF RENEWABLE ENERGIES AND INTRODUCTION 

OF IMPORTED COAL. 
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THE ENERGY FIELD OF ACTIVITY ENCOURAGES LOCAL INDUSTRIES TO TAKE A 

MAXIMUM ADVANTAGE OF DIVERSITY OF THEIR SUPPLIES BY BUYING A CHEAPER 

ENERGY hIiLE KEEPING IN MIND TUE PRESERVATION OF NATURE. 

IN DEED, TIlE CONSUMPTION OF IMPORTED COAL IN MOROCCO OF FIVE. YEARS AGO.
 

TONS I1988 1989 f 1990 i 1991 1= 2
 

ELECTRICITY 1054.260 780.150 618.282 699.263 571.075
 

CEMENT INDUSTRY 409.036 458-341 544.808 925.233 656.576
 

SUGAR REFINERIES 
 35.870 48.832 45.101 77-328 32.640 

18.536SMEI.TING WORKS 17.450 16.575 17.725 15.096 

TOTAL 1516.625 1303.898 1225.916 1416.920 1284.877 

WITII THlE NEW THERMAL POWER STATION NEAR TIlE JORF LASFAR HARBOR (30 330 MW) 

TIlE PREVISIONS OF TilE IMPORTED COAL ARE: 

1000.TONS 	 1993 1994 1995 1996 1997
 

600 1.420 2400 2.735 2.880
ELECTRICITY 

CEMENT INDUSTRY 560 680 695 700 710
 

SUGAR REFINERIES 33 37 41 
 45 49
 

17 18 19 20 21
SMELTING WORKS 

TOTA L 1.210 2.155 3.155 3.500 3.660 
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B) INFRASTRUCTURE 

PORTS,ROAD AND RAIL NETWORKS CONSTITUTE A SUFFICIENT INFRASTRUCTURE 

TO ASSURE TIlE COAL IMPORTATION. 

SINCE CASABLANCA BIG PORT, WHIERE A HUGE COMMERCIAL EXCItANCE IS 
CARRYED OUTI WITH OTIHER COUNTRIES, IS NO MORE ABLE TO STAND GREATER TRADE 

FLOWS, ANOTHER BIG PORT IN JORF LASFAR IS RECENTLY BEING BUILT 130 Km SOUTH 

OF CASABLANCA. 

JORF LASFAR IS ONE OF TIlE BIGGEST PORT OF AFRICA AND A NEW ECONOMIC 

DEVELOPMENT CENTRE IN Till: COUNTRY. IT IS GOING TO MAINLY BE SPECIALIZED IN 

IMPORTING COAL AND EXPORTING PIIOSPIIATE. 

TIlE DISTRIBUTION OF IMPORTED COAL MI' , PORT IS: 

PORT / 1000 TONS 1991 1992 19934 1994 1995 1996 

CASABLANCA 95 98 750 740 780 800 

AGADIR 142 182 180 190 192 200 

NADOR 242 227 210 235 245 250 

TANGER 3 41 30 40 38 40 

JORF LASFAR 58 19 40 950 1.900 2.210 

TOTAL 1.400 1.267 1.210 2.155 3.155 3.500 

NEAR THAN 80 % OF TIlE COAL IMPORTATION IS FROM U.S.A, TIlE PRICE (1991) IN 

CASABLANCA PORT IS ABOUT 48 S/TON. 
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III- GENERAL SITUATION OF THE ENVIRONMENT
 

IN MOROCCO
 

MOROCCO CONTINUOUSLY CONDEMNS THE DAMAGES MADE ON ENVIRONMENT AT 

THE OCCASION OF VARIOUS INTERNATIONAL OR REGIONAL EVENTS. THIS AWARENESS 

HAS BECOME STRONGER SINCE THE OCCURING OF ECOLOGICAL DAMAGES WHICH HAVE 

INVOLVED MOROCCO. 

THE MOROCCAN PUBLIC OPINION IS CONSCIOUS OF THE RISKS PRESENT IN ENERGY, 

INDUSTRY AND URBAN POLLUTION. 

TO AVERT ANY SERIOUS ENVIRONMENTAL DAMAGE, THE GOVERNIENT HAS 

CARRIED OUT A SET OF PROGRAMMES DESIGNED TO ACHIEVE AN IN-DEPTH KNOWLEDGE 

OF POLLUTION PHENOMENA, BRING ABOUT A GREATER AWARENESS OVER THESE ISSUES 

AND ENSURE ASOUND MANAGEMENT OF THE ENVIRONMENT IN TERMS OF REGULATIONS, 

ORGANISATION AND TECHNICAL ASPECTS. 

MANY PRIVATE ORGANISATION HAVE BEEN CREATED IN MOROCCO. THEIR 

OBJECTIVES ARE THE FOLLOWING: THE PROTECTION AND IMPROVEMENT OF THE 

ENVIRONMENT. 
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A) THE CURRENT FRAMEWORK OF ENVIRONMENTAL MANAGMENT
 

IN MOROCCO
 

THE FIRST REGULATIONS RELATING TO THE ENVIRONMENT IN MOROCCO DATE 

BACK TO 1914 WHEN A LAW ON UNHEALTHY, INCONVENIENCING OR HAZARDOUS 

FACILI FIES WAS PUBLISHED. 

SUBEQUENTLY, THE REGULATIONS GOVERNING NATUREL RESOURCES 

DEVELOPMENT GAVE A NOTABLE PLACE TO EN'iRONMENTAL ISSUES, IN PARTICULAR: 

SEA RESOURCES CONSERVATION, PROTECTION OF WATER RESOURCES, WOOD-LAND, 

NATIONAL PARKS, PUBLICS ROADS AND SO ON. 

AS FAR AS THE ADMINISTRATIVE STRUCTURES ARE CONCERNED, T1HERE EXISTS A 

STATE DEPARTMEN'T OF ENVIRONMENT IN THE MINISTRY OF INTERIOR. 

FURTHERMORE, MOROCCO HAS, OVER THE LAST TEN YEARS, ESTABLISHED A 

NATIONAL ENVIRONMENT COUNCIL WITH BRANCH OFFICES. 

TIE NATIONAL COUNCIL, WHICH IS MIADE UP OF TWENTY MINISTERS OR SO, IS 

ENTRUSTED WITH THE MISSIONS OF PRESERVING AND IMPROVING THE ENVIRONMENT 

BY INDERTAKING TttE FOLLOWING ACTIONS: 

" PRESERVE TIlE ECOLOGICAL BALANCE OF THE NATURAL HABITAT 

* AVERT AND FIGHT AGAINT POLLUTIONS AND NUISANCES 

" SEE TO IT THAT THE NATUREL RESOURCES ARE SOUNDLY MANAGED AND 

CONSERVED 

* IMPROVED THE LIVING FRAMEWORK AND CONDITIONS 

IN THE FIELD OF R&D, MANY UNIVERSITIES AND PRIVATE RESEARCH INSTITUTES 

WORK ON THE ENVIRONMENT. 
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B) ACTIONS OF THE ENVIRONMENT PROTECTION 

ENERGY IS IMPORTANT IN THE SOCIO-ECONOMIC DEVELOPMENT IN MOROCCO. FOR 

THIS REASON THE COAL FIELD ACTIVITY IS KEEN ON THE PROTECTION OF THE 

ENVIRONMENT, ALTIIOUGHI THERE IS A LACK OF COHERENT AND RESTRICTING 

LEGISLATION FOR THE PROTECTION OF NATURE. 

TilE SPECIFICATIONS OF TIlE COAL USING IN THE THERMAL POWER STATIONS AND 

THE CIMENT INDUSTRY IN MOROCCO ARE; 

" TOTAL MOISTURE ................ : 8 - 10 %
 

" ASHi .................................. :10 -15 %
 

" VOLATILES .......................... :22 - 28 %
 

" SULPHUR ............................ :1,4 -1,5 %
 

* GROSS C.V ...................... : 6.400 kcalfkg
 

MOROCCO TRiES TO APPLY THE REGULATIONS ENFORCED IN THE MEDITERRANEANS 

COUNTRY, TAKING INTO CONSIDERATION THE LIMITED MEANS OF MOROCCO IN TLE 

PROTECTION OF THE ENVIRONMENT. IOWEVER, THE INTRODUCTION OF IMPORTED COAL 

BY TlE NATIONAL OFFICE OF ELECTRICITY AND THE INDUSTRY SECTOR HAS BEEN 

ACCOMPANIED BY A FEW ACTIONS RELATED TO TILE PROTECTION OF TIlE 

ENVIRONMENT, SUClH AS: 

- TIlE PROIIIBITION OF EXPANDING THE COAL HARBOR OF MOHAMMADIA, IT WAS 

DECIDED TO RESERVE TIllS HARBOR TO THE ONLY IMPORTATION OF 

HYDROCARBONS SO AS TO LIMIT TIlE POLLUTION OF THE SUMMER RESORTS OF 

TIlE AREA. 

- THE IMPORTATION OF CAG!. COMES TEMPORARILY INTO THE HARROR OF 

CASABLANCA FOR THE MOiIAMIADIA THERMAL POWER STATION, IN THE 

MEANTIME TIE COAL TERMINAL OF THE JORF LASFAR TAKE OVER TIlE 

IMPORTATION OF COAL FROM 1994 WITH 950.000 TONS. 

- TlE SITTING UP OF FILTRING DEVICES FOR TIlE ISOLATION OF DUSTS AND OF 

SULPHUR IN THE THERMAL POWER STATION OF MOHAMMADIA AND CASABLANCA 

WIIlCII ARE LOCATED IN AREAS VERY CLOSE TO URBAN ZONES. 
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- THE NEW COAL THERMAL POWER STATION IN JORF LASFAR (3 * 330 MW) 

RESPECTFUL OF THE NORMS SET BY THE NATIONAL OFFICE OF ELECTRICITY 

(O.N.F), THE PROCESS OF JORF LASFAR SITE SELECTION HAS ALREADY TAKEN INTO 

CONSIDERATION FACTORS WHICH HAVE A BEARING ON THE ENVIRONMENT. 

SIMILAR ACTION HAVE BEEN TAKEN BY THE CEMENT INDUSTRY CERAMIC 

INDUSTRY AND SUCAR INDUSTRY IN MOROCCO. THE LATTER DEMAND FROM THEIR 

SUPPLYE:RS A QUALITY OF COAL CONFORMED WITH THE CRITERIA DEFINED BY THE 

CONS°I RUCTOR, SO AS TO REDUCE TIlE POLLUTING EMISSIONS IN THE ATMOSPHERE. 

OTHER MEASURES TO LIMIT POLLUTION THROUGH COAL ARE TAKEN. THEY ACT 

FROMI THE 1BEGINNIG OF TIlE DISCHARGING PROCESS UNTIL TILE DELIVERY IS MADE TO 

THE CONSUMER. LIKEWISE TIlE CHOICE OF SITES FOR THE THERMAL POWER STATIONS 

OF JORF LASFAR ANI) MOIHAMMADIA AND SITES FOR CEMENT PRODUCING UNITS (THE 

CASE OF CIOR IN OUJDA, CINOUCA IN CASABLANCA AND CIMAR IN SAFI) TAKES INTO 

COSIDERATION THE CONSTRAINTS IMPOSED BY THE CONJUNCTION COAL-ENVIRONMENT. 

THE ASSESSMENT OF ENVIRONMENTAL PROBLEMS HAS PERMITTED MOROCCO TO 

CONCENTRATE ITS EFFORTS FIRST ON NATIONAL REGULATIONS, AND ON THE CREATION 

OF A GOVERNMENTAL BODY IN CHARGE OF THE ENVIRONMENT WHICH HAS BEEN GIVEN 

THE MEANS AND THE NECESSARY STAFF IN ORDER TO FULFILL THIS TASK IN THE BEST 

OF CONDITIONS. 
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ABSTRACT
 

TERMOELEKTRARNA - TOPLARNA LJUBLJANA (TE-TOL) is coal fired Power Cogeneration 
Plant providing electricity, district heating and process steam to the city 

of Ljubljana with the total power and heat generation capacity of 115 MWe and 

350 MWt. The TE-TOL facility was designed to burn low grade coals from local
 

coal mines.
 

It has th;2e pulverised coal fired boilers equipped with electrostatic 

precipitators to control particulates while other emissions are released 

uncontrolled to the atmosphere from 100 m high stack. The coals contain 

moderate to high levels of sulphur (1.1 - 3.2 %) and ash (up to 35 %) and 

resulting sulphur emissions and ash generation are significant because 
annually more than 600,000 tons of coal are required. 

TE-TOL is with some 20,000 tons of SO, and some 200,000 m3 of ash annually
 

ranked among the greatest SO, emitters and waste producers in Slovenia. In
 

Slovenia an act has been eiforced governing p-omissible quantities and
 

concentrations of harmful substances that may be released into the air.
 

According to this act it is necessary that by the end of the year 1993
 

emissions of great pollutants should be brought down bellow the legally
 

foreseen limit. TE-TOL has consequently been acceleratedly looking for
 

possibilities that would assure a decrease of excessive pollution of the
 
environment.
 
Due to the act and the fact that TE-TOL generates enormous quantities of
 

ash the most efficient sanitation measure to decrease TE-TOL harmful effects
 

to the environment has turned out to be the use of high quality imported
 

coal having a low sulphur and ash content.
 

In the period between 1991-1993 TE-TOL experienced a trial burning of high
 

quality brown coals imported from the USA, Russia and Indonesia. The relevant
 

results have shown that from the technological point of view all the tested
 

coals are suitable for TE-TOL boilers, but from the ecolological one - it is
 

the Indonesian coal that offers the best solution.
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INTRODUCTION
 

The Republic of Slovenia, that borders to 
Italy, Austria and Hungary, was a
 
northernmost 
republic of former Yugoslavia. It declared its independence in
 
June 1991 and adopted its own constitution after the breakdown of what was
 
once Yugoslavia. Its surface covers 
 about 20 000 km2 and it has

approximately 2 million inhabitants. It is 
a mountainous country, about 50 %
 
covered with forests. Most of the population live in valley areas. 
Its
 
capital is Ljubljana. It has 300 000 inhabitants and is located in a large

basin in central Slovenia.
 

The thermal cogeneration plant of Ljubljana (TE-TOL) is located 
in the city

surroundings in the part of the city called Moste. The plant 
is very important

to city of Ljubljana, as it provides electricity, district heating and process

steam to residential, commercial and industrial end users.
 

PLANT DESCRIPTION
 

The TE-TOL facility has 
three pulverised coal fired cogeneration units and a

peak load boiler house equipped with four fuel oil fired steai and hot water
 
boilers. Table I provides an insight into the facility capacity.
 

Table I
 
TE-TOL System Capacity
 

Unit Fuel Start Year Electric Thermal Steam 10 Bar 
Output Output 250 °C 

Unit I Coal 1966 32 MWe 58 MWt 
Unit 2 Coal 1967 32 MWe 58 MWt 
Unit 3 Coal 1984 50 MWe 116 MWt 
Boiler I Fuel Oil 1979 58 MWt 
Boiler 2 Fuel Oil 1978 58 MWt 
Boiler 3 
Boiler 4 

Fuel Oil 
Fuel Oil 

1978 
1979 

5.6 kg/s 
5.6 kg/s 

The three coal fired units are the first units on line with the peak load
 
boiler house where energy is produced as peak energy in the time of low
 
temperatures or as a substitute source of energy during heat 
and power

generation.
 
A reliable production of 
steam during winter months is an absolute necessity

for the plant provides district heating to over 50.000 households and to other

community facilities such as 
 hospitals, schools, institutes. Electric power

generation by the plant is important, 
but not as critical as the steam
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production, because electricity can be transported into Ljubljana through
 
connecting transmission system from neighbouring power plants.
 
TE-TOL is ranked among the largest electric power producers in Slovenia. It is
 
the greatest heat producer for district heating in Slovenia.
 

EMISSIONS
 

TE-TOL was constructed to burn brown coal and lignite from local coal mines;
 
these are mainly the brown coal from the Trbovlje mine that lies about 60 km
 
east of the city of Ljubljana and the lignite from the Velenje mine that lies
 
about 80 km north of Ljubljana.
 
On the basis of fixed-carbon content, volatile matter, moisture, sulphur
 
content and heating value the coals are classified among those of the lowest
 
rank. Their analyses is as follows:
 

Table 2
 
Average Domestic Coal Properties
 

(as received)
 

TRBOVLJE VELENJE
 

Property Content Expected Range Content Expected Range
 

Moisture (%) 25 20-26 39 37-40
 
Ash (%) 28 24-33 18 17-20
 
Combustible (%) 47 45-49 43 42-44
 
Sulphur (%) 1.9 1.1-3.2 1.3 1.2-1.5
 
Heating Value
 
(net) Mj/kg 11.6 10.5-13.5 9.4 9.2-9.8
 

The TE-TOL air pollution control equipment consists of electrostatic 
precipitators (electrofilters) allotted to each boiler for control of 
particulates; other emissions are released uncontrolled from a 100 meter high 
stack. As shown in Table 2 the domestic coals contain moderate to high levels 
of sulphur and ash, and resulting sulphur emissions and wastes (ash) 
production are significant because of the large quantities of fuels required 
(see Table 3). 
The used low grade domestic coal considerably contributes to the pollution of 
the Ljubljana region. The power cogeneration plant is the largest SO2 emission 
source in the region and the third in the Republic of Slovenia. However, data 
analysis of emission and air pollution as well as weather conditions show that 
TE-TOL exerts a relatively small impact on the city. In spite of its high 
stack, air pollutants are scattered over a large area. In most cases with a 
take of cold air at the bottom of the Ljubljana basin ( temperature 
inversion), flue gases from TE-TOL will break through a stable ground air 
layer and will thus not worsen the air pollution in Ljubljana. 
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The greatest air pollution levels in Ljubljana occur during the winter heating

season when concentrations 
of sulphur oxides frequently exceed the Slovene
 
one 
hour mean limit value of 350 ug /mJ

. The most important sources of air

pollution resulting in high ground level concentrations within the urban
 
area are commercial heating boilers, residential heating units and traffic.
 

Table 3
 
TE-TOL emission data for the year 1990
 

Coal consumption: 690,000 tons
 
S02 discharge : 21,200 tons
 

Average S02 emission concentration: 5990 mg/m 3
 

NOx discharge: 1400 tons
 
Average NOx emission concentration: 420 mg/m3
 

Solid Pa-ticles discharge: 950 tons
 
Solid particles emission: 200 g/m
 

Ash generation : 250,000 m J
 

In recent years. several acts regulating individual 
fields of air pollution in
Slovenia have been enforced. The Act on 
 the Limit Value of Concentration and

Mass of Pollutants Released in to the Air (emission) was adopted in 1988 and

requires a decrease of pollutant concentrations such as concentrations of SO 
,

NOx. CO, solid particles and other harmful 
compounds bellow the permissibTe

level. This 
act is to some extent, more restrictive than the German Emission

Standards, which were 
its primary basis. For example, the German regulations

require 
more stringent emission limits for new facilities, while allowing less
 
stringent requirements for existing plants a few years of
with 
 the residual
 
useful life.
 
The following are requirements that apply to coal fired cogeneration units in
 
TE-TOL:
 

Sulphur Dioxide (as SO,) 400 mg/m 3
 

Solid particles 50 mg/m 3
 

Nitrogen Oxides (as NO,) 400 mg/m3
 

0 reference value
 
(dry, 1,013 mbar, 0 0C) 7 percent
 

The above mentioned obligations should be fulfilled until December 31, 
1993.

One of the imperatives of 
the Act on the Limit Values of Concentration and
 
Mass of Pollutants Released into the 
Air is that Thermal power plants must
set up ecological information system that 
will ensure an on-line monitoring

of air pollution. The TE-TOL ecological monitoring is already 
in operation

and consists of equipment 
for continuous measurement of SO., NOx particulates
 
and 0, in the flue gases.
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Due to the new atmospheric emission requirements several options for the
 
control of emissions were examined. Apart from air pollution the most
 
notorious problem in utilisation of low grade coals in TE-TOL is the ash
 
disposal. TE-TOL has no ash disposal site of its own. For several years large
 
quantities of ash have been deposited on a sanitary landfill site,
 
partially utilised as a foundation material for road --nstruction or dumped
 
in abandoned pits.
 
Nowadays (from 1992 on), due to the lack of the space, it is only a part of
 
the generated ash - one quarter approximately- 'hat can be disposed on a
 
Municipal sanitary landfill site. This deposition involves a great amount of
 
financial means.
 
Due to the public opinion concerning the radioactivity of the coal ash (mainly
 
Rn-222), its useful exploitation has so far not yet been experienced in
 
Slovenia in spite of the fact that it has been successfully used in the world
 
in the field of civil engineering. In the season of civil engineering works
 
(from April to October) some 30,000 m3 of the ash is being transported to 
Italy where it is used as an additive to concrete. Owing to the unsolved 
question regarding deposition or use of the rest of ash from TE-TOL, a 
conclusion has been reached that the simplest and also the least expensive 
sanitation measure to decrease TE-TOL harmful effects to the environment is 
the replacement of the domestic coal with the high quality imported coal. 

In 1991, combustion tests of low sulphur coals of different origins started.
 
Till now, testing and use of the ftolowing imported coals have been
 
experienced:
 

- Coal from Cordero Mine , Wyoming, USA
 

- Coal from Perejaslavskij, Siberia, Russia
 

- Coal from PT ADARO, South Kalimantan, Indonesia
 
(Paringin/Wara blend coal)
 

The proximate analyses of the coals is summarised in table 5.
 

Table 5
 
Proximate analyses of imported coals
 

(as received)
 

RUSSIA INDONESIA USA
 

Moisture (%) 32.1 28.6 31.1
 
Ash (%) 5.2 2.6 6.3
 
Volatile Matter (%) 29.9 34.2 31.2
 
C-fix (%) 32.9 34.6 31.4
 
Sulphur (%) 0.25 0.14 0.40
 
Heating Value Mi/kg 16.3 18.6 18.3
 
(net)
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The test burning of the imported coals has proven that 
from the technological

point of view all the coals 
are suitable for the equipment that has been

designed for the coals that 
are of low burnability ( less than 13 Mj/kg).
Considering the ecological aspect, 
the blei±J coal from Indonesia (ENVIROCOAL)

has distinguished 
itself as being of the utmost quality (see Table 6).

Measurements of emission concentrations of So2 
have shown that emission

concentrations released at 
the burning of the Russian and USA coals are above

the permissible values, while 
in the case of the Indonesian coal these values
 
are far below them It has
. also been noted that the ash generation isdrastically reduced. In the Indonesian 
case this is more than ten times. When

burning the 
imported coals it was noted that the NOx emissions did not change

considerably in comparison with domestic coals and it gets on 
average pretty

close the legal limits.
 
Emissions of dust particles are essentially lower than those noted in the
 
burning of the domestic coals, too.
 

Table 6
 

The results of emission measurements as obtained at the burning of Indonesian 
coal ( at 7 % 02 Vol) 

3
Average S02 emission colicentration: 190 mg/m
 

Average NOx emission concentration: 420 mg/m3
 

Solid particles emission: 40 mg/m 3
 

CONCLUSION
 

Considering the favourable results- particularly from the air protection point
of view-obtained at the trial burning of 
the Indonesian coal, TE-TOL has

reached a decision to replace 
a great portion of domestic coal with the
Indonesian one. An import of 200,000 tons high quality
of coal has been

foreseen for the heating season 1993/94. This coal is planned to be used

especially in weather conditions in which effect of
the TE-TOL on the air
pollution in Ljubljana is the worst. With this respect, special forecasts of
Hydrometeorological Institute 
of Slovenia will be followed. Simultaneously,

the problem of ash in most critical periods of time when the civil engineering

industry has no need of 
it, will be solved, too.
 
In TE-TOL ,it has been foreseen that the use of high quality coal will be

increased provided that the economic and general situation in this part of the
 
world will make this feasible.
 
According to our estimations the discussed high quality 
coal is to extend the
life of boilers of Units 
I and 2, that have been in operation for more than

20 years, for another 5 to 10 years, which 
is vary much convenient in the

situation when there are no 
financial means available for their renovation.
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lEA 2nd Internal Conference on the Clean and Efficient Use of
 
Coal and Lignite, Hong Kong; December 1-3, 1993
 

LOW-RANK COAL WATER FUEL (LRCWF's)
 
Commercial Demonstration
 

Oil importing nations have grave concerns regarding the security of oil supply, volatility of 
oil prices and safety of oil shipping, and are seeking alternativez. Of the alternatives,
bituminous coal-water fuels (CWF's) appear the most promising and have spawned a new 
industry that already produces over 3.5 MM tpy of CWF. The magnitude of the alternative 
oil market can be gauged by the consumption levels of heavy oil for just the power
industry in Japan, Korea and Taiwan alone, nearly 200 milion barrels of oil, equivalent to 
about 80 million tons of CWF. Lower cost, better burning low-rank coals were excluded 
until the Energy & Environmental Research Center (EERC) pioneered the use of hot-water 
drying (HWDJ to permanently reduce the inherent moisture in LRC's. 

The technical feasibility of producing CWF from LRC via HWD was demonstrated in the 
EERC pilot plant by producing a premium fuel from the ultra low-sulfur LRC from the 
Beluga field on the Cook Inlet west of Anchorage, AK. USA. It proved to be a premium,
non-hazardous fuel giving almost complete carbon burnout, low boiler-tube fouling, and 
SO 2 emissions well below even the most stringent air quality standards. Preliminaty 
process economics indicated that LRCWF could be produced at costs below oil and 
competitive with bituminous CWF's in Japan. LRCWF's have superior combustion 
characteristics in terms of ignition rates C-burnout which shouldand produce lower 
deratings than their bituminous counterparts in oil-fired boilers. The Alaska CWF 
Consortium was founded to facilitate the next critical step, a commercial demonstration. 

With the abundance of LRC's around the world and the need for developing nations to 
reduce their dependence on imported oil and lessen the hard currency drain, LRCWF offers 
a promising alternative to imported oil. Consequently, the EERC has initiated a number of 
test programs to assess converting indigenous LRC's into LRCWF's in a number of 
developing regions including, India, the Philippines and Eastern Europe. 

Authors: Warrack G. Willson, Senior Research Advisor, EERC 
Chris M. Anderson, Research Supervisor, EERC 
W. (Bill) Irwin, President, Internal Coal Preparation Consultants, Ltd. 
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IEA Second International Conference on the Clean and Efficient Use of Coal and Lignite: 
Its Role in Energy, Environment and Life 

30 November - 3 December 1993 

Regional Needs 

REGIONAL PERSPECTIVES ON EXTERNALITIES
 
ANALYSIS AND ELECTRIC RESOURCE PLANNING
 

Steven Kotz, Jody London
 
California Public Utilities Commission
 

A B S T R A C T 

Regulators concerned with power plants traditionally have met environmental 
concerns through control of emissions from individual power plants. However, some electric 
resources, such as conservation programs and generation using wind or solar energy, may
have few or no emissions, while other electric resources may have significant emissions even 
after implementing all required controls. Also, some electric resources may offer benefits 
that traditional resource planning does not reflect. 

Many jurisdictions now want their externalities policy to influence electric resource 
decisions by factoring externalities analysis into the planning process as well as the choice of 
emissions control technology. The purpose is for the electric resources serving a region to 
reflect that legion's environmental and other social goals.

A qualitative approach for emissions-scisitive resource planning is to establish a 
preference or "set-aside" for resources with low or no emissions. A ouantitative approach is 
to assign a cost to each emission, or a benefit to, e.g., fuel diversity, and to include those 
costs and benefits in the cost-effectiveness analysis of competing resource options. These 
approaches can be used separately or combined, but both approaches pose problems. 

The qualitative approach is rel:i .ely easy to implement but relies on subjective
judgment and may result in more expensive resource choices than "least-cost" planning
would dictate. The quantitative approach tries to remedy the failure of the market to value
"externalities," but administrative development of appropriate emissions costs is conl-roversial 
and can lead to interregional conflict. Trading of emissions rights may be superior to 
administrative development of emissions costs. 
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REGIONAL IERSPECTIVES ON EXTERNALITIES
 
ANALYSIS AND ELECTRIC RFSOURCE PLANNING
 

(Presented at the International Energy Agency
 
Second International Conference on the Clean
 

and Efficient Use of Coal and Lignite,
 
Hong Kong, 30 November - 3 December 1993)
 

Sleven Kotz, Jody London'
 

Electric resource planning t1,ad-tionally has consisted~of a determination of need 
(based on projected demand growth) followed by a cost-effectiveness analysis of different 
resource options. Key components of the cost-effectiveness analysis have been projected 
operation and maintenance, fuel, and capital costs. This traditional analysis has ignored 
other costs (and sometimes benefits) that may result from a given electri,; resource but that 
flow to society at large rather than to the power producer. Such costs and benefits, which 
economists refer to as externalities, can be large enough to affect resource choices, 
depending on how the planning process deals with externalities. 2 

This paper will examine the role externalities can play in resource planning, describe 
different policy options for analyzing externalities, and provide a critique of those options, 
including some of the problems that can be encountered in the implementation stage. 

WIlY CONSIDER EXTERNALITIES IN RESOURCE PLANNING? 

There are several reasons to consiier externalities in resource planning. Most electric 
power systems have been developed with the assumption that the primary operating fuel will 
be a fossil fuel. In the United States, the economy has built-in advantages for fossil fuels 
over other fuels in the form of industry supports, tax structure, accounting methodologies, 
and rescurce development policies. Economists, particularly environmental economists, 
would argue that the effects of fossil fuel production and consumption are not properly 
accounted for, and hence not properly priced. 

In theory, the traditional resource planning process can be enhanced to consider both 
private and social impacts of various resource choices. One goal of such enhancement would 

I Steven Kotz is an Administrative Law Judge, and Jody London is a Regulatory Analyst, at the 
California Public Utilities Commission. 'The views expressed in this paper are solely those of the 
authors, and do not necessarily reflect the views of the Commission. 

' Some writers refer to traditional electric resource planning as based on "private costs," while 

planning that incorporates externalities is said to reflect both private and social costs. 
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be to establish a "level playing field" for competing electric generation technologies, thereby
promoting a more competitive market and offsetting some of the institutional advantages of 
fossil fuels. For example, while fossil fuels can emit significant air pollution, other 
generation optic is such as geothermal, hydro, and wind, or deniand-side management 
(conservation and load shifting) may have low or no emissions. Even cogeneration that uses 
a fossil fuel can be less damaging to the environment than conventional generation because 
the same heat output is used twice, once for the process load and once for power production. 

Consideration of externalities frequently starts with polluting air emissions, but 
different generation resource choices may also have different impacts on water quality, land 
use, etc. Although many jurisdictions will require a project developer to mitigate adverse 
environmental impacts, the project may still have "residual" impacts after all emission 
controls and mitigation strategies are implemented. Environmental economists would argue
that these residual impacts must be separately evaluated. Stated differently, they believe the 
failure to assign cost to externalities in the traditional planning process can be said to treat 
air, water, and other natural :esources as if they had no value. 

By assigning a (negative) economic value to residual emissions, planners can ,crform 
cost-effectiveness tests that internalize the cost to society of a given technology's residual 
emissions, not just the private costs developers face. For example, a coal plant that looks 
relatively inexpensive in a traditional cost-effectiveness test could fare differently if the test 
were expanded to include the costs of stack emissions, and land and water impacts from coal 
mining. 

-Properly valuing externalities can encourage fuel and technology diversity. ' In the 
example discussed above, nontossil tehnologies such as wind generation may be more cost
effective than coal (or other fossil-fired technologies) when externalities come into the 
analysis. Alternatively, the developer of the coal plant might be able to offset the 
considcration of externalities through design changes, such as using more stringent emission 
controls or modifying the combustion process. Thus, considering externalities can promote 
different or new technologies. 

For regions that import certain fuels, considering externalities can lead to the 
development of domestic resources if such development is considered a positive externality, 
i.e., creating jobs. Another potential positive externality is in helping to solve waste disposal
problems. For example, aIcogeneration plant consuming biomass from farming and timber 
activity will eliminate the need to otherwise dispose of those wastes. The same can oe true 
for municipal solid waste. Landfill gas can fuel a power plat, possibly with little increase 
in air pollution .onmpared to abating the gas by flaring. Ignoring these positive externalities 

Traditio.,a! resource planning should also assign some value to fuel and technology diversity,
hoth because of reliability concerns ant a; : hedge against price volatility in fuel markets. 
Consideration of ext.-rnaliiiet .k.i, dition it. not in lieu of, valuing diversity for hedging and 
similar purposes. 
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could significantly undervalue some generation resources. 

POLICY OPTIONS FOR DEALING WITil EXTERNALITIES 

Regulators have several options for adapting the resource planning process to address 
externalities. While each option may be pursued independently, some of the options can be 
combined, and regulators may wish to implement some such combination since the options 
have somewhat different objectives. 

Many jurisdictions require consideration of alternatives to a given project (such as 
construction of new generation fiacilities) in the course ol siting or licensing the project, if 
the project seems likely to have significant environmental impacts. Considering alternatives 
does not directly address externalities, but such consideration can identify alternatives with 
fewer negative externalities or more positive ones. Also, tlhe licensing process may identify 
mitigation measures that reduce environmental harm or provide compensating benelits. If' the 
project developer is required to pursue these mitigation measures, one might argue t .e 
additional costs these measures entail effectively internalize the project's negative impacts. 

Another method for dealing with externalities is to set aside a portion of anticipated 
resource need for certain technologies. This allows planners to favor those technologies that 
have the most beneficial environ mental characteristics. In('alifornia, state law requires that 
the Public Utilities Commission do this. The state law essentially requires that "renewable" 
generation (wind, solar, hydro, geothermal, etc.) fill sonic portion of the rned for new 
electric capacity. 

Implementing this renewable "set-aside" in the current resource planning cycle, the 
Comniission has identified, for each regulated electric utility, an amount of capacity that 
power producers utilizing a renewable technology have an opportunity to provide. Because 
the utilities are conducting a competitive solicitation for this power, the eligible power 
producers must still bid against each other to fill the set-aside. If renewable bidders cannot 
provide the power at a price below that at which lie utility believes it could build the 
renewable resource, then the utility can provide lie needed capacity itself. 

A renewable set-aside represents a quaitative approach to externalities, in that both 
the preferred technologies and the amount set aside depend oii the regulator's judgment. A 
more quantitative approach is to assign monetary values to the externalities. Since 
externalities can be positive or negative, the assigned value could I an additional cost or an 
additional benefit associated with a iarticular resource choice. Promoting the use of a 
domestic fuel could be seen as a benefit. (onversely, jurisdictions that must import a given 
fuel may assign additional costs to a resource choice that would increase dependence on 
imported fuel. 

In California, state law requires the monclizing of polluting air emissions and other 
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environmental externalities.4 Tlo implement this requirement, regulators have directed 
electric utilities to include air emissions "costs," along with traditional construction, fuel, and 
other fixed and variable costs of the various technologies, in conducting cost-effectiveness 
analysis for resource planning purposes, but not in dispatching existing power plants or 
making short-term purchases.' 

As of this writing, controversy continues on how to perform cost-effectiveness testing
that includes valuing of' ext,-alies. Controversy centers on how to set the (negative) value 
for the various polluting enmissions. 

One viewpoint is that the emissions value should rellect the marginal cost of control
 
for the pollutant. This marginal cost is hased on the most expensive emission control
 
measure that the regulator has I'und to he cost-effective in a given jurisdiction.
 

Another viewpoint is that the eimmissions value should reflect the damage attributable to 
the pollutant; here, there is the further question whelher the damage assessment should focius 
only on huiman health or shulnd include imlacts on crops, timber, fish, cattle, or indeed all 
biota. In either case, tie emissions values are not supposed to represent out-of-locket costs 
for the power producer, although they may well affect how a given electric resource scores 
in cost-effelive es. analysis. 

Another controversy concerns whether a single value should apply to a pollutant, 
regardless of where the emission occurs, or whelher different values should be used, 
depending on the point of emission. Some would argue that in an area with goxd air quality, 
the incremental cost of additional pollution is low, while the cost of additional pollution in an 
area with had air quality is higher. Some have aigued just the opposite, that regions with 
good air quality are precisely those areas (like national parks) where pollution would 
significantly harm those attributes that make the area valuable. Some have argued that 
differentiating based on the site of emission is complex and could lead to perverse results, 
such that uniform valuaiion for any given pollutant is preferable. 

This cost tor a particular power phant is derived by multiplying the pounds of'"air pollutant 
emitted for a given amoumit of generation fom the plant times the cost per pound of that pollutant. 
Expressed algebraically, the foirmtla is: 

lb/MWh x $/Ih = $/MWh
for generation froim time plant. The costs for each polluting emission being evaluated can then be 
added and factored into the cost-elfectiveness calculation alog with the traditional cost cateories. 

In the future, energy regulators in ('aifhrnia may also have to address tinder the statute how to 
value other environmental impacts besides those affecting air quality. 'he priority assigned to 
monetizing air quality impacts reflects the severity of' air potllution in California's major metropolitan 
areas and th need to substant ially increase investment in pollution abliement for California to meet 
state and national air quality standards. 
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California regulators have not finally resolved these issues. Some air quality 
regulators argue for the cost of control method, and some e,,.'rgy regulators have followed 
this approach, arguing that energy planning should reflect the mitigation programs established 
by the relevant air quality regulator. But who is the relevant air quality regulator? The 
California Public Utilities Commission has said the answer depends on where the emitting 
facility is located; on this basis, the Commission has also approved nonuniform valuation of 
most air pollutants, depending on air quality in the basin where the emission occurs.' The 
California Energy Commission initially also favored tile cost of control method but has 
recently expressed a preference for danage analysis. 

An alternative to setting emissions values through an administrative process is to 
establish a market for emissions "rights," expressed as allowable ions of emission from a 
given stationary source over a specified time period. l)epending on ,pplicable regulations 
and costs of control at a particular facility, the owner might choose to acquire additional 
rights, market its excess rights, v: "ank those rights to allow for future expansion of the 
facility. Over time, the market price for such rights should approach the marginal cost of 
controlling emisions. 

The theory supporting such markets is that they will be more efficient than regulators 
in pricing emissions while accomplishing the goal of internalizing pollution costs. Currenl!y, 
the United States has public trading of sulfur dioxide emission rights, with the intention of 
eventually having a nationwide nlarkel. Also, some jurisdictions are working on m-,rket 
programs that would apply to a single air basin for emissions of, e.g., nitrogen oxides within 
that basin. 

CRITIQUE OF )ICY OPTIONS 

Reliance solely on the licensing process for dealing with externalities has deficiencies. 
From the regulator's perspective, licensing statules may not allow consideration of the full 
range of alternatives, and may not solve the problem of properly evaluating residual 
emissions. From the project developer's perspective, licensing comes late in the planning 
process, so the cost of delay and redesigning to meel regulatoiry requirements may be 
excessive. 

(I Under state and natimnal regulation in the IUnited States, cachtair basin is evaluated to 
determine the severity oftllution from various uesignated pollutants. For each pollutant, an 
"acceptable" concentration, or standard, is established. (Typically, the standard is expressed 
volumetrically or in parts per million ower a stated pmrimld of' ilbservatimi.) Thie regulatory intent is to 
set these standards at levels that protect the puhlic health. allowing hir an aldequate margin f !..Ifety. 
An air basin that meels the stmandtl is leemed t) be *mnattainmnlt area fbr that pollutant: cmversely 
if observed concentrations regularly exceed the slandarl, the air basin is deemed io be a 
nonattaininer area or that pollutant. An air bhasi can be in atainlment Ior some nmllutants amndini 
nonattainment t r uOthers. 
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The developer generally wants to know well in advance of* licensing the standards to 
which the project must be designed. This factor argues fOr eslablishing generic externalities 
policies, including whether and how [he jurisdiction intends to value externalities, rathe: than 
developing those policies on a case-hy-case basis in individual licensing proceedings. 

A set-aside for favorcd i esources, such as conservation programs or generation
 
technology using renewahles, has the advantage of simplicity aild expresses, ill
advance of 
project-specific planiigi acti, ity, a broad policy judgment regarding tie social value of tile 
favored resources. G;iven the dificullies posed by quantithtive approaches to externalities, 
this qualilalive approach has appeal. There are also diadvanlages to a set-aside, however. 

()ne reason given 'or analyzing externatlities is to level the playing field belween 
competing electric resources. A set-aside arguably does the opposite--it reacts to one kind of 
tilt riyintroducing a new tilt. il)i inished conmetition is the prohaule result. 

For example, assume that a jurisdiction has a competitive bidding process for new 
electric resaurces. If tie jurisdiction creates two hi,lding arenas, one For fossil-fired 
resources and one for allother resources, higher prices are likelier to result for both types of 
technology, comnpared to a situation iii which all tecmologies compete in a single arena. A 
jurisliction contemp,lating the use of, a1Net-aside should expressly consider this likely price 
effect. 

Some regulators have proposed to compenlsalc for this effect by setting a Inaxinmuin
 
price for [tle nonm-lossil set-aside. The luiaxionlmn price could he based oi the cheapest fossil
fired resources, but if m;n-fiocsil bidders can m.eLt O heat the prices of f'ssil-fired resources,
 
there's no reason for a set-aside in tile () if the mlaximun pricefirst place. the other hand, 
is to be based on sme premilml above the prices of fosil-ircd resources, then the regulator 
will need some method f'or determining an uppropriate premium. Such a determination 
would probably entail express valuation of externalities, hut if one must expressly value 
externaities time apparent simplicity of tile set-aside approach vanishes. 

V.,'ithout qluantitative analysis, the relative size of tilesct-asidc a,, Lcomies purely 
subjective. A generous set-aside, combined witi the price elfects discussed above, may have 
a substantial impact on electric rates. If the price diffcrential between fossil-fired and other 
resources is large, this potential impact should be carefully analyzed. If time price differential 
is small, a set-aside may amotnt to an unnecessary subsidy. 

olnetizing exlernalities might remedy tile licensing process and setdelects of tile 
asides, but there are f'urmidable iificulties in implementation. 'he reason for time diftFiculties 
is tie same reason that markets do1not capture externalities: they are hard -o value, for i 
variety of reasons. They tend to iaffect large geographic areas. healthThey may affect tile 
and coumfort of' maniy People, bul lie cal4;d relauinulilu ilnay be hard to eslablish. Their 
cumulative injate imay be greatl, their iuupacl iu single individual or at a given limebut 1 
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may be small. 

Tihe difficulties (o not justify ignoring the problem. A principal reason for regulation 
is to address those problems that markets (1o not. However, soife forn of interregional 
cooperation nay be necessary if a coherent approach to ext irnalities analysis in electric 
resource planning is to emerge. 

Consider for example a jurisdiction consisting of a single air basin with acute smog 
problems. The jurisdiction desires to reduce emissions of' smog precursors like nitrogen 
oxides, and so assigns a high cost to such emissions. Should tile jurisdiction assign the same 
cost to such emissions if the energy would be iinportcd from a power plant outside its air 
basin? If it does not assign the same cost, it is arguably adopting a policy of exporting its 
pollution to other areas. Moreover, the result of the non tin i fornii ty would be to 
automatically consider a powver plant outside its air hasin clciapcr than the identical plant 
within the basin. Such a policy could have unlcirahle economic effects. 

But if the jurisdiction applies the same cost regardless of the emission site, other 
regulators may complain that the jurisdiction is trying to rive extraterritorial effect to its own 
environmental policies. This complaint is particularly plausible where a high cost is assigned 
to emissions in an air hasin where smog is not a problem. 

Another prohlem concerns what air emissiows should hie evaluated. California 
regulators have assigned costs to the fOilowing power plant emissions: reactive organic gases 
(also called volatile organic compomds); sultur oxi(Ics: particulate matter; nitrogen oxides; 
and carbon dioxide. The latter is not a regulated 1o)(11t1,11 un(lcr state or national cle:mn air 
statutes, hut it is a concern hecais, of fCars about carhon dioxide as a "greenhouse gas" 
contributing to glohal warming. 

The seriousness, even the existence, of a glohal warming prohlem remains 
controversial. Many environmcntalists argue that ijiminediate sIlps to slow or reverse the 
growth of emissions of greenhouse gascs are necessary, at least until such lime as definitive 
studies show either there is no such problem or there is some olier solution. -ven given this 
viewpoint, the assignumilt of cost to carbon dioxide cmis,,ins could have perverse 
consequences, ahsent a global lialegy to reducC sCh emissions. 

Consider for xIIIIIl)lC a jurisdiction that assigns a high cost to carbon dioxide 
emissions, such that it finds coal-f ed gencration not to he co.st-effective and ceases building 
coal plants. The jurisdiction may wind up with more expensive oit-tl'-pockct costs for 
electric power, while other jurisdictions conlinuc to build n'w coal plants and operate 
existing ones. The re'suilt may he nt) dccrcase in cmrhon dioxi(e emissions overall but 
increased electric rates in the jurisdiction assigning a cost to such emissions. 

This example suggcsts that how on ilI phl icutS cxternailitics valuation may depend in 
part on whether a particular emission has a strictly local impact or his interregional or even 
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global impact. The same factor may also be important in creating emissions rights as a 
market-based solution to externalities. 

Marke:-based soliions may ultimately supersede attempts to administratively assign
externalities costs, particularly for fugitive emissions whose impacts cross state or national 
borders. Such solutions do not avoiid all the problems of administrative solutions. For 
example, both &i)proachesrequire monitoring of actual emissions, and timely and effective 
sanctions for violations. The choice between market-bascd and administrative solutions will 
also be influcuc d by judgmciits about [how imiuch governmnt planiers should influcnce 
electric resomrce decisions, and about how much private decision makers should influence tile 
attainment of environmental goals. 

-715



WORKSHOP A5
 

ENVIRONMENTAL STRATEGIES:
 
ENVIRONMENTAL CONSEQUENCES
 

AND RESPONSE
 

-717



Environmental Strategies
 

OVERVIEW OF COAL USE AND EFFICIENT FUTURE TECHNOLOGY
 

Yu Yongnian
 
Professor, Chief.
 

Central Coal Mining Research Institute
 
Hepingli, Beijing 100013 China
 

30 Nov.-3 Dec. 1993
 

INTRODUCTION
 

Coal utilization is an important part of 
the national econoty in China.

Because of the abundant coal resources, that the proven 
reserve of coal
accounts for 95% 
on total fossil fuel. Therefore, coal has been dominated on
 energy production and consumption for a long time. In 1990, the run-of mine

coal reached 
1.09 billion Lons accounting for 76.19% in the primary energy
consumption structure and furthermore, this pattern will not be fundamentally

changed in next two or 
three decade. The environmental problems in China are
D:inly caused by burning a large 
amount of coal. The national particles

emission in 1991 was 
13.14 Mts and S02 emission 16.22 Mts, among which 70% and
90% were emitted by burning coal respectivtly. It is expected that, the runof-mine coal production will he 1.46 billior tons 
by the year 2000. As a

result of 
the extensive production and utilization of coal, a series of
 
environmental problems should be paid 
more attention.
 

CHARACTERISTICS OF CHINA'S ENERGY CONSUMPTION
 

Characteristics of China's energy consumption are quite different from those

of developed and developing countries. Its main characteristics are as
 
follows;


* China is one of the few countries in the world which use coal 
as its
 
principle energy source;


* 
Half of the energy consumed in the countryside of China is non commercial
 
energy. Excessive consumption of biomass energy caused serious damage to
 
ecologicai environment;


* With a lower per capita energy consumption and higher energy consumption

for unit output valuL. 
The China's per capita commercial energy

consumption in 1990 was 864 Kgce, only 40% 
of the world's average.(l)
 

Ti coal consumption and mix on different sectors in 1990 are listed in Table

1. Coal expended in industry 
sectors reached 810.91 Mts, accounting for
76.85% on the total. Second bigger user was household, accounting for 16%. As

compated with the developed and a part of developing countries,however, coal
 was not only to use for power generation, steel and iron making, but 
also for
chemical, construction materials industries and even 
household use.
 

EFFICIENCY OF COAL USE
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Industrial Sectors
 

Although the technologies of coal use have made some improvement in past two
 

decade, such as to import advanced technology for steel and iron making,
 

synthetic ammonia, power generation and building material from developed
 

countries, however, the level of energy expense per GNP is still higher than
 

developed countries. The unit energy consumption in various industry products
 

are listei in Table 2. The extreme energy use in small plants can be as much
 

as twice that of modern plants. Many small plants are not only found in the
 

light manufacturing sectors but they also represent an important share of
 

heavy industrial and building materials. The backward technology of many small
 

the high average energy expense in nationwide.
plants leads to 


Residential sectors
 

China during the past decade. The
Urbanization has been increasing rapidly i;. 

number of cities have been increased to 467 in 1990. The ratio of population
 

in chjies and towns from 19.4% in 1980 increased to 26.4% in 1990. Urban
 

household energy consumption for cooking was 41.62 Mtce, which was 4.2% of the
 

total energy consumption in nationwide. The urban domestic cooking energy
 
are listed in Table 3.(1990) The various gas
consumption strulcture and mix 


fuel for domestic cooking share of 14.63% only on total. In 1990,
 

approximately 63 million people were supplied with gas for cooking in urban.
 

Honeycomb briquette was supplied in rest part, that is about 33 Mts/yr. Based
 

on the statistics in 1990, the utilization efficiency of various fuel for
 

domestic cooking Ye 60% of gas, 25-35% of honeycomb briquette and 15% of bulk
 
burning of coal.(M
 

Industrial Boilers
 

More than 400,000 industrial boilers with 80,000 stph (ton of steam per hour)
 

operated in China, among which 45% boiler were used in industrial sectors and
 

55% boiler for house heating. About 95% are coal fired. Coal consumption in
 

industrial boilers reached 300 Mts/yr. The capacities of industrial boilers
 

range from 0.25-35 stph. The capaciti distribution, share and esimate
 

thermal efficiency are listed in Table 4 T . The majority of industrial boilers
 

(82 percent) are small units and average thermal efficiency is estimated at
 

55-65%. It is lower, as compared to 80% efficiency typical in OECD countries.
 

Power Generation
 

China's elect,'icity has been growing with great speed.The average annual
 

growth rate of generated power between 1949 and 1991 was 12.8%. In 1991, the
 
151.47 GW, among which thermal power
total installed capacity reached 


accounted for 113.59 GW and hydropower 37.88 GW; electricity gene tion
 

reached 677.55 TWh, among which hydropower accounted for 125.09 TWh. M
 

was 236.9 Mtce, among which coal
Fuel consumption of thermal power station 


accounted for 90.8%.The gross coal consumption rate was 390 gce/KWh and net
 

coal consumption rate 420 gce/KWh in average: The majority of power boiler
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in operation are 125-200 MW range, but about 46% are under 100 MW. Among the
 
small plant, about 10-20% of electric power capacity are comprised of very

small power plants (<25 MW); unit coal consumption rate in such plants is as
 
much as 600 gce/KWh.
 

China is a developing country and its modernization construction is under
 
way. Advanced and backward technologies exist simultaneously in coal use.
 
Much more small plants with backward technologies and equipments are
 
operating in various industrial sectors that is leaded to decrease aerage
 
efficiency of coal utilization.
 

EFFICIENT FUTURE TECHNOLOGY
 

About 80% of coal production is expended by combustion at various 
sectors.
 
How to use the coal in rational and to raise using efficiency are urgent task
 
at now and near future. Some of the efficient future technologies as follows;
 

Developing Circulating Fluidized Bed Combustion (CFBC)
 

At present, about 3,000 bubbling fluidized bed boilers were operated with
 
output of 2,0000 9tph, which represents L.5% of total steam production. The
 
capacity range are from 2-120 stph. Washery waste and low grade coal were used
 
as fuel, due to its fuel flexibility. An important research is being

conducted on CFBC at various institutions. High combustion efficiency and low
 
emission of SO /NO are regarded as two most distinguished characters The
 
first 6t/h pacIed 'CFBC boiler was put into operation in 1988. Plant test
 
showed that its thermal efficiency had reached 83.8% when burning low grade
 
bituminous coal with heating value of 12,5 MJ/Kg. A 20 t/h coal fired stoke
 
chain boiler was retrofitted into a 30 t/h CFBC boiler by JiangXi Boiler Work
 
and it was put into operation in 1989. As compared w th original thermal
 
efficiency of 54%, the retrofitted one reached 86. 6% when burnt low grade

coal with heating value of 15,0 MJ/Kg. In addition to, the capacity if 20,
 
35, 75 and 130 t/h were also developed. Among them, five 35 t/h unics were
 
also put into operation. A 220 t/h CFBC boiler haL been designed and
 

'
constructed, it is expected that will put into opqration. The main parameters
 
of CFBC boiler in China are listed in Table 5.t
 

The feature of CFBC boiler as follows;
 

* 	Fuel flexibility (high ash, high moisture and low volatile matter coal).
* 	 Higher turti-down ratio from 25% to 110% of full load. 
* 	 Thermal efficiency >80% or more. 
* 	Higher sulfur capture efficiency (80%), when 2-3% sulfur content in coal. 
and desulfurized agent used. 

* 	 Low NOx emission (<300 ppm). 

It is expected that the CFBC will further promoted into application to
 
replace stock chain boiler in small power plant in China.
 

Developing District Heating (DH)
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There are large climatic differences among regions in China. Heating
 
facilities are officially allowed in only the northern part of China. It can
 
be divided into heating zone, transition zone anC nonheating zone. In the
 
heating zone, 50-65% of heating isby dispersed single building boiler, 30-45%
 
is by stones burning coal or briquette and 5% by DH. The DH are found in 70
 
cities in China, the) supply heat to both residential and institutional
 
buildings; an estimate of the listribution is 60% residential and 40%
 
institutional. More 200 million m of floor area were heated by DH in 1991.
 
Of which, about 123 million m represented residential floor area. The DH/CHP
 
represents 60-70% of current district heating compared with 30-40% for DH from
 
large heat only coal-fired boilers (block heating). Over the next decade, the
 
objective is to increase DH coverage to 25-30% of all cities in the heating
 
region. The increase in DH is expected to be met 50% by DH/CHP and 50% by
 
block heating. At present, large amount small capacity(<4stph) of boiler were
 
used in block heating, its thermal efficiency is low that is mentioned at
 
above, therefore, it should be replaced by large capacity boiler, such as
 
>10stph, for rasing the thermal efficiency and decreasing coal expense.
 

To Develop Large-Size Coal Fired Power Station
 

As listed in Tablt, 2, the electricity generating by small power plant take
 
about 46% of total. Obviously, those small power plants should be retrofit
 
with advanced coal fired technology. On the other land, 300 MW and 600 MW
 
units will mainly be installed innew power station. Moreover, the development
 
of Co-generation thermal power is promoted at places with concentrated
 
thermal loads. It is expected that, electricity generation should reach 1,200
 
TWh and the installed capacity 240 GWiby the year 2000, among the newly
 
installed capacity, thermal power will account for 2/3 and above. Hereafter,
 
the fuel for thermal power stations v:ill still be based on coal, while the
 
existing oil-burning units will be converted to coal-fired ones wherever
 
possible.
 

To Develop Town Gas with Complete Coal Gasification
 

Since China has insufficient reserves of natural gas and the prospect of coke 
oven gas production is limited, therefrie, the complete coal gasification 
process should be developed in next decade for domestic cooking to replace 
the honeycomb briquette and bulk coal burning in cities and towns. In medium 
cities and towns can be adopted the cyclic two stage gasification technology. 
The key advantage of this technology are lower capital and avoidance of many 
operating and 9quipment. The proluct gas, however, has a heating value of 
10.5-12.5 MJ/NM (2500-3000 Kcal/NM ) and 35-45% of CO content in gasS This gas 
does not meet minimum town gas standard of greater than 14.6 MJ/NM and less 
than 10% CO in China. Actual, the top gas from a two stage gasifier is already 
methane rich, while the bottom gas is mainly H2 and CO by combining them, the 
rich gas is diluted. A better way, therefore, would be to convert the bottom
 
gas to use as fuel gas, the high heating value top gas could be used for town
 
gas. Another way is methanation to convert H2 and CO to m2thane increasing
 
heating value. In large cities, the modern complete coal gasification
 
technology should be developed in future. The Lurfi pressurized gasification
 
process has been adopted in LanZhou and HarBin city to produce medium heating
 

-722



value of 16.7 MJ/NM5 
for domestic cooking. It is well commercialized moving

bed gasificatioq process. Although the oxygen is needed for this process, a

reasonable plant size to achieve economic of scale, the unit cost of the gas

may be lower, because of high heating of
value gas produced. Since gas

distribution investment remain the same, irrespective of the quality of gas,

the heating value gas be high as
of should as possible to optimize the

distribution network. In addition to, modern coal gasification offers saving

in operating and environmental control costs as compared 
with alternative
 
atmospheric type gasification. Of course, the initial capital of it are very
 
lJrgP.
 

To Develop Coal Briquette
 

Lump coal is used at some households and industrial boilers to ensure

efficient combustion with minimum particulate emission. Up to now, its

throughput was decreased gradually along with wide applied of mechanize mining

in past two decade. A great quantities lump coal, however, should be 
supplied

to boilers, kilns and domestic stoves. For this reason, a artificial lump

coal, that is namely coal briquette was developed in China. In 1990, the coal
 
briquette output 
reached 23 Mts for ammonia production to replace coke and
 
lump anthracite i6 small and part of medium fertilizer plants. However, coal

briquette used in stocker boiler 
is just beginning although research and

development on it for a long 
time. The test result of burning coal briquette

in stocker boiler has shown 
iat the thermal efficiency rasing 10-17% and

coal consumption reducing 10-20%. A comparison between coal briquette and run
of-mine coai burning test in same type boiler as listed in Table 6. Also, the
 
dust, SO2 and BaP emission can be reduced 71- 89%, 60% and 60% 
respectively,

when burning briquette at stocker boiler. All of the coal briquette was made

by low pressure moulding process, 
so the binder is needed. About 10 kinds
 
binders have been used tha* arD.including activity clay, lime, humite waste
 
liquid paper making and so on.
 

Limited supplies of fuel gas are used for cooking in various cities, honeycomb

briquette (usually anthracite-based) are promoted in major cities as a 
measure
 
to replace direct raw coal burning. The honeycomb briquette is a low cost way

to use medium ash anthracite, the ash and binders acts as a 
structure in which
 
the carbon burns. If lime is used as a desulfurization agent, SO2 emission
 will be reduced at 60-70%. A kind of bituminous briquette has been developed

for use in cooking stoves; called top-lit honeycomb briquette. The smokeless
 
nature of this briquette depends on them 
being lit at top and burning

downward, countercurrent to the upward flow of air. It can be used one piece

for one t ,e cooking. Ar:ording to tho. survey and statistics, the thermal
 
efficiency of honeycomb ariquette is about 25-30% compared with 15% 
 for raw
 
coal at bulk burning. The dust and SO2 emission can be reduced 68% and 50%

respectively, when lime is used.. It is expected that, the honeycomb briquette

will be popularized in the towns which without supply of town gas, as well as
 
part of rural.
 

To Develop Coalbed Methane
 

According to a calculated, the reserve of coalbed methane in coal mine areas
 

-723



reached 30-50 TM3 in 1990. About 300 pair of high gassy and coal gas outburst 
mines are accounted 1or 47% of total underground mining. Among which about 110 
pairs of mines had installed gas suction system. The output of coalbed 
methane reached 430 million M /yr and used for domestic cooking. However, 
quantity of methane from mine ventilation system reached 5.5 Bm/yr, which 
is discharged into atmospheric. Methane is one kind of greenhouse gas, it can 
be cause greenhouse effect and lead to global warming. On the other hand, 
coalbed methane will threaten safety in production of underground mining. As 
one of the objects of Ministry of Coal Industry in China, the suction ratio 
and utilization of coalbed methane will be increased iI next decade. It is 
expected hat, the output will be reached 1.5 billion m/yr by 1995 and 5-6 
billion m by 2000. At the same time, emission of c)albed methane will 
decreased 30-50% into atmospheric. 

SUM1ARY 

1
The coal ,as been a dominant energy resources in China for a long time, 
accounting for over 70% on the primary energy production and consumption 
structure, and this patterns will not be fundamentally changed in next two 
or three decade.
 

Along with economic development and increase of people's living standard, the
 
energy consumption will grow rapidly in future. The optimum strategy is to
 
improve efficiency of energy use for energy conservation and environmental
 
control.
 

About 80% coal production has been used in direct burning, and the bigger coal
 
consumers are power station, industrial boilers, and domestic cooking. The
 
thermal efficiency is low due to the backward technologies and facilities in
 
these sectors.
 

Some advanccd technologies should be adopted, such as the CFBC, DH/CHP, large
 
power plant, small capacity of boiler for black heating replaced by large size
 
boiler, advanced complete coal gasification and coalbed methane for town gas
 
supply, to develop the briquette for domestic and boiler use. All of the
 
measures, as mentioned above, will improve the efficiency of energy in next
 
decade in China.
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Table I Coal Con'sumption and Mix on Different Sectors (1990)
 

Sectors Coal Consumption Mix 
Mt % 

Total 1055.23 100.00 

1, Agriculti're 20.95 1.99 

2, Industry 810.91 76.85 

3, Construction 4.38 0.41 

4, Transportation 21.61 2.05 

5, Commercial 10.58 1.00 

6, Non-Energy 19.80 1.88 
Production Sectors 

7, Residential 167.00 15.82 

Source: China Energy Statistic Yearbook 1991.
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Table II Unit Energy Consumption in Various Industries
 

Product 	 Small plant Energy Aver. Small Modern
 
Share of Measures Consum. Plant Plant
 
Production
 

Power 	 46.0 gce/KWh 420 500- 380
 
600
 

Coke <30.0 	 t coal/t NA 2-3 1.4
 
coke
 

Crude 	 40.0 coke rate 550 600- NA
 
steel 
 700
 

Ammonia 52.0 M Kcal/ton 15 17.5 8-10
 

Cement 82.0 tce/ton 0.19 0.17- 0.1
0.20 .18
 

B ick 90.0 tce/M 123 120- 105 
___ pieces 200 

Source: World Bank: Efficiency and Environment Impact of Coal Use in
 
China 1991.
 

Table III Cooking Energy Consumption Structure and Mix in Urban (1990) 

Fuel Consumption Mix
 
Mtce %
 

Total 41.62 100.00
 

Coal 35.53 R5.37
 

LPG 2.45 5.90
 

N. Gas 1.54 	 3.7
 

Coal Gases 1.57 3.8
 

Coalbed Gas 0.53 1.23
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Table IV Capacity Distribution, Share and Thermal Efficiency of Indu ,rial
 
Boilers 

Capacity stph 

Share % 

Thermal 
Efficiency % 

<1 

17 

50-55 

2-4 

65 

63-65 

6-20 

16 

65-70 

>35 

2 

)70 

Sources: MMEI 

Table V Main Technical Parameters of CFBC Boiler in China 

Capacity 


Steam 

Pressure
 

Steam 

Temp.
 

Fuel 


Combustion 

Efficiency
 

Boiler Therm. 

Efficiency
 

Desulfurization 

Efficiency 


Load Turn-down 

stph 6 

Mpa -

0 -

L. H. V. 
Coal, 
Slimes 

% >95 

% 83.36 

% >90 
_________ 

100-25 

10 

1.27 

20 

2.45 

35 

3.82 

194 390 450 

Brown 
Coal, 
Slimes 

97 

Bitu. 
Coal 

>95 

Bitu. 
Coal 

98 

87.75 )85 86-88 

-
_____ 

110-25 

>90 
____ 

100-25 

>80 
____ 

100-50 
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Table VI A Comparison of Result Between Raw Coal and Briquette
 

Proximat: analysis wt%
 
Air Dry Basis:
 
Moisture 

Ash 

Volatile Matter 

Total Sulfur 

Calorific Value MJ/Kg 


Feed Water Temp. 0C 

Steam Pressure Kg/cM 3 

Steam Output Kg/h 

Boiler Thermal 
Efficiency % 

Coal Saving Rate % 

Briquette Raw Coal 

3.4 
29.04 
28.92 
3.70 
217.44 

50.00 

7.10 
23.02 
23.51 
3.60 
213.26 

44.50 

6.30 

3600 

76.45 

6.40 

3300 

59.16 

22.6 

-728



Reducing Environmental Impact From Using Coal and Lignite
 
in Thailand
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Thailand
 

I. Introduction
 

In 1991 which is the end of the Sixth Economic and
 
Social Development Plan, the total primary en-rgy consumption of
 
Thailand was 672.2 bpd COE, doubled the amount that consumed,
 
335.2 bpd COE, in 1986 which is the end of the Fifth (five year) 
Plan. It is projected that at the end of the Seventh Plan in 
1996 and the Eiaht Plan in 2001, the total primary energy 
consumptioj)will increase to 1,122.5 and 1,582.5 bpd COE 
respectively . Crude oil and petroleum products, natural gas, 
and lignite and coal accounted the largest shares of the total 
primary energy consumption. In 1991, their shares were 63.2 %,
 
20.3 % and 13.9 % respectively.
 

With regard tc lignite, consumption at the end of the
 
Fourth Plan in 1981 was 1,696 thousand tons accounted for only
 
0.4 % of the total final energy consumption. The major consumers
 
are power plants at Erabi and Mae loh and the tobacco curing
 
industry. However, since the government introduced the policy to
 
diversify energy delpendent from crude oil and petroleuni products
 
to other type of fuels in the Fifth Plan during 1982 - 1986, the
 
total lignite consumption increased drastically from 1,696
 
thousand tons in 1981 to 14,542 thousand tons in 1991. As a
 
result the pollution emitted from urning lignite increase
 
accordingly. The flue gas emissions from a 150 MW lignite-fired
 
power station is estimated at 240.5 kilogramie per second.
 
Therefor, if there has no sufficient and effective regulatory
 
measures and supervision, the emissions could cause considerable
 
environmental impact to life in the future. The government aware
 
of the seriousness of this problem. In its Seventh Plan during
 
1992-1996, a number of measures and guidelines to limit air
 
pollution are thus introduced. With regard to environmental
 
management, some relevant laws and regulations have been amended.
 
This includes the National Environmental Quality Act, the
 
strengthening of agencies responsible for environmental issues.,
 
etc.
 

II. Current Status and Future Lignite Requirements
 

Domestic coal and lignite in Thailand are mostly
 
deposited in the northern and southern parts of the country. It
 
is estimated that the total measured reserves is approximately
 

V) National Energy Policy Office, Thailand Energy Situation
 

1991 - 2001.
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1,767 million tons. Most of these reserves are low ranked
 
lignite, or lignite-sub bituminous. Some sub-bituminous are also
 
found.
 

Mine Heatinj Value: kcal/kgU
 

Li 4,400 
Krabi 2,600 
Mae Moh 2,500 
Chae Khon 3,610 

During the period 1982-1991 lignite production 
increased at least 7 fold from 2,042 thousand tons in 1982 to 
14,689 thousand tons in 1991. The major consumers are thermal 
power plants recorded at 1,687 thousand tons in 1982 and 11,725 
thousand tons in 1991 meeting the total installed capacity of
 
2,025 MW or 18.4 % of the total generating capacity of the
 
Electricity Generating Authority of Thailand (EGAT).
 

As for industry total consumption in 1981 was only 162
 
thousand tons. The major consumers are tobacco curing industry.
 
After 1986, about 4,000 industrial boilers in cement, pulp and
 
paper, food processing, textile and chemical have converted to
 
use lignite as fuel. It's consumption in 1982 and 1991 are 355
 
and 2,817 thousand tons respectively. It is projected that
 
future coal and lignite consumption in 1996 and 2001 will
 
increase to 19,679 and 44,213 thousand tons.
 

Year 1996 Year 2001
 

Lignite (1,000 ton) 17,956 37,023
 
- Power Generation 13,754 30,854
 
- idustry 4,202 6,169 

Coal (1,000 ton) 1,724 7,191 
- Power Gereration 286 5,146
 
- Industry 1,438 2,045
 

Total 19,679 44,213
 

III. Environmental Impact From Burnikn_ Lignite
 

1. Pollution Impact to Life
 

Lignite is comprised of carbon, hydrogen, oxygen,
 
nitrogen and particulates., etc. From the burning process,
 
lignite emits several pollutants such as S02 , S03, NOx, HC, CO
 
and particulates. The amount of these pollutants emitted depends
 
on the quality of lignite and the burning devices used. When
 
inhaling for a certain amount and time, these pollutants can be
 
harmful to life, livestock and crops, in addition to other non
life. Although there are several pollutants, here will mention
 
only the major ones i.e SO2, NO, and particulates of which their
 
impacts can be summarized as fol"lows.
 

1) Department of Energy Development and Promotion, Thailand
 
5ierg.y Situation 1992, Bangkok 1993.
 
'Imported coal
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SO is a colourless gas with a pungen order ; it can
 
oxidize to--orm sulfur trioxide, which forms sulfuric aciO with
 
water. To human health, S02 
causes a number of respiiatory

diseases such as asthma, chronic bronchitis, emphysema. Lt
 
reduced lung function and irritate eyes. To others, it corrode
 
metals and deteriorate other materials. 
 It forms acid rain
 
leaf damage and reduce growth in plants.
 

NO2 is a browniL--red gas with a pungent odor, 
often
 
formed from oxidation of nitric oxide. To life, in causes
 
respiratory illness, fading of paints 
and dyes. It reduced growth,
 
premature leaf drop in plants and form acid rain.
 

Particulate in the from of ash, to 
life, causes asthma or
 
other respiratory or cardiorespiratory symptoms ; coughing, chest
 
discomfort. To other, it 
causes soiling and interfere plant

photosynthesis, deteriorate building materials., 
etc.
 

2. Environmental Standards Related to Air Quality
 

There are two 
types of air quality standards set to
 
control air pollution in Thailand. The Ambitit Air Quality

standards 
is set to limit the maximum allowable toxic
 
concentrations in the air 
for a period of time. In general the
 
acceptable level of concentration should not exceed 
the level
 
that can be threaten health. Currently, the concentrations of SO2
and suspended Yarticulates for 24 hours have been limit at 0.30
 
and 0.33 mg/Nm respectively, and for one year at 0.10 mg/Nm3 
 for
 
both pollutants, Table 
I shows the Ambient Ai- Quality Standards
 
presently applicable in Thailand. However, imbient 
Air Quality

Standards alone may not sufficient to create efficieniy of air
 
pollution control, most countries 
therefore also set the
 
Industrial Emission Standards in complementary. Currently,

particulates and rJOx emission f~om boiler usig oal
 
and lignite are set at 400 mg/j, 
 and 940 mg/Nm 3 respectively.
 

3. Abating Tmpact From Burning Lignit in the Past
 

As a matter of fact, environmental impacts to human
 
life, livestock and crops from burning lignite is not new to
 
Thailand. In the industrial sector, particularly the tobacco
 
curing, after workincg for some years, workers suffered 
the
 
problem of sulfur related health, in addition to a corrosion in
 
metals parts of relevant facilities. The tob.cco planters solved
 
the problem by turning to other fules 
such as fire wood, fuel oil
 
and diesel, and LPG. However, each of these fuel has its
 
limitations and lignite is still being chosen due its
to 

comparative cost advantage. 
 Sulfur health related problem in
 
the tobacco curing industry is therefore remain unsolved.
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In the power sector, there was an incident due to 
the malfunction of the filtering devices in the Mae Moh power 
plant, co-incidental with the climatic inversion during 1-2 
October 1992. About 700 villagers we<r reported to suffer from 
inhaling toxic fumes containing SO2 . The incident damaged 
also some livestocks and crops. Since this is the most severe 
incident has ever happended in using 1ignite as fuel. In order 
to prevent the recurrence of the incident, the government took 
several immediate actions in abating the impact. The following 
are the short-term control measures adopted. 

i) If th- emission of SO,, reach 250 ,Ag/Nm 3 and 
the height of inversion is betwetn 1 b-450 metres, reduce the 
geaeration of unit Nos. 1-3 for 90 MW. 

ii) If the emission ol SO, reach 280 ),hg/Nm 3 , 
reduce the generation of unit Nos.4-7 fo'r 120 MW, together with 
another 200 MW of unit Nos. 8-11, total to 410 MW or about 20 9 
of the installed capacity of the existini 11 units in operation. 

iii) If the emission of SO- reach 300 ug/Nm
 
reduce the generation of unit Nos. -ll for another 200 MW, 
total to 610 MW or 30 % of the total lignite generating cap~city.
 

iv) If the emission of SO2 exc-2d 300 ,g/Nm
 
cease one unit each of the unit Nos.l-3, 4-7 and 8-11, total to 975
 
MW or 48 % of the total lignite generating capacity.
 

Table 11)
 

Ambient Air Quality Standards
 

1-hr 8-hr 24-hr 1-yr
 
average average average average Methods of
 

Pollutants value value value value Measurement
 
mg/Nm3 mg/Nm3 mg/Nm3 mg/Nm3
 

Carbon 50 20 - Non-Dispersive 
Monoxide (CO) Infrared Detection 

Nitrogen 0.32 - - - Gas Phase 
Dioxide (NO,) Chemiluminescence 

Sulfur - - 0.30 0.10* Pararosaniline 
Dioxide (SO2 ) I I 

Suspended - - 0.33 0.10 Gravimetric-High
 
Particulate Volume
 
Matter (SPM)
 

Photochemical 0.20 - - - Chemiluminescence 
Oxidant (03) I 

Lead (Pb) - 0.0 - Wet Ashing 

14?te Geometric mean value.
 
Office of the National Environment Board, Laws and Standards
 

on Pollution Control in Thailand'. 2 ed, Thailand, July 1987.
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Table 21 

Industrial Emission Standard 

No. sub,'.ance Sources Values Standard 

1. Particulate Boiler & Furnance
 

- Heavy oil as fuel 300 mg/Nm3
 

- Coal as fuel 400 mg/Nm3 

- Other fuel 400 mg/Nm3 

Stell manufacturing 300 mg/Nm3 

OLher Source 400 mg/Nm3 

2. O0 any skarce 	 1000 mg/Nm3 or
 

870 ppm
 

3. Sulfuric acid any source 	 100 mg/Nm3 or
 

25 ppm 

4. 	SOZ HSO4 Production 1300 mg/Nm3 or
 

500 ppm
 

S. NO 	 Boiler
 x 

- Coal as fuel 	 940 mg/Nm3 or 

500 ppm
 

- Other fuel 	 470 mg/Nm3 or 

250 ppm 

Department of Industrial Works, Ministry of Industry,
 

Factories Act 1992, Bangkok 1992.
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Table 3 shows the existing installed capacity,
 
lignite consumption and electricity generation by various plants
 
at Mae Moh.
 

Table 3
 

Installed Capacity, Lignite Consumption and Electricity
 
Generation of Lignite Fired Power Plants at Mae Moh
 

Unit Installed Capacity Elect~icity Generation Lignite Consumptioi
 
(MW) (10-kWh/day) tons/day
 

1 75 493 1,467
 
2 75 493 1,467
 
3 75 493 1,467
 
4 150 985 3,300
 
5 150 985 3,300
 
6 150 985 3,300
 
7 150 985 3,300
 
8 300 1,970 6,300
 
9 300 1,970 6,300
 

10 300 1,970 6,300
 
1i 300 1,970 6,300
 
12, 300 1,970 6,300
 
13 300 1,970 6,300
 

IV 	 Strategies in Reducing Environmental Impact
 
From Using Lignite
 

The effectiveness of the environmental standards
 
set to protect and improve the environmental quality depends on
 
several factors, namely, sound policies and guidelines, good
 
management and efficiency use of the fuel. As these factors are
 
considered to cover overall air quality control including air
 
quality affected from burning lignite, the following discussion
 
will be based on this ground in presenting strategies in reducing
 
environmental impact from using lignite.
 

1. National Policies and Guidelines
 

The National Economic and Social Development
 
Plan incorporated environmental issues for the first time in its
 
Sixth Plan. However, the guidelines contained are still very
 
broad and did not touch on conserving air quality by source. In
 
the Seventh Plan, a chapter on Environmental Development for
 
Better Quality of Life is incorporated aiming to improve the
 
deteriorated natural resoruces. Policies, 
targets and measures
 
to control pollution by sources of origin have spelled out. More
 
importantly, guidelines for environmental development to improve
 
better quality of life are given. As far as air pollution
 
created from burning lignite is concerned, required standards to
 
control maximum allowable level of S02 and dust particles to be
 
emitted from chimneys and generators are addressed. In order to
 

To be commissioned in 1995.
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meet the required standards, industrial and power plants 
are
required to 
install S02 treatment unit. The guidelines also

recommended the introduction of fiscal incentive and measures to
 ensure the effectiveness in implementing 
 the standards. In
addition, the Chapter on Energy Development has set targets 
to
limit the amount of S02 generated from burning lignite in the
 
power and industrial sectors.
 

Unit : '000 tons
 
Year 1990 Year 1996
 

Lignite for industry 205 
 190
 
Lignite for electricity generation 535 
 620
 

2. Management
 

Good management is necessary for the success of
protecting environmental quality. In principle there are several

levels of management, from the broadest 
to the narrowest levels.
As for the broadest, laws and regulations are referred to whereas

the narrowest level refer to institutional arrangments assinged

to undertake environmental tasks. In addition, this heading will
also touch on the supplementary of the 
energy conservation
 
programme initiated in Thailand.
 

2.1 Legal Frameworks
 

There are a number of laws and regulations
related to 
pollution control enacted by different ministries.
The Factories Act governing by the Department of Industrial Works
(DIW) , Ministry of Industry is responsible for issuance offactory establishment license. Applicants are required to submit
detailr on effluent treatment system. For certain projects, file
 on Environmental Impact Assessment (EIA) is also required to be
approved by the Department of PollLtion Control prior 
to the
factory start-up. The is
DIW also responsible for the
enforcement of Poisonous Substance Act which include pollution

control from industries.
 

The National Environmental Quality Act 1992
created the National Environmental Board (NEB) and three

departmental agencies to responsible for policies 
and planning,
control and extension tasks, 
under the Ministry of Science,

Technology and Environment. Besideds, this Act has also
initiated the " Environmental Fund" to provide loan supporting to
the public and private sectors in purchasing air and water

pollution control devices. 
 The Fund is also a financial source
in assisting and supporting the undertaking of environmental
 
conservation activities.
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2.2 Institutional Arrangements
 

In order to response to the revised scope of
 
work indicated in the National Environmental Act 1992, the NEB is
 
empowered to list development projects that are required to
 
submit an EIA report prior to approval, approve environmental
 
management plans, provide recommendations in amending related
 
laws and regulations. In addition, the NEB is also empowered to
 
provide recommendations on standards, monetary, fiscal and tax
 
measures to be undertaken in promoting environmental quality.,
 
etc.
 

Another significant institutional arrangement
 
is the re-organization of the Office of the National Environmental
 
Board into three separated departmental agencies i.e. Office of
 
the Environmental Policy and Planning, the Department of
 
Pollution Control and che Department of Environmental Extensions.
 
Functions of these departments can be highlighted as follows :
 

i) Office of the Environmental Policy and
 
Planning is responsible for the formulation of national policy
 
and planning to promote environmental quality, coordinate
 
environmental management plans, monitor and prepare report on
 
environmental quality sitution, conduct and analyse environmental
 
impact arised from activities or projects which could damage the
 
quality of environment, etc.
 

ii) The Department of Pollution Control is
 
responsible for providing recommendations on environmental
 
controls, standards , the formulation of environmental management
 
plans and measures, monitor and prepare reports on pollution
 
situation, develop appropriate systems, patterns and methods for
 
the managements of pollution control by source, implement the
 
environmental control rules and regulations., etc.
 

iii) The Department of Environmental Extension
 
is responsible for promoting, promugating and public relation
 
activities, collect, prepare and provide service on environmental
 
technologies, etc.
 

3. The Energy Conservation Programme
 

Resulted from the increasing difficulty in
 
balancing the electricity demand-supply of the country, the
 
government gives priority to energy efficiency. This is due to
 
the fact that the efficient use of energy and its
 
conservation not only help reduce investment requirements in
 
energy production, but also helps reduce the impact of energy
 
consumption on environment. Thailand initiated its energy
 
conservation programme since 1982. A number of projects have
 
been implemented. They include promulation and technical
 
services, the introductory of the Time of Day (TOD) Rate for
 
large industry and mining consumers, the Demand Side Management
 
(DSM) Programme, and the enact of the Energy Conservation
 
Promotion Act 1992. The contribution of these programmes can be
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summarized as follow :
 

i) The Energ= Conservation Project.
 

This project started in 1982. Activities
included are cnergy audit 
services to factories, buildings and

training, research and improvement of equipment. Incentives 
are
provided through low rate 
interest loan and tax reduction for
 
energy saving appliances and equipment. Regulations made through

the review of rules and regulations. At the end of 1986, the

total energy saved are 132.09 GWh/year equivalent to 45.78

million litres of crude oil/year, and 243.55 million litres of

crude oil, total to 289.33 million litres of crude oil/year or 74%

of the potential set at 
850 million litres of crude oil equivalent.
 

ii) Time of Day Rate
 

Due to differences of load characteristics

in the Metropolitan Electricity Authority and 
the Provincial

Electricity Authority sale areas, 
the Electricity Generating

Authority of Thailand has to 
 reserve additional investment in

order to cover the system peak. Investment for this portion

increase every year to maintain 
 sufficient reserve margin and
reliability of the total system, especially during the period

1989-1991. To solve 
this problem, the government introduced the
Time of Day Rate applicable for large industrial and mining

conrumers with demand exceeding 2,000 KW effective from 1 January

1950 onwards. It is target that 70 MW or 10 % of 
the demand for
 
power at peak time of these consumers will be saved.
 

iii) The Enery Conservation Promotion Act
 

This Act has just been effective in April 1992.
With regard to regulatory functions, it defines the

responsibilities of relevant 
agencies in implementing energy

conservation tasks and programmes. 
 It also defines the types and
 
means in conserving energy as well as rights and
responsibilities of 
the regulated factories and buildir.gs. As for
 
promotion tasks, an Energy Conservation Fund is created to

provide financial assistance to both the private and public

sector in undertaking energy conservation programmes. It also
assist activities which help protect solve
to and problems

arising from saving energy. 
 It is expected that this Act will
 
encourage electricity saving approximately 225.56 GWh per year.
 

iv) The DSM Programme
 

This programme is formulated to suppozt the
Energy Conservation and Promotion 
Act with particular emphasize

on efficiency aspect of electrical equipment. The programme

provides technical, consultation service for load management in
reducing electricity load and rebate for 
consumers in changing to
higher efficiency electrical equipment. It is expected that

through out the 
programme 1992-1996, 
the DSM will reduce

consumption for 1,078 GWh/year and the peak demand for 226 MW.
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Besides, it will reduce investment cost in building a power plant
 
of 6,750 million Baht and save fuel expense in generating
 
electricity approximately 754 million Baht/year.
 

V. 	 Comlpromising Balance between Economic Growth 
arid Development ind Quality of Li e and 
Environment 

Thailand has its First Economic and Social 
Development Plan in 1961. Up to now, six five-year plans have 
already been implemented. The average growth rates achieved are 
8.0, 7.5, 6.2, 7.0, 4.4 and 10.5. In terms of Gross National 
Product (GNP)per capita, it increase from year to year showing a 
better performance from the past. 

Year GNP/Capital Baht') 

1980 19,493
 
1982 20,085
 
1982 20,733
 
1983 21,594
 
1984 22,267
 
1985 22,731
 
1986 	 23,489
 
1987 25,334
 
1988 28,256
 
1989 31,353
 
1990 34,589
 
1991 36,770
 

However, taking into account the depletion and
 
deteriorated natural resources devoted to the growth process,
 
these figures may not as high as they appear. Especially whpn
 
the natural resources have been deteriorated to tht level that is
 
harmful to the environment and the quality of life and the cost
 
of improving it is too high to afford at a time. While
 
maintaining the economic growth is required, partial improvement
 
of the deteriorated natural resources could be the choice. The
 
process of this choice could be explained through the decision
 
taken in installing the SO 2 treatment unit at the Mae Moh Power
 
Plant.
 

When the decision was made to introduce
 
lignite to play more important role in the Thai energy scene, the
 
advantage is not only to divert the sole dependent on crude oil
 
and petroleum products of the country, but also the foreign
 
exchange saved from importing energy. EGAT has its least-cost
 
power expansion plan since 1989 by incorporating several new
 
thermal plants using lignite as fuel at Mae Moh. Before then,
 
air pollution from burning lignite was not a serious problem.
 
Control of SO, has been implemented by using high stacks and
 
reduce NO concentrations by using low NO2 burners and firing
 
controls. However, the incident at Mae Moh power plant in
 
October 1992 has proved that these controls are not sufficient.
 

At 1988 price (US$ I = Baht 26)
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At the same time to install SO2 treatment units for all lignite
fired power plants are not possible due to its high cost. The
government therefore decided 
to incorporated the plan 
to install

SO2 treatment unit starting first with power plant unit Nos.12-13

which 
are scheduled to be commissioned in 1995. 
 The cost of
installation is estimated 
at 1,900 million Baht. The operating

cost will increase 640 million Baht 
per year or 0.88 Baht per
KWh. With regard 
to the other eleven power plants which have

already in operation, the government has to So
decided install 

treatment units 
for power plant unit Nos.8-11. The cost o

installation is estimated 
at 7,020 million Baht with 
an increase
of annual operating cost of 1,140 million Baht 
or 1.80 Baht/kWh

for the whole system.
 

The decision whether 
to install further to
 cover the rest or 
not depend on the compar-itive cost advantage
of lignite over other fuels. If 
the least-cost option is still
be held, the rest might be worth 
installing. In 
other words,if
the unit cost of electricity generated from lignite is greater

than the unit cost of electricity generated 
from other fuels,
then lignite is no more least-cost option in the EGAT's power

expansion development plan. 
 It is then viable to use other fuel

which is more cost advantage and less harmful to 
the environment.
 

It should also be noted that for the 
same
reason the 
set of standards for industrial boilers 
has to take
into account the viability 
of the industry while environmental
 
qual~ty is also required to protect.
 

VI. Conclusion
 

The need to balance the supply meet the
to

rapid growth in the demand for energy 
has been facing more and
 more environmental concern. The concern is not limited 
only on
the supply side, but also on 
the process of using energy. As for
the case of lignite the more it is consumed, the greater impact
to life and non-life will be. Therefore efficient control of SO2
emission is required. However, the installation cf SO, 
treatment

units for all lignite-fired power plant is too 
costly and not
viable. T'he decision whether and 
how many additional units of

SO2 treatment units are required, is determined from the level
that the pollution emitted will 
not reach the level which is
harmful to life, while the least-cost option using lignite is

still feasible. In words,
other contribution from least-cost

electricity is required in 
advancing the country's economic
growth and development. However, the 
growth and development

reflecting in 
terms of higher or better standards of living

should also be interpreted under the condition of healthy

environment too.
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Recently, Thailand has developed and laid down
 
a number of necessary ground works which help to protect and
 
improve the quality of environment in terms of formulating
 
policies and guidelines, setting of standards, improving of
 
management., etc. Most significantly are the issuing and
 
amendment of related laws and regulations. In order to make
 
these laws and regulations effective, more government inspectors
 
should be allocated and closer coordination between relevant
 
agencies are recommended.
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Decision Focus Incorporated
 

This paper presents the results of 
recent research c'*.di,-t-d k1y
the Electric Power Research Institute (EPPI) and individ'ual
utilities on the emissions of air toxics from ccal-fira-2 p,%ue$
plants in the U.S. The paper discusses expected air to.icemissions and risk levels for different fuels and 
power plar:t

configurations, including a comparison of the retative r-ck

levels of coal plants with controlled and uncontrollel oil-tlreil
 
plants. 
Key issues with respect to recent air tomicz reguiatin:'
in the U.S. are highlighted, as are the key uncertair:ti-- and

important challenges for future research. 
Potential nefits ar:
opportunities from burning coal, including the potental

advantages derived from coal cleaning and opportunities for co
firing wastes (such as 
tires) with coal also are presen'ed,
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9 Introduction 

* Overview of Current Research 

* Summary of Results 

o Opportunities and Challenges 
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- 1

...
an air pollutant that causes, or contributes to, air pollution
which may result in an increase in mortality or an increase in 
serious irreversible, or incapacitating reversible illness." 

s3 o. 4 U.S. EPA 



* 	 Increasing public concern and activism 

* 	 Existing Federal and State regulations 
requiring toxics inventories, reporting, and 
control 

" 	 New provisions inthe 1990 Amendments to 
the Clean Air Act 

* 	 Potential industry compliance costs of 
US$1 billion per year 
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* 	 Lists 189 hazardous air pollutants 

* 	 For regulated sources, requires "Maximum Achievable 
Control Technology" and no "significant" residual risk 

,, 	 Studies related to the Utility Industry 
- Electric Utility Study (11/95) 
- Mercury Study (11/94) 
- Great Waters Study (11/93, 11/95) 
- Review of Risk Assessment Methods and Application 
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• Grouped 1,749 units into 14 configuration categories 

" Focused on 7 inhalation carcinogens 
• Computed health risk for the "Maximally Exposed Individual" 

GOALS 

* Prioritize groups of plants according to risks 
" Identify key determinants of risk 

o Identify research needs 

* Provide direction for detailed risk analyses 
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POWER PLANT CONFIGURATIONS 

Fucl Type Part. Control S02 Control % of MW FCEM* 

Bit. Coal 
Gas 

Sub. Coal 
Bit. Coal 

Oil 

ESP 
All 

ESP 
ESP 
None 

None 
All 

None 
Scrubber 

All 

38 
20 
11 
7 
5 

',I 

4 
OilOther Coal 

Sub. Coal 
Sub. Coal 

AnyESP 
ESP 

Baghouse 

AllScrubber 
Scrubber 
Scrubber 

53 
3 
2 

'1 
/ 

Bit. Coal 
Sub. Coal 
Other Coal 
Sub. Coal 
Bit. Coal 

Baghouse 
Scrubber 

ESP 
Baghouse 
Baghouse 

Scrubber 
Scrubber 

None 
None 
None 

1 
1 
1 
1 
1 

-1 

8360004. 12 *Data from EPRI's Field Chemical Emissions Monitoring Project 



Fraction of Plants (449 total) 
1.0 

0.8 

0.6 

Even with conservative 

assumptions, over 90% of 
the plants have MEI risks 

less than 1 x 10-6 Lifetime 
Probability (LCP) 

0.4 

0.2 ----- -

0.0 
1.OE-09 
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1.OE-08 1.OE-07 

MEI Risk (LCP) 

1.OE-06 1.OE-05 
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As 66%. - As 51% 

BITUMINOUS SUBBITUMINOUS 

POM 4%
i"J -I ' " Be 

Cd ' " ":' 
POM 7% 

BehBenz 10. Cr18% 
Cr 36% 

Cd 80%o As 35% 

OTHER COAL OIL 

As 640. 

POM 9% Cdl % 

POM 15% 

83604 15 Ben Cr 20%r2 



* 	 On average ME! risks are below potential regulatory thresholds 
and coal plant risks are a factor 3 less than oil plant risks 

* 	 Afew outliers within the high priority plant categories will be 
targeted for more detailed analysis 

DISTRIBUTION OF ME[ RISK FOR BITUMINOUS COAL PLANTS WITH ESPS 

160 
140
 

No. 120
 
of 100
 

Plants 80
 
60 
40
 
20
 

0 4.4E-7 8.7E-7 1.3E-6 1.8E-6 2.6E-6 5.2E-6 
to to to to to to to 

4.4E-7 8.7E-7 1.3E-6 1.8E.-6 2.2E-6 3E-6 5.6E-6 
86WOO. 16 MEI RISK (LCP) 



TRACE EMISSIONS
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60 

0 
iConventional Cleaning 

Advanced Chemical/Physical Cleaning 

Percent 
Reduction 

60 

40 

20 
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For 10% Tire-Derived Fuel: 
* Emissions of As, Be and Cd decreased by 8to 10% 
* Emissions of Cr increased substantially 
" Even under worst-case scenarios, emission controls were not required for air toxics 
e Savings of US$13.5 million (present value) infuel and control costs 

TRACE ELEMENT CONCENTRATIONS IN FUELS 

Trace BB Coal Subbituminous Tires
Metal (ppm) Coal (ppm) (ppm) 

Arsenic 3.6 6.2 0.800 
Beryllium 10.0 1.3 0.001 
Cadmium 0.5 0.4 0.020 
Chromium 4.8 14.9 110.000 

8360004.I8
 



" Improved sampling and analysis methods for emissions of key compounds and 
species (e.g. Cr, Hg, As, and Ni) 

" Better data on trace element concentrations and modes of occurrence incoals 

" Measurements for plants with NOx controls and for plants with new or 
improved particulate and S02 control technologies 

• Information on the respirable fraction of emissions from oil-fired plants 

" Better understanding of the impacts of bioavailability and metabolical 
processes on the actual received dose of chemicals 

" Improved models of the relationship between dose and adverse health effects 

8360004. 
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The Pittsburgh Energy Technology Center is leading DOE's Combustion 2000 initiative. The
objectives of this program are to continue and expand coal's use in electric power generation by
developing technology to make coal burn cleaner, and make coal-fired power plants more
efficient. The author:;' companies form one of three teams engaged in Phase I of the project for
"Engineering Development of Advanced Coal-Fired Low Emissions Boiler Systems" (LEBS) as 
part of th.- Combustion 2000 Program. 

The overall objective of the LEBS Project is the expedited commercialization of advanced coal
fired low-emission boiler systems. The specified primary objectives are emissions of NO, and 
SO. less than one-third NSPS, particulates less th-n one-half NSPS, and air toxics in
compliance. Secondary objectives are improved ash disposability, reduced waste generation, and 
increased generating efficiency. All primary, and all or some secondary, objectives must be met 
without increasing the cost of elecaricity from a current "NSPS plant." 

This pap-r reports on the Concept Development and Evaluation work completed as part of the
Phase I effort. During this effort many near term emissions controls technologies were screened 
to produce a short list of five SO/particulate and five NO, candidates which were subjected to
comprehensive analyses on a subsystem level. Based on this analysis, six combinations of seven
technologies from the short list were evaluated for technical, economic and commercial 
feasibility as integral parts of an advanced supercritical steam plant design. 

The paper summarizes this effort and the results of the comparative analysis based on the six 
plant designs. 
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ANALYSIS AND DEVELOPMENT OF LOW-EMISSION BOILER SYSTEMS FOR
 
DOE PETC COMBUSTION 2000 PROGRAM 

ROBERT S. KAMINSKI, RAYTHEON ENGINEERS & CONSTRUCTORS, INC. 

JOHN W. REGAN, PROJECT MANAGER
 
ABB POWER PLANT LABORATORIES, COMBUSTION ENGINEERING, INC.
 

JAMES D. WESNOR, ABB ENVIRONMENTAL SYSTEMS 

BACKGROUND
 

The Pittsburgh Energy Technology Center is leading DOE's Combustion 2000 initiative. The 
objectives of this program are to continue and expand coal's use in electui, power generation by 
developing technology to make coal burn cleaner, and make coal-fired power plants more 
efficient. The author's companies are one of three teams engaged in Phase I of the project for 
"Engineering Development of Advanced Coal-Fired Low Emissions Boiler Systems" (LEBS) as 
part of the Combustion 2000 Program. 

The overall objective of the LEBS Project is the expedited commercialization of advanced coal
fired low-emission boiler systems. The Project is a multi-year, multi-phased effort that will 
conclude with the construction and operation of a proof of concept facility. Competition is 
restricted to the three teams selected in 1992. The Project consists of four phases with multiple 
awards and down selection from among the three original participants as the Project progresses. 
Phase I ends in late 1994. 

This paper reports on the efforts of the ABB/RE&C Team to screen various candidate SO,/ 
Particulate and NO, technologies and select a single combination for incorporation in the 
preconceptual design of a Commercial Generating Unit (CGU). 

OBJECTIVES 

The overall objective of the Project is the expedited commercialization of advanced coal-fired 
low-emission boiler systems. The specified primary objectives are emissions of NO,and SO. 
less than one-third NSPS, particulate. less than one-half NSPS, and air toxics in compliance. 
Secondary objectives are improved ash disposability, reduced waste generation, and increased 
gener-ting efficiency. All primary, and all or some secondary, objectives must be met without 
increasing the cost of electricity from a current "NSPS plant". Because emission requirements 
vary from site to site, ABB elected to have two NO,targets (the contract target of 0.2 lb/million 
Btu and approximately 0.05 lb/million Btu) and to favor SO, and particulate control technologies 
which can be designed for emission levels lower than the contract targets with minimum impact 
on costs. 
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The final deliverables are a design data base that will allow future coal-fired power plants to 
meet the stated objectives and a preliminary design of a commercial generating unit. The 
deliverables for Phase I are a Project Work Plan covering all four phases, concept and 
component evaluation and selection, an R&D and Test Plan, a preliminary Commercial 
Generating Unit design, and a Phase I report. 

APPROACH 

The work in Phase I, which will cover a 24-month period, is organized in the following six 
tasks: 

Task 1-Project Planning and Management
 
Task 2-Concept Development
 
Task 3-Research, Development, and Test Planning
 
Task 4-Component Definitions
 
Task 5-Commercial Generating Unit Design
 
Task 6-Phase I Final Report
 

Thc project will be managed by ABB Power Plant Laboratories Division of Combustion 
Engineering, Inc. (ABB CE) as the contractor and the work will be accomplished and/or guided 
by this contractor and the following team members: 

- Raytheon Engineers and Constructors (Plant-wide evaluations, BOP engineering, 
POC & CGU A/E)
 

- ABB Environmental Systems (SO,, particulates, waste reduction)
 
- Energy and Environmental Research Corporation (Air toxics, NO,)
 
- Dr. Jdnos Ber, MIT and Dr. John McGowan, Univ. of Mass. (Consultants)
 
- Electric Power Research Institute (Advisor)
 
- Association of Edison Illuminating Companies - Power Generation Committee
 

(Advisor) 
- Advanced Energy Systems Corporation (Advisor) 
- ABB CE (NO,, efficiency, diagnostics, waste disposability, cost of electricity) 

This report documents work done in Task 2 - Concept Development. The work was divided into 
the following subtasks: 

Subtask 2.1 Coal Selection
 
Subtask 2.2 Subsystem Technical Assessment
 
Subtask 2.3 Concept Development and Evaluation
 
Subtask 2.4 Concept Selection Report
 
Subtask 2.5 Subsystem Preliminary Engineering Design 

The process commenced with the identification of candidate technologies through literature 
search anid in-house sources. The team selected and presented to the DOE those candidates 
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judged to have the p_9_ntial of meeting the Project's primary objectives and one or more of the 
secondary objectives and to become comercially feasible within the Project's time frame. 
Commercial feasibility in this sense encompasses not only technical and economic feasibility but 
also acceptance by the utility industry. The utility industry, in general, is extremely 
conservative with respect to new air pollution control technologies. Demonstrating an economic 
advantage with new technology over present-day technology is not always a guarantee of 
acceptance. The utility marketplace is primarily interested in technologies that will not only 
reduce capital costs but will demonstrate high reliability, lower maintenance requirements, and 
simplified process operations. 

The following traditional evaluation criteria were also applied: Capital Cost. O&M Cost, 
Equivalent Forced Outage Rate and Availability, Efficiency, Auxiliary Power, Modularization 
Potential. 

Near-tern technologies were screened to determine those that best fit the criteria described 
above. From the remaining candidates, rough economic comparisons were made to compare 
system installation costs and annualized operation and maintenance costs. Five SO/particulate 
and five NO, candidates were selected and subjected to comprehensive technical assessment and 
systems analysis. They were presented to the DOE and a "short list" was developed. Finally, 
six combinations of the short-listed subsystems were evaluated for technical, economic, and 
commercial feasibility as integral parts of an advanced supercritical generation system. 

In parallel with this basic activity, the team carried out the following: evaluate and select the 
optimum steam cycle for a 350 MWe plant, evaluate low-level heat recovery systems. 

RESULTS 

Coal Selection 

The objective of this activity was to identify three "test coals". All future R&D and testing will 
i:e 1'sed ,n 1'e 'est -als. One of the test coals was selected as the "design coal" to serve as 
:.Daseiine test coal. The remain:ag test coals wil be used in R&D and tesnng to detrtnen 

process sensitivities to variaticias in coal characteristics. 

The test coals may be either run-of-the-mine or beneficiated via standard commercial coal 
preparation methods. The test coals were selected so that the results of the engineering 
development work are broadly representative of large classes of US coals. Specifically, the test 
coals meet the following requirements: Current production is extensive, and remaining minable 
and uncommitted reserves are significant. The sulfur content of the design cord, on entering the 
boiler, is at least three pounds of sulfur per million Btu, if the test coals include Eastern or 
Midwestern Bituminous coals. The ash content and characteristics are broadly representative 
of major reserves of US coals. Adequate quantities of relatively uniform grade can be obtained 
by the contractor in support of Engineering Development and long-term testing in the proof-of
concept facility. 
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Based on studies funded by DOE in the early 1980's, twenty coals were reviewed. Three of
these coals were selected by DOE for their coal preparation and beneficiation program: Illinois 
No. '4. Pittsburgh No. 8, and Upper Freeport. ABB Power Plant Laboratories has run bench
scale and pilot-scale tests of these three coals under comparable conditions, resulting in data that
will be useful to the LABS project. Therefore, these three coals were selected to be the project
"test coals". 

The Electric Power Research Institute (EPRI) funded a series of advanced boiler design
development studies from the mid-1970's until 1991. They selected Illinois No. 6 as the design
coal that would result in the most representative steam generator and plant designs for the US 
market. ABB participated in the EPRI studies and designed advanced steam generators for 350
MWe and 700 MWe. Since the LEBS plant will use this 350 MW advanced boiler (designed
for Illinois No. 6 coal) as the Base Case, Illinois No. 6 coal was selected to be the "design
coal". This coal also satisfies all selection criteria better than any of the other coals studied. 

Plant Steam Cycle 

A comprehensive evaluation was carried out which compared aconventional subcritical (2400
psig/1000°F/10000F) plant to an advanced supercritical (4500 psig/1100°F/ 1100°/1100°F)
plant. The supercritial cycle was selected because of its higher plant efficiency. This not only
facilitates performance improvements but it will reduce the amount of pullutant produced per
kilowatt of electricity generated, regardless of the emissions technologies involved. The s:eam 
generator and turbine generator performance and cost values reflect this selection. 

The rest of the equipment is also consistent with this selection. Althougn supercritical
technology has been successfully used in the U.S. and elsewhere, for non-technical reasons its 
commercial development in the 70's and 80's was limited. However, supercritical technology
isgenerally viewed by the utility industry as technically acceptable and commercially feasible. 

Low-level Heat Recovery 

In four of the alternatives there is a significant amount of unused heat in the five gas between 
the entrance to the scrubber (270°F) and the stack (130 0F). A review of the lit,-rature and the 
limited experience with low level heat recovery systems indicates that there ar heat exchanger
designs, i.e., materials, which can operate safely at temperaturcs below the flue gas acid dew 
point. The only logical stream to transfer this heat to is the condensate/feedwater stream. A
heat exchanger was designed which lowered the flue gas temperature from 270 to 177 0F and
raised the temperatuce of the condensate from 154 to 190°F, allowing elimination of a low
pressure feedwater heater. The capital costs and the increase in auxiliary power and 
turbine/generator output were evaluated. The addition of this low level heat recovery system
could not be justified, primarily because of the high capital cost of the heat exchanger. (A lower 
cost design may be pursued in the future but only as alow-priority is:ue.) 
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Subsystem Technologies 

Using the approach described above, the team developed, with DOE approval, the following 
short list of subsystem technologies: 

NO, Control- SO1 /Particulate Control

*1. Advanced Tangential Firing *6. Advanced Wet Limestone Scrubber with EP 
*2. Coal Reburn *7. Thioclear Scrubber Process with EP 
*3. High-temperature SNCR *8. SNOX Process with Baghouse 
*4. Catalytic Filter (fabric or ceramic) 9. Catalytic Baghouse with WSA Tower 

5. SCR for cost comparison 10. Catalytic Baghouse with Wet Scrubber 

*Selected for systems analysis. 

Brief descriptions of each subsystem follow. A fuller understanding of these subsystems and 
their integration into systems can be obtained from the system diagrams in Figures 1-6. 

1. Advanced Tangential Firing - This combustion system is the basis of ABB CE's low NO,, 
approach for the continluing evolution of tangential firing. The classic advantage of tangential 
firing over wall firing has been the ability to accurately control the stoichiometric and mixing 
history of the fuel and air. Recently developed "flame attachment" burners enable the system 
to rapidly devolatilize nitrogen containing compounds in the coal into a hot substoichiometric 
environment to force much of this material to be reduced to molecular nitrogen, rather than 
oxidized to NO. Following this fuel-rich stage, the remainder of the combustion air is gradually 
mixed in several stages to complete the combustion process while minimizing char nitrogen 
conversion to NO. Pilot-scale tests in ABB CE's Boiler Simulation Facility have recently 
demonstrated NO, emissions below 0.20 lb/million Btu with reasonable carbon loss. This 
technology will continue to be developed under ABB internal funding and advances will be 
applied to LEBS as they evolve. 

2. Coal Reburn - Fucl staging, commonly known as 'reburning', involves the reduction of NO 
formed in the initial fuel burning stage by active chemical species (radicals) produced by the fuel 
introduced into the second stage under substiochiometric conditions. This effect has been 
measured for natural gas, oil and coal. Reduction levels are less with coal as the reburn fuel 
because of its nitrogen content. Reburn with natural gas has been shown independently by ABB 
CE and EER to provide! significant reductions when applied to high baseline NO, systems. 
ENEL, the Italian national utility, is currently applying oil as a reburning fuel to some of their 
units. Coal reburn was used with good results by B&W on a cyclone boiler at Nelson Dewey 
Station and will be tested shortly on a 175 MW boiler by TVA at Shawnee Station. At this 
time, ABB CE believes that meaningful NO, reductions can be obtained by adding micronized 
coal reburning to the advanced burners. 
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3. High-temperatureSNCR -Technologies in this area have produced mixed results. Through
recent pilot-scale tests, ABB CE has demonstrated the drawbacks of the classic SNCR process
(injection at 1800-1500"F). Significant ammonia slips were measured, as well as unacceptable
sensitivity to temperature variations that exist with utility-scale boilers. Arecent paper by Black
& Veatch (Cochran, et al. 1993) also cited these drawbacks of the SNCR process applied tolarge coal-fired boilers. However, work by EER and others, has shown that the high
temperature injection of urea (or ammonia) may have merit. Specifically, NO, reductions of upto 80% were obtained by EER in a small-scale reactor. It is recommended that some bench
scale tests be conducted under Task 4 to answer some questions in this area. 

4. Catalytic Filter- Evaluation of a post-combustion NO, reduction subsystem was included to
evaluate its costs relative to in-furnace subsystems, such as low NO, burners, SNCR, etc. The
SNOX systems were chosen to be studied because the catalytic NO, reduction process was
included in the process schemes and because the complete subsystem could be integrated into
the plant heat cycle to improve thermal efficiency. Post combustion NO, reduction was also
included to facilitate an alternate lower NO, emission goal. Breakout costs for NO, reduction
will be developed through the course of Phase I, which will allow direct comparison of NO,
reduction costs by subsystem and degree of NO, reduction. 

5. SCR - Over the last few years, SCRs have dropped in price by a factor of two to three.
SCRs have an advantage over most other post-combustion NO, control methods because theyoperate in a simple manner, and, being well downstream of the boiler's furnace, they are in a
reasonably constant temperature region. ABB CE is confident that the current LEBS goal is
achievable by combustion control alone. However, should the marketplace demand NO,
emissions below 0. 10 lb/million Btu, SCR becomes a highly attractive option. Since the ultimate
goal of LEBS is to produce a commercial product, we intend to keep abreast of SCR technology
ind keep it as a point of comparison to other technologies. 

6. Advanced Wet Limestone Scrubberwith EP - Evolutionary improvements to these established

technologies continue. For the Advanced Wet Limestone Scrubber these include: organic buffer

additives, 
 low pressure spray nozzles, improved limestone stoichiometry and SO2 removal
capability, improved gypsum crystal size and dewatering system, and lower auxiliary power
consumption. For the Electrostatic Precipitator these include: wide plate spacing, gas
conditioning, pulsed energization, and improved energy management systems. 

7. ThioClear Scrubber Process with EP - The ThioClear process is in principle very similar to
the Wet Limestone process. It uses an open spray tower absorber to remove SO 2 from flue gas.
The gas is treated by contact with a magnesium sulfite solution with a high dissolved sulfite
alkalinity. Liquid-gas contact is achieved through the use of spray nozzles, trays, or venturis.
The primary difference from the wet limestone system is that magnesium sulfite, not calcium
hydroxide, provides the required alkalinity to absorb the acid gas. The magnesium sulfite is
regenerated from magnesium bisulfite by the addition of recovered magnesium to the absorber
loop for pH control. The absorber and spray system are similar to the limestone system, withthe main mechanical differences being the oxidation and regeneration system. The collection 
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tank is located below the absorber and is a mechanically integral vessel. Liquid in the tank is 
recycled back to the spray levels and also sent to the oxidation tank, maintaining constant level 
and a low solids concentration (2%) in the collection tank. In the oxidation tank, the magnesium 
sulfite solution is exposed to excess oxygen and forms magnesium sulfate. The magnesium 
sulfate solution is inturn transferred to the regeneration tank where, upon introduction of slaked 
lime containing 6% magnesium oxide, calcium sulfate is formed and magnesium hydroxide is 
regenerated. The calcium sulfate/magnesium hydroxide slurry is then separated in a 
hydrocyclone. The magnesium hydroxide solids report to the overflow and are returned to the 
absorber loop and the calcium sulfate crystal underflow is sent on to the dewatering system. The 
process has proven at the demonstration scale that it can meet the project's required SO2 

emissions limits. SO2 removal efficiencies are expected to approach 98-99% efficiency, at lime 
orstoichiometries of less than 1.03 and very low liquid-to-gas ratios (typically 30 gpm/kacfm 

lower). 

8, 9, 10. SNOX Process and CatalyticFilters(See 4. above.) - The SNOX (Sulfur and Nitrogen 
Oxide Reduction) technology utilizes two catalytic reactors to control NO, and SO2 in the flue 
gas stream and produce a saleable commercial grade sulfuric acid. No sorbents are added and 
no wastes are formed. Pilot scale applications of this technology have yielded greater than 95% 
removal of both SO2 and NO.. Particulate emissions of 0.0004 grains/scf are inherent to the 
process. The technology consists of five key processes: particulate collection, NO, reduction, 

Flue gas leaving theS02 oxidation, sulfuric acid (H2SO4) condensation, and acid conditioning. 

boiler is first cooled in an air preheater and then further cooled in a trim cooler. The trim
 
cooler stabilizes the temperatures in the dust filter independently of the boiler outlet temperature,
 
which varies with load. The heat recovered may be used either for production of low pressure
 
steam or for heating condensate or boiler feed water. A small amount of ammonia is added for
 
NO, conversion and a heat exchanger is used to heat the gas to the 780°F reduction temperature.
 
The flue gas enters a trim heater to ensure the flue gas is at the optimum temperature and then
 
enters a catalytic reactor in which the NO. and NH3 are converted into free nitrogen and water
 
vapor. The flue gas is then sent to another catalytic reactor where approximately 96-98 %of the
 

S02 is oxidized to SO. Excess NH3, CO and carbonaceous combustibles in the flue gas are
 
expected to oxidize completely. At the same time, practically all the remaining dust is retained
 
in the catalyst bed which therefore must be cleaned at regular intervals. The cleaning is done
 
section-wise by a semi-automatie system with no interruption of the SO2 reactor operation. After
 
oxidation, the SO3 gas is cooled in the gas-gas heat exchanger. The gas is further cooled in a
 
falling film condenser, a special type of heat exchanger in which SO3 is first completely hydrated
 
into H2SO4 vapor in the gas phase and then condensed and separated from the gas as a
 
condensing film. At the same time, the condensed sulfuric acid is concentrated to a strength of
 
about 96% H2SO,. The process is capable of greater than 95% SO2 removal, 95% NO. removal
 
and essentially complete particulate removal while producing commercial grade sulfuric acid and
 

heat. The process was developed in the early 1980's and has been successfully tested in Europe
 

and Asia in pilot scale units. Since April 1985, a 62 scfm pilot unit simulating the process
 

without NO, reduction has been successfully demonstrated in Sicily using oil coke with up to
 

6% sulfur as fuel, and at a power plant in Taiwan using 'black liquor' as fuel. Another pilot
 

unit, with NO, reduction, has been demonstrated for over 12,000 hours at a Danish power plant
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using coals with about 1% sulfur. Greater than 95% SO2 conversion and greater than 90% NO,
removal has been obtained. 

The SNOX Hot Scheme is an adaptation of the SNOX process that, by taking advantage of a hot
particulate collection system with integral NO. SCR catalyst, allows reduction in capital
equipment as well as an improvement in the thermal efficiency of the steam cycle. It is a
simpler process and eliminates the need for natural gas. It utilizes the catalytic reactor to control 
SO2 emissions and produce a saleable commercial grade sulfuric acid. The process is expected
to achieve greater than 95% SO2 removal and 80% NO, removal. Technical concerns with the
Hot Scheme process include catalyst and filter life. Present experience with NO, reduction 
catalysts indicate that residual catalyst activity is about 60% of fresh catalyst and catalyst life 
may exceed 6-7 years. Since the flue gas will be coming straight from the boiler system, the
flue gas temperature will be approximately 700'F. This elevated temperature will require a 
more heat-resistant fabric than normal baghouse applications or use of a ceramic filter. Bench
scale fabric filter testing has been carried out by the University of North Dakota - Energy and
Environmental Research Center (UND-EERC), supported by DOE. Numerous 100-hour tests, 
as well as two 500-hour tests, have been completed using a pulse-jet fabric filter setup on a 0.5
mBtu/hr coal-fired unit. Operating parameters studied included air-to-cloth, particulate and NO,
removal, SO2 oxidation to SO3, and ammonia slippage as well as bag durability. A long-term
fabric evaluation test,'also in progress at UND-EERC, is expected to be completed in late 1993.
Pilot scale testing of the Catalytic Baghouse will be completed by the end of 1993. Another 
candidate is the CeraMem catalytic filter. In testing a 60 lbihr combustor at Exxon Research
and Engineering NO, removal efficiencies of 90% or greater were achieved with less than 25 
ppm ammonia slip and no detectable SO2 oxidation at space velocities about three times that of
conventional SCR reactors. Also demonstrateW were substantially complete particulate removal 
(greater than 99.9%), including respirable PM1oparticles, and the ability to maintain clean filter 
pressure over repetitive filtration/regeneration cycles. 

Svstems Analysis and Selection 

The subsystem technologies described above were evaluated as integral parts of six advanced
supercritical power generation systems. Since all the primary and secondary objectives can be 
met by each of the six systems, the main evaluation criteria came down to the potential for 
commercial success and the cost of electricity. The six alternative systems and their assessments 
are as follows: 
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Net 
NO,lb/ Potential ror Plant" Relative 

system Million 
Btu 

Commercialization Efficiency 
Increase. 

C.O.X* 

I 	 Advanced Burners 0.2 Very high 3.46 97.0 
Advanced Wet Limestone FGD (0) 
Advanced Electrostatic 
Precipitator 

2 	 Advanced Burners with Coal <0.2 Moderate to High 3.43 99.0 
Reburn (0) 
Advanced Wet Limestone FGD 
Advanced Electrostatic 
Precipitator 

3 	 Adv. Burners + High-Temp 0.1 Very High if the 3.46 98.6 
SNCR SNCR technoly (0) 
Advanced Wet Limestone FGD works 
Advanced Electrostatic 
Precipitator 

4 	 Advanced Burners 0.2 High 3.68 97.2 
ThioClear FGD (0.6) 
Advanced Electrostatic 
Precipitator 

5 	 Advanced Burners <0.05 High 3.89 96.4 
SNOX (3.2) 

6 	 Advanced Burners 50.05 High 4.60 95.4 
SNOX Hot Scheme (3.2) 

*Compared to current "NSPS" plant. The values assigned to by-products are given 
in parenthesis. No value was given to ;3ypsum (Systems 1-4), full value was given to 
magnesium hydroxide (System 4), ar 3/4 of the expected value was given to 
sulfuric acid (Systems 5 and 6). The. va!uc of emission allowances was not 
considered quantitatively. 

**Net plant efficiency increase, in percentage points, over acurrent "NSPS" plant. 
The plant heat rate and efficiency, and thus the cost of electricity, can and will be 
optimized in Task 5 for the selected system(s). 

Based on evaluation of these concepts, the Team selected a wet FGD system (System I or 
System 4) and a catalytic system (System 6) for further development in later Phases of the 
Project. Commercialization of one or more of the Systems is programmed for the year 2000 
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or sooner. Due to the fact that System 4 is in early stages of development and has notdemonstrated closed loop performance, ABB Environmental Systems believes that the present
estimates may not accurately reflect full-scale economics. In fact, given the degree ofuncertainty, it is felt that the difference in the cost of electricity between Systems I and 4 is notsignificant. Therefore, Systems 1and 4 are selected for collateral development until such time 
as one system is shown to be clearly superior to the other. Systems I and 4 meet the contract
NO, target of 0.2 lb/million Btu and System 6 meets ABB's optional target of approximately
0.05 lb/million Btu. Both systems can be designed foe SO, and particulate emissions lower thanthe contract targets. Also, since Systems 4 and 6 both produce saleable by-products, they both 
meet the waste reduction objective. 

J-.'wever, for the following reasons none of the subsystem technologies should be abandoned at
this time: (1) They may be more suitable for a particular project or customer. (2) They maybe commercially available now or further along in development. (3)They would be fallbacksif a selected technolopy proves unsuc'e~d, (4) There. is insufficient information to reject or
select some of them at this time. (5)Their development will continue under other programs.
(6) Air toxics emission limits and control technologies, when established, may favor these
subsystems. It isentirely possible that the final output of the Project isone system design with 
a menu of options for emission contiol subsystems. 

PLANS 

Continue work as defined in the contract and as further defined in this paper. In particular,Tasks 3 and 4 activities will confirm or reject some technologies which remain as options, e.g.
high- emperature SNCR. Current plans are to proceed with the preconceptual design of the
CGU in Task 5 based on Advanced Burners and the SNOX Hot Scheme. This work should be 
completed in the second quarter of 1994. 

- 769 



I
11[~taI1 

~ .........
 

I

$ystec I: Advanced Burners.
 

EP. and Wet Limestone FGD

Figure I 

.
FGDernr sB uand


21 Adv anc e d 
Sy s t e m EP. 

2 uigTe Reburn.F 
 Coal 


- 770 



OilH 

Figure 3 - System 3: Advanced Burners. 

High-Temperature SNCR. EP. 
and FGD 

F:. I 
L.. '~ I 

1 

Fiqure - System 4: Advanced Burners. 

EP. and ThinClear rGD 

-771 



Figure 5 - System 5: Advanced Burners, 

and SNOX Process 

Figure 6 - System 6: Advanced Burners. 
nd S7OX P7roces Hot Scheme 

-772



WORKSHOP BI
 

CO-OPERATION AND PARTNERSHIP
 

- 773 



IFA SECOND INTERNATIONAL CONFERENCE ON 

THE CLEAN AND EFFIENT USE OF COAL AND LIGNITE: 

ITS ROLE IN ENERGY, ENVIRONMENT AND LIFE 

30 November- 3 December 1993 

Technology Transfer 

'IMPROVING COAL USE IN DEELOPING COUNTRIES 
THROUGH TECINOLOGY TRANSFER" 

DrJohn M Topper 
Commercial Director 

Coal Research Establishment (UK) 

ABSTRACT 

World population will double within another thirty yea-, mostly in developing countries. 
Combine this with a desire to improve quality of life and the result is a rapid increase in 
energy consumption. In ,mny developing countries coal will be a prime source of fuel for 
domestic, industrial and above all power sector use. 

The challenge for an environmentally aware world community is to affect improvements
without going through the high peaks in energy consumption that characterised 
industrialization in OECD countries. This implies massive transfer of the best currently
available coal use technologies and newer technologies as they become commercially proven. 

A key role in facilitatijig technology transfer is being played by governments and multilateral 
funding agencies. liere is a need to streamline procedures, particularly with respect to 
countries emerging from the former Communist Bloc where aid programmes are relatively 
young. 

The coal use situation in China, India, the rest of the Pacific Rim and the former centrally
planned economies of Eastern Europe and the CIS are reviewed - together representing around 
two-thirds of world coal use. 1ne UK's Coal Research Establishment is active in providing
technical assistance and know-how transfer in all of these regions. Projects range from 
energy efficiency studies on whole cities through strategic studies on coal use in all major
maurkets to specific investigations of particular fuels for specific technological applications. 

Coal use options are reviewed in the light of tie perceived needs of developing countries. 
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IMPROVING COAL USE INDEVELOPING COUNTRIES
 
THROUG! I TECHNOLOGY TIZANSFER
 

1. INTRODUCTION 

The energy consumption per head of population inthe OECD countries is far higher than in 
the developing world, and excluding North America, is roughly comparable with the former 
centrally planned economies [11, see Figure 1. As the less developed countries (LDCs) 
contain the major proportion of the world's population, and they have higher population 
growth rates, world energy consumption will rise if their living standards are improved to 
OECD standards. 

Historically, a country's energy use, relative to production, has risen during the first decades 
of industrialisation, but then decreased markedly with improvements in efficiency and 
structural changes in the economy, see Figure H [2]. The prolonged initial rise in energy 
intensity that normally occurs during industrialisation, if it were to occur as the LDCs 
developed, would result in unnecessary fuel wastage. It should be possible for developing 
nations to bypass this peak in energy intensity if they can take advantage by technology 
transfer of advances already made in the industrialised world. 

Coal reserve- substantially exceed other fossil fuels, see Figure III [I ]. Analysis of the supply 
of energy throughout the world shows clearly that the areas where population growth will be 
fastest to be the same ones which rely heavily on coal as a fuel. Just three countries, China, 
India and the former USSR, represent almost half of world coal production. They use most 
of their production internally but often inefliciently and with much pollution. A 20% gain 
in efficiency of use in these countries is technically credible and could save over 400 mtpa 
of coal. 

Clean coal technologies tbr helping to attain both better efficiencies and much lower 
environmental impact are becoming available for the power sector. However, widespread 
application would require investment on ascale which will be difficult to acquire and manage. 
It has been estimated by tho World Bank [3] that the plans of 70 developing nations for 384 
GWe of capacity before the year 2000 will cost US$750 billion, with the overall non-OECD 
total being 550 GWe which would imply > US$1,000 billion. Spending on this scale is 
considerably higher in real terms than in the past and so the ability of the developing nations 
to pay for such massive development must be questionable. 

A complementary approach is to adopt suitable technologies inthe domestic, commercial and 
industrial sectors which represent as much as half the coal used in some developing countries. 
The technologies for these applications tend to be less difficult to manufacture, are more 
amenable to setting-up of modest sized production units and require less initial investment. 
On the other hand many units have to be installed to obtain the same effect as replacing a 
power station operating at 20% efficiency with another having an efficiency of perhaps 35%. 
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2. TFEHNOLOGY TRANSFER ISSUES 

The term TECHNOLOGY TRANSFER warrants definition. One definition of technology 
twansfer [4] is: 

"All the activities necessary to secure the successful transfer to, and adoption
by, developing countries of technologies, techniques and practices, both 
existing and in prospect, which enhance the ability of an economy to meet the 
needs of its consumers." 

This definition will include not just transfer of designs and hardware but also human skills, 
management and finance as well as technical know-how. 

It needs to be recognised that technologies are generally owned by companies, who have to 
operate in a commercial environment. There is little incentive for a company to 'give' their 
technological advances to developing nations, or to seek business opportunities in countries 
which do not have t- ability to pay for the purchase of their technology. There needs to be 
appropriate international or governn,untaa frameworks to facilitate technology transfer by
encouraging technology owners to transfer their equipment and expertise to developing
nations. In the commercial world this encouragement needs to be financial reward or 
assistance, in short, payment for their technologies and lrotection or appropriate payment for 
their intellectual property rights. Without such rewards and protection technology transfer 
will never become a useful component in increasing the welfare of developing nations. 
Therefore, it is necessary for governments in the industrialised countries to take the initiative 
in mobilising global finance for technology transfer. 

In terms of the receiver of the benefits of technology transfer it is important that the 
technologies they receive are both appropriate to their needs and capable of being introduced 
effectively. What is good for an industrialised nation is not necessarily good for a developing
nation. For instance, technologies which ae highly automated using high-tech components
will often require highly skilled staff and will invariably require spare parts to be imported.
Whereas, developing nations generally have a growin!' population, cheap labour and a lack 
of hard currency to pay for imported goods. 

Furthermore, it is important that technologies which are transferred to developing nations are 
capable of being supported by the indigenous population, either by training of the existing
workforce or by the introduction of suitable institutional arrangements to promote the 
development of the necessary infrastructure. 

Developing nations will encourage financing from industrialised nations if tb-.y have a stable 
political environment and adopt appropriate market structures. Energy subsidies and 
international barriers need to be phased out to encourage the free movement of finance around 
the globe. 

To achieve successful technology transfer generally needs facilitators and/or funders. 
Facilitators assist the matc:dng of technology sellers to recipients. A key role is the 
determination of the correct technology to be transferred. Funding agencies play an important
role in this aspect by funding technical assistance projects and training programmes and so 
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help developing nations in making judgements atxut their requiremnts. The funders of 
technology transfers are pivotal to the whole process of technology transfer and crganisations 
like the World Bank, Asian Development Bank and others are vital to provide funds or soft 
loans to assist developing nations with specific projects. 

Trade financing has proved particularly difficult and many developing countries have been 
unable to service tht. mountainous debts which they have incurred. This has become a subject 
of considerable international debate and review. The UN Conference on Trade and 
Development in 1991 identified a number of aspects requiring general attention. For 
eveloping countries these included limiting export credits to a manageable extent, and 
protecting creditors. For lenders a greater targeting of finance to favour export sectors (ie 
promote self-help), extending credit to buyers of goods from developing countries, and use 
of simple ,rocedures. 

Companies with strong domestic and/or western markets may not see a pressing need to 
investigate business possibilities in impoverished LDCs and eastern Europe or they may be 
put off by the slowness and complications of obtaining financial help. Simple procedures and 
widely available support from overseas aid agencies for feasibility investigations would 
encourage a better response since it is often funding the "business development" stages which 
put off all but large multi-national companies. 

British Coal's Coal Research Establishment (CRE) has recognised the importance of sharing 
technology developments with less developed nations, and has first hand experience of 
transfer of CRE technologies and experience, and intends to expand such technology transfer 
in the immediate future. 

The use of coal in LDCs and the former centrally planned economies (CPEs) is reviewed 
below and exarples of the Coal Research Establishment's involvement with a number of 
technology transfer initiatives is described. 

3. 	 COAL USE INTHE DEVELOPING NATIONS AND THE FORMER CENTRALLY 
PLANNED ECONOMIES 

Efficiencies of coal use in developing countries and the former centrally planned economies 
tend to be poor compared to OECD countries. In the latter a new power station might operate 
at an efficiency in the high 30s%. In some countries (Japan, US, Denmark) use of 
supercritical steam conditions is upgrading efficiencies above 40/. Some of the clean coal 
technologies now coming into operation will achieve over 40% and by the end of this decade 
systems approaclhing 50% efficiency could be installed. Similarly in industrial and domestic 
sectors appliances are available which will give boiler efficiencies around 80%/ and 75% 
reso tively. All this is in marked contrast to developing countries and eastern European 
experience where efficiencies can be around half of these levels. 

3.1 	 Asia 

Coal use in Asia is around 1,250 million tonnes per annum and constitutes 47% of primary 
energy in the region. By far the largest coal producer and consumer in Asia is China. 
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In China coal production equates to over 900 mtpa with over half being used in the 
residential, commercial and industrial sectors. 

Recently there has been a recognition in China that coal-related air pollution, which is very 
severe in many Chinese cities. will have to be tackled. Improving efficiency of use has a 
direct benefit in this respect. Impressive gains could be had by concentrating investment on 
the 400,000 small industrial boilers in China which consume 300 million tons coal per year 
[5]. Potential reduction in coal use by improved efficiency could be 90 million tons per year. 

CRE is active in technology transfer with China and has just completed environmental and 
energy efficiency demonstration project in Taiyuan city. This project was funded by the UK 
Overseas Development Administration. The objective was to identify improved methods of 
coal use to enhance energy efficiency, reduce pollution, and thereby to generate financial 
savings and to assist the Chinese authorities in identifying cost-effective ways of reducing 
pollution of a whole series of Chinese cities. 

CRE in conjunction with associate organisations has undertaken a wide range ofactivities in 
Taiyuan which include examination of gasification of coal for cooking gas supply; coal 
preparation and distribution; briquetting;, energy efficiency in buildings; district heating, 
energy economics/systems modelling, investment financing, and taining programmes. 

The benefits of the project will include improved methods of coal use, especially energy
efficiency, and reduced pollution. The financial savings associated with greater energy
efficiency will be used to finance pollution control works. The use of coal for countertrade 
to raise finance for implementation of the project is also being considered. The project will 
demonstrate techniques that can be replicated in other Chinese cities. 

Another project for the World Bank has involved examining the Chinese Industrial boiler 
market to:

survey the market for industrial and residential/commercial boilers in 1995, 
2000 and 2010 

review boiler production systems and impediments to production of high 
efficiency units 

* evaluate options for improved designs and develop investment proposals. 

Idia and other Asian Countries 

India is the second highest coal producer in Asia and produces approaching 200 million 
tonnes per year, mostly by Coal India from the central and eastern regions. About one fifth 
of the reserves are coking coal, the balance being steam coal. Nearly all Indian coal is of low 
quality. 60% of the reserves have ash contents in the 25-45% range. Coal preparation is 
mostly crushing and screening, there is little coal washing. Steam coal is of variable quality
with attendant problems for consumers in operational reliability and efficiency. In 1988 India 
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had some 32 GWe of coal fired power station capacity, about 600/ of its total, with an 
average utilisation of less than 50% due to a combination of poor reliability, variable fuel 
quality and fuel delivery problems. The system is also characterised by chronic distribution 
losses. Over half of Indian coal is used in other sectors with iron and steel the largest other 
user. The iron and steel sector is already moving away from traditional high energy 
consuming blast furnaces into more efficient coal fired direct reduction units and construction 
of mini-mills. 

Thus it would seem that immediate improvements in coal use inIndia lie in improving coal 
quality and obtaining reliable supply. There is also a role for the more efficient fluidised 
combustion systems coming into the power market now designed for low quality variable fuel. 

Estimates of coal usage by other developing Asian countries by 2000 [6] are given in Table I. 
CRE has developed good links with a number of Asian countries including Indonesia and 
South Korea. For instance, in the former advice has been provided on means and costs of 
briquetting Indonesian coals for domestic use as a potential replacement for kerosene. 

TABLE I 

ESTMATEID COAL USE INSOME DEVELOPING ASIAN MUNTRIES 

mtpa 

Indonesia 12-21 

South Korea 15 

Malaysia 3-3.5 

Thailand 16-21 

Philippines 16-21 

Vietnam 5-6 

North Korea 100+ 

3.2 	 Former centrally planned economies of eatem Europe and the Commonwealth of 
Independent States (CIS) 

A different situation applies in the former Centrally Planned Economies (CPEs) of eastern 
Europe. Large scale coal usage has been a major feature of most of these economies, almost 
entirely without regard to air quality and general environmental protection. Soviet coal 
consumption until recently exceeded 6O Mtpa and in a review of coal prospects in non-
Soviet eastern Europe (including East Gerrnawy) production was estimated [8] to be 865 Mtpa 
of hard and brown coal, representing 18% of world production. Of this about three quarters 
is low quality brown coal. Only Poland has a history of significant exports. Russia wishes 
to become a significant exporter mainly because of the need to generate hard currency to pay 
for much needed investment. 
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Much 	of the brown coal in this region is high in sulphur, exacerbating the environmental 
problems. Significant proportions are burned inthe industrial and domestic markets in urban 
locations with serious consequences for air quality and health. There is a growing
environmental awareness in all of these countries which is being directed towards switching
to natural gas where available, and fitting of flue gas scrubbing. There is also interest in 
smokeless fuel production and burning in more advanced clean coal power processes. 

CRE is active in all the main coal using countries with contracts in Russia, Ukraine and 
Kazakhstan. 

In Russia a major study is underway, funded by the UK Government on coal industry
restncturing, redeployment of miners and improvements in coal quality and use. CRE are 
leading the latter portion. Another EEC funded project with partners from Germany and 
Denmark is investigating the feasibility of introducing western highly efficient units for coal 
burning in the residential and public buildings sector. 

In Kazakhstan an examination of the whole coal fired power sector isbeing supplemented by
two feasibility studies on specific sites to introduce SO, and NO. abatement in one case and 
fluidised bed technology in the other. 

The Ukraine and the EEC are supporting a project to look at the design specification of a 
proposed circulating fluidised bed combustion power station and to evaluate the available
 
fuels for such a station.
 

All of the above projects not only provide technical assistance, but also include significant

elements of farniliarisation and training to effect know-how transfer.
 

4. 	 COAL USE TECHNOLOGIES AND THEIR APPLICABIIMY TO TECHNOLOGY 
TRANSFER 

There 	 are a whole range of coal use technologies available for the benefit of LDCs.
Alternatively, the expertise which went into developing solutions for the OECD countries is 
generally available to help developing countries tailor solutions to their own needs. Since the 
techniques are extensively reviewed in the literature, comments below are largely restricted 
to applicability to developing countries. 

4.1 	 Pulverised Fuel Combustion (PF) - Figure IV 

Pulverised fuel (PF) combustion isthe established method of power generation at utility scale. 
It has been developed over a number of decades to large unit sizes (900 MWe) and its
efficiency has been improved through progressive developments in boiler design and steam 
conditions. PF technology can be considered as the reference against which other power 
generation technologies should be assessed. 
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In terms of PF plant fitted with Flue Gas Desulphurisation recent advances are leading to 
improved designs in which efficiencies of around 45 % are possible with supercritical steam 
conditions. 

There are a number of factors which make PF suitable for technology transfer to LDCs: 

- As mature technology it is available now and would not incur any significant 
technical risk 

- There are many manufacturers of the technology worldwide and hence 
competitive supply could be ensured 

- The hundreds of operational plants mean that availability of experienced staff 
for training purposes would not present problems 

- Improved environmental performance in terms of sulphur and nitrogen oxides 
abatement can be included using proven technology 

Set against the above: PF technology is not best suited to low grade, variable quality fuels; 
environmental emission controls are an expensive add-on feature and solid residues need 
careful disposal. 

4.2 	 Oiculating Fluidised Bed Combustion (CFBC) - Figure V 

There are over 200 CFBC units either in place or on order around the world from a number
 
of suppliers.
 

In the context of technology transfer CFBC has a number of merits including:
 

-	 Ability to bum low and variable quality feedstocks and good multi-fuel 
capability 

- Good environmental performance without additional capital cost 

-	 Commercially established 

-	 Economic at the unit sizes which could be appropriate for LDCs 

-	 Has already been successfully deployed in some developing countries 

However, the relatively limited commercial deployment makes at least some on-site 
development more likely than a conventional PF plant. Additionally, rapid, widespread 
adoption would mean that availability of appropriate staff for training and commissioning 
purposes could be constaining because of the low number of suppliers. 
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4.3 Pressurised Fluidised Bed Conmistion (PFB) - Figure VI 

Several small commercial PFBC plants are now in operation based on ABB Carbon's 80 MWe 
modular design. The plants inoperation are at Stockholm, at Escatron in Spain and at Tidd
in Ohio, USA. All these plants are configured around an 80 MWe gas turbine/PFBC module 
and were commissioned in 1990 or 1991. Plans for a unit inOstrava in the Czech Republic
have also been anmounced. A much larger unit at a modular size of around 300 MWe has 
been designed and is expected to be installed in the mid 1990s. 

In the short to medium term, PFBC technology should become sufficiently proven to merit 
consideration for technology transfer to LDCs and the main features which itpossesses which 
will make it a potential candidate include: 

- The ability to utilise low quality fuels 

- Enhanced efficiency of combined cycle plant over steam only plant 

- Inherently good environmental performance 

Because only one company isdeveloping commercial utility scale PFBC plant there could be 
constraints on rapid commercialisation. On the other hand PFBC is a candidate for a 
development project for a country with adequate technical and engineering resources, the plant
to be built in Ostrava is a good example of this. 

4.4 Integrated Gasification Combined Cycle (IGCC) - Figure VII 

IGCC processes are being introduced to commercial operation. Over the next few years they

could be considered for technology transfer. The characteristics of the technology which will
 
be particularly appropriate to technology transfer include its high efficiency with low ash
 
coals and good environmental performance. However, IGCC plant israther more complicated

than some other technologies due to the gas cleaning and associated plant and hence there
 
would need to be a more highly skilled workforce. In some cases it may be less appropriate

than the fluidised bed based systems since use of high ash coals in a number of the IGCC
 
variants available would be associated with significant efficiency penalties.
 

4.5 Topping Cycles - Figure VII 

Topping cycles are an advanced power generation concept currently under development. The

first utility scale plant design is expected to be available by the late 1990s.
 

Topping cycles offer an excellent medium term prospect for technology transfer to LDCs.
 
They will have high efficiency and good environmental performance. The British Coal

version will be particularly attractive to LDCs because of its relatively low cost and its ability


'to process a wide range or low quality solid fuels. 
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4.6 Industrial Process Heat 

Amongst developed countries few have widespread well developed technologies for clean, 
efficient use of coal in the industrial as well as the power sector. The UK is one of the 
exceptions having maintained a substantial industrial coal market and developed, inthe 1970s 
to mid 1980s, a range of equipment to provide cleaner, more efficient burning of coal and 
handling of coal and ash. Most of these developments have been undertaken by British Coal 
in collaboration with UK suppliers. 

Stoker firing is the most common coal combustion technique in industrial use. Developments 
in stoker-fir-ed equipment have been aimed at improving the intensity of combustion, their 
reliability, ease of operation, and their adaptability to low grade fuels. Such improvements 
have been made for the underfeed stoker, the drop tube stoker, coking stoker, and the chain 
and travelling grate stokers. 

In parallel with work on improving conventional firing equipment, CRE has undertaken a 
large development programme for applying FBC to a wide range of industrial boiler and 
furnace applications [9], Figure IX gives an example. The incentive has been the lower 
combustion temperatures compared to other systems. This offers the potential for low NOx 
emissions and effective capture of sulphur by direct feeding of limestone to the fluidised bed. 
Also, it offers the prospect of much igeater fuel flexibility with the capability of burning 
efficiently a wide range of coal type.s and quality together with industrial wastes. 

4.7 Domestic Coal Use 

Improved domestic usage of coal is potentially important in LDCs and Eastern Europe not 
only because of energy efficiency gains but more importantly in some urban areas because 
of the contribution to easing health problems associated with polluted air. Two approaches 
may be necessary: 

- Development 
Figure X 

of smokeless fuels for burning in conventional appliances, 

- New appliances that will bum high volatile ma
in a near smokeless manner, Figure XI 

tter coal more efficiently and 

CRE has been active over many years in developing both fuels and appliances and has been 
using this expertise in several of the technology transfer projects referred to in Section 3 
above. 

5. CONCILUSIONS 

Worldwide, coal will continue to be the major supplier ofprimary energy for the foreseeable 
future. In the next century, well over half of world coal usage is likely to be in developing 
countries or in eastern Europe. The likely population growth and relative magnitude of coal 
reserves in relation to other fossil fuels make it important that the most efficient, 
environmentally friendly ways of using coal are exported at the earliest opportmity from 
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OECD to these other coal using countries. The technologies needed are not confined to the 
power market, there are significant needs in the industrial and domestic sectors as well. 

A key stage in the technology transfer process is the selection of the appropriate technology 
to be transferred. Developing nations are generally not well placed to make decisions relating 
to technologies for which they do not have practical experience. There is a need for receiving 
nations to become familiar with the ranges of technology available through training 
programmes, study tours and technical assistance projects. There is also a need for the 
companies or institutions in the industrialised nations providing technology to understand fully 
the needs of the receiving nation. The ability of nations to absorb and adapt coal technologies 
to their specific needs is variable. In eastern Europe and the CIS there is more likely to be 
the necessary technical and scientific staff than in the developing nations. 

To facilitate transfer of clean coal technologies there needs to be a flexible approach adopted 
by governments, funding agencies and technology provider and recipients. This is 
particularly important in the early investigative stages. International trade arrangements to 
facilitate investments are needed and in the case of fossil fuel suppliers contemplating 
counter-trade arrangements, associated exchange guarantees will be necessary. 

There is a wide range of coal technology and expertise appropriate for technology transfer. 
Key priorities should be improvements in energy efficiency and environmental clean-up 
technologies, whether it be by rehabilitation of existing equipment or by the introduction of 
newer technology. 

There is a continuing need for the international community to improve the mechanisms by
which the industrialised nations assist the developing nations in improving their standards of 
living. The key areas are : 

* technology transfer mechanisms 

* training 

* mobilisation of investment funds 

Governments and international aid agencies are pivotal in the above processes, but there are 
also vital roles to be played by bankers, entrepreneurs, politicians and consumers. The desire 
to assist developing nations exists but the mechanisms to make it happen require substantial 
improvement and augmentation. In particular, funding procedures in the UK and Europe are 
bureaucratic, some of the rules are not sensible and above all the lack of urgency in 
proceeding from first idea to contract placement is affecting credibility. 

For the foreseeable future coal will play a major role in primary energy supply worldwide, 
so if global resources and the global environment are to be nurtured, then the best coal 
technology needs to be available to all nations. 
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FIGURE XI: DOWN DRAUGHT DOMESTIC FIRE 
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1. INTRODUCTION 

The implementation of clean and efficient coal technologies in developing countries and 
transitional economies requires more than just finding the right technology. Numerous pre
conditions must first be in place. USAID links overall development strategy to project 
implementation and establishes the partnerships to accomplish this. 

Today, I would like to share with you some of this USAID experience, accumulated over the 
past five years fIrom working in over 20 developing countries around the world. We have 
gained this experience as a result of much learning and trial and error. There is not enough 
time in ihis entire session to dwell on the many perils, pitfalls, and failures that USAID has 
experienced over the years. But, our past missteps have helped us to refine and sharpen our 
approaches and to expand our efforts to develop supportive partnerships. 

I will begin by quickly reviewing the nature and the enormity of the energy shortage problem 
facing developing countries and nations with transitional economies. Then, I will se! forth the 
key goals of USAID's development strategy and our approach toward establishing the pre
conditions for successful clean coal project development, with some particular attention to 
how we have relied on partnerships with the private sector. Finally, I will provide you some 
concrete examples of how, in this process, USAID has cooperated with other development 
partners. 

2. THE NEED FOR COOPERATION AND PARTNERSHIP: TilE ENERGY 
DILEMMA 

An adequate and reliable supply of electricity is essential for social and economic 
development. The industrial, commercial and service sectors of the economies are highly 
interdependent on this form of energy. Therefore, it is not surprising that the demand for 
energy in developing countries has been growing at rates of over 5.5 percent per year during 
the past 15 years, and the demand for electricity, has been growing at over 7 percent per year. 
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Yet, developIng countries, on the average, use only 500 kWh of electricity per capita per year
compared to over 10,500 kWh per capita in the United States and 6,000 kWh per capita in 
Europe and Japan. Over 75 percent of the world's population consume only 18 percent of 
total electricity. 

Faced with high demand growth rates, many countries now experience power shortages of 
over 10 percent of their generation capability. In Pakistan, for example, during the past 5 
years, power shortages have been over 25 percent of the demand, in India, over 10 percent, in 
the Dominican Republic over 15 percent. Similar situations exist in many other countries. 

Today, however, the combination of record population growth and resource consumption rates 
are creating environmental stresses and social problems that are also of previously unimagined 
proportions. The global dimensions of these problems have resulted in a flurry of inteinational 
dialogue, several important multi-lateral agreements and cooperative initiatives addressing 
environmental problems. 

Expanding energy production and consumption, in response to growing population size and 
economic expectations, is a leading cause of major threats to the environment, including
global climate change (due primarily to burning carbon-based fuels), and local effects such as 
air pollution and ground contamination from mining and acid rain. 

Even with dramatic supply and end use efficiency improvements and strict energy
conservation, the need in developing countries for additional generation capacity is projected
to total at least 700 GWs through the year 2008 at a cost of $1.4 trillion. This "least cost" 
strategy -- which many observers believe is overly optimistic in its projections for energy
conservation and efficiency improvements -- would require investments on the order of $70 
billion per year for this additional generating capacity. 

Even assuming that the developing countries, donor nations and multilateral development
banks combined can provide around 60 percent of the capital needed, and if conservation and 
efficiency improvements are successfully implemented, this scenario would lead to an 
investment shortfall or "gap" of about $300 billion during the next 20 years. 

Yet, as demand for electricity has grown in developing countries, many governments have 
found it increasingly difficult to allocate sufficient resources to the power sector to ensure that 
demand is met. In many countries the power sector consumes more than 20 percent of the 
government's total development budget. Foreign borrowing for the power sector is often 
greater than 30 percent of total country foreign debt. 

Most developing countries face a devastating "triple bind" in tie energy se,.zor that seriously
constrains them from achieving sustainable .onomic and social development: 

" Local, regional and global environmental degradation from energy use; 
" Inadequate energy policy and institutional frameworks; and 
" Insufficient capital for investments needed to expand energy capacity. 
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3. 	 PRE-CONDITIONS FOR CLEAN COAL PROJECT DEVELOPMENT AND
 
TIlE USAID EXPERIENCE
 

As I mentioned, USAID has learned by trial and error what can help and what can hinder the
successful implementation of energy projects in developing countries. Often we have tried to 
assist the implementation of specific energy technology projects where the policy and 
regulatory cjimate was not ready. 

This approach does not work well. In some cases, we were proposing technologies that the 
host governments and their staffs simply did not understand, or that they viewed with 
unwarranted skepticism. In other cases, even where there existed sophisticated knowledge of 
the technology and a supportive regulatory framework, the major institution -- the state-owned 
utility -- was unwilling and unable to accept new ideas and technologies. And, when we 
finally had developed institutions, projects we assisted failed because the financial and backup 
security requirements for the investments would not solidify. 

Consequently, we now concentrate on assisting developing countries to establish all of the
 
pre-conditions for project implementation.
 

* 	 Information Transfer and Technology Cooperation, 
* 	 Policy, Fiscal and Regulatory Reform, 
• 	 Public/Private Institutional Capacity Building, 
* 	 Financial Strengthening, and 
* 	 Project Identification and Implementation. 

I will discuss each of these briefly, the key participants in each area, and the USAID's
 
assistance tools. Then, I will give you some examples of how our comprehensive approach
 
has worked in India, Armenia, the Dominican Republic and the Philippines.
 

Information Transfer and Technology Cooperation 

USAID has sponsored efforts to help create a common base of information and understanding
about available clean coal technologies, market opportunities and the requirements of foreign 
investors. We have conducted market assessments and studies that identify barriers to the 
introduction of new energy technologies. Also, we sponsor seminars and conferences for the 
primary purpose of exchanging information about how new technologies, such as clean coal 
techncl.gies, can be applied to situations in developing countries. These meetings bring 
togc(vi developing country governmental and utility officials, multilateral development
banL. USAID field mission, host country private sector representatives, and U.S. engineering 
firms, equipment and service suppliers, and consultants. 

Policy, Fiscaland RegulatoryReform 

There must be a strong, explicit public policy commitment to encourage the introduction of 
new technologies into the local power sectors, especially since the sector has been viewed by 
many as biased toward very conventional technologies. Laws and regulations should if 
possible, encourage innovation approach and encourage private investment. USAID has 
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provided legal and regulatory advisors to help review existing statutes and regulations and to
draft new ones. We have also provided training for utility officials and legal advisors on new 
policy approaches. 

Public/Private Institutional Capacity Building 

Often, the government staffs in development have little familiarity with new technologies or 
new approaches that involve private sector investment. USAID has conducted in-country
training, study tours to the United States and focussed technical assistance missions overseas 
in a effort to bolster the capacity of local institutions to understand new technologies and to 
integrate them into their national and utility planning. 

FinancialFratneworkSirengthening 

Since energy projects are capital intensive, their success is closely linked to complex

financing arrangements. USAID has provided training and advisors who can assist host

countries and project developers to identify sources of public and private sector investment
 
and debt financing. 
 Also, USAID has provided technical advisors to assist multilateral 
development banks establish new funding mechanisms to support the financing of energy
 
technology projects.
 

ProjectIdentification and Implementation 

Finally, USAID has frequently worked with host countries and prospective project developers
in identifying viable project opportunities. Then, with its pre-investment support funding 
programs, USAID has cost-shared with private companies studies that assess the feasibility of 
specific projects. Not uncommonly, USAID has also acted as a facilitator in helping resolve 
negotiations between developing country utilities and companies proposing innovative energy
technology projects. 

4. INDIA 

In partnership with the Government of India, the Ministry of Energy and the USAID Mission 
in India, we have launched a $5.3 million technical assistance initiative to support the 
Government of India to implement environmentally sound private power projects, including
clean coal technology projects. Titled the "India Private Power Initiative" (IPPI), the program
will provide technical assistance and training in the areas of information exchange about the 
benefits and approaches to private power, the required legal and regulatory framework, new 
institutional changes and approaches, project financing, and project-specific contracts and 
agreements. 

Information Transferand Technology Cooperation 

To build a base for the program, USAID and the Government of India hosted a private power
development conference for a delegation of high level Indian government officials, as well as 
representatives from India's largest private and public electric power utilities. Also, USAID 
completed in June 1993 a major definitional mission that made recommendations on short
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term and long-term needs of the government India, forming the basis of a joint 
USAID/Govemment of India implementation plan. Additionally, USAID is acting as conduit 
to provide ongoing interactions and information exchange on private power opportunities 
between the public and private sector in India and U.S. private power developers, including 
those proposing to utilize India's vast coal resources for environmentally sound power 
generation. 

Policy, Fiscaland Regulatory Reform 

The IPPI program is working with the central government of India to improve the legal and 
regulatory structure for soliciting, selecting and contracting for private power projects. This 
will involve the review and analysis of the existing laws and policies with the intent of 
recommending changes that will better support private investments in the power sector. 

PubliclPrivate Institutional Capacity Building 

The IPPI program will be providing training and technical assistance directly to those State 
Electricity Boards that desire to develop their own institutional capability to manage private 
power projects within their system. The Goverument of India recognizes that its State Boards 
must have staffs that are knowledgeable about, and capable of administering, private power 
development programs. Creating financially viable partnerships of this nature requires trained 
personnel at the State Electricity Boards who are confident in their abilities to contract with 
private power providers. 

FiancialStrengthenbig 

To create partnerships between the financial institutions, Indian officials and potential project 
developers, USAID has sponsored a banker's conference in New York City that brought these 
three parties together. Although not large enough to actually finance projects, the IPPI 
program will assist in matching developers with potential investors and lenders, and in 
removing barriers in India to project financing for power projects. 

ProjectIdentificationand Implementation 

The Government of India and its State Electricity Boards are currently reviewing, with 
USAID assistance, over 40 private power project proposals. The IPPI program will attempt 
to help them identify and fashion the soundest proposals, so that they can proceed to actual 
implementation. Additionally, USAID is providing funding directly to U.S. project 
developers to cost share pre-investment studies for specific projects. 

5. DOMINICAN REPUBLIC 

In the Dominican Republic, USAID Washington is cooperating with the Government of the 
Dominican Republic, the publicly owned electric utility, the World Bank, the InterAmerican 
Development Bank, and the local USAID Mission to implement an electric power sector 
reform plan. 
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Information Transfer and Technology Cooperation 

Under this program, USAID will help to inform and orient high level officials of the 
Government of tile Dominican Republic and the staff of the electric utility about the benefits 
and the need for private power investment. 

Policy, Fiscaland Regulatory Reform 

The Dominican Republic program will lock in the policy reforms by the drafting and passage
of a new electricity law and associated regulations. Under this new legal framework, the
 
Government of the Dominican Republic will corporatize the electric utility and split it into
 
three components: generation, transmission, and distribution. 
 The distribution companies will 
be privatized right away. 

Additionally, this program will develop environmental norms and standards applicable for
 
privately constructed power facilities.
 

PubliclPrivate Institutional CapacityBuilding 

Under the new law, a new regulatory body will be created to oversee the operations of the
 
electricity sector. 
 USAID will provide technical advisors to develop and structure the
 
regulatory body and train it and other related regulatory agency personnel on operational
 
policies and practices.
 

FinancialStrengthening 

As part of this program, the Government of the Dominican Republic will gradually raise tile
 
electricity tariffs. 
 This will enable the new utilities to cover all of the financial requirements,
allowing them to operate on a commercial basis. The World Bank and the InterAmerican
 
Development Bank, if necessary, may establish a Private Sector Energy Development Fund 

similar to those established in Pakistan and Jamaica 
-- to lend capital to private project
 
developers.
 

ProjectIdentification and Implementation 

Regarding specific projects, the Government of the Dominican Republic will be seeking bids 
from the private sector for two new, 125 MW, build-own-operate electric power plants.
USAID and the World Bank will provide the technical assistance for establishing the 
solicitation bidding process. These plants will complement $300 million of possible
investment in the power sector by the World Bank and the InterAmerican Development Bank. 

6. ARMENIA 

Armenia has been facing extreme electric power shortages due to its war with Azerbaijan.
Fuel suppliers have been interrupted; transmission lines severed; existing power plants poorly
maintained; and new construction suspended. USAID Washington, in conjunction with the 
Government of Armenia, the state electric utility, the European Bank for Reconstruction and 
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Development, and tile local USAID Mission, have established an energy assistance program 
targeted specifically at accelerating the completion of the much needed 300 MW, gas/oil-fired 
ltrazdan No. 5 power plant. Once built, this plant will be operated by tile state utility. In 
this case, USAID assistance is focussed almost completely on financial strengthening and 
project implementation. 

Financial Strengthening 

To obtain funding to complete the lHrazdan plant from the European Bank for Reconstruction 
and Development, the Government of Armenia neuded to have a pre-loan assessment 
providing a full technical and commercial evaluation of the project. If the analysis proved the 
project viable, the European Bank for Reconstruction and Development would provide a $58 
million loan to complete the facility.USAID allocated $300,000 for this analysis. 

ProjectIdentification and Inplementation 

At the request of the Government of Armenia, USAID provided $300,000 to undertake to 
assessment, which subsequently verified the viability of the project. Consequently, the loan 
was approved and a U.S. firm received the construction management contract to complete the 
plant, which should oe operational in the Spring of 1995. 

7. PHILIPPINES 

The National Power Corporation (NPC) of the Philippines has been struggling to end the 
nagging power shortages that have left much of Manila withiout power for over six hours per 
day for months at a time over the past five years. Plagued by deteriorating facilities and 
inadequate investment in new power generating equipment, NPC and the Government of the 
Philippines has turned to the private sector to build, own and operate electric power plants. 

USAID has been working with the government, NPC and multilateral development banks to 
provide the pre-conditions and framework for private power generation, and to encourage 
foreign private project developers and investors to propose environmentally sound, 
independent power plants for inclusion in the electric power grid. 

Information Transfer and Technology Cooperation 

Early on during the power shortage problems of the Philippines, USAID sponsored an 
information-sharing seminar on the pros an cons of privately generated electric power. 
Regulators, equipment suppliers and project developers offered their experience to NPC staff 
and other government officials. 

Policy, Fiscaland Regulatory Reform 

When the Government of the Philippines decided it needed new legislative authority and 
regulations to implement a private power and cogeneration program, it turned to USAID to 
provide legal and regulatory experts to provide examples from other countries and to review 
drafts of the documents. This culminated in statutes that set in place a full fledged program 
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wherein private companies could construct generating plants and sell power to NPC. 

Public/PrivateInstitutionalCapacityBuilding 

To help the staff of the Office of Energy Affairs and NPC to understand the intricacies of 
private investment in independent power facilities, USAID organized study tours for 
Philippine officials. They were able to meet and learn from U.S. state regulatory boards, U.S. 
utilities and private power developers. Also, we provided them a number of training
opportunities to educate the NPC staff of their private power working group. Additionally,
USAID worked with the Asian Development Bank and the Government of the Philippines on 
improving the long-term power generation and transmission expansion plan and on the fine 
tuning the regulatory framework for third-party private power transactions. 

FinancialStrengthening 

The USAID Mission in the philippines worked to i. :lude private power generation projects
included in a special infrastructure improvement fund for the Philippines. Also, the earlier 
work on the regulatory framework and institutional strengthening helped clear the way for the 
Asian Development Bank and the International Finance Corporation to provide equity and 
debt funding of individual power projects. 

Project Identification and Implenentation 

Over the past years, USAID has provided assistance to a number of energy project developers
who sought to identify opportunities in the P'hilippines. Funds to assist private companies to 
prepare pre-investment studies were also made available. Through a special technical
 
assistance mission, USAID provided a feasibility study to NPC for the development by the
 
public or private sector of a 400 MW oil/gas-fired power plant on Luzon.
 

8. CONCLUSION 

The experience of USAID shows that there is no set prescription for the development of an 
implementable project. Neither the top down ("policy approach") nor the bottom up
("technology approach") is necessarily correct. Each country and specific project needs to be 
considered on a case by case basis. 

We have also learned that brokering between all participants and leveraging all available 
resources is a critical element in our assistance. Thus, close coordination and partnerships
with host countries, their utilities, other donors and the multilateral development banks can be 
effective in paving the way for project implementation. This is especially true when mapped 
out early. This enables each partner to assume responsibility for handling specific pre
conditions for energy project implementation. The result can be a relatively smooth flow 
toward the ultimate objective of financing, constructing and operating a clean coal power 
project. 
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Implementation & The Role of USAID
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India Private Power Initiative (IPPI)
 
• IPPI Supports the Government of India (GOI) in Achieving Sustainable 

Environmentally Sound Private Power Development through a $5.3 Million 
USAID Program 

aUSAID Assesses the Technical Assistance and Training Needs of the Private 
Power Development Program of the GOI through Definition Missions 

• IPPI Provides Technical Assistance and Training in Advancing the
 
Establishment of a Coherent Legal and Regulatory Framework. Building

Institutional Capacity, and Creating an Environment for Investment in
 
Private Power 

e USAID Provides an Information Exchange Forum on India's Private Power 
Development Program through Conferences, Workshops, and Study Tours 
for Government Officials, Developers, and Investors 

USAID Office of Energy and Infrastructure 



Dominican Republic
 
Power Sector Support
 

"USAID, The World Bank, and the InterAmerican Development Bank are 
Cooperating to Implement Power Sector Reform in the Dominican Republic 

*IDB Providing Consultant.-. Lo Write New Electricity Law and Regulations 
"Govemmant-owned Utility to be Split into Generation, Transmission, and 

Distribution 
*USAID Providing Training and Institutional Support to New Regulatory 

Body 
"Tariffs to be Raised Gradually Based on USAID, World Bank, and IDB 

Analyses 
"	USAID Providing Assistance Preparing Solicited Bidding Process for Two 

125 MW Private Sector Plants, Complementing $300 Million of Possible 
Funding by IDB and The World Bank 

" USAID also to Develop Environmental Norms and Standards for Private 
Power Facilities 

USAID Office of Energy and Infrastructure 



Armenia
 
oArmenia Applied to EBRD for a Loan to Complete a Partially Built 300 MW 

Gas/Oil-firqd Power Plant. 

"USAID Funded Pre-Loan Assessment Providing Technical and Commercial 
Evaluation. Cost was $300,000. 

"EBRD Approved a $58 Million Loan to Complete .,iazdan No. 5. 

* U.S. Firm Competitively Awarded Construction Management Contract.
 

"Power Plant will be Operational by Spring 1995.
 

USAID Office of Energy an-i Infrastructure 



Philippines Private Power Development
 

USAID has Cooperated with the WB, ADB, Government of Philippines 
(GOP) to Support Energy Sector Reform 

* IJSAID in Cooperation with Lendeis Assessed Technical Assistance and 
Training Needs of GOP 

*USAID Hosted a Private Power Conference to Provide a Forum for the 
Exchange of Information Between the Private Sector and GOP 

*USAID in Cooperation with ADB and GOP, Provided a Long-Term Power 
Generation and Transmission Expansion Plan 

*USAID, Cooperating with ADB. Provided Regulatory Framework for 
Third-Party Power Transactions 

* USAID Funding Feasibility Study for Developmet )f 400 MW 

Oil/Gas-fired Power Plant 

USAID Office of Energy and Infrastructure 



Promoting International Cooperation of Coal Patent Technology 
Development
 

Lin Jian , Engineer 

Nanjing Coal Mining Machinery Factory, 210049, P. R. of China 

The international patent document is the most important technical 
resource in the world. It is a technology treasurehouse in which 
we can gain a lot of jewelleries. Of course, it is also invJsible 
riches of all humankind. In order to use this intelligence
treasurehouse enoughly and promoting international cooperation

of coal patent technology development, author introduce some
 
information of China patent system and talk about international
 
cooperation of coal patent with every friends in this paper. 
From April 1, 1985, on that day China patent law was performed,

to March, 1993 , China Patent Bureau accepted 294620 pieces of
 
domestic and foreign patent application. The situation of three
 
atent application: in-ntion patents, 21% ; utility patents,

6% ; design patents, 13% . As an important analysing basis
 

through the situation of patent applications according to
 
International Patent Classification we car know China industry
 
development letel, technological structure and how foreign

countries pay close attention to China technological market.
 
In all applications of invention and utility patent, human 
necessities, 26% ; performing operation, transporting, 22%
 
chemistry, 8% ; textiles, paper, 2% ; building (include coal
 
mining) , 7% ; mechanics, 15Y ; instruments, nuclear science,
 
10% ; electricity, 10% . If classifying detail, we can gain
 
below statistics:
 
In applications of invention patent, according to number order,
chemistry, 28% ; human necessities, 20% ; performing operations,
transporting, 17% ; instruments, nuclear science 10% ; electricity
9% ; mechanics, 9% ; building, 4% ; textiles, paper, 3% . 
In applications of utility patent, according to number order,
 
human necessities, 28% ; performing operations, transporting,

24% ; mechanics, 17% ; instruments, nuclear science, 10%
 
electricity, 9% ; building 8% ; textiles, paper, 2%
 
chemistry, 2% .
 

Analysing the applications of domestic and foreign patent,
there are more different on technological field distributed. 
Domestic application are majorly distributed in the fields of 
human necessities, performing operations, transporting,
mechanics, instruments . They are 70% of total China patent
applications. Foreign applications are majorly distributed in 
the fields of Chemistry, performing operations, transporting,
electricity, instruments and nuclear science. 
Qntil the end of February, 1993, China Patent Bureau accepted
41023 pieces of patent applications of 72 countries and regions,
it is 13.9% of total quantity. Among them, invention patents 
are 36448 pieces, 88.8% ; utility patents are .1123 pieces,
2.7% ; design patents are 3452 pieces, 8.5% . According to 
statistics number of applications, six countries and region 
are located at head, i.e. United states, Japan, Hongkong,
Germany, United Kingdom and France. Since foreign trade of 
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China are further developing, there is an increase trend of
 
application quatity for foreign patent.
 

According to above statistics material, we can find that patent 
application quatity of China coal industry is fewer than other 
fields. Its character: First, starting research level is lower. 
Second, also have few high quality patents. Third, inventors 
must increase the quaiity of patent application. For example, 
China has 32 research institutes of coal scienze, there are 
only several ianureds patent applications during 8 years.
 
The quatity and quality of patent technology are important 
basis for researching the situation of enterpr.ses operating. 
China is a large country which produces and consumes the most 
coal in the world recently. For example, China produced 1.08 
billion tons coal on 1992, meanwhile, it also consumed more 
than 1 billion ton coal too. It is not correspondence between 
large country of producing coal and fewer coal patents. As 
China is opening to the world, China government and enterprisers 
have paid attention to the important of intellectual property. 
Now, let me continue to talk about my idea. 

1. Import advance technology of foreign countries 

China is a developing country. There is a big distance between
 
advance industrial country and China on coal science and 
technology. It is very important to import and learn advance 
patent from foreign countries. We must learn from the success 
experience of Japan on this point. From the end of second war, 
Japan spent 20 years to obtain great development of economy. 
Analysing its developing process, it is an important reason 
that Japan pay attention to economic and patent information. 

According to statistics material, on 1952, The Japan export 
amount of money was only 5 0.8 billion USD. As Japan spent
 

$ 5.7 billion USD to purchase a lot of economic informations
 
and patent technology during 20 years, it promoted the economy 
development guickly. Until 1990, Japan export amount of money 
reached S 28b billion USD, it increased 356.5 times than 1952, 
and it located at third after America and Germany. From 1970 
to 1986, America sold patent to Japan about increasing 19%
 
This decade, Japan has more and more ability of economic
 
competition relying on its patent superiority. From 1980 
Japan has exported products of high science and technology to
 
America about increasing 266% . " Outstanding patent technology 
equal glory future. " many Japan enterprisers said. 

In o,-der to develop China coal industry, we must use advance
 
science , technology and method of management. We often search
 
and learn excellent tectu-ology from international patent 
document. We also hope IEA, Australia, Japan, United Nations
 
and United States to supply information to us, such as rlean 
coal technology, the method of generating electricity with 
high efficiency. China is a huge technology market and it has
 

high value to research how opening for foreign friends.
 

2. Export excellent patent technology of China 

There are 1.1 billion population in China, it is one fifth of
 
world population. This is a huge intelligence resource, and
 

relying this substance foundation China will become a largest
 
country of patent certainly. Now , this intelligence resource 
is just opening. I believe, Wben inventing and creating ability 
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of 1.1 billion population are bring into play enoughly, Chinese 
will create many miracles of the world. Eastern huge dragon 
will jump into sky. China will become eastern economic giant. 

There are also some splendid Jewels which have moderm technology 
level in 294 thousand pieces of China patent. The foreign 
enterprisers who have outstanding foresee will pay attention to 
China patent technology. 

There are two difficulties to hinder China patent irrto 
international technology market: First, the inventors of China 
do not have enough money for patent applicating ; Second ,they 
are short of investigating and contacting to the international 
market. Until the end of 1992, the patent applications of foreign 
countries in China reached 40,000 pieces, while China patent 
application in the foreign countries were only 170 pieces. 
We warmly welcome foreign enterprises, companies cooperating 
with Chinese inventors. The operating method may be: 
Chinese inventors .. ,pply patent technology, foreign company 
pay for patent application and invest to develop and manufacture
 
for commerce in their country. The profit are divided according 
to rartnership agreement. This is a good method for developing 
China patent in which two partn.!rs bear risk and enjoy interest. 

5. Establish Nanjing International Coal Patent Research 
Institute of China
 

I am planning to establish a private information organization. 
It is called Nanjing International Coal Patent Research 
Institute of China. Its aim: Research and popularize coal 
patent technology, supply patent information of international 
coal industry for domestic and foreign research organizations, 
enterprises and inventors, promote international cooperation. 

The constitution of institute: 3-5 managing staffs, employ 
some researchers who work in sparetime. 

The work content of 1994: 

(1) Supply information service of international coal patent 

(a) Edit and publish "Patent Technology Extract of United 
States" . Its information resource is official gazette of the 
United States Patent Office. Introducing new inventions of
 
America to the technology research organizations, enterprises, 
companies and inventors of China. 

(b) Special service about China patent information. Its 
information resource is patent gazette of China. Supplying 
service for foreign technology research organization , 
enterprises, companies and inventors. Such as: search, duplicate 
and translate patent specification of China; assistance to 
investigate, statistics, forecast the delelopment trend of 
technology; supply technology standard, commerce, trade and 
other relative information; assistance to purchase product 
sample and publication from China, etc. 

(2) Set up high intellectuals store 

Contacting with high intellectuals from China coal research 
organizations, universities, institutes and enterprises. 
Working at international coal industry patent information, 
analysing and forecasting technology Gevelopment trend. 
Supplying consultative service for foreign companies about 
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invest, technology trade, product sale. Recommending specialists 
to work at agency office of foreign company in China. 

(3) Educate staff of international coal patent information 

Now, the specialists and staff of international coal patent 
information are lack in China. Organizating a training class in 
1994. Major training content: science and technology English, 
international patent knowledge. Students are technicians of 
coal industry. I hope international specialists to help us and 
teach in China.
 

Other hand, when institute gain some money through service, I 
think to set up " Invention Fund ", helping Chinese inventors 
who have excellent ideas but do not have enough money to research. 

Establishing Nanjing International Coal Patert Research 
Institute, I also face many difficulties :
 

(a) It needs some fund for establishing institute. 
Resolve method: First, supplying patent information service for 
domestic and foreign organizations and enterprises, gaining 
service reward; Second, researching new patent technology and
 
transfering to enterprises, gaining patent transfering fee 
Third, hoping to gain international aid from foreign 
organizations, enterprises, companies and individualism. 

(b) There are some difficulties that science and technology 
researchers of 'China go to abroad to attend international 
meeting and technology exchanging activities.
 

(c) Lacking good equipment of communication and office. 

It is a new career to research and serve about international
 
coal patent information in China. Patent specification is law 
right and market information, meanwhile, it is important 
invention information. Through patent document, we not only 
learn the situation of new coal technology, but also know the 
research and development trend in future. China enterprises 
eagerly enter international market and foreign enterprises eagerly 
enter China market, they all need high quality information of 
patent technology. 
I look forward eagerly coal industrial officials of IEA, Australia 
Japan, United Nations, United States Lnd Chir!, government pay
 
attention to this basic work, and look forward eagerly to obtain 
helping and aid from every friends. 
Our Chinese often said: " Where there is a will, there is a way." 
Also, there is a famous maxin of America: " If we can dream it, 
and we can do it. " Under the helping of every friends, I will 
realize my dream. 

Author address:
 

Mr. Lin Jian, Room 401, No.18, Jiao Fu Ying,Jiankang Road , 
Nanjing, 210001, P.R. of China 
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US-AEP: A MODEL FOR PUBLIC/PRIVATE COOPERATION
 

Lewis P. Reade
 

Director General, United States Asia Environmental Partnership
 

for presentation, Hong Kong, Friday 3 December
 

Workshop on Cooperation and Partnership
 

lEA Second International Conference
 

The Clean and Efficient Use of Coal and Lignite:
 

Its Role in Energy, Environment and Life
 

Co-Chairs, Fellow Panelists, Ladies and Gentlemen: 

It is an h.onor to join such a distinguished group in this timely discussion of 

what may be the critical aspect of furthering the use of clean and efficient coal and 

lignite: partnership and cooperation. And doubly so to represer,r the United States-

Asia Environmental Partnership and to share US-AEP with you as an example of how 

such cooperation and partnership can work to everyone's benefit. 

We can all cite examples of the problems. Shanghai with its 10,000 coal-fired 

boilers is just one of the many burgeoning Asian cities that sit under a thickening pall. 

The coal-fired Mae Moh Power Generation Star:on in northern Thailand produces 27% 

of that country's electricity and emits dangerous levels of sulphur dioxide. 
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We also all know examples of how this degradation can be turned around. Take 

Pittsburgh, Pennsylvania, one of the steel manufacturing centers of the world, for 

instance. A quarter-century ago, in Pittsburgh the middle of the day was like late 

evening because of the smoke. The air was barely breathable. The rivers running 

through the city were nearly dead. Everything was perpetually grimy. Human health 

suffered. So did plant life. So did the economy. 

Pittsburgh's recognition that there needed to be smoke control goes back 

before the turn of the century. But early ordinances were not effective and frequently 

thrown out by the courts. In tie 40's and 50's Pittsburgh changed home heating 

from coal to gas. The city and surrounding Allegheny county formed the Bureau of Air 

Pollution Control in 1957. Although at that time the community began to address 

industral pollution, the prime impetus came in 1970 with the passage of national 

legislation: the Clean Air Act. As a consequence, major manufacturers switched to 

new technologies for coke production and for scrubbing smoke stacks. Since then, 

enormous changes have taken place. Present-day Pittsburgh may not sparkle, but 

people see the sun. 

But what does this mean in the context of our present discussion? Pittsburgh's 

cleanup demonstrates that technology alone -- although it is important -- is not 

enough. A combination of regulation, community, e ten national, ?ill and public and 

private sector partnership are required. 
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Which Is what makes our discussion today timely and where US-AEP comes in. 

Throughout the world there is a growing recoanition of the necessity of reversing the 

costly trends of environmental degradation that accompany unbridled economic 

growth. The will to address these issues is increasingly apparent on both sides of the 

Pacific. All over Asia, governments are setting ambitious priorities not only to clean 

up the degradation but also to introduce clean technologies as a key to sustainable 

economic development. 

Likewise, in the United States, we continue to strengthen patterns of 

environmental protection regulation that started at the turn of the century and, as a 

result, to spawn new, more environmentally sound te!7hnologies. The Clinton 

Administration is committed to improving the environment Pt home and abroad in the 

clear recognition that such improvement is mutually beneficial. 

A range of actions illustrate the seriousness of the Administration's intent to 

put our own house in order. Last month, the President released his Climate Chanle 

Action Plan. This plan is the cornerstone of the commitment to reduce U.S. 

greenhouse gas emissions to their 1990 level by the year 2000 in accordance with 

the United Nations Framework Convention on Climate Chance. 
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Internationally, improving the environment is one of four priorities Brian 

Atwood, administrator of the United States Agency for International Development 

(USAID), lists for the Agency's programs. 

Environmental improvement is win-win. It is a development objective of USAID 

for the obvious reason that the countries involved benefit. But also, because US 

technology is appropriate and competitive, there is great potential for US exports. 

Celebrating Earth Day last April, President Clinton pointed out that "America can only 

maintain its lead in the world economy by taking the lead to preserve the world 

environment." Consequently, he challenged the Trade Promotion Coordinating 

Committee under the US Department of Commerce to come up with a plan that 

would promote U.S. environmental technologies around the world. The result, spelled 

out in Environmental Technology Exports! A Strateoly for US Leaaershin, calls for a 

new strategic approach that coordinates US government and private sector efforts to 

facilitate environmental exports and technology cooperation. 

Meanwhile, in August of '93, at the request of the US Congress, the 

Department of Energy released a report entitled Clean Coal Technoloqyv Export Finance 

Programs. This report recommends that the U.S. provide a clearinghouse for 

information about clean coal technologies, projects, and financing. 
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As these illustrate, there is a growing determination throughout the US 

government to help solve global environment problems through the application of US 

technologies, including clean coal technologies (CCTs). Although agencies ;uch as 

USAID, the US Department of Commerce and the US Department of Energy have 

different mandates, they increasingly have a common agenda in promoting of US 

CCTs abroad. 

This common agenda gives force to the United States-Asia Environmental 

Partnership (US-AEP), which I represent. The US-AEP was established in 1992 as a 

new, cooperative way of doing business with core funding from the United States 

Agency for International Development (USAID}. US-AEP's purpose is to help provide 

leadership for clean energy and the environment in Asia and the Pacific -

economically, the fastest growing region of the world but, unfortunately, one that 

often seems to be losing its battle to preserve its environment. 

The United States-Asia Environmental Partnership works by living up to its 

name: That is, by creating partnerships focused on critical environmental problems 

from among 25 cooperating US government agencies, private sector companies and 

non-governmental organizations with their counterparts in 34 Asian nations and 

territories. US-AEP is, in effect, a matchmaker. 
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While the US-AEP works in many ways on a range of issues, let me detail some 

of its activities relating to clean coal technologies and projects, and illustrating 

mechanisms that foster partnership and cooperation. 

Let's begin with finance -- often a determining factor in bringing any project to 

fruition. Last month, US-AEP opened the Infrastructure Finance Advisory Service or 

IFAS. IFAS is a cooperative effort of the US Agency for International Development 

(USAID), Export-Import Bank (EXIM), Overseas Private Investment Corporation (OPIC), 

US Trade and Development Agency (TDA) and the Small Business Administration 

(SBA). How does it work? A country in Asia needs to build, say, a clean power plant. 

IFAS provides US companies which produce environmentally sound technologies with 

timely information about that project and other energy and environmental 

infrastructure project requirements in the region. IFAS helps those companies identiV: 

viable sources of finance. Moreover, it encourages the US financing agcncies to share 

project information with each other and to coordinate the use of t'ieir resources. 

But :apittl for CCTs and other environmental projects will increasing come from 

private sources. Therefore, US-AEP has also established a Private Finance Circle -- a 

network of commercial banks, venture capital firms, and other financial institutions 

interested in working with the US-AEP to expand private lending and investment in 

energy and environmental projects. 
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The Department of Energy (DOE) repoit on financing clean coal that I mentioned 

earlier recommends that the US government have a clearinghouse of information 

about CCT projects and finance. IFAS is already serving this important function for 

US companies and US-led consortia pursuing projects in Asia and Pacific. 

Also in the financial arena, to complement IFAS, the US-AEP joined forces with 

the US Department of Commerce zo support a new service called AXCAP, which 

stands for Access to Capital. Managed by the Bankers Association for Foreign Trade 

(BAFT), AXCAP serves as a matchmaker between banks that provide trade finance 

and exporters, including CCT companies. These "one-stop shop" information and 

advisory services are a first step in encouraging more US companies to explore Asia 

for opportunities to apply, a, d even transfer, their appropriate clean coal technologies. 

US-AEP also works with and supports programs of other US agencies to 

promote new partnerships. A recent grant to the US Department of Energy supports 

innovative proposals to transfer CCT and other environmental technologies to 

developing countries through the ADEPT or Assisting the Deployment of Energy 

Practices and Technologies program. To further increase the prospect 3 for technology 

transfer of CCT and other environmentally sound technologies, US-AEP has joined 

forces with Overseas Private Investment Corporation (OPIC) to launch the 

Environmental Enterprises Development Fund. This new fund is expected to result in 

at least eight new environmental enterprises in Aia during the next 12 months. 
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To improve its information system and to help foster technology cooperation 

betweern US and Asian companies, US-AEP, collaborating with the Department of 

Commerce's United States and Foreign Commercial Service, has opened nine regional 

environmeit3l technology offices. They are located in India, Thailand, Indonesia, the 

Phlippines, Malaysia, Singapore, Taiwan, Korea and Hong Kong. These offices, which 

are headed by environmental engineers, have begun to work with industry and utilities 

to identify appropriate solutions to environmental problems, including those that result 

from the burning of coal and the disposal of fly ash. In addition, US-AEP has placed 

an environmental engineer in the US & Foreign Commercial Services office of the 

Asian Development Bank (ADB). The first priority of US-AEP's ADB environmental 

representative is to help US companies identify and pursue major energy and 

environmental infrastructure projects at the earliest stages of conception and 

development. 

The Clean Coal Technoioqy Export Finance Programs report recommends that 

the US develop an ongoing interagency program. In response to this and earlier calls 

for better interagcncy cooperation, the US-AEP is designing a clean energy effort that 

could strategically focus the resources of US government agencies including USAID, 

DOE, and EPA, private organizations, like the Electric Power Research Institute (EPRI}, 

and private industry in high priority coal countries such as India, Thailand, Indonesia. 
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In India, the Partnership is working with the USAID Mission to support an Indian 

Private Power Initiative (IPPI). Specifically we are exploring ways that the US-AEP 

could help US companies to defray pre-investment costs associated with developing 

privately owned coal preparation plants, and we are looking at ways of having these 

monies leverage other US government and private resources to cover related costs, 

such as coal testing and evaluation. 

Back to Mae Moh, which I mentioned at the outset. At the request of the Royal 

Thai Government, US-AEP supported a team of experts from the EPA, DOE, and the 

World Health Organization to travel to northern Thailand to ast January to evaluate 

the causes of health problems resulting from the Mae Moh's lignite power plants. A 

follow-up mission was recently concluded. US-AEP is also working with 

USAID/Thailand and the US Foreign Commercial Service in Thailand to build a true 

public/private partnership between the Electric Generating Authority of Thailand 

(EGAT) and the US, including key government agencies, US utilities, and private 

industry. 

In response to President Clinton's Climate Change Action Plan released last 

month, US-AEP is also supporting a private effort to help US utilities develop 

greenhouse gas reduction strategies by creating "carbon sinks" in Asian countries and 

through partnering arrangements with Asian utilities. 
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You can see, therefore, that US-AEP has launched a range of activities in an 

effort to promote intergovernmental and public/private partnerships in support of the 

Asian environment. We believe these effo'ts are an important first step in responding 

to Asia's environmental needs and to the Administration's call for a more unified, 

strategic US approach. We invite all of you here today to contact us to learn more 

about the US-Asia Environmental Partnership. We look forward to working with you 

to solve your energy and environmental problems. Thank you. 
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Extracting coal from the ground involves tearing up

landscap-s with opencast mines, or risking human health and
 
lives in deep mines. The traditional way to unleash coal's
 
energy is by setting fire to it, a reaction that produces

sulphur dioxide, nitrogen dioxide, carbon monoxide, a brew of
 
aromatic hydrocarbons laced with toxic metals, to say nothing

of carbon dioxide, the most notorious greenhouse gas. On top
 
of all that, conventional power stations waste about two-thirds
 
of the coal's energy.
 

Why bother? Because coal is the only fossil fuel
 
available in quantities that for practical purposes are
 
inexhaustible. It is the only fuel capable of providing the
 
electricity needed for the economic development of central and
 
south Asia. Despite its drawbacks - and barring remarkable and
 
unexpected breakthroughs in research on fu-ion - coal will be 
driving the world's power stations well into the next century.

But the power stations needed to achieve these goals, and 
to
 
replace those inefficiently belching out pollutants in the
 
Americas, Europe and Asia, will look very different in the
 
future.
 

Coal is a very ve-rsatile fuel. It can be burned as a
 
solid, a liquid, or a gas. The hot gases that combustion
 
releases drive steam generators in today's power stations, and
 
they will probably power gas turbines in the next generation of
 
statio. Further into the future, the gases may produce

electricity directly when they stream through a magnetic field,
 
while hydrogen from coal could be generating electricity in
 
battery-like fuel cells. Many of these technologies are far

less polluting and capture coal's energy more efficiently than
 
conventional power plants. But few are commercial yet.
 

Despite the energy glut in the developed world since the
 
mid '80s, reaearchers around the world have made much progress
 
on coal ove~r the past decade, and are now beginning to
 
demonstrate that their efforts are commercially viable.
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All over the world, funds for research in lean coal
 
programmes are being liberally provided, with a hope that these
 
subsidies will promote a revolution in the way coal generates
 
electricity. Tougher environmental laws will force power
 
companies to adopt such new technologies. There is realisation
 
that for coal to be fully used as primary fossil fuel,
 
environmentally responsive, economically competitive, advanced
 
coal using technologies and systems have to be developed and
 
commercially deployed.
 

The situation is the same in my country, India, with the
 
estimated coal reserves around 120 billion tonnes. Indian
 
coals are generally characterised as medium volatile, high ash
 
content and low calorific value coals. 40 to 50% ash content
 
in our coals is common with average calorific value not more
 
than 3200 to 3500 Kcal/kg. Silica and alumina constitute 85 to
 
90% of the ash. Most of the silica exists in the form of Alpha
 
Quartz. These factors have made the Indian coals highly
 
abrasive and erosive in nature. Indian coals generally hLve
 
low sulphur content. In one way it is a boon that we have
 
negligible SOx pollution, but lower SOx content in the flue gas
 
reduces the conductance over the fly ash particles, thus giving
 
an overall high resistivity.
 

Coal utilisation for electric power generation in India
 
has to be viewed in the context of our ambitious plans to
 
increase the power generating capacity substantially in the
 
coming years. From the present installed capacity level of
 
71000 MW, the country aims to reach 100,000 NV in the next few
 
years. At least 60% of these will be coal based. If we
 
continue to use existing technologies for generating this much
 
thermal power, we will be producing 0.2 million tonnes of fly
 
ash and nearly 0.6 million tonnes of carbon dioxide per day 
besides NOx. Besides polluting the environment, we will also 
have a big problem of disposing the ash. We, in India, are 
thus in a paradoxical situation. We have plenty of coal - we 
need plenty of electricity - as such, this coal has to be the 
main fuel for our power generation. However, burning this coal
 
in the conventional way, we will be very badly polluting our
 
environment. We have, therefore, no alternative but to go for
 
clean coal technologies. Realising this, we in India,
 
especially my Company, the Bharat Heavy Electricals, have been
 
actively carrying out research and development work in this
 
area. Starting from the development of atmospheric bubbling
 
fluidised bed boiler technology, we have been continuously
 
working on various clean coal technologies and beyond these
 
even on Magneto-Hydro Dynamics and Fuel Cells.
 

Bharat Heaf Electricals Limited (BHEL) with a turnover of
 
Rs.35 billion is a leading successful Engineering Company in
 
India, with a workforce of 75,000, engaged in Power, Industry,
 
Transmission, Transportation and Telecommunication Sectors.
 
76.9% of total installed thermal power generating capacity in
 
India is by BHEL alone, besides major contribution in Nuclear
 
and Hydro Power plants. Almost all the main equipments
 
required in a power plant are manufactured in various plants of
 
BHEL.
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BHEL has been carrying out R&D work on bubbling fluidised
 
bed since 1977. For the development of fluidised bed
 
combustion, test facilities for start-up system, and Pneumatic
 
feeding system, alone with a 500 x 500 mm combustor were
 
created at BHEL, Tiruchi. Joint research was also initiated
 
with other national laboratories and institutes. A prototype 10
 
t/hr FBC boiler was set up at BHEL, Tiruchi. In addition, a
 
test facility for studying the performance of free-board in a
 
fluldised bed combustor was installed at Tiruchi with the
 
assistance of USAID. Besides serving as a boiler to perfect
 
various systems, gaining operating experience, with different 
coals, washery rejects and agricultural wastes, training 
operators and demonstration, it has yielded considerable amount 
of data to design large size boilers. Based on the test 
results from test rigs and the data from 10 t/hr prototype 
boiler, BHEL has perfected the atmospheric bubbling fluidised 
bed boiler technology. BHEL has sold more than 25 boilers of 
various capacities (maximum 95 t/hr steam generation), firing
variety of fuels which are working satisfactorily in the 
country. Even the washery rejects with 73% ash have been used 
at Tata Iron & Steel Company, Jamadoba, for producing 10 MN 
electric power. Four more similar units have been set up for 
Goal India Limited at Kathara and Moonidih. A design for 30 MV 
bubbling FBC boiler has been developed for Indian coals. The 
Bubbling Bed Fluidised Bed design of BHEL has attracted a lot 
of attention. While for lower ranges, some Indian companie; 
have entered into sub-licensing agreements for the technology, 
enquiries have been received from developed countries for this 
technology.
 

For 	units of capacity higher than 30 MW, it is found that
 
circulating fluidised bed combustion technology will be more
 
eonomical for high ash coals and high sulphur coals. BHEL
 
initiated a joint R&D programme with Technical University of
 
Nova Scotia, Canada, with part funding through IDRC, Canada.
 
Under this programme a pilot plant (8 t/hr steam generation)
 
was set up with the objective to test high ash, low grade coals
 
and washery rejects and to evolve basic design parameters.
 
Also, technology tie-up with an experienced company is on the
 
anvil. Retrofit of fluidised b,-d combustion on conventional
 
old stoker fired boilers is catching up in our country.
 

The new advanced clean coal technologies for power
 
generation aim at higher conversion energy of fuel to
 
electricity through combined cycle power generation system i.e.
 
a combination of Braytcn Cycle of gas turbine and the Rankine
 
Cycle of steam turbine. The efficiency achievable with
 
combined cycle is of the order of 40 to 45% as compared to 30
 
to 37% for conventional steam cycle. This combined cycle
 
requires either clean fuel (liKe natural gas) or clean flue
 
gases at high temperatures and at high pressure. Using coal as
 
fuel, the alternatives are:
 

a) 	Gasifi:ation of coal and cleaning of coal gas before
 
introducing in gas turbine.
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b) 	Pressurised fluidised bed combustion and cleaning of
 
gases under high pressure and high temperature before
 
introduction to gas turbine.
 

Gasification of coal can be done through oxygen/steam or
 
air/steam to produce medium calorific value or low calorific
 
value gas respectively. The various gasification processes
 
possible 4ie fixed bed, fluidised bed and entrained bed.
 

Simultaneously, environment friendly advanced technologies
 
aiming at higher efficiencies are also being pursued at the
 
National level as part of the R&D peugramme.
 

After an in-depth study of various gasification systems in
 
late '?0s, IIHEL opted in-house development for a moving bed
 
gasifier as a first phase of IGCC technology development and
 
demonstration. A Combined Cycle Demonstration Plant (CCDP) of
 
6.2 Me capacity comprising 4 Mfe gas turbine and 2.2 MWe steam
 
turbine was commissioned in 1987. The coal gasification plant
 
(150 t/day capacity) consists of a moving bed gasifier coupled
 
to wet gas clean up system. The coal is gasified with steam
 
and air at a pressure of 10 ata. The designed coal feed rate
 
is 6 t/hr and generates 12000 Nm 3/hr of coal gas. The
 
calorific value of the fuel gas is about 1250 kcal/Nm'. The
 
carbon conversion achieved is in the order of 87% and
 
gasification efficiency is in the range of 75-80%.
 

Indian Institute of Chemical Technology, Hyderabad, has
 
also tested a number of Indian coals in their p:ressuried moving
 
bed gasifier of 24 t/day coal capacity. Two of the typical
 
coals were also tested on 150 t/day moving bed coal gasifier
 
at BHEL. The results have confirmed the validity of the design
 
methodology adopted for scaleu-up design.
 

For development of pressurised fluidised bed gasification
 
for Indian coals, a Process Equipment Development Unit (PEDU)
 
has also been installed and is being operated. The plant has a
 
coal throughput capacity of 18 t/day with air and steam as
 
gasifying media. Coal size of minus 6 mm. The gasifier is
 
being operated at around 900 0C and pressures upto 10 ata. The
 
gas produced is water quenched and scrubbed to free it from
 
particulates in the venturi scrubber and demister. It is then
 
burnt in the flare stack. The plant has been undergoing test
 
trials and logged around 1500 hours of operation so far.
 

Based on the extensive operating data obtained from 18
 
t/day gasifier unit, BHEL has upscaled and designed a 150 t/day
 
to be installed at coal based Combined Cycle Demonstration
 
.Plant at Tiruchi (in South India) to provide coal gas to the
 
existing gas turbine and steam turbine unit. The plant is
 
being partly funded by USAID cnder PACER (Programme for
 
Acceleration of Commercial Energy Research) prograrrrne and is
 
planned to be commissioied by September, 1994.
 

The Government of India (Department of Power) is actively 
considering to instal a 30 MW Coal based IGCC plant in the 
country. 
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In the field of low pressure moving bed coal gasification
 
with air/steam, considerable expertise exists in the country,
 
Low Calorific Gas (LCV) coal gas produced being used in
 
industrial furnaces. Gasifiers upto 3 metre diameter 
are quite
 
common. Recently, a 3.8 metre diameter gasifier has also been
 
tested at Ennore Thermal Power Station. The LCV gas produced
 
has been used for low load coal flame stabilisation in
 
pulverised coal fired 60 MW boiler. The major problem faced 
in
 
this type of gasifiers is the difficulty in getting sized coal
 
with the particle diameters in the range of 25 to 50 rim. The 
coal received has to be sieved necessarily to separate the 
fines and use them somewhere else. 

A 5 MW (thermal) pilot plant for R&D work on Magneto Hydro
 
Dynamics (MHD) has been set up at BHEL in cooperation with
 
Institute of High Temperature, Moscow, under Indo - USSR S & T 
Programme. The plant has high temperature air pre-heater, an
 
MHD channel with a 2-Tesla iron core magnet, controls and DAS,
 
and seed recovery system. No bottoming cycle exists for this
 
plant. Fuel used presently is LPG though the earlier
 
experiments were done with Blue Water Gas. So 
far, 15 major
 
trial runs of the pilot plant have been conductcJ; 10 out of
 
these were with power generation. Feasibility studies
 
conducted for the next phase of R&D indicate that it may be
 
possible to retrofit 20 to 25 MWe MHD System in an existing
 
60/100 MW power plant if funds are made available.
 

BHEL is also working for development of slagging coal
 
combustors for low grade Indian coals. A test rig with 3
 
million Kcal/h combustor has been installed and few coals have
 
been tried. Modifications on this facility are being carried
 
out with USAID assistance.
 

Corporate R&D Division of BHEL is working on development
 
of phosphoric acid fuel cells (PAFC). A number of modules upto
 
1 kW rating have been developed and demonstrated. Work for a
 
10 kW module has been taken up. The ultimate aim is to go for
 
molten carbonate technology.
 

In talking about all the above technological options, one
 
creates the feeling that the capability exists in an
 
organisation like BHEL and a 
country like India to do research
 
and development satisfactorily and implement them successfully.
 
It is necessary to examine how this capability was built over
 
the years and what were the strategies adopted. Taking the
 
Power Sector scenario in 1948 when India got its independence,
 
the installed capacity was 1400 Mq. For accelerating the
 
industrial growth in the country, it was evident that
 
availability of electricity has to be increased multifold very
 
quickly. Linked with the country's then policy of focussingon
 
capital intensive mother industry and self reliance strategy,
 
the industry pursued an overall strategy of technological self
reliance, emphasis on technology absorption, assimilation and
 
adoption; development of ancillary industries and setting up of
 
research facilities. Heavy Electrical Industry had also an
 
urgent mandate in these lines and BHEL went about acquiring the
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best of the the technologies in those days from world leaders
 
in the power field. The objective of technology ma, igement in
 
BHEL is to keep its products and systems continuously upgraded
 
to contemporary international levels through a judicious blend
 

of in-house development and selective collaborations.
 
Collaboration agreements on technology transfers in areas like
 
Boilers, Electrostatic Precipitators, Fans, etc. were entered
 
into with renowned foreign manufacturers and the Company went
 
about assimilating the technologies within a short time. The
 
role of companies like the then Combustion Engineering of USA
 
and Siemens, Germany, in helping BHEL to quickly absorb the
 
technologies and gain capability to design be
must 

acknowledged. At one time BHEL had 40 on-going collaborations
 
for various products enabling it to get established as a
 
leading power equipment producer. This method of acquiring
 
technology through licensing agreements which was the order of
 
the day in the 60's to 80's was one way of becoming self
reliant.
 

However, acquiring more technologies in this method was
 
not found sufficient when they had to be applied in the Indian
 
conditions. The case of the boiler technology is a striking
 
example. While the sound basics on deign of boiler were
 
learnt from the collaborators, the effect of wide variation in
 
the coal characteristics in the operation and performance of
 

boilers in conjunction with local operating conditions,
 
operation and maintenance capability to handle sophistications,
 
and other infrastructural facilities could be well understood
 
only over a period after the equipment had gone into operation.
 
In-house R&D test rigs helped to un{erstand the problems of
 
handling and burning high abrasive a-ih coal. (The steam
 
generator designed for burning Indian coal handles nearly 125
 

kg of ash per million kcal of heat input to furnce which is
 

near about seven times the quantum of ash handl.-d by boilers
 
designed for same capacity in Western countries.] Sizing of
 

furnaces and low gas velocities to reduce erosion had to be
 

tried out often '-efore the optimum selection could be evolved.
 

It was thus clear that a mere technology import alone will not
 

help in such areas, strong inhouse R&D facilities are also
 
simultaneously needed to effectively gain design capability.
 

In fact, this has become a continuous process in view of
 

the ever deteriorating quality of the Indian coal. To enhance
 

reliability and availability, continuous improvements on the
 

boilers have to be carried out. Alternate methods of burning
 

poor quality coal had also co be thougnt of.
 

With the advent of awareness of environmental issues like
 

the green house effect, acid rain etc. the cry for clean coal
 

technologies picked up. In a country which burns more than 180
 

million tons of coal every year for power generation, this
 
subject became vital. With the design experience of burning
 

inferior coal eff.ctively, BHEL decided to look for new
 

environmentally friendly technologies in utilising coal for
 

power generation. Since this area was relatively new,
 

established coranercially successful te. hnologies were very few
 

in the world. Even there, experience on Indian type of coal
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was lacking. It became clear that in-house R&D efforts had to
 
be put in to develop advanced technologies. However, without
 
the basic knowledge of such technologies, time taken to
 
establish on our own would have been enormous. This is where
 
the 	collaborative approach of technology transfer has helped
 
BHEL in a big way. Enthusiastic active support of Government
 
agencies like the Pittsburgh Energy Technology Centre of US
 
Department of Energy, the Oakridge National Laboratory of USA,
 
the Technical Univer3ity of Nova Scotia, Canada, etc., with
 
financial assistances from their Governments has enabled us to
 
carry out experiments in almost all of the clean coal
 
technologies currently talked about. Training facilities
 
offered by them to our Engineers and Scientists in specialised
 
areas have created a core of experienced R&D Engineers in the
 
Company.
 

To quote a few of such joint projects in this area:
 

1. 	 To collect data on free board combustion heat release and 
heat transfer coefficient for high ash Indian coal in a 
Fluidised Bed Boiler, research test facility was set up 
with the help of i2SAID (Ui.ited States Agency for 
International Development) sponsored project supported by
 
multiple US agencies involved in the po~er field.
 
Experiments helped to establish optimum efficient designs
 
in FBC boilers.
 

2. 	 Funded by USAID and supported by PETC, ORNL and TVA,
 
pollution control strategies for abatement of NOx/SOx
 
emissions were developed and operating parameters could be
 
defined.
 

3. 	 A state-of-art 3 million BTU/hr Fuel Evaluation Test
 
Facility is being set up in BHEL to develop a data base on
 
Indian coals for slagging, fouling, erosion, heat transfer
 
and other aspects so that they can be corelated to predict
 
performances. The same agencies are associated with BHEL
 
in this project. Hands-on experience of conducting such
 
tests in a similar test rig available at PETC, USA, will
 
enrich the knowledge of our R&D Engineers in this area.
 

4. 	 A cooperative research project on Circulating Fluidised
 
Bed Combustion between Technical University of Nova
 
Scotia, Canada and BHEL with financial participation from
 
International Developme~,t Research Centre, Canada, helped
 
us to establish a test rig and gain hands-on experience in
 
utilisation of Indian coals in a CFBC system and live
 
evaluation of CFBC components.
 

5. 	 As a part of Science & Technology Cooperation between 
India & USSR, research work in the field of Magneto 
Hydrodynamics (M}{D) was initiated in BHEL Tiruchi with the 
cooperation of Institute of High Temperature, Moscow. A 5
 
MW(th) MED Pilot plant has been set up at BHEL, Tiruchi.
 
Number of trial runs have been conducted and large amount
 
of data has been generated from the pilot plant. R&D part
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of the MHD Prograne has been funded by Ministry of Non-
Conventional Energy Sources (Government of India) and
 
executed by BHEL.
 

6. 	 Under the Programme for Acceleration of Commercial Energy
 
Research (PACER) for which funds have been provided by US
 
Government agencies to the Indian Government, a 150 t/day
 
Pressurised Fluidised Bed Gasification Development and
 
demonstration plant is taking shape adjacent to the first
 
IGCC (fixed bed gasifier) demonstration plant in 
operation. With the assistance of the System and 
Engineering Analysis Group of the Pittsburgh Energy 
Training Centre and with a review of the Gasifier Reactor 
by the ASPEN Simulator developed by MIT, the PFBG design
 
will be examined.
 

During all these collaborative projects, besides gaining
 
-ccess to the latest clean coal technologies, BIHEL has gathered
 
valuable experience with our Engineers and Scientists getting
 
numerous opportunities to interact with many foreign experts
 
working in Universities, private research institutions,
 

consultancy firs ann Government funded technology centres. 
Widening of our :now:edge base has been a major gain in this 
method of techrology ',rAnsfer which helps us to become self
reliant in tie long run. This has been possible due to the 
excellent out. ight support we got from the various 
collaborative agencies.
 

CONCLUS ION
 

Having benefited from both ways of obtaining technology, 
we have been able to strengthen our in-house R&D capabilities. 
In future also where advanced technologies show promise, we can 
choose any one of these options. To handle our coal under 
strict environmental regulations, we have to continue our 
resea'-ch work and quickly establish the most efficient and 
economical cle;n coal technology for our country. With the 
technological .puts we have got, we hope to achieve this 
quickly and be in a position to offer this technology to other 
developing countries. 
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Introduction 

One of the key factors behind the growth ineconomies around the world has been tile 
successful adoption of new or improved technologies in the marketplace. This driving force 
has long been recognised by OECI) Member countries and has resulted in considerable effort
 
being devoted to enhancing the effectiveness and efficiency of the technology development
 
and deployment processes. This is plarticllarly so in the energy area.
 

For nearly 20 years, the International Energy Agency (lEA) has been actively involved in 
energy research and development activities. Our experience tells us that no single country
is likely to achieve the leading role in every aspect of energy-related technology.
Consequently, we have seen considerable benefits eerncging from mtultilateral collaboration 
on research and technology development -- costs and intellectual resources can be shared, 
more effective and efficient technologies can be developed, and development and deployment
tiniescales cal be signifl.cantly shortened. Above all, this collaborative process provides a 
mecharlism for dissemination of information about the capability of technologies and options
available to solve current and emerging problems. We believe this dialogue plays an 
important role in facilitating and speeding up technology deployment itl the market place. 

Before outlining oi! specific experiences with collaborative activities in the coal sector, I 
want to say a few words about the IEA and its technology policies. 

The International Energy Agency 

The International Energy Agency (lEA) was established in the aftermath of the first oil shock 
in 1974, to increase the energy security of the OECD region, through energy policy co
operation, development of energy supply alternatives, and augmented energy conversion and 
end-use efficiency. At present, TEA membership comprises 23 OECD countries and the 
Commission , the European Commtnities. 
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Over the last two decades, there have been dramatic changes in tile world energy market and 
new challenges have emerged within the OECD region and elsewhere which ,,ave impacled 
ol energy markets. lEA members have actively worked to address these challenges. The 
goal of energy security, which remains a primary one, has been complimented in recent years 
by increasing awareness of the significance, for energy policy and for energy security of two 
further factors: concern over the environmental impact of energy-related activities, and the 
growing glohalisal ion of energy issues, as different countries' economics and energy markets 
become increasingly interdependent. 

A fundamental clement of 1he international energy programme of the IEA has been, and 
continues to be, collaboration in energy research and technology deelopment. This 
collaboration has allowed Member countries to pool and coordinate their efforts, to exchange 
information, and to facilitate progi ess in development of new and improved energy 
technologies and their introduction to the market. 

The initial objectives of the IEA technology collaboration paralleled and complemented the 
overall objectives of the IEA, namely to reduce dependence on imported oil through the 
developlent of alternative sources of energy supply while improving energy efficiency. In 
the 1970s and tie early 1980s coal supply and use technologies were essential features of the 
programme. 

During the second half of the 1980s and the early 1990s a number of factors led to changing 
energy technology priorities. Lower oil prices have changed the economics of some 
technologies, economic restructuring and political chan-e have created new international 
interdependences, Mnd growing environmental considerations have added new dimensions to 
technology priorities. 

The history of the lEA's energy technology collaboration programme has lollowed these 
broader policy shifts. After a strong start to R&D collaboration in the 1970s, interest in many 
projects waned in the inid-1980s. Under the energy prices prevailing at tie time, many of 
the developed and demnstrated technologies proved to be too expensive to catch the interest 
of buyers and 1'inantiufacturers other than those with a very long-term outlook. The situttion 
was exacerbated by the private sector's inability, or lack of willingness, to allocate miallpower 

and financial resources to energy R&D. More recently we have seen a growth in demand for 
cllaborative activities associated with the sharing and disse ii ationl of information about 
available and new technologies, together with a demand lor technologies capable of 
addiessing broad-raiging environniental concernils. 

Notwithstanding these shifts in policy focus, the IEA's experience of nearly 20 years of 
international co-operation points to three main factors which, we believe, should guide energy 
market development and help shape the nature of energy technology collaboration and 
eventual technology deployment: 

first, energy market forces must be harnessed, not stilled; 
second, in working towards their common goals, countries should be free to develop 
their own national strategies which build on their particular energy and industrial 
situationis; 
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third, we need partnerships of many countries if we arc to find and deploy 
technologies which are cost-effective. 

If governments set the right framework conditions, we believe that private investors, operating
in open, transparent markets, can deliver what is expected of them. 

The IEA's International Technology Collaboration Programme 

The IEA's energy research and tccinolo.y development activities include reviews and surveys
of national policies, specific studies on the status of technologies, conferences and workshops 
on priority technology issues and collaborative projects. These collaborative energy
technology projects and prograimmes are established under special legal mechanisms, called 
implementing Agreements. The Implementing Agreements set down the commitments of the 
Contracting Parties and establish a management structure for ongoing activities. The 
Contracting Parties "implement" the energy R&D and technology collaboration by undertaking 
one or more Tasks which are identified as an Annex or Annexes to the implemcnting
Agreement. The Agreements contain provisions concerning the handling and protection of 
information and intellectual property rights and they record arrangements for commercial 
exploitation and distribution of tile benefits to participants. 

Nearly 60 Implementing Agreements have been established and currently !here are over 40 
in operation, of which seven are directly related to coal technologies. Several other 
Implementing Agreements include activities relevant to t.,e coal sector. 

While rnost participants are government organisations or semi-public entities, the 
Implementing Agrecments are open to any public or private organisations that are formally
designated by their national governments. Additional mechanisms have recently been 
introduced to facilitate the involvemen t of private sector organisations. Associate participation
is open to organisations from countries which are not Members of the IEA, subject to the 
approval of [he IEA's Governing Board. 

Over the last few years wc have also sought to involve various non-lEA countries from the 
Asia-Pacific region and elsewhere in these collaborative activities on an "equal partner" basis. 
In each case we expect there to be mutual benefits from the collaboration. We are starting
to see the results of these efforts with Korea joining a number of activities, and discussions 
in progress with China ir other areas. Participants from Eastern Europe and Russia have 
already joined some activities and further possibilities .are in prospect. Discussions with 
countries from other regions are also underway. In addition, there are on-going, less formal 
contacts with a wide range of experts in non-lEA countries through technical level contacts 
on specific issues and through conferences and workshops sponsored by particular
Implementing Agreemenls. Some Agreements also have specific infomation dissemination 
activities airmed at making data and information available to non-participating countries. 

The lEA does not have central funds to finance these projects and programmes -- all 
resources are supplied by the Contracting Parties which nominate one of their number to be 
the Operating Agent. The Operating Agent is responsible for coordinating the activity of the 
project or programme, for supplying the infrastructure as needed, and for ensuring that all 
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participants respect their obligations and receive the benefits due to theim from the project. 
When projects are financed by a cenlral fund, the Operating Agent's task includes collecling 
contributiols and fund uinage ment. The initiative for establishing new Implementing 
Agreenent:' is usLally provided by the prospective Contracting Parties, which elect a lead 
country to coordin atc preliminary contacts with the IE A secretariat. Proposals are first 
considered in the lEA Committee on Energy Research and Technology, a plenary committee 
consisting of delegates from all the IEA Mnembr governments, inclose consultation with its 
relevant expert Working Party. They are then submitted for adoption by the Governing 
Board, tile IEA's main decision making body. 

Once the Inplementing Agreeient has been drafted and adopted by the Governing Board, 
Contracting Parties are responsible for planning, managing and carrying out the project 
through an Executive Committee, or a Steering Group, appointed by them. Executive 
Committees meet periodically and representative., of the lEA Secretariat attend the meetings 
ill an advisory Capacity, providing the Contracting Parties with tecClical advice and legal 
support througli all stages of tie R&D aind technology collaboration. Where advaniced 
technology is inivolved and industry participates, the IEA assists with the development of 
conimpletc aiidi precis,: provi si oiis on lamidling of' iiformation alld intellectuall property, suich 
Is idenltificatli on aidLi se 0f pre-existing information and R&D, liceising of' pre-existing and 

arising proprietary information , and inveii ti Mis The Contracting Parties that signanid patents. 
the iplementing Agreement have exclusive rights to tile results. 

In the lEA's experience Implementing Agreements have proved very flexible, able to deal 
with A.il phases of tie energy technology cycle imcluding basic R&D, demonstration and 
testing, information exchange and proiect co-ordination. 

The protecti n of commercially sensitive R&D resulIts and the issue of intellectual property 
Lontiiiues to h- a central issue iii time siccess of tile Collaboration. The primary goal of the 
collaborative act vity is that beniefits shouIld accIrue firist to tie participant,.. However, there 
is a delicate balan:e between ensuring the protection of R&D restihts aiid inmihibitimig the 
necessary dissemination of usef1ul informiatioin to a wider circle. In recent years increasing 
emphasis has beeii placed oil in proving tile dissemination of useful information and hence 
deployment of technology within the O1CD group of countries and to the wider global 
community. One of time difficulties we have been grappling with is how to expand the 
mandate and tile facilities of participants ill tie collaborative programmie for the commercial 
application of R&D resu lts. Continuing efforts are being iade to enhance tie incentives to 
transfer the knowledge and experience gained to the market through closer governlment
induistlry paiM4aershilpS Or private sector participation il tle evolutioIn of the collaborative 
activity. 

Participation in International Collaborative Activities 

Maniiy factors inflieiice tile way go(ermiients participate in iiernation al techlinology 

development collaboration. fhe goal may be simply to establish government compeience iii 
plaining and regulation, or buyer and user competence within utilities. The cotuntry may only 
need access to lilited external technology information. This is often easiest to acquire with 
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a combination of domestic R&D activities and international collaboration, exchanging ideas 
and results. 

If national policy objectives include the establishment or development of industrial supplier 
competence in certain technology areas, one important means is a higher standard of national 
technology development activitv in that area. Inthis case the agreement to participate in 
in.ernational technology collaboration must take the exchange of know-how and intellectual 
property into consideration, lest international competiti veness be enoangered. In such cases 
there mly be a desire to restrict collaboration to pre-competiti'e R&D. 

In Inany countries the role of national R&I) as a reans of developing new technology is 
declining with the increasing development costs and internationalisation of technology. Very
few countries or companies can develop ne' technology independently at the necessary speed.
As a consequence we have seen a growing tendency for national R&D activities to aim more 
at technology application than initial technology development. Even the largest countries are 
turning out not to be technology developers areas,in all with the result that they are 
technology importers or adapters in some areas. 

These different motives and ambitions have helped shape the nature of the IEA's energy
technology collaboration over nearly 20 years. They have created both problems and 
opportunities in the collaboration. Our experience to date has highlighted a number of 
benefits arising from the IEA's energy technology collaboration programme which go well 
beyond the benefits of bilateral or regional co-operation. There has been improved efficiency
in the development of technologies through collaboration among numerous useplayers in tile 

of resources or knowledge which has I'd to cross-savings through avoidance of duplication

of e(luipmlient, work or mistakes. Collaborative activities have resulted in an improved quality

and reliability of results which has led to crmss-savings through more reliable validation of 
technology and consequently reduction of risks. Technology development has also been 
accelerated leading to potential cross-savings by way of reduction of time needed for tile 
technology to penetrate the market. Collaboration between various players from different 
countries, such as R&D research entities, equipment vendors, utilities and cnergy end-users, 
has helped demonstrale the competiti\veness of technologies. 

Different players in the energy market have also been able to gain benefits from the 
technology collaboration programme. Governments have been able to acquire information to 
improve the knowledge basis for policy analysis and decisions concerning institutional 
changes in the energy market, technology development programmes, and stralegies to remove 
barriers to market deployment of new technologies. Energy suppliers have been able to 
obtain better and more indepe ndent information on new and improved technolo gies tthereby
helping to improve decision making on investments, opeatiomi and maintenance of energy
services. Energy consumers have been able to acquire better information for decision making 
on lcquisition and utilisation of processes arid eqtuipment. Energy equipment and system
vendors have been able to obtain better or cheaper information on the technical, 
environmental and cconomic design and performance of new energy equipment and processes, 
thereby reducing risks in developmnent and marketing of new products. 
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Coal Technology Collaboration - Progress and Achievemeats 

Since 1975, nine separate technology collaboration programmes have been set Lip in the coal 
technology area. Some of these Lave now terminated and others have changed their priorities 
and focus on several occasions. Tile programmetC has focussed on coal mining, preparation 
and transport, technology develapment as well as combustion of various IVpes of coal in More 
efficient and environmentally acceptable Ways, ubstittution of coal liquid mixtures for oil in 
existing installations, coal gasification and ithe produoction of -ynthetic fuels fromn coal an 
similar materials. 

Further information on the achievements and objectives of these acti vitic.sbe fond in tliecan 
lEA publication Colla/,oratiu, in L'ne'g. TVk'chnolvzg. 1987-1990 and in the annual reports 
issued by each of th Inplecnting Agreements. and the Strategic workplans prepared by the 
Executive CoIrnittecs o' the var ions Implementing Agreements. 

A cost-sharing Agreement olnPyrolysis of Coal began ill1978 and was completed in 1992. 
Originally oriented towards the dehelopiien! of a process for sy nthetic fuels, it changed 
direction to more basic work, including the lrlliucti1 of chemicals. Coal, and later peat, 
hav'e been tested i i a S1lma1I! pl'resS devehI pllCnl tnit Assessment Slidies have showri that 
currently the pyrolysis pr-ocsses are not coinpetitiv'c in the field of fil production, but they 
might be more comlpetiti\e f1r chemical production. 

A task-sharing Agreement ol Fluidised Bed Combustion was initiated in1980. Exchange 
of in forlnationi has been iundertaken on technical issues and the operating experiences from 
a number of AFB3C installations, including their emission characteristics. The collaboration 
has been broadened to include work on pressIrised filridised bed combustion. 

Tile cost-sharing implementing Agreement on a Low Nitrogen Oxides Coal Burner was 
initiated in 1980. It has dcnonslated and cvaluatcd techniques for the zontroi of NO,and 
SO, emissions from Plnlxerised coal in five wall-fired conuncrcial utility burners. 

A task-sharing Agreemnent olnCoal/Liquid Mixtures wvaw; initiated in1981. Under this 
agreement an exchange of technical and cost in formation and research prograriimes has taken 
place. Long-term (LIp to a year) storage of highly loaded coal-water slurry has been 
successfully demonstrated. Nunerous demonstration tests of coal-water slurry have been 
completed in industrial and utility boilers and a cement kiln. 

The Implementing Agreemeint on Coal Comhustion Sciences started in 1985. It undertakes 
basic and applied research related to erivirointientally favourable coal combustion on a seniii
industrial scale. The initial staes of cOr bulsrion have been studied and mathemnatical models 
have been validated against experiments. Design studies of low-NO, staged burners have 
been performed. A task-sharing Inplemernting Agreement on Fossil Fuel Multiphase Flow 
Sciences, signed in1987, has dealt with basic research and nCasurmen techniques on 
friction and erosion phenomena in pipeline transports of coal Powx'der ;ind coal slurries. It was 
recently extended to research on flows of oil-gas iixtlures. 

A cost-sharing Iplementing Agreement on Testing of High Temperature, High Pressure 
Filters for coal combustion ind gasification was signed in late 1990. It has involved the 
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testing of two diffl'erent types of fiter with high dust collection efficiency under different 
operating conditions applicable to PF13C and in tegrta ted gasificalion Co nhirned cycle plants . 

The co st- shari ng Inplementing Agreement on IEA Coal Research was established in 1975. 
It functions as a comnion siitidv and intformation services centre. It publishes reports on a 
wide varietv of coal technology issues ats well as providing abstracting and database facilities. 
The more recent activi!ies have ;n increasin-v emphasis on coal utilisation and environmental 
issues. 

A cost-sharinmg Implcmenting Agt\receiit ol Technologies Relating to C(reenhouse Gases 
Derived from Fossil Fuel Ilse was sigened in November 199I1. The collaboration is 
undertaking assessment, of teclntologies tocontrol, cature, [Itilisation and dispoesal of C(O, 
and oher eeCulmotIsC eases derived front fossil 10uel use. The assessllenis of the technology 
options are e\alutling. on a full fuel cycle basis, technical aMd economic feasibility, tCchnical 
performance, and 1he eMIonitiental benefits and impact of' available or prospcctivc 
technolog ies. 

The newest tealttire ot tile IlAVs technology programre is tlie IEA/OECI) greenhouse gas 
technology information exchange -- (GREENTIE. It is expected that GRELNTI.F will soon 
be able to facilitate access to technical data aild inftrMimatio on techinooeics to reduce and 
control greenhouse ga,,es, inIC,.ltidin2 in 1Ih1'coal area. It Will provide an open access 
information network containin,, somces for information on such technologies. The syslem 
should help to givC all coLntries of the world access to the institutions, agencies and centres 
where ili'Orimation is available on technologies alh-eadv applied and develiped. It aitts to 
contribute lo the transfer of technology aid technology co-operation. 

The participation by IlA Member countries in these Implementing Agreements has varied 
over time and with the tature of' the collaborative activities. The information sharing and 
dissemination activities have generally attracted the most involvement, with representatives
from up t0 15 Member coutLfries parlicipatitg front all the OIlCD regions. The more specific
technology development ativities (sUch its the filters testing, nliltiplhase flow, and coal/liquid 
mixtures activities) have generally involved fewer participants, reflecting the more specialised
interest of selected coumntries in particular technology developmtent fields. Attention is 
continuously being given to options to enconurage additional participation in all these activities. 
As mentioned earlier, discussions are also underway with a inmber of non-IEA countries 
abot Participation in these coal-related activities, and I would expect several cotntries -
including soile from tle Asia Pacific region -- to become actively involved in a selection of 
these projects over tile next year or :,. 

Concluding Remarks 

The international commitments made by IEA Member colntries and non-Member countries 
in the IEA Implemelting Agreements have constituted atcohesive force in many energy
technology areas. The participants in these activities have focussed work on critical cost
related issues, systenis aspects, and more recently environment-related objectives. The lEA 
collaboration programme has provided, and can continue to provide, an important mechanism 
for developing and maintaining competence in energy technologies, particularly in the coal 
area. 
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1. Abstract:
 

The Center for Coal Utilization, Japan(CCUJ) was established in June, 1989,by more than 100
 

companies, including coal suppliers process manufacturers.trading companies and coal users.
 

Aiming at securing a stable supply of energy sources for Japan and contributing to the
 

sustainable development of its industries and economy with the efficient and comprehensive 

use of coal. CCUJ is engaged inthe following activities:
 

*Research and study on coal use
 

*Development of clean coal technology %hich preserves the environment 

*Promotion of international cooperation on coal technology
 

Prcmotion of pilot businesses called "Model Enterprises,'based on advance coal
 

technology
 

* Public relations activities to encourage coal use
 

To meet the groving demand from the world and to promote the comprehensive use of coal, CCUJ
 

is undertaking a Clean Coal Tcchnolouy projet with governmental assistance. 

This project aims at finding solutions to environmental problems involving the use of coal 

and way to the transfer of fully developed clean coal technology to other countries. 

This paper highlights some appropriate clean coal technology applicable to the Asia Pacific 

countries for their clean and efficient use of coal and lignite. 

2_. Outline of Coal Utilization Technotogie. 

The scope of coal utilization technologies covers wide range subjects, from pretreatment of 

coal to the ut iIizat ion of ah. 

Coal is pretreattd. handled and then fired or converted to for various applications. Coal 

uiI izat ion technologies are related to thfse processes and. futhermore. to treatment of flue 

gas and by-product (ash) utilization. 

In addtion, absorption and fixing of C02 discharged by firing or conversion of coal are also
 

included. The status of individual technologies is outlined as follows.
 

(I)Pretreatment Technology
 

In Japan, about 2 million and 1.5 million tonnes per year ol" briquette fuel and oval
 

briquettes respectively were used for home use and steam locomotives in1965. Now, production
 

of briquettes has decreased to about 10,000 tonnes only. Recently. briquetting technology has
 

revived as a clean fuel use of coal.
 

It is an advanced coal cleaning technology by which impurities (ash, sulfer, etc.) 
 are
 

removed more effectively than conventional coal pretreatment methods normally performed
 

during the coal mining.
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JL andl ing
 

A coal cartrigde system (CCS) and coal water mixture (CI) are being studied as - model
 
enterprises " inorder to expand the uses of coal for rather smaller users.
 
Feasibility study on CM isalso being conducted for large electric power generating
 

companies.
 

(3)Utilizations and Conversion Technology
 

Applications of coal cover a wide range, fi'm energy to raw materials. Technologies of
 
combustion, baking, melting, steel making, gasification, liquefaction and thermal
 
decomposition are being developed now. 
NEDO ispromoting the development of gasification,
 
such as integrated coal gasification combined cycle (IGCC) and liquefaction. CCUJ is
 
developing positively some technologies other than IGCC or liquefaction and so on.
 

4)Flue Gas Treatment
 

This kind of technology, involve the three elementary technologies desulfurization,
 
denitrification and dedusting, along witt, simultaneous desulfurization and denitrification.
 

Low cost desulfurization isnow required, especially for applications indeveloping
 

countries.
 
For this purpose, semi-dried desulfurization with desulfurization rate of about 8O has been
 

developed, inwhich calcium carbonate isblown into the boiler furnace, together with
 

humidification.
 

These technologies have substantially been completed and therefore are expected to be
 
extended especially todeveloping couitries.
 

(5)Utilization of Coal By-products
 

The amount of discharged coal ash isthe largest among coal by-pioducts.
 
Prospective applications of coal ash include a raw material of cement or concrete and
 

aggregate for civil work for roads. harbors, airports, etc. Inaddition. R&D for utilization
 

of flue gas desulfurization slugde. fluidized bed boiler ash. etc. has been carried out.
 

(6)Technology to Preserve the Global Environment
 
Development of carbon dioxide gas absorption and fixing technology has just started.
 

Suppressing the amount of N20 created along with the analysis of occurrence mechanism have
 

not been achieved, so further study isneeded.
 

These development efforts have been managed by NEDO under the leadership of MITI (Ministry
 
of International Trade and Industry) incooperation with universities, national institutes and
 

private enterprises.
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3.Current Status of Comprehensive Promotion of Coal Utilization Technologies
 

CCUJ isan organization supported by 126 private companies inJapan related to coal
 

utilization. Development of :!ean coal technology, which has been mainly carried out by
 

CCUJ, isshown inthe following.
 

(1)Coal combustion technology
 

( Combustion furnace technology
 

One of the principal objects of developing this isto obtain a high efficiency of power
 

generation using coal. This technology isalso intended to be applied to bo:iers used by
 

general industries.
 

Especially. the fluidized bed combustion system has been attracting wide attention, inwhich
 

desulfurization isconducted inthe furnace. Some new types such as circulating and internal
 

circulating types, beginning with the bubbling type, have been developed with improved
 

desulfurization rates and lower NO, ennisions.
 

Aiming at further improvement of power efficiency, the pressurized combined cycle power
 

generation s*,stem isnow being tested.
 

CCUJ has been developing:
 

* Atmospheric fluidized bed combustion (AFBC)
 

* Internal circurating fluidized bed combustion (ICFBC)
 

* Pressurized fluidized bed combustion (PFBC)
 

Z Industrial furnace technology and cement manufacturing 

Regarding industrial furnace technology (cement production), a 20 t/d pilot plant using the
 

fluidized bed cement baking furnace istested. Futhermore, demonstration plant (200 t/d) was
 

launched inthis year by CCUJ.
 

Thus. the basic heat unit of a cement manufacturing system will be reduced by more than 10%
 

by applying this system.
 

(2)Study of Coal Slurry and Coal Handling Technology
 

It is sometimes difficult for a small or medium user to convert to coal because of
 

difficulty of coal handling. etc. As a solution, new technologies for coal handling have been
 

developed, such as coal water mixture (ClM) inslurry and coal cartridge system (CCS) to
 

transport fine coal powder by cartridges. Some of these technologies ispractically
 

introduced as follows;
 

* Test of CIN demonstration plant
 

* Test of distribution and transfer system
 

* Test of CCS technology
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TilESTATUS OF FBC TECHNOLOGY DEVELOPMENT
 

(FBC Technology) 

Purpose of Development 


(AFBC Boiler) 

Reliable Technology of 

.
 In-furnace dessulfurization
 
*Controll of denitrification 

-Combustion efficiency 


(ICFBC Boiler)

Technology of Small-size coal 

firing boiler with high efficiency 


and low pollution 


(PFBC Boiler) 

Combined cycle power 7Pnerating 

technology which de-..dses CO2 

generation and achieves 

compactness by pressurising
 

(Industrial Furnace) 

Cement sintering technology with 

high thermal efficiency and low 


NO, emmision
 

Scale of Plant 


@T Pilot Plant 

Evaporating Rate:20t/h 


0) Demonstration Plant 

Evaporating Rate:lGOt/h 


(50MW) 


Commercial Plant 

Power Generating Rate: 


350MW 


Demonstration Plant 

Evaporating rate:lOt/h 


Demonstration Plant 

Power Generating Rate: 


70MW 


(0)Pilot Plant 

Cement production Capa-

city :20t/d 


() Demonstration Plant 

200t/d 


Schudule 


ef Development 


Testing already 

finished in 1983 


Testing carried-out 

during 1987-1991 


Plant under 

contruction and to be 

commisioned in 1995
 

Plant to be tested to 

make less ,O,. SO, flue 

gas and to study of 


pressurized cold model 


Plant now being under 

designed and will be 

tested during
 

1994-1996
 

Plant constructed 

in 1989 and now being 

tested 


Plant now being desig-

ned and will be tested 

during 1994-1995 


Developing 


Organizations
 

CCUJ. EPDC.Kll 

Babcock-Hitachi
 

CCUJ 

EPDC (Electric Power 

Development Company) 


EPDC 


CCUJ. 

Ebara Coporation 

Idemitu Kosan Co 


CCU. 

EPDC
 

CCUJ 

KHI 

Sumitomo Cement Co
 

CCUJ 

Japan Cement 


Association
 

Location of Plant
 

WAKAMATSU
 

WAKAMATSU Coal
 
Utilization
 

technology Center
 

TAKEHARA Power
 
Station of EPDC
 

Boiler Research
 
Center of Ebara
 

Coal Research
 

Center of Idemitu
 

WAKAMATSU
 

TOTIGI Works
 
of Sumitomo
 

ARPHO Works
 
ot Sumitomo
 



Coal-Water Mixture (CMI)
 

R& D of I technology for higher economic performance and easier equipment maintenance and
 

handling was launched in 1983. After finishing basic researches and pilot plant tests,
 

various demonstration tests have been conducted and various data has been accumulated.
 

Infact, CM technologies for production, storage, transportation and combustion are
 

satisfactory for practical applications.
 

However, users. especially general industries, are less interested inshifting to CM at
 

present because of the fall inoil prices, uncertainty about such new fuel, and so on.
 

Under these circumstances, a test for a CVM distribution relay system. West Japan Project,
 

was launched in1991 to present NM to users as a more attractive commodity.
 

Inthis demonstration test. emphasis isplaced on a distribution relay system of CM produced
 

inChina and transported to Japan. Inthis pioject. it is intended to supply CM to users
 

more economically and stably through a relay station inJapan. TACA Co..one of the major
 

Japanese titanium oxide producers, isthe first user, using 40.000 tons per year. Thereby, it
 

isplanned to increase annual handling amount of Ml3from 40,000 tons to 250,000 tons within
 

two or three years by increasing the number of of users year after year.
 

On the other hand, the Nakoso project has been conducted by Japan COM and Joban Joint Power
 

Co. since 1987. Annual CRM consumption is70,000 tons at present and the consumption will be
 

expanded to 500.000 tons from this year.
 

Coal Cartridge System (CCS)
 

Coal ispulverized so that about 80 90 of itpasses through a 200 mesh screen. It is stored
 

in a tank and transported to users by a truck with a sealed tank filled with nitrogen gas to
 

prevent burning. CCS isadvantageous particularly for smaller users because coal pulverizers
 

are not required.
 

Extensive tests have been made by CCUJ jointly with many companies with the support of
 

MITI.The first commercial use of CCS started at Nichiha Co's Nagoya plant in1991 for a
 

1Ot/h boiler to generate 10.8 M electric power. The storage tank at the the Nagoya plant is
 

made of steel and has capacity of 1.180 m'and isfilled with N. gas to maintain 02 at a low
 

level.
 

The tank has an equipment to fluidize the powdcred coal by using N2 gas.
 

At the Nagoya plant of Nichiha Corp., fly ash isutilized toproduce construction material.
 

From plants which do not utilize fly ash, the ash can be sent back to the CCS production
 

plant by the CCS truck. Nisshin Textile Co. will also use CCS.
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(3)Study on the Technology for Effectively Utilizing Coal Ash
 

At present, a lot of coal ash can be utilized only as admixture of a cement and concrete or a
 
raw material of cement. Inorder to develop othcr applications, such as aggregate forcivil work
 
for harbors, airports, etc.,a joint development organization has been set up.
 
Regarding desulfurization sludge, itwas utilized inroads, banking walls, etc. inOmuta on a
 

trial basis and was favorably evaluated.
 
Gravel artificially made of ash from a fluidized bed boiler will be tested inShikoku.
 

CCUJ has developed:
 

* Unused resource utilization technology
 

• General industrial coal ash utilization technology
 

* Study on hardened material
 

* Fluidized bed boiler combustion ash 	utilization technology
 

The amount of discharged coal ash and 	its applications, in1991 (unit: 1,000 ton/year)
 

Amount of Amount of Uses
 
Discharged Ash Apll!ications Fo: Cement iFor Others Disposal
 

Concrete
 

Power 4,000 1,720 1,200 2.280
 
Generation (439%) (7096)
 

General 1600 	 1,120
,120 	 480
 
Industries 	 (70%) (10096) 

Total 5,600 2.840 2,320 52 2,760

(516) (82,06) (18/0) 

The Contents of Uses inCoal Ash Applications (unit: 1.000 ton/year)
 

Contents Amount of Detailed
 
of Uses Applications Contents of Uses
 

For Cement -Concrete 2,300 	 Cement Material, Cement Admixture,
 
Concrete Admixture, Ready Mix Concrete,
 
Special Concrete (Hardened Material)
 

For Civil Industry 360 	 Road Material, Landfilling,
 
Foundation Amendment. Fly Ash Board,
 
Fly Ash Milk. Backfilling of Mine Sites.
 
Artificial Aggregate
 

For Agriculture- 50 Fertilizer, Snow Melting Material,
 
Marine Soil amendment, Marine Structure
 

For Others - Desulfurizer for Flue Gas, 
Artificial Zeolite, 
Recovery of Valuable Substances 

2.70.Disposal Landfill ing, Sea Reclamation 
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(4)Study on Coal Partial Combustion Technology
 

This technology uses small combustor inwhich coal ispartially fired in a high-temperature,
 

high-thermal load, reduction atomosphere and then fired in a boiler combustor. This technology
 

features lower NO. emmision and ash removable as fused slag. Testing of a 2t/h pilot plant has
 

been completed. A demonstration plant isplanned at present.
 

(5)Study on the Direct Iron Ore Smelting Reduction Technology
 

Pig iron issmelted directly from non-caking coal and iron ore using a fusion reduction furnace,
 

with using a blast furnace. This technology ismodified from a converter. A pilot plant of 500
 

t/d isnow under construction. This technology has the possibility to realize reduction of basic
 

energy unit, higher flexibility of production. etc.
 

(6)Environmentally Safe Coal Combustion Technology
 

. Topping cycle coal combustion
 

The working temperature of the gas turbine isabout 850'C ina pressurized fluidized bed
 

combined cycle. Inorder to make this temperature higher and the cycle efficiency higher,a
 

fuel gas and the combustion
simplified gasifier isprovided to partly gasify the coal. and this 


fluidized bed combustor are mixed in the topping combustor. Thus, the inlet
gas of the 


temperature to the gas turbine increases to about 1200-1300'C. and the cycle efficiency is
 

improved to 43-45%.
 

CCUJ has begun to study this technology.
 

. Oxygen injected coal combustion
 

At a coal fired boiler, a part of the exhaust gas isrecirculated. Oxygen isinjected into this
 

isburned. Inthis system carbon dioxide inthe exhaust gas
recirculated gas and this mixed gas 

becomes concentrated and can be recovered more easily. CCUJ has beggun to study this technology. 

. CCUJ has also beggun now to study coal flash pyrolysis and advanced coal cleaning technology. 

4.International Cooperation for Transfer of Appropriate Technology
 

CCUJ ispositively exchanging information with governmental organizations both indeveloping
 

countries and advanced countries. Inaddition, CCUJ isalso promoting international cooperation,
 

together with NEDO or other domestic organizations.
 

(1)Cooperation with Advanced Countries
 
IEA among advanced cou-
Information isexchanged according to technical cooperation agreements on 


ntries.
 

(2)Cooperation with Developing Countries
 

Itismost significant to transfer appropriate technology to developing countries to meet the
 

economical and technical situation of the candidate project sites.
 

High cost of technology isnot necessarily appropriate ifitcan not be actually utilized by the
 

recipiant.
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Therefore some modification of Japanese technology may be required to fit each recip;ent
 

country' situation and joint development may be an ideal case.
 

CCUJ iscarrying out "Research cooperation for development of simplified desulfurization fur
 

coal-fired boiler" with Indonesia.
 

Furthermore. technologies for environmentally sound coal utilization are planned to be
 

transferred to the Asia Pacific countries aiming at improvement of efficiency incoal utilization
 

and decreasing of air pollution in immediate future. Demonstration tests of the following
 

technologies are planned for their transfer.
 

* Simplified desulfurization for coal-fired boiler
 

F
Pluidized bed boiler
 

M
Manufacturing of briquette fuel
 

(1)Simplified desulfirization for coal-fired boiler
 

InJapan. all desulfurization equipment used at present employs either wet limescae gypsum
 
processorwet magnesium hydioxide process. The capital cost of such equipment istoo expensive to
 

spread this de~ulfurization equipment to smaller coal boilers, and additional equiping of FGD is
 

far and away the allowable limit of such users.
 

Under such circumstances,Japanese manufacturers have been developing a simplified FGD system.
 

Inaddition, with the increasing tendency towards worldwide environmental protection, the
 

government iss'rengthcing the technical cooperation with developing countries.
 

As one example, furnace limestone injection / water spray system isshown inthe sheet of "SO2
 

Removal Process Plow and Features".
 

As one of Japan's ODA projects, CCUJ isnow conducting a cooperation test with Indonesia for a
 

boiler Installed inOmbilin mine power station. This desulfurization plant isnow under test
 

operation. Flue gas isseparated from the IDF (induced draft fan) of the flue gas duct and
 

stack,and then goes through a spray cooler. Thus. refined gas isreturned to the gas duct and
 

exhausted from stack
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Process Outline 
This semi dry type SO2 removal system for coal firing boiler consists of two-slage desulfurization technology; one is limestone 

injecton into Ihe furnace and the other is water spraying into the flue gas. 

E Process Flow 

LIMESTONE SILO 

SINJCTO AIR HEATER WATERPUMP 

BURER STACK 

i~iJ .,. DUST COLLECTOR, 


CaCO, -. GaO.t.0 
SPRAY COOLERBOILER 

=1ASH SILO 

e Primary Desulfurization *Secondary Desulfurization 

CaCO3 OT 90 Ca• i-CO2 T 

SO2+CaO+1/2 H2O - CaSO3.1/2 H20 
Under 1,2001C

SOz+CaO+1/2 02 - CaSO4 

Limestone (CaCOr) inlected into a coal firing boiler Ihermally Further desulturizaton is performed by positive utilization of 
decomposes into calcium oxide (CaO)and carbon dioxide r Ii'Ilue gas Injected water acceler.calcium oxide (Car-,) 

gas (CO,). Then, sulfur dioxioe (SO,), which obtained from ales reaction of sulfur oxide (SO,), and produces calcium sul. 

the burning sulfer (S) conlents of coal, reacts with calcium file (CaSO,) 
oxide (CaO), inatly forms calcium sulfate (CaSO.) after being 
oxidized 

Features Data of Pilot Plant 

*Semi dry and non-effluent waste waler process 0 Boiler type . Stoker Type Boiler (321"1H) 
* High SO; removal efficiency eGas volume :50,000m N/H 

*Simple ano economical process OSO, -500ppm 

(low installation and operation costs) "Plant manufactuter Kawasaki Heavy Industries, Lid 
*Compact-not required much spacr 
G Easy operation and maintenance with no slurry handling 
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(2) Internally Circulating Fluidized Bed Boiler (ICFBC)
 
Ebara Corp. developed an 
ICPBC which isbeing applied for municipal solid waste incineration.
 

CCUJ. jointly with Ebara Corp. and Idemitsu Kosan. has started tests on coal firing with a
 
subsidy of M171. The concept of ICFBC 
isshown below. Crushed coal and silica sand are fluidized
 
inthe main combustion zone with a gas velocity of 1-3 m/sec.. similar to that of a 
conventional
 

bubbling bed.
 

The boiler isdesigned so that the combustion gas circulates through the heat recovery zone at
 

both sides.
 
No erosion of the heat transfer tubes occurs because the gas velocity issmall inthe heat
 

recovery zone. Unburned char inthe gas 
iscaught by a cyclone and isreturned to the
 

combustion zone.
 

The boiler operation load can be changed over a wide range without diffico!ty. The system may
 
be suitable for relatively small boilers.
 

Coal D)(Fo__
 

" "....Char
 

Air Air(less) Air(much) 

(A) Main combustion zone (B) Heat recovery 
zone
 
(C) Air nozzle (D) Cyclone
 
(E) Economizer (F) Bag house
 

Concept of ICFB for coal combustion
 

Tests with a !Ot/h coal-fired boiler have been made since 1990 using 2-4m limestone as the
 
absorbent. By combustion of coals with about 0.5% sulfur and 1.7% nitrogen at 800-830'C 
 both SO, 
andNO. concentrations were kept at around 50 ppm, while the combustion efficiency was kept at 

99.
 
The boiler load can be changed easily.
 
The advantage of ICFBC is that it can burn inferior quality of coal, sludge, coal
 

refuse, lignite and even waste materials.
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(3)Manufacturing of briquette fuel
 

Briquette fuel isa mixed form fuel of coal, and saw dust and so on with a little amount of
 

binder.
 

Itiseffective for decreasing flue gas emission and widening utilization of coal.
 

There are methods of manufacturing these briquette fuels:
 

( Briquetting by carbonization. 

( Briquetting with a high compressive force. This method isapplied to Bia-coal. 

These methods are now being investigated by NEDO and CCUJ as a project for the international 

cooperation. 

Bio-coal isshown inthefollowing. 

Bio-coal isa mixture , biomas material (vegetable matter), such as wood fibre or bagasse and 

a 10 0 to 25%,coal tha, s briquetted with a high compressive force. 

Depending on the coal grade. a small amount of binder and desulfurizing agent may be 

required. 

The Bio-coal may be suitable as a clean burning fuel for stoves, boiiers or cooking, as well as 

industrial applicat ions; such as greenhouse boilers. and boilers for offices or institutions. 

S inash
Peicentage of fixed Ignition ploperty 

60 10 

0 0% 

111-011l C.It l,, u t l 

Soot influe gas 

! 'riCOL 

510COAL 
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According to a leading manufacturer of briquetting machines the features of Bio-coal are as
 

fol lows:
 
. Little smoke generation
 

The smoke generation rate of Bio-coal isreduced to 1/5 to 1/10 of the rate of unblended coal.
 
Since each Rio-coal briquette has been formed by a high compressive force, during combustion.
 

briquettes will not disintegrate to cause separation of coal particles and wood fibre.
 
. Less SOx emission influe gases
 

Since Bio-coal has been formed by high compressive force with a desulfurizing agent such as
 
CaO), dispersed between coal particles, catalytic reaction between the sulfur content and
 
desulfurizing agent isachieved effectively during combustion, thus leading to the fixation of 60%
 

to 80 %/of the sulfur inthe coal.
 

COAt - DRYING j DRYING BIOMASS 

GRINDING GRINDING 
ti
i
 

1 n • 

Briquetling Rolls 810-COAL 
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FLUE GAS DESULPiHURISATION FOR COAL-FIRE) POWER GENERATION IN
 
THE ASIA-PACIFIC REGION: AN OVERVIEW OF BEST AVAILABLE OPTIONS
 

Irene M Smith. iterminnt N Soud. Mitsuiru Takeshita
 
IEA Coal Research, Gemini Hlouse, 10-18 Pulney Iiill, London, SWI5 6AA, UK.
 

ABSTRACT
 
Legislation to reduce SO. emissions is becoming more stringent and more widespread. In 
many countries, flue gas desulphurisation (FGD) is the chosen option to meet these 
standards. Following an early start in Japan. there are now FGD installations in mainland 
China and Taiwan. Plans for FGD units are also progressing in other countries in the Asia-
Pacific region. There is a range of FGD systems. developed to suit the differing needs in 
the various countries. Wet FGD systems provide a mature technology which has attained 
the lead in the SO, control market. A simplification of the process has resulted in 
considerable cost reduction. Wet FGD systems producing gypsum have the advantage of a 
widely used, saleable product. The lower capital cost of many spray dry scrubbers and 
sorbent injection processes make them attractive for smaller plants burning low to medium 
sulphur coal. Sorbent injection processes are relatively easy to retrofit and the SO, 
removal efficiency has been improved in recent years. Fewer applications have been found 
for the more variable residues from both spray dry scrubbers and sorbent injection 
processes. Regenerable processes are complex, costly and result in greater energy 
consumption due to the need to regenerate the sorbent. Many combined SO,/NO, removal 
processes currently cost more than the equivalent conventional FGD/selective catalytic 
reduction systems. However, emerging processes have the potential to become competitive 
with the conventional systems. They produce a saleable by-product such as sulphur, 
sulphuric acid or fertiliser. The advantages and disadvantages of an FGD system are 
largely determined by site-specific conditions. 

INTRODUCTION 
Sulphur oxides (SO,), specifically sulphur dioxide (S),) and sulphur trioxid SO3), are 
emitted from coal-fired combustion through oxidation of the sulphur contained in the fuel. 
Unless low-sulphur coals are used, SO, emissions must be controlied to meet 
environmental regulations. Control technologies such as flue gas desulphurisation (FGD) 
systems reduce SO, emissions either during or after combustion. FGD processes use an 
alkaline sorbent which reacts with the SO, in the flue gas in specific locations depending 
on the system. 

National regulations limiting SO, emissions were first introduced in the early 1970s in 
Japan and the USA. During the 1980s and 1990s. emission standamd have become 
progressively more stringent and more widespread. including most European countries, 
Korea and Taiwan. The trend is expected to continue to include other countries in the 
Asia-Pacific region. The national emission standards for new and existing coal-fired power 
plants introduced in selected countries are shown in Table I. There is a considerable 
variation in the standards applied to new and existing plants in many countries such as 
Germany. Large new plants generally have to meet the strictest emission limits while 
existing plants are usually required totmeet the same targets after a specified period of 
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time (Soud, 1991). More lenient standards may be applied to use of indigenous coal as in 
Korea. National emission standards are being introduced or formulated in mainland China 
and Thailand. 

Regulations have led to a widespread growth itt the use of FGD systems in the USA and 
Japan, followed by Europe. and now in other Asian countries. There is a variety of 
systems adapted to suit specific needs and considerable experience of their operation in the 
many installations in different countries. Information on commercial, demonstration and 
laboratory scale FGD systems and commercial FGD installations worldwide is collated on 
two computerised databases, at IEA Coal Research (1993 bc). This paper provides an 
overview of the different systems in operation, highlighting recent technological 
improvements, and discusses the types of FGD system chosen in different countries. 

FGI) SYSTEMS 
Commercial FGD processes may be classified simp-ly as: wet scnrbbers, spray dry 
scrubbers, sorbent injection processes, regenerable and combined SO/NO, processes. 

Wet scratbbers are the most commonly used FGD system, accounting for over 80% of the 
total FGD capacity worldwide. About 10% of installed systems are spray dry scrubbers. 
and the remainder are sorbent injection, regenerable. and combined SO/NO, systems. 

In the last decade, conventional FGD systems have undergone considerable development 
in terms of improved SO. removal efficiency and reliability, as well as reduced costs. 
Those processes which satisfy the following criteria are defined as advanced FGD 
systems: 

- SO, removal greater than 9517 
- reliability greater than 991.'(' 
- power consumption less than 1.5% of power station output 
- use of integrated single a- : no spare absorber (for wet scrubbers) 
- a saleable by-product 

Demonstration projects for advanced FGD systems within the Clean Coal Technology 
Demonstration Program are summarised by the US Department of Energy (1993). The 
brief descriptions of commercial FGD systems which follow are based on detailed reviews 
from lEA Coal Research on FGD systems on coal-fired plants (Takeshita and Soud, 1993; 
Soud and Takeshita. 1993) and on FGD residues (Clarke. 1993). 

Wet scrubbers mostly use alkaline sluriy as sorbent, commonly limestone, slaked lime, or 
a mixture of slaked lime and alkaline fly ash. The sorbent is sprayed into the flue gases in 
a separate vessel after the boiler, generally in an open spray tower although a packed 
tower may sometimes be used. The sulphur oxides react with the sorbent forming a wet 
mixture of calcium sulphite and sulphate. An oxidation step. either as an integrated part of 
,the scrubbing process (in situ) or in a separate vessel (ex sitil), results in gypsum as a by

product. Processes producing gypsum are favoured due to superior dewatering 
characteristics and marketability of the by-product. 

Simplification of the system configuration has largely been responsible for the progress 
made in the 1980is. from separate pre-scrutbber, ab,;orber and oxida,min vessel to tire 
integrated oxidation vessel and finally tie integrated single ahmirber. hlie first 
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development from ex situ oxidation to in situ oxidation prevented gypsum scaling,
improved SO: removal efficiency and limestone utilisation, and reduced wastewater 
treatment. Design of the large capacity, integrated, single absorber reduced power 
consumption to <1% of net electricity production, compared with about 2% in earlier 
systems. It reduced capital costs by 30-50%, without loss of reliability in systems with no 
spare absorber (Ando, 1991). The integrated single absorber has been popular in Germany 
since the mid-1980s and is likely to be favoured worldwide because of these advantages. 

Requirements for a minimum of 95% SO removal efficiency can be achieved in a 
matured technology, through better understanding of FGD chemistry and proper absorber 
design. Additives such as dibasic acid (DBA), fnrmates, and tmagnesium compounds may
be used to increase SO, removal efficiency, especially for high sulphur coal. Additives can 
ilso reduce power consumption and allow the absorber to be smaller in volume, if they are 
part of the initial design. 

Other wet scrubbers, which do not use lime or limestone as sorbent, include the dual alkali 
process (used only in the USA in the 1970s and 19lls), and those using sodium 
carbonate, seawater, magnesium or ammonia. These processes have genetally been 
employed in relatively small power plants and industrial boilers. Seawater scrubbers take 
advantage of the fact that seawater is naturally alkaline since it contains bicarbonates. The 
absorbed SO, is in the form of sulphate ions which are a natural constituent of seawater. 
The effluent may therefore be discharged into the sea after neutralisation. Seawater 
scrubbers offer potential advantages as they are simple, require little or no bulk chemicals 
and have low capital and operating costs. The reagent in magnesium scrubbers is 
magnesium hydroxide which is produced by adding ;aked lime to seawater in order to 
enhance alkalinity. The process has become popular since the early 1980s. replacing 
sodium scrubbers, because magnesium hydroxide now tests less than sodium hydroxide or 
carbonate as a reagent. The magnesium sulphate by-product can be discharged in o the sea 
because it is a constituent of seawater. Ience. this process is suitable for plants located 
near tie coast. The ammonia wet scrubber can achieve higth efficiencies and produces 
ammonium sulphate which is a saleable fertiliser. 

Spray dry scrubbers evolved as an alternative to wet scrubbers in the early- to 
mid-1970s reaching commercialisation on a coal-fired power station in the USA in 1980. 
An alkaline solution or sluny is sprayed in fine droplets into the reaction vessel, drying as 
it reacts with the SO, in the flue gases. As ,he slurry or solution is evaporated, salts are 
precipitated and the remaining solids are dried. The solids and fly ash, entrained in the 
flue gases, are carried out from the spray dry scrubber to a particulate collection device, 
either an electrostatic precipitator (ESP) or fabric filter (bagliouse). In Europe, a fly ash 
pre-collector is common because there is a major emphasis on the use rather than disposal
of fly ash. Slaked lime is used generally as sorbent although sodium carbonate is used in a 
few installations. Spray dry scrubbers are designed to achieve 70-95% SO removal but 
the process has the potential to remove SO. up to 98%. The SO: removal efficiency and 
ESP perfonnance can be improved by chloride which is provided from coal or additives 
such as CaCI, and sea water. The by-product is a dry mixture of calcium sulphile, 
sulphate, fly ash. and unreacterd lime. Generally. part of it is recycled and mixed with 
fresh lime slurry to enhance sorbent utilisation as not all of the litme reacts with SO:. 

Spray dry scrubbers are used mostly fior relatively stuall to medium c.ipacity boilers 
burning low to nedium sulphut coal. The high co,,l tit lime iclative t,1limestone precludes 
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its use on plants burning coal with ahigh sulphur content. Spray dry scrubbers ha.e lower 
capital costs but higher sorbent use compared with wet scrubbers. For this reason and 
because of their smaller area requirements, they are preferable for retrofits and for peak 
load operation. Reliability of operation can be 97-100% in a well-maintained spray dry 
scrubber, owing to the simplicity of the process and the redundancy built into the system. 
The absorber is operated at 10 to 20C above the approach-to-saturation temperature, 
hence the cleaned flue gas does not generally require reheating as in wet scrubbers. The 
construction material of the absorber is usually carbon steel which means that the absorber 
is less expensive than that used in the wet scrubber. The power cinsumption of a spray 
dry scrubber is low at 0.5-1% of net electricity production. 

Disposal and utilisation of the spray dry scrubber product has caused problems in the past. 
The residues are composed of calcium sulphite, wvith some sulphate, unspent sorbent and 
flyash. Some residues may require stabilisation before disposal. Residues rich in sulphite 
have been unsuitable for uses normally associated with residues (road-base, foundations 
and other building materials) because expansion often occurs as they harden (Clarke, 
1993). 

Sorbent injection processes include furnace sorbent injection, duct sorbent injection, 
hybrid sorbent injection and fluid bed dry scrubbers. Furnace sorbent injection has a 
limited SO2 removal efficiency of 50-60% using limestone/lime as sorbent atid 70% using 
refined trona (a naturally occurring sodium bicarbonate). It is used commercially in 
relatively small, old existing plants burning low sulphur coal because of its low capital 
costs, ease of retrofitting, and low power consumption (<0.5%). Its reliability has been 
nearly 100%. The SO removal is improved to 70-90% by recycling the reaction product. 
Emerging duct sorbent injection processes aim to achieve improved SO. removal from 
50% to 70-95% without appreciable additional capital costs and operational difficulties, 
based on a better understanding of duct sorbent injection. Hybrid sorbent injection can 
improve the performance of furnace or duct sorbent injection to over 801. This involves 
humidification in the duct o, in a specially designed vessel to reactivate the unreacted 
calcium oxide. Fluid bed dry scrubbers calt achieve >90% SO, removal efficiency. 
Wastewater treatment is not required for sorbent injection processes. The variability of 
sorbent injection residues limit their use. 

Regencrable processes include systems in which the spent sorbent is recgenerated 
thermally or chemically for reuse and a useful by-product such as elemental sulphur or 
sulphuric acid is obtained. The SO, removal is high, normally 90-98%. Some processes 
are commercially available but they have not been used widely due to their high costs. 
complexity, and large energy requirement to regenerate the spent sorbent and to convert 
concentiated SO, to a useful by-product. New processes, for example. using amines as 
sorbent are emerging to overcotrte these disadvantages. Also, the costs may be offset to 
some extent where there is a market for the by-product. 

Combined SOl/N(, processes are now operating cow.,nercially on some coal-fired power 
stations burning medium to low sulphur coal. Many are in the development stage and have 
Ole potential to become equivalent or preferable to conventional FGD/SCR (selective 
catalytic reduction) systems in terms of costs and removal efficiency. This depends on 
site-specific requirements. such as limitation of process water, land space, waste disposal, 
and by-product. Combined SO/NO, processes aim to provide both t 95-991,; SO, removal 
efficiency and a NO, rcmoval efficiency of over 91'. Additionally. they, produce a 
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saleable by-product such as elemental sulphur, sulphuric acid or fertiliser. However, many 
of these processes currently cost more than conventional FGD/SCR probably as a result of 
their greater complexity, their higher power consumption and the numerous components 
required to produce the by-product. In principle, combined SO.!NO, removal processes can 
be divided into: solid adsorption/regeneration (desorption); gas/solid catalytic operation; 
electron beam irradiation; alkali injection; wet combined SO./NO, scrubbers. 

The choice of FGD system is influenced by features such as those shown in Table 2. 
Spray dry scrubbers and sorbent injection processes are characterised generally by low 
capital costs but high operating costs because litne sorbent is expensive. Wet scrubbers 
generally have high capital but moderate operating costs dae io using limestone as sorbent 
and the marketable by-product. Sorbent injection processes, spray dry scrubbers and some 
of the combined SOJNO, removal processes are more compact, and hence are suitable as 
reuofits where space is limited. Sorbent injection processes are easier to retrofit than the 
other processes. Wet scrubbers requtre large wastewater treatment facilities. One way to 
reduce the amount of wastewater involves injecting part of it into tile flue gas duct, 
upstream of the ESP, for evaporation. 

Sorbent injection processes have the advantage of less power consumption. Electricity 
requirements in wet scrubbers can be reduced by up to about 1%of electricity production 
in advanced wet scrubbers through ,implification of the system. Reheating of the cleaned 
flue gases is required in wet scrubbers and sometimes in spray dry scrubbers to improve 
dispersion from the stack, depending on the regulations in each country. 

The actual costs of retrofitting a FGD system depend on individual plant-specific 
conditions such as plant size, coal sulphur content and retrofit factors. Retrofit factors are 
especially important -nd include space and access limitations, major modifications to 
existing equipment (uctwork and so on), age and condition of the unit, and any additional 
engineering due to the difficulty of the retrofit, According to the NAPAP study (Emmel 
and Jones, 1987) sur'eying 2(0(0 lime/limestone and lime spray drying FGD plants in the 
USA, most cases have limitations witi retrofit factors ranging from a low of 1.19 to as 
high as 3.0 compared with the cost of a new plant. A nedium retrofit difficulty factor is 
about 1.3. This means the capital costs of retrofitting a FGD system are higher by 30% 
compared with the case of installing a FGD system during the fitst stage of power plant 
construction. 

FGD INFTALLATIONS 
The first FGD installations were fitted in the USA and Japan in the early 197(0s. 
Introduction of stringent environmental legislation in several countries, especially in W 
Europe, led to a rapid increase in FGD installations during the 1980s. In Japan and the 
USA, the number of FGD installations on new plants is about equal to the number 
retrofitted on existing plants. By contrast in W Europe, where many utilities were forced 
to reduce SO2 emissions rapidly, FGD has been retrofitted on nearly 80% of the 
installations there. 

Existing installations amount to a total capacity of nearly 17(1GWe (to end 1992) on 
over 640 coal fired-units in 17 countries. The largest number of installations on coal-fired 
units are in the USA (318). Germany (218) and Japan (51). Other countries il Asia. 
mainland China. India and Taiwan also have FGD installations (sve Table 3). 
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Wet scrubbers comprise over 81)%of the total capacity of existing FGD installation,: (see 
Table 3). Just over half of these produce gypsum, the majority being located in Europe 
and Japan. The policy in many countries encourages use of wet scrubbers which generate 
the saleable by-product gypsum. Wet scrubbers producing gypsum have also been chosen 
for the first installations in mainland China and Taiwan. Other types of wet scrubber, 
mostly located in the USA, generate a sludge requiring disposal (mainly in landfills). 

Other FGD systems are u :ed mostly in Austria, Germany, Japan, Sweden and the USA 
(see Table 3). Spray dry scrubbers are favoured for smaller sized plants burning lower 
sulphur coals although there are some spray dry scrubbers fitted on larger plants burning 
higher sulphur coal. Most sorbent ini"ction processes are retrofitted to smaller boilers and 
are favoured for use in older plants burning lower sulphur coals and where space is 
limited. Regenerable systems, used for the removal of SO, only. are installed otn17 units 
(4.7 GWe) in Germany and the USA. Combined SO./NO, removal systems are installed 
on 18 units (3.0 GWe) in Denmark. and the USA.Germany, Italy 

Planned installations amount to a future increase of over 60(% of the total FGD capacity 
as it was in 1992. FGD systems are under construction or planned for the future in 
20 countries on 240 coal-fired units and on a total capacity of over 100 GWe. The wet 
scrubber producing gypsum will have a 601%share of the new market, including 
installations in Hong Kong and Taiwan. In addition. 60) MWe of a lignite-fired power 
plant in Thailand is in the process of being fitted with awet limestone gypsum process to 
start operation in 1995. There are also plans tofit further units with FGD (Ukawa, 1993). 
Cho (1991) reports that the wet limestone gypsum process is favoured in Korea and that at 
least 28 coal-fired power plants there are to be fitted with FGD by the year 20116. Other 
wet scrubbers remain a popular choice of FGD technology but mainly in the USA (lEA 
Coal Research, 1993c). 

Spray dry scrubbers, currenitly used in II1> of existing FGI) capacity, are tie choice in 
only 5% of the new installations, including one inTaiwan. A spray dry scrubber has also 
been chosen for a power plant in mainland China (Shandong), w ,ere high sulphur coal is 
used. Demonstration tests are to start there in 1995 (Ukawa, 1993). The outlook for 
sorbent injection processes depends mainly on tile results which are awaited from tle 
various demonstration programmes but there are plans fo, 10 new installations in W and E 
Europe, Rusria and in die USA. Two installations of regenerable systems are planned in 
Poland and the USA. Finally. there are also firm plans to fit FGD installations on a total 
capacity of over 16 GWe of coal-fired units in several countries where the system types 
have not yet been specified or selected (lEA Coal Research, 1993c). 

In the Asia-Pacific region, there will be an expansion of the use of the wet scrubber 
producing gypsum and some use of spray dry scrubber s)stemTIS. However, other FGD 
systems may be chosen for specific needs. For example, several demonstration plants 
using different processes are to be assessed inChina as a basis for further applications 
there (Ju-Gen, 1993). 

CONCLUSIONS 
The trend to more stringent regulations for SO. emnissions favours the installation of FGD 
technology on coal-fired power plants. FGD is a miature and reliable technology. The 
number of coal-fired po, er plant,, fitted with advanced FGD technology is expected to 
continue growing while rd pVl-ltpower generation increase,, i satisfy electricity demand 
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in the Asia-Pacific region. The mnaket share , isexpected tolor the advanced set scrubber 

increase fuither because of it:.
impiived reliability and efficiency at reduced cost. The 
capital and operating costs of the wet limestone scrubber have been reduced by 20-30% 
this decade mainly through simplification of tle syste il con figtratioii although the costs of 
labour and construction materials have increased. F-imace soribent injtctiou followed by 
humidification is attractive because of its low capital co sts,reasonable SO.. removal 
efficiency, and high reliability. Here tie tnain disadvantage is the by-product which
 
usually requires special handling and disposal. By contrast, allFGD plant with a
 
marketable by-product its seiise produicing useful industrial goods such as
in a factor' 

gypsum or ,.rnucts are
fertiliser. Advanced wet scrubbers designed to prodluce tiles, 

probably suitable for large power stations burning high :,ulphur coal it these countries.
 

The cost of FGD systems is a crucial part of the decision on which system to choose. The 
capital costs of a wet liiestone scrubber installation may arout to about 10%, of the 
total capital costs for a coal-fired power plant asstnniig that the average capital costs of an 
FGD system are $15 -21)0/kWe and those of a coal-fireid power plant with FGD system 
$1500-2000/kWe. The effect of installing a'wet liniostone scrubber on the price of 
electricity from coal-fired power plants is likely to be less than 10%, Where FGD is 
retrofitted to aliexisting powet plant, the capital costs of the system arc 30% greater, ott 
average, than on a new plant. 

The advantages, disadvantages and limitations of an FGI) system are determined largely 
by conditions such as plant size. coal sulphur content, SO. emission limit, location, age, 
annual operating hours, by-product, retrofit difficulty and so ott - all of which are unique 
to each site. An importanti role of technology transfer to tie Asia-Pacific region must be to 
compare planned installations to existing ones having similar conditions, particularly in 
Japan, the USA atd W Iurope. whtete there is a wide experience of tilevarious systems 
on both new plants and as reirofits. 
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Table 1 National SO, emission standards for coal-fired power plants (.50 MWI) (lEA Coal Research. 1993a; Cho. 1991) 

Plant size, MWt Emission standards, mgim 
" 

Notes 

Existing plants 

Germany 50-300 
>300 
>300 
>300 

2500 
400 and 85% S removal 
2500 
as licence conditions sp6cify 

must meet new p:ants standards by I April 1993 
lifetime >30000 h 
lifetime <30000 h 
I'etime < 10000 h 

USA >75 1480 
reduction by tO MVyfrom 1980 levels 

by the year 2000 (phase II) 
by the year 2000, after that a nationwide SO, emissions cap 
of 8 9 Mv,'1y will be in force 

New plants 

00 
C, 

Germany 50-100 
100-300 

>300 

2000 
2000 and 60% S removal 
400 and 85% S removal 

USA >73 1480 maximum limits if achievable >90% S removal: 
1480 mg'm' ceiling - 90% S remc:al (740-1480 mg'm' 

} 
. 

Existing and new plants 

Japan 

Korea 

Taiwan 

set individually according to nationally-defined 
formulae, range 170-860 

3430 
2000 
1430 

770 

Z14-

1430 

based on stack heioht and K-values (by region) (Kxl0.3xHe, 
=(m',h!) K=area constant. Hle=stack height (m) eg a 
1000 MWt utility plant with stack height 260 m in Tokyo 
(K=t 17) limit is 170 mg/ml 70.901 S removal 740 mg'm3 

local anthracite 
coals, excluding local anthracite 
coals, excluding local anthracite from 1January 1995 
from I January 1999 

from 1 July 1990 
from 1 July 1993 

at 6% 02. stp (OC (273 K). 101.3 kPa) on dry flue gas 



Table 2 Typical features of FGI) systems (Takeshita and Soud. 1993) 

Wet scrubbers Spray (ry, Sorbent Combined 
scrubbers injection SO./NO,, 

regenerable 

S0 2 removal, % 90-95 85-95 50-70 85-95 
Capital costs. S/kWe ° 160-240 140-171) 80-90 190-320 
Levelised costs. Sit SO, removed (2.6% S coal)* 340-630 300-530 690-720 340-780 

Suitability for retrofitting good good excellent good 
Wastewater treatment required not required not required not required 

Markets for by-product large/gypsum little little moderate 

Power consumption. % 1-2 0.5-1.0 <0.5 0.1-3.5 

Reheating of scrubbed gas required not required not required riot required 
High sulphur coal suitable not suitable not suitable suitable 

This evaluauion is not always applicable to every individual prrsess. Capital and levelised costs of combined 
SONO, include those of NO, control. 
* Keetb and others. 1991: Rader and Bakke. 1991: Ashline and Klitensmitb. 1990: Emrnnel and Maibodi. 

1991: Aumller. 1992 
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Table 3 FGD systems installed on coal-fired units (to end 1992) (TEA Coal Research, 1993c) 

Process Wet lime/limestone/ 
gypsum 

Other wet scrubbers Spray dry scrubbers Sorbent injection Regenerable and 
combined SOJNO, 

No MWe No MWe No MWe No MWe No MWe 

Austria 
Canada 
China (mainland) 
Denmark 
Finland 
France 
Germany 
I'ndia 
Italy 
Japan 
Netherlands 
Norway 
Poland 
Sweden 
Taiwan 
Turkey 
USA 

4 

2 
3 
2 

136 
-

2 
47 

6 
-

-
4 
5 

24 

810 
-

720 
850 
250 

-
37064 

-I 

1320 
14205 
3422 

-

-
-

1700 
336 

10246 

-

-
2 

-

4 

I 
-

I 
-

1S0 

99 
5-0 

-

272 

-
30 
-
7 

-

65088 

3 

3 
5 
-

37 
-

1 

10 
2 
-

70 

792 
-

-

1085 
620 

-
3412 

77 
-

-
-

527 
325 

-
10793 

-

2 
3 

-
2 
1 

21 

-

-

2 
12 

-
-

13 

175 
900 

-

-
280 
600 

1507 

20 
532 

-
1287 

-

1 

-

12 

I 
-

-

21 

-

295 
-

2075 

30 

-

-
5227 

Total 235 70923 189 65996 131 17631 56 5301 35 7627 
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Abstract 
The methods of control of sulfur dioxide emissions from thermal power plants are reviewed in light ofthe advances made 

in developing commercial processes for flue gas desulfurization (FGD) control. This paper begins with a discussion of the 
most recent developments in conventional wet and dry scrubbing technology and also provides adescription of recent full
scale demonstration projects conducted on some of the lower capital cost furnace and duct absorber technologies. The paper 
also reviews tite results of Phase I of the Acid Rain Legislation in the United States (U.S.) with the resultant technology 
selected by U.S. utilities. The conclusion of the paper discusses the economics of the various processes. 

Introduction 
Legislative action ha.sbeen responsible for most industrial SO2 controls. Major regulations include the Clean Air Act 

Amendments (CAAA) of 1970, 1977 and 1990 in the U.S.. the Stationary Emissions Standards of 1970 in Japan, and the 1983 
SO2 Emissions Regulations of the Federal Republic of Germany.

Since the mid 1980s, S0 2emissions regulations have been proposed in many other industrialized nations. Most members 
of the European Economic Community are regulated and Canadian laws cre similar to those in the U.S. Utilities primarily 
use two strategies for control, switching to low sulfur coal and installing scrubbers. 

Wet scrubbers have been used by many utilities since 1970 to meet SO2 emissions regulations. 68,000 MW of FGD 
capacity were installed in the U.S. between 1970 and 1990. In Japan, 32,000 MW of capacity were added during this period. 
48,000 MW of capacity were installed between 1979 and 1990 in Germany The rest of the world accounts for approximately 
4,000 MW. 

Wet scrubbers offer the following advantages: 
1. As an alternative to fuel switching, the utility can use its normal source of fuel supply. 
2. 	 As an alternative to and in contrast to other traditional and emerging FGD methods, wet scrubbers provide high SO 

removal efficiency, high reagent utilization and high availability. 
Of the 180,000 MW of worldwide FGD capacity, 85% are wet scrubbers with the balance being predominantly dry 

scrubbers. 
More than 580 units are currently operating on atotal capacity of about 150,000 MW. Approximately 70% of the units 

are based on lime or limestone wet scrubbing. About 20% of the units utilize either sodium-based or in-.e slurry (spray) dry 
scrubbing. The remaining 10% of the units use various regenerable processes or sorbent injection technologies of one form 
or another. Another 180 units, representing about 85,000 MW,, are planned or under construction, and will employ these 
technologies in approximately the same proportions. 

United States Clean Air Act Amendments 
The Acid Rain Provision of the CAAA in the U.S., which was signed into law on November 15, 1990, effectively requires 

SO2 emissions compliance in two phases for coal-fired boilers rated at 25 MW, or more. Phase I,applying to 110 boilers that 

-871



' are among the largest utility sources, requires emission levels of no greater than 1.075 ng SO/J (2.5 lh/lO lltu) by January 
I, 1995, with provision for atwo year extension for implementing 90% removal technologies under most conditions. With 
the addition of those units currently planned or under construction to meet these requirements, there will be atotal of 366 FGD 
units in the U.S. operating on approximately 125.000 MW of capacity. Of these, 63% are either lime or limestone wet 
scrubbers, 20% dry scrubbers, and 7%other technologies. The remainder are planned units for which the technology has not 
yet been selected. 

Phase I .f the CAAA effectively requires boilers 25 MW, and larger to have theiremissions capped at 516 ng S02/J (1.2 
lb/lO6 Btu; and that these reduced emissions be effective January 1.2000. There will be a four year extension available for 
implementing selected clean coal technologies. 

The actual selection and application of any FGD tezhnology for aspecific site is the result ofacareful examination ofboth 
technical and economic aspects. While it is generally recognized that high SO2 removal efficiency has been responsible for 
the general popularity of wet and (spray) dry scrubbers, recent advances in developing lower capital cost sorbent injection 
processes have renewed interest in these FGD technologies. Moderate to high levels of removal have been demonstrated, 
indicating that these technologies can offer attractive altematives over abroader range ofconditions than originally thought. 

Conventional technologies 
Through its Environmental Equipment and Research & Development Divisions, Babcock & Wilcox (B&W) has been an 

active participant in the development, demonstration and commercialization of many of these technologies. With wet 
scrubber sales of 16.859 MW, and dry scrubber sales of 1,017 MW,. it is one of the major worldwide suppliers of FGD 
systems. In addition. B&W has been and isparticipating in four sorbent injection projects (three -100 MW, and one 5 MW, 
demonstrations) sponsored by the U.S. Department of Energy (DOE) and the U.S. Environmental Protection Agency (EPA). 

Wet scrubbing 
As noted earlier, lime and limestone wet FGD systems are the mainstay of SO2emissions control throughout the world. 

In the U.S., passage of the CAA in 1970 promoted trials of various types of systems. It was iot long, however, before the 
utilities and major system suppliers gravitated toward wet scrubbers in which SO, removal is accomplished by recirculating 
an aqueous slurry of lime or limestone in an absorber vessel to effect intimate contact with the flue gas. 

The inherent simplicity, the availability of limestone, and the high removal efficiencies required by the law quickly advanced the 
popularity of this type of system. This occurred inspite of the fact that the early systems often relied on redundancy to overcome 
difficulties resulting from scale formation in the absorbers. Inaddition, they tended to incorporate adesign that produced athixotropic, 
waste sludge that was difficult to dewater to more than about 60% solids. The net effect was that the costs of these first generation 
systems tended to be highet than they otherwise might have been. 

Curent state-of-the-art systems offer significantly improved performance compared to the firstgeneration FGD systems. Much 
of this is attributed to engineering designs developed to conform better with fundamental process chemistry. The largest single 
improvement has been the development of sulfite oxidation control. Scale formation in the early systems tended to occuras the result 
of uncontrolled crystallization of the naturally oxidized product calcium sulfate (CaSO 4 2H2O [gypsum]) from the recirculating 
slurry. For limestone systems, blowing airintothe slurry to force oxidation to near 100% provides seedcrystals thatrminimize scaling, 
while at the same time producing more homogeneous slurries that dewater to concentrations in excess of 90% solids. For these 
masons, the limestone forced oxidation (LSFO) system has become the preferred technology worldwide. 

The effect of oxidation versus scaling potential isillustrated in Fig. 1.As can be seen from this figure, most of the early 
systems were designed as natural oxidation in te 30 to 50% oxidation level. This caused severe scaling. Today's technology 
has units fully oxidized, or in certain selected installations the c,"idation is inhibited by additives. 

The prime benefits of scale control derived from forced oxidation are greater scrubber reliability and availability. Confidence in 
thedesign andoperationof these wetsystcrss has risen tothe pointthat a n v::iberofutlities inthe U.S. andCanada are now specifying 
and/or buying single absorber systems, with no redundant absorber to-.ers, to satisfy their compliance requirements. Fig. 2shows 
the primary components of the absorber towers currently being offe'r.d by B&W. 

Three B&W scrubber systems are currently operating on high ,jlf.r U.S. coal plants, producing gypsum for wallboard. 
FOD byproduct gypsum has also been used as an agricultural soil amendment and in cement manrfactuie. Even if the gypsum 
isnot sold, the enhanced dewatering capability makes the process attractive in congested areas because the gyprum is astable 
landfill material that requires less area for waste disposal. 

A variation ofLSFO FGD systems used by afewutilities isthe inhibited oxidation system. In this process, emulsified sulfur 
or sodium thiosulfate is added to the scrubber liquor to prevent oxidation to calcium sulfate, thus acting as z,scale control 
agent. With low oxidation levels, the growth of larger calcium sulfite crystals produces enhanced dewatering benefits similar 
to those in the fully oxidized system. The inhibited oxidation system, therefore, enjoys the benefits of lower waste disposal 
cost and scale control. While it does not produce ausable end product, it does use less power than LSFO with minimal 
increased chemical cost. 

The scrubber configuration isessentially the same as shown in Fig. 2 except there is no oxidation air added at the bottom 
of the recirculation tank. The oxidation inhibitor is normally added to the slurry feed. 

Magnesium enhanced lime (MEL) scrubbers are another variation ofstate-of-the-art wet FGD technology, though they have not 
enjoyed the worldwide popularity of the LSFO FGD systems. They have, however,been systems ofchoice in the Ohio River Valley 
of the U.S., where over 8,000 MWe of MEL scrubbers are in operation. The Ohio River Valley MEL scrubbers use areagent that 
naturally contains approximately 5%MgO. 
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MEL scrubber systems have proven capable of routinely performing at over 95% SO2 removal efficiency even on 3%to 
4%sulfur coals, and do so in absorber towers that are significantly smaller than their limestone counterparts (Fig. 3). The 
reason for this is that the presence of magnesium effectively increases the dissolved alkalinity, and consequently makes 
removal less dependent on the dissolution of the !ime. To achieve the same effect, limestone-based systems require ahigh 
liquid-to-gas ratio (and therefore high power consumption), and sometimes the use of additives toapproach the sane removal 
efficiencies. The choice between LSFO and MEL systems has often been debated. Utilities have generally bas.d their 
decisions on site-specific consider-atioas dealing with the higher operating cost of lime, in comparison to the higher capital 
cost of the larger absorbers and greater pumping costs of LSFO FGD. 

Fig. 4 is a listing of the FGD systems purchased during Phase I of the U.S. Clean Air Act Amendments. Tis definitely
indicates the predominance of limestone forced oxidation systems. Of the 16.334 MW listed. 10,594 are limestone forced 
oxidation systems. The material used in these units was primarily alloy as shown in Fig. 5. 

Finally, although the preceding discussion has concentrated on wet scrubbing with lime and limestone slurries, B&W has 
also supplied wet scrubbers for three 552 MW, units where the reagent is a waste soda ash (Na2CO 3) solution. The highly
reactive soda ash allows these scrubbers to operate at even lower liquid-to-gas ratios. The application is highly site-specific,
however, in that the utility is located close to asoda ash plant in an area where the net evaporation rate permits the product 
salts to c.;talliz.e in the disposal ponds. 

Dry scrubbing 
Commercial utility installations using dry scrubber technology first appeared in the U.S. in the late 197Jsandearly 1980s. 

Derived from .:y drcving . sms ,., of F'., rrms, o tc au.mizatdon of a sorbent, mos.'u , 5nm.in vtn c.mrtrvi reiies 
commonly an aqueous lime slurry, in areaction chamber upstream of apz.;ticulate collection device. Typically, the systems 
are designed to operate at a 15 to 25C (27 to 45F) approach to the adiabatic saturation temperature of the flue gas. The fine 
droplets absorb SO2and form the product calcium sulfite and sulfate as te water evaporates. Atomization is accomplished 
by two different methods: rotary atomization and dual-fluid atomization. The B&W dry scrubber design shown in Fig. 6 
incorporates apatented dual-fluid atomization that has proven to be particularly effective. This design has been in service for 
approximately 10 years at a 600 MW unit and a 450 MW unit. 

A downstream electrostatic precipitator (ESP) or baghouse collects the dry salts along with flyash present in the flue gas.
Use of abaghouse enharces the performance of the dry scrubber because additional SO2 absorption occurs as the flue gas 
passes through the accumulated cake on the bags. Operation nearer the flue gas saturation temperature further promotes the 
increased removal efficiency obtained through the intimate contact in this configuration. 

In the U.S., dry scrubber technology has primarily been used on units burning low sulfur coals. Required SO2 removal 
efficiencies have normally been in the 80% or less range at inlet calcium-to-sulfur (Ca/S) ratios of 1.5 or less. There h.s been 
discussion regarding the use of ttis technology on higher sulfurcoals with higher removal efficiency. Such applications have 
not yet been dmonstrated in the U.S., and it isanticipated that the primary commercial application of dry scrubbing in the 
U.S. will continue to be with the low sulfur fuels. 

Advanced technologies 
While the wet FGD systems provided tse benefits of high removal efficiencies, their relatively high capital cost made them 

unattractive for those applications where it was desirable to minimize the initial investment. In the late 1970s, interest in 
developing lower cost technologies heightened when one Eastern U.S. utility deenmited that a25% SO2 removal technology,
when combined with coal cleaning, would permit it to meet the regulated emission limit on cne of its units. At about the same 
time, the U.S. EPA was continuing support of bench- and pilot-scale projects to develop low capital cost processes for many
of the smaller and older units aot regulated by the original Clean Air Act (CAA) of 1970. Initially using limestone injection
through staged low NO, burners, these studies went on to show that moderate levels of SO2 emissions control were possible 
by injecting sorbent widtin certain windows within aboilers time/temperature profile. All this work culminated in afull-scale 
project, entitled The Limestone Injection Multi-stage Burner (LIMB) Demonstration, which was conducted by B&W on the 
105 MW, Unit 4 boiler at Ohio Edison Company's Edgewater Station in Lorain, Ohio. The success of this project, and of a 
subsequent LIMB Extension Project sponsored by the DOE, became an incentive for further improvements in the technology.
Some of the techniques learned have been employed in related studies that have given rise to other sorbent injection processes, 
including the following. 

Limestone injection dry scrubbing(LIDS) Aprocess in which limestone is first injected into the furnace, and the resulting 
excess,calcined lime (CaO) is used as the reagent for dry scrubbing. 

Coolside A process that couples flue gas humidification with hydrated lime [Ca(OH)2] injection into the duct downstream 
of the air heater. 

SO,-NO,-Rox-Box (SNRB) A process that combines hydrated lime and ammonia injection upstream of ahot, catalytic
baghouse (Box) where the solid products calcium sulfite and sufate and particulate (Rox) are removed, and the NOis reduced 
to nitrogen and water. 

Each of these technologies isdescribed in more detail in the following sections. References to more complete reports on 
each technology are provided with thu title of each section. 
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Furnace sorbent injection (LIMB)2 . 
Furnace sorbent injection for SO2emissions control was first attempted on acommercial scale inEngland in the 1930s. and 

was the subject of several studies in the U.S. just preceding passage of the CAA in the late 1960s. These early efforts, using 
limestone as the sorbent, typically produced low (20 to 30%) removal efficiencies that were generally regarded as less than 
adequate for the objectives set at the time. It was only when interest rekindled in the late 1970s and early 1980s that more detailed 
investigations determined how to overcome some of the chemical and mechanical limitations involved. The LIMB projects at 
Edgewater went on to demonstrate that furnace sorbent injection represents a low capita] cost technology capable of achieving 
moderate levels of SO2 control. As such, it is particularly applicable for older, smaller units burning lower sulfur coals. 

The first (EPA sponsored) LIMB project at Edgewaterhad the primary objective ofattaining in excess of50% SO2 removal 
at an inlet Ca/S ratio of 2.0 burning 3% sulfur coal. To accomplish this, the project undertook an extensive review of the 
literature to determine the limiting factors, both chemical and mechanical, thought to be responsible for the lower removals 
observed previously. Further supporting studies were then conducted. 

A system was then developed and installed accordingly designed for calcitic hydrated lime injection in that region of the 
upper furnace where the sulfation reactions would be maximized. 

A humidifier design was developed, based on B&W's dry scrubber experience, that not only overcame the adverse impact of 
sorbent injection on the electrostatic precipitator (ESP), but also provided a mechanism for enhanced SO2 removal by being capable 
of operating at an IIC (20F) approach to the adiabatic saturation temperature of the flue gas. 

Fig. 7 shows the LIMB process flow diagram as operated at th.- Edgewater Station. The hoppers shown underthe humidifier 
were covered by steel plates throughout all testing, so that humidification was effectively carried out as .n in-duct process. 
The humidifier was constructed in a bypass loop over the hoppers of a retired ESP as a precautionary measure. If major ash 
deposits had formed as the result of humidification, this part of the process could have been isolated and the hoppers used 
for removal. Fortunately, they were never needed. 

Following initial test results indicating S02 removal efficiencies inthe 55 to 60% range, the project went on to demonstrate 
removals as high as 72% at a Ca/S ratio of 2.0 with humidification to a close approach to satsration.' 

The DOE-sponsored LIMB Extension Project sought to demonstrate the generic applicability of the process by 
characterizing the performance to be expected for a variety of sorbents and coals. Sorbents tested included limestones 
reflecting three increasingly finer grinds. commercial calcitic and dolomitic hydrated limes, and ligno lime. Tests were 
conducted while the unit burned coals containing 1.6, 3.0, and 3.6% sulfur. Characteristic curves showing the relative 
importance of the more importat variables are summarized in Figs. 8,9 and 10. These figures portray afirst-orderrelationship 
between S02 removal efficiency and Ca/S ratio. This is approximately true over the range of conditions tested, as can be seen 
inFig. 10. A second order fit with a diminishing increase in removal would describe the dependency more appropriately at 
higher stoichiometries. 

The effects of such variables as injector tilt, coal sulfur content, injection level (temperature) and momentum flux ratio 
(velocity) were also examined. Factors associated with the time/temperature profile (temperature and velocity) can, however, 
be system dependent. It is believed that the relative insensitivity of the Edgewater system to these parameters was due to 
design near the optimal operating conditions. 

The LIMB demonstration at Edgewater also provided an opportunity to observe the effects of furnace sorbent injection 
on boiler and ash collection and handling equipment operation. The increased dust :oading associated with the process can 
cause additional ash accumulation on tLbes. Depending on the amount of sorbent to be injected, and the number, capacity, 
and position of any existing sootblowers in a retrofit situation, it may be necessary to add sootblowers to clean convection 
pass surfaces. The LIMB ash was found to be as easily removed as normal flyash. It was also observed that the hydrated limes 
had a much greater tendency to coat the tubes than did the coarsely ground limestone. While the opposite had been anticipated 
as the result of inertial impaction, it may be that the larger particles were self-scouring. There were no means available to 
establish any quantitative relationships, however. 

The combined effects of a higher particulate loading, an increased concentration of finer material in the case of injection 
of the hydrated limes, and increased ash resistivity all tended to degrade ESP performance. When operation was first 
attempted, it was quickly discovered that high ash resistivity gave rise to a back corona condition that was more severe tian 
had originally been anticipated. Provision for the humidifier was already in progress, and once installed, proved to be an 
effective remedy as stack opacity returned to normal levels of a few percent. Other than this, the other main consideration 
that must be taken into account is mhat the ash collection and handling system must be designed or modified to accommodate 
the ash loading expected for the amount of sorbent injected and reacted. This could be a three-fold increase in ash loading. 

The final observation regarding operation relates to the composition of the ash to be disposed. The ash collected 
downstream of a furnace sorbent injection process has a high quicklime content that must be taken into consideration. 
Collected as a dry byproduct, it may find any of a number of uses ranging from being an additive for cement manufacture,3 .6 
to soil stabilization, to neutralization of acid mine drainage or other acid wastes.

Duct orbent Injectlon (Coolslde) 7 

Similar to the furnace sorbent injection systems, the duct sorbent injection systems utilize the duct between the air heater 
outlet and the particulate collector inlet to capture SO2 with either lime- or sodium-based compounds. Limestone sorbents 
are quite unreactive in the 175 to 60C (347 to 140F) temperature range of interest for this technology. While the sodium-based 

19systems can be effective, s concern over the solubility of the product salts in the waste effectively limits application to a few 
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units in the Western U.S. For these reasons, the balance of this discussion will focus on lime-based systems.
This alkali can be injected as adry powder or as a slurry, but in either case, humidification to aclose approach to the

adiabatic saturation temperature of the flue gas isrequired for the process to be effective. The need to effect virtually complete
evaporation of the water adtded makes it necessary either to have a long straight run of duct work, or to modify the flues for
the residence time required. The length/size in turn ( epends on the degree of atomization achieved. Of course, the baghouse 
or ESP used for particulate collection must be adequately sized for the increased dust loading. The ash collected will contain a mixture of unreacted hydrated lime and flyash, along with the product materials calcium sulfite and calcium sulfate.

Duct sorbent injection systems have undergone extensive testing just within the past few years. The largest of these was
performed as the Coolside ptocess demonstration in conjunction with the DOE-sponsored LIMB project discussed above. 7 

Initially developed by CONSOL Inc.. the process entailed injection of dry calcitic hydrated lime at the inlet of the same 
humidifier that had been used during the LIMB demonstration. Most of the tests were conducted with the hunidifier operating
in the range of an I1 to 17C (20 to 30F) approach to the satu:,ion temperature.

Lime utilization and SO2 removal in the Coolside process are enhanced by the addition of sodium salts. Without the
addition of sodiun hydroxide, removal efficiencies with a stoichiometric ratio of 2 were in the range of 35% with 
humidification and a14C (25F) approach to saturation. Adding sodium hydroxide increased die S02 removal to approxinately
60%. 

Because much of the work on duct sorent injection has been done so recently, no U.S. utilitycurrentlyhas apernanenlyinstalled
commercial system operating. There have been anumber of irquiies, however, and intenmtional interest appears to be growing.
Many seem to like to compare furnace sorbent injection with the duct injection. Since the removal efficiencies attainable by the 
processes are approximately equivalent, the primary corssiderations for the two technologies are summarized below.

Furnace sorbent injection Significant SO, removal does not depend on a close approach to the adiabatic saturation 
temperature of the flue '7s,although some degree of humidification may be necessary in order to keep an ESP operating
properly. installation or upgrading of sootblowers to maintain boiler performance may be needed depending on the sorbent 
type and feed rate. Provision for safe handling and disposal of ash containing quicklime (CaO) is required if not being used 
as abyproduct.

Duct sorbent injection Requires a close approach to the adiabatic saturation temperature of the flue gas, which in srn 
tends to require sufficient power for fine atomization and space for droplet evaporation. Because it isrun at close approach
temperatures, die process has a greater tendency for formning deposits in the duct if not designed and operated properly. A
dryproiuct isproduced that does notcontain quickim,-, hut doescontairscalcium sulfite which can presentachernical oxygen
demand upon disposal. 

LImestone Injection dry scrubbing (LIDS) 2 

Experience with both dry scrubbing and furnace sotbent injec:ion prompted B&W to integrate the two into the LIDS 
process, as it offered the advantages ofcombining the use ofthe lower cost limestone sorbent with higheroverall S02 removal 
and sorbent utilizatios. Fig I I shows the flow diagram of die process with particulate collection by either abaghouse or an
ESP. In the process, irjection of limestone into the furnace effects SO2 removal as represented in Fig. 9. The unreacted
quicklirie continues through the system until it is collected in the baghouse or ESP. Depending on the SO2 removal efficiency
desired, aportion of the collected ash is slurried with water through an appropriately sized slaking device. The slurry isthen
fed to the dry scrubber where the bulk of the SO, removal occurs. Significant additional SO2 removal may also occur during
particulate collection, especially if the flue gas must pass through abaghouse at atemperature relatively close to saturation.

B&W's Research and Development Division carried out the LIDS tests at its Alliarce Research Centerin Alliance, Ohio. A r'sajor
portion of the facility already existed as apilot scale combustion furnace called the small boiler simulator (SBS). Rated at 1,8 MJ/ 
s (6.0 x 106 Btu/h). the SBS had much of the auxiliary equipment inplace as the result of earlier furnace sorbent injection tests. To
this was added acylindricl, downflow dry scrubber designed for testing with gas residence times in the 5 to 10 second range. Its
dimensions were 9.1 m (30 ft) high and 1.5 mi(5 ft) indiameter. The baghouse contained 46 Nomex bags 3.0 m (10 ft) long and 12 
cm (4.6 in.) indiameter, providing adesign air-to-cloth ratio of 51 mph (2.8 ftl/min) at 66C (150F).

The cost ofachieving continuous operation to achieve true steady-state conditions made simulation of recycle necessary.This was accomplished by operating the pilot in abatch mode, and collecting die ash produced each day for preparation of
the following day's slurry in a7.57 m 3 (2.000 gal) stirred tank. Recycle ratios, defined in terms of mass of recycled ash per 
mass of fresh sorbent, ranged from 0.4 to 1.9 for the tests conducted. 

The LIDS test program characterized the SO removal efficiency over a range of stoichiometries and approac.,es to the
saturation temperature. The test results obtained to date indicate that with acalcium/sulfur molar ratio of .ppro.,.;srvtely 2,
removal efficiencies of more than 9i'v can te otamed. 

SO-NO-Rox-Box (SNRB) 13 

B&W ii developing the SNRB process as a combined SO,, NO, and paniculate (Rox) emissions control technology bywhich all three pollutants are removed from flue gas in ahigh temperature baghouse. SNRB incorporates lime-or sodium
based sorbent injection to capture SO,, selective catalytic reduction (SCR) of NO, by ammonia (NH,) and particulate removal 
in ahigh temperature, pulse-jet baghouse, as depicted in Fig. 12. 

B&W's Research and Development Division conducted early tests in a1.500 Nm3/h (2,500ACFM) pilot at the Alliance Research
Center. Encouraging results led to aDOE Clean Coal Technology demonstration project which uses asix companment unitcapable
of treating 19.900 Nm3/h (30.000 ACFMI)of flue gas (equivalent to about 5Nslt Each compartment contains 42 full-size bags. 
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that aie 6.1 m(20t) long and 15.9cm (6.25 in.) indianeter. Becaue the bags and SCR catalyst as.bernblics are full size and the unit 
isoperated with arotating cleaning cycle, scaleup will primarily involve multiplying the number of units required for the intended 
application. The project, co-sponsored by the Ohio Coal Development Office (OCDO) and the Electric Power Research Institute 
(EPRI), just completed testing at Ohio Edison's Burger Station. 

The tests concentrated on characterizing SO2 removal with calcitic hydrated lime injected at various temperatures and 
stoichiometries. Results indicate that inlet Ca/S ratios near 2.0 reduce SO2 emissions by 80 to 90%. well beyond the original 
70% goal. Part of this isascribed to more complete conver *on in the baghouse than anticipated, although the removal appears 
to be sensitive to the baghouse temperature. 

Results on NO, and particulate eviussions control have also been promising. Removal efficiency in excess of 90% has been 
achieved near an Nl1tNO, stoichiometry of 0.85. At the same time ammonia slip, aterm describing the undesirable bypass 
of unreacted Nit 3, has generally been measured at levels of less than 4 mg/Nm' (5 ppmv). 

Particulate emissions have averaged 7.7 ng/J (0.018 lb/10' Btu), well below the U.S. Clean Air Acts New Source 
Performance Standard of 12.9 ng/J (0.03 lb/lO ' Btu). This level ofcontrol equates to an average removal efficiency of99.89% 
for the range of dust loadings and temperatures tested. 

As was the case for the LIDS proesr. the next step toward full commercialization of the SNRB process is a hger scale denonstration 
of pertIps 50 to 100 MW.. Again, a new or retrofit application would be suitable at either an indstnal or autility site. 

Economics of the processes 
A summary of the economics ofso many processes, particularly when they represent all stages of development from pilot

scale through commercial full-scale, must naturally be built upon abroad range of assumptions that the reader is rensinded 
to consider in interpreting what follows. The approach taken uses the basis of the capital and operating costs developed for 
the LIMB and Coolside p.ocesses as they relate to the LSFO FGD process. The economic analysis employed was quite 
thorough and conformed to practices generally accepted by the U.S. utility industry.tS3.1t All capital costs are expressed in 
terms of U.S. dollars per kW, and annual levelized costs in U.S. dollars per ton of SO2 removed. While this facilitates 
comparison, the reader is cautioned that not all the analyses start with the sane basic assumptions. Rather, the values should 
be interpreted more properly as representing each technology ina reasonably favorable application of its capabilities. 

The capital costs associated with LSFO FGD and with furnace and duct sorbent injection. as represented by LIMB and 
Coolside as practiced at Edgewater. are shown in Fig. 13for unit sizes in the range of 100 to 500 MW,. The costs represent 
units burning abituminous coal with a "-sting value of 27.7 MJ/kg (11,872 Btu/lb), and containing 2.50% sulfur and 10.77% 
ash (all as-fired values). Capital costs are similar for 1.5 and 3.5% sulfur coals, since basic equipment sizes are not that much 
different. 

In contrast to the relative insensitivity of capital costs to coal sulfur, annual levelized costs which reflect operation over 
the life of the plant vary considerably with coal sulfur, as can be seen in Figs. 14, 15 and 16. Examination of these figures 
also reveals that. while the cost per ton of SO. removed decreases with increasing coal sulfur, the decrease for LSFO FGD 
;s much more dramatic than for the sorbent injection technologies. The main reason for this isthe greater sorbent utilization 
in the wet technologies. For the same reason, the analysis shows why the lower capital cost sorbent injection technologies 
tend to be favored for the older, smaller plants where moderate levels of SO2 are needed. As described earlier, the cost of MEL 
wet scrubbers are equivalent to those for the limestone systems in general. However, site-specific factors can be very 
influential in decisions between the two. 

The other notable feature that appears within Figs. 13 through i6 is the higher cost of the Coolside process in comparison 
to that of LIMB. Much of this is attributed to te cost associated with the purchase and operation ofthe fairly large compressor 
required for fine droplet atomization to achieve aclose approach to the flue gas saturation temperature. For the same reason, 
the costs of duct injection of aslurry, while not specifically studied, would be expected to be comparable. 

The economics of lime-based dry scrubbing is fairly well established since the process is commercial. However, there has 
been no recent study that provides as much detail as just prLvided on LSFO FGD and the sorbent injection technologies. 
Nevertheless, the industry tends to think in terms of the costs of dry scrubbing being approximately 80 to 90% of LSFO FGD. 
This isreflected in arecent independent study 15 that showed an estimated $1701kW capital cost and $490/t of SO2 removed 
annual levelized cost for a 300 MW, unit burning 2.6% sulfur coal. This same study estimated the comparable LSFO FGD 
capital cost at $210/kW and the annual levelized cost at $550/s of SO2 removed, approximately equivalent to the figures 
determined in the B&W study. 

The economics of the LIDS and SNRI3 processes arcenot as well established as thosejust described, since theirdevelopment 
isongoing. At this point in time, the capital cost of the LIDS proces, is estimated to be approximately equivalent to that of 
conventional dry scrubbing under the rough assumption that the cost of the limestone preparation and feed system is about 
equal to the pebble lime (commercial quicklime) slaking and pumping system. The lowercost of limestone, ascompared to lime, 
isexpected togenerae savings in the annual levelized cost, however. Using a$40/t cost differential in an economic model similar 
to that used in the study referred to above, one might expect an annual levelized cost savings of about $70/t of SO 2removed. 

SNRB economics are the least refined of all the processes discussed due to the fact that many of the costs have yet to be 
truly established for alarge, commercial, industrial or utility application. The removal efficiencies are higher than expected 
and are currently being realized in the 5MW, demonstration which are improving previous economic projections. Moreover, 
it is virtually impossible to break out the costs according to the individual pollutants. As aresult, it is a bit premature to say 
more than to suggest that the capital and operating costs of the SNRB process are expected to be competitive with the 
combined cost of asystem incorporating separate SCR, wet FGD. and particulate temoval components. 
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Summary 
The control of SO, emissions from fossil fuel-fired boilers has progressed dramatically over the past 25 years. Wet 

scrubbers, and especially those employing the LSFO and MEL technologies, have become the state-of-the-art methods for 
achieving removal efficiencies in the 90 to 98% range. Spray or dry scrubbing with lime slurries for lower removal efficiency
is seen as a technology more useful for lower sulfur coals. However, it may prove to be economically viable for some higher
sulfur coal applications as well, especially when combined with sorbent injection as is done in LIDS. Interest in the sorbent 
injection technologies alone, for moderate levels of removal at relatively low capital cost, at first grew out of anticipation of 
the CAAA in the U.S., only to become technologies that may be of even more value worldwide. Finally, development of the
advanced SNRB process, based on elements learned from the previous projects, continues to push the technologies into new 
areas that are expected to provide overall increased emissions control economically. 
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Utility Station Unit MW Total Process 

PSI Energy Gibson 4 660 Limestone Inhibited Oxidation 
Allegheny Power Harrison 1-3 2040 Magnesium Enhanced Lime 
Kentucky Utilities Ghent 1 550 Limestone Forced Oxidation 
Owensboro Elmer Smilh 1,2 415 Limestone Forced Oxidation 
TVA Cumberland 1,2 2600 Umestone Forced Oxidation 
AEP Gavin 1.2 2700 Magnesium Enhanced Lime 
IP&L Petersburg 1.2 724 Limestone Forced Oxidation 
Virginia Power Mount Storm 3 550 Limestone Forced Oxidation 
Atlantic Electric BL England 2 170 Limestone Forced Oxidation 
Illinois Power Baldwin* 1.2 1160 Limestone Forced Oxidation 
Penelec Conemaugh 1.2 1800 Limestone Forced Oxidation 
Sigeco Cully 2,3 370 Limestone Forced Oxidation 
NYSE&G Milliken -- 300 Umestone Forced Oxidation 
City of Henderson Station 2 1,2 340 Magnesium Enhanced Lime 
NIPSCO Bailly 7,8 615 Limestone Forced Oxidation 
Niagara Mohawk Hunliey' 67,68 400 Umestonn Forced Oxidation 
Centeror Eastlake' 4,5 940 Limestone Forced Oxidation 

16,334 (13,834) 

* Delayed 

Fig. 4 Phase I Scrubber Activity 
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Utility St3tion Material 

PSI Energy Gibson Alloy A255 
Allegheny Power Hainson Alloy 317 LMN 
Kentucky Utilities Ghent Alloy Solid C-276 
Owensbo Eme,"Smith Alloy 317 LMN 
TVA Cumbertand Steel Rubber lined 
AEP Gavin AJloy317 L 
IP&L Petersburg Alloy Clad C-276 
Virginia Power Mt. Storm Alloy WP C-276 
Atlantic Electric BL England Alloy Clad C-22 
Illinois Power Baldwin Alloy 317 LMN 
Penelec Conemough Steel Rubber Uned 
Sigeco Culley Steel Rubber iUned -

NYSE&G Milliken Tile 
City ofHenderson Station 2 AJloy 317 LMN 
NIPSCO Bailly Alloy C-276 Steel Uned 
Niagara Mohawk Huntley Steel Rubber Uned 
Centerior Eastlake Alloy 317 LMN 

Fig.5 Phase I Absorber Material Selection Fig. 6 B&W dry scrubber module. 
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Fig. 7 The LIMB process at the Edgewater Station. 

-880



100 
 100 

90- 90
 
80 
 so 

30 
 L0
 

50 5 

10 

20 0 , 
00 05 10 15 20 25 0500 10 15 20 25 

CA/SSol.oawy Ca/s Stoa-"ry 

Fig. B Effect of diferent sorbents on SO, removal while burning FIg. 9 EffectoflimestonegrindonSOl removalwhilebuming 1.6%1.6% sulfur coal and 1"lcting at elevation 56.2 m (181 11). sulfur coal and Injecting at elevation 55.2 m (181 it). 

100 

90 
Fl.. Q. V.p.e.
 

so 0-O.Ap...h - aw, - 148F 11
 
7O
 

10 Fig. 11 LIDS process flow diagram. 

0
00 05 70 1.0 20 20 

Fig. 10 EFgectof humudllcallon on SOf rmoval. 

00 

Inle~~Clea IgI.Tm500 FluAmmionia a
 
Inje~ction High Temperature 5
 

AlkaliInjection % 350 
310 

Dirty Flue G 250 

CtNO.lyt200 
SO. CatalystC-Particulates U 10 ISFO 

100 
Fig. 12 'ihe SO,-NO,-Rox.Box (SNRB) process. so 

LMBD 

100 200 300 400 500 600 
UnetSiza, MW.ne 

Fig. 13 Capital cost sensitivity of LIMB, Coolside and LSFO Io unit 
size for 2.5% sulfur coal. 

001 



14001400 

1300 
: 3o0 
1200 :200 

1001009 9
Iooo ,olsdo Ioo 

400 LS•00 sco~o 

i in 
200200 

0 00 200 300 00 500 600 0 0 20 300 400 500 6oo 

Um Su4. MWO W Un, SU.e,MW#nf 

Fig. 14 Annual levolIzed cost sensitivity of LIMB, Coolside and Fig. 15 Annual levelizod cost sensitivity of LIMB, Coolside and 
LSFO to unit size for 1.5% sulfur coal. LSFO to unit size for 2.5% sulfur coal. 

!1400300 
1200 
1100 

1000 

~900 

Soo~ 

GOOF 
200 

00 OO 200 300 400 500 600 
Un4 Siue. MwCnet 

Fig. 16 Annual tevelized coat senslivity ot LIMB. Coolside and 
LSFO to unit size for 3.5% sulfur coal. 

- 882 



TECHNO ECONOMIC FEASIBILITY ASSESSMENT OF INTEGRATED
 
GASIFICATION COMBINED CYCLE (I6CC) POWER GENERATION
 
TECHNOLOGY WITH HIGH ASH INDIAN COALS.
 

O.P.Rao S. Narayan Reddy, B. Madhusudan. S.D. Sarg
 
Council of Scientific and Industrial Research, India
 

INTRODUCTION
 

India is endowed with abundant reserves of coal likely to last
 
200 years at the present rate of consumption. The estimated
 
reserves as on Ist January, 1993 (in billion tonnes) are,
 

Coking Coal 29.4
 
Non -coking coal 164.4
 

Unfortunately nearly 71% of our non-coking coal reserves are of
 
inferior grade. The ash content in the coals meant for power
 
generation is at present 40-45% which is likely to increase in
 
future.
 

Coal plays a very important role for power generation in India.
 
More than 65% of Power is generated from the pulverised coal
 
fired thermal power plants. The thermal power plants have
 
problems, constraints and limitations. It is therefore necessary
 
to look for alternate technologies for power generation with
 
high ash coals which are more efficient, environmentally
 
beningn and also improve the performance of existing thermal
 
power plants. The coal gasification based power generation
 
i.e.Integrated Gasification Combined Cycle (IGCC) has been
 
identified as one of the alternatives.
 

Advantages of IGCC
 

IGCC plants are known to have the following advantages over the
 
pulverised coal fired thermal power plants (PC Plants)
 

- Higher efficiency
 

- Lower water consumption
 
- Lower emissions of particulates, NOX, SOX and C02
 
- Flexibilities of modular and phased construction.
 
- The IGCC plant efficiency can be further improved with the
 
development of advanced materials for the gas turbine to
 
operate at a higher efficiency.
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Status of coal gasification/ICC in India
 

Complete gasification of coal has been of considerable interest
 

in the Indian context and R&D work is oeing pursued in quite a
 

few national laboratories, academic institutions and industrial
 

establishments. The details in brief are:
 

- Pilot plants of capacity 19 tpd and 24 tpd, based on moving 

bed pressure gasification have been established at two of 

the laboratories belonging to Council of Scientific and 

Industrial Research located in Dhanbad aid Hyderabad. 

Extensive experimental trials have been carried out with 

various coals. 

- A 6.2 MW capacity Integrated Gasification Combined Cycle 

(IGCC) process demonstration unit based on moving bed
 
pressure gasification has been set up by the Bharat Heavy
 

Electricals Ltd., (BHEL), a public sector undertaking, at
 

Trichy. Extensive trials have been carried out with various
 

types of coals.
 

- BHEL has also set up a 16 tpd fluidised bed coal 

gasification plant at Hyderabad and carried out several 

experiments. 

- In addition to above, the Fertiliser Corporation of India 

had set up two coal based fertiliser plants on commercial 

scale at Ramagundam and Talcher, which are entrained flow 

reactors. These plants are in operation since 1978. 

FEASIBILITY STUDY FOR A 600 MW PLANT
 

With a view to introduce IGCC technology in the country, a
 

feasibility study' was carried out for establishing the
 

relative techno-economic merits of various coal gasification
 

processes with high ash coals for combined cycle power
 

generation. The objectives of the study were:
 

- To evaluate and rank the gasification processes suitable for
 

high ash coals.
 

- Compare their economics with the PC plant
 

- To establish an overall commercialisation programme for the
 

IGCC technology in the country.
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Technology selection criteria
 

The selection of coal gasification technology was based 
on the
 
following criteria.
 

- The demonstration of technology on a commercial 
 scale or
 
large pilot plant scale.
 

- Willingness to provide process package for 
 the study by
 
process licensors.
 

- Experience with Indian coals 

- Willingness to participate in the demonstration plant in 
India. 

An appropriate gas 
turbine was selected based on the following
 
criteria.
 

- Frequency of electrical 
system should be 50 cycles/second to
 
suit Indian System
 

- Commercial availability
 

- Advanced turbine
gas (1260 degrees centigrade firing
 
temperature, with higher efficiency
 

Based on the above criteria the 
 following four gasification
 
processes were chosen for study.
 

- Dry entrained bed process (DEB)
 

- Slurry entrained bed process (SEB)
 

- Fluidised bed process FB)
 

- Moving bed process (MB)
 

IGCC plant
 

A conceptual design was prepared for a mine mouth 
 IGCC plant

located at the North Karanpura coal A
field of Bihar State. 

generalized block flow diagram of coal 
gasification integrated

with combined cycle electric power generation is enclosed. The
 
fuel gas production is sized 
to fully load two gas turbines.
 
The total net power produced from this IGCC plant is
 
approximately 600 MW. 
 The design coal is non-coking unwashed,
 
run-of-mine coal from the 
Dakra seam. The coal, on as-received
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basis, has 38.8% mineral matter, 10*, moisture, a higher heating
 
value of 3332 Kcal/Kg, and an ash fusion temperature (fluid,
 

under reducing atmosphere) of more than 1500 C. It represents
 

the typical coal feedstocks which would be available for future
 

power generation in India.
 

The process licensers of DEBSEB and FB provided the necessary
 

gasification process packages and cost data. The data on MB was
 

derived from experiments carried out in the pilot plant of 24
 

tpd and the process demonstration unit of 150 tpd with the same
 

candidate coal considered for the study. The combined cycle
 
plant has two trains. Each train consists of one gas turbine,
 

one HRSG (heat recovery steam generator), and one steam turbine.
 

An advanced gas turbine having a firing temperature of 1260
 

C,heat rate of 2500 Kcal/Kwh and an output of 200 MW is selected
 

to take advantage of the recent turbine efficiency improvement
 

and to demonstrate the full potential of IGCC plant. The steam
 

turbine is a reheat turbine operated under 103 kg/cm2 a/538
 

C/538 C steam condition.
 

PC plant
 

The PC plant consists of one unit and has a design capacity of
 

600 MW so as to be consistent with that of the IGCC plant .
 

Data for the pulverised coal fired thermal power plant were
 

extrapolated from the data given in the feasibility report of
 

Power Project (2x500 MW). The coal used in the PC plant is
 

same as that of the IGCC plant. The IGCC and PC plants are
 

located in the same place.
 

Performance comparison of IGCC and PC plants
 

The plant resource requirements, power outputs, heat rate, and
 

efficiency for the four IGCC plants in comparison with PC plant
 

both with and without FGD (Flue Gas Desulfurization) are given
 

in Table I
 

The SEB case consumes substantially more coal and has a higher
 

heat rate than other three IGCC cases. This is because the
 

slurry feed system of the gasifier suffers severe thermal
 

penalty when a high ash coal is used. Only with washed coal
 

it can be competitive with other processes.
 

The moving bed case has a better heat rate than the SEB case.
 

But this heat rate is hiqher than those of the DEB and FB cases.
 

This is because the moving bed case requires a large quantity of
 

steam injected to the gasifier to avoid ash clinkering.
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The FB case has the best heat rate among all cases. The major
 
reasons are:
 

- The gasifier is operated at low temperature and thus has a
 
relatively high cold gas efficiency.
 

- The gasifier uses in-situ sulfur capture.
 

- The gasifier uses hot gas cleanup for particulates removal.
 

- There is air integration between the gasifier and gas
 
turbine.
 

All the IGCC technologies except the SEB case have better heat
 
rates than the PC plant. The difference between the FB case and
 
PC plant is quite substantial. All the IGCC plants use less
 
water than the PC plant.
 

Cost comparison of IGCC and PC plants
 

The capital requirements and costs of generation for the four
 
IGCC cases in comparison with a PC plant both with and 
 without
 
FGD are given in table 2.
 

The DEB case has a very high capital requirement. This is
 
because it has a very high operating temperature and requires
 
very large and expensive waste heat boilers. The SEB case has
 
about the same capital requirement as the DEB case because its
 
lower plant efficiency requires substantially more coal to be
 
processed.
 

The moving bed case has a lower capital requirement than the
 
DEB and SES cases because(i) it is air blown without the
 
requirement of an expensive air separation plant and (2) the 
low
 
product gas temperature from the gasifier minimizes the waste
 
heat recovery requirement. The FB case has the lowest capital

requirement because it operates at low temperature, uses in-bed
 
sulfur 
 capture and hot gas cleanup, and has no air separation
 
plant.
 

All the IGCC cases are more capital intensive and have higher
 
costs of generation than the PC plant without FGD. The FB and
 
moving bed cases ,however, are cost competitive with the PC
 
plant with FGD.
 

As 1GCC plant usually consists of multiple it
trains is expected
 
to have a higher plant availability than the PC plant. A
 

-887



preliminary availability analysis conducted in this study
 

indicates that the present IGCC plant design can have 85%
 
availability or about 7400 h/y plant operation. At this
 

operating level the cost of generation in the FB case is
 

actually lower than that of the PC plant without FGD.
 

Environmental aspects
 

One of the compelling reasons for seriously considering coal
 
gasification for electric power generation is the capability of
 

the gasification system to operate in an environmentally
 
acceptable manner. Emissions from the IGCC and PC Plants are
 
given in Table 3. When compared with the current air emission
 

standards in India , the emissions from the IGCC plants are well
 

below the standards. Compared to emissions from the PC plant
 
the IGCC is far superior in environmental performance.
 

Overall ranking of IGCC technologies
 

In addition to the plant performance and economics, an overall
 
ranking uf the four IGCC technologies is done based on fifteen
 

criteria grouped under three major categories, process,
 
performance and cost. The ranking is indicated in table 4. The
 
rating is based on a weight factor from I to 10 for each
 
criterion and weighted average. A higher number means a better
 
rating. The ranking obtained is in the order of fluidised bed,
 
moving bed, dry entrained bed and slurry entrained bed.
 

RECOMMENDATIONS/CONCLUSIONS
 

This study had shown that !GCC is a viable power generation
 

option for the high ash and high ash fusion temperature coals.
 
In comparison with PC plant, it has superior heat rate at
 

comparable cost of generation. In addition to the better heat
 

rate, IGCC also offers lower emissions, less water consumption ,
 

higher plant availability, and flexibilities for modular
 
construction and phased construction.
 

Among the four IGCC technologies, the FB gasifier is more
 

attractive to use for the high ash Indian coal. The FB
 

gasifier, however, has several technical uncertainties. This
 

gasifier has been proven only on a pilot scale. The inbed
 

sulfur capture and hot gas particulates removal are yet to be
 

demonstrated at the confidence level. The ability to achieve a
 

high carbon conversion in the ash sulfation has not been
 

demonstrated.
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The moving bed gasifier, is commercially proven and has been
 
tested for Indian coal. Even though it is less efficient and
 
more costly than the fluidized bed technology, it is considered
 
equally attractive to use for the 
high ash Indian coal.
 

The DEB technology has an attractive heat rate. But it has a
 
very high capital requirement.
 

One of the recommendations emanating from the study is to setup
 
demonstration plant at an appropriate location, 
as a first step
 
in the commercialisation plan of IGCC in the country. 
 It is
 
proposed to setup the plant in an existing thermal power plant
 
so as to utilise the available irfrasructure to the extent
 
possible and thus reduce the capital cost 
of the demonstration
 
plant.
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Tablet I
 

PLANT PERFORMANCE COMPARISON
 

IGCC PC 

Plant Resources Requirements 

Coal (as received),tpd 

DEB 

9,964 

SEB 

12,576 

FB 

8,890 

MB 

10,768 

Without 
FGD 

10,886 

With 
FGD 

10,886 

Limestone, tpd 618 0 280 0 

Raw Water, m3/h 1,324 2,224 1,019 1,698 2,754 3,000 

Ic 

Plant Output, MW 
Gross Power Generated 

Gas Turbine 

Steam Turbine 

392.20 

308.40 

396.50 

258.00 

350.40 

280.20 

368.30 

271.80 

0.00 

600.00 

0.00 

600.00 

Total 700.60 654.50 630.60 640.10 600.00 600.00 

In Plant Power Consumption 136.20 158.30 53.40 54.40 42 51 

Net Power to Grid 564.40 496.20 577.20 585.70 558.00 549.00 

Heat Rate, Kcal/kwh 2,451 3,519 2,138 2,514 2,708 2,753 

Overall Thermal Efficiency 35.10 24.40 40.20 34.20 31.80 31.20 

Sulfur Byproduct, tpd 2c/ 37 0 32 0 0 



-----------------------------------------------------------------------

-----------------------------------------------------------------------

Table: 2
 

COST COMPARISON BETWEEN 
IGCC AND PC PLANTS
 

(4th Q, 1989 Pricing)
 

IGCC Plant PC Plant
 

DEB SEB FB 
 MB Without With
 
FGD FGD
 

Net Power Output, MW 564.40 496.20 577.20 585.70 558.00 549.00 

Total Capital Required, 2,055 2,059 1,460 1,529 1,065 1,278 
Rs. Crores 

Unit Capital, Rs/kw net 36,418 41,500 25,292 26,103 19,084 23,276 

Relative Unit Capital 1.56 1.76 1.09 1.12 0.82 Base 

Cost of Generation, Paise/kwh
 

@ 5500 h/y operation 146.00 170.20 103.80 115.50 
 86.70 102.20
 
@ 6000 h/y operation 135.40 158.10 96.50 107.60 81.40 95.60
 
@ 7000 h/y operation 118.80 139.20 65.00 95.30 
 73.00 85.40
 
@ 7400 h/y operation 113.40 133.00 81.30 91.30 70.30 
 82.10
 

Relative Cost of Generation i.43 1.67 1.02 1.13 0.85 
 Base
 
(based on 5500 h/y operation)
 



- - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tables3
 

PLANT EMISSIONS
 
IGCC Plant
 

DEB SEB FB MB PC Plant
 

1. Nox emission kg/hr 419 435 411 410 2110
 
ug/Nm3 83 81 83 84 674
 

2. 	Sox emission kg/hr 40 337 480 218 2970
 
ug/Nm3 8 63 97 45 948
 

3. 	Particulates 24 24 24 24 412
 
emission kg/hr
 
ug/Nm3 5 4.5 5 5 132
 

4. 	Treated process waste 41 82 - - 200 
3
 

water - m /hr
 

CURRENT AIR EMISSION STANDARDS IN INDIA
 

(in micrograms/Na3 ambient air at a distance of 20 times the stack
 

height)
 

Industrial area Resd. & rural area Sensitive area
 

SO 120 80 30
 

NOx 120 80 30
 
Particulates 50: 200 	 100
 

2 



--------------------------------------------------

---------------------------------------------

---------------------------------------------

--------------------------------------------

----------------------------------------------

------------------ ------------------

----------------------------------------------

----------------------------------

Tables4 

OVERALL RAWIN13 OF !GCC TECNOLOGIES 

DEB SEB FB 
 MB
 

Weight 	Factor
 

Processl
 

10 1. Maturity 	 7 
 10 4 10
 
7 2. 	Scale-up Risk 10 
 10 5 10
 
5 3. 	Capacity per Gasifier 
 10 6 8 2


10 4. Suitability for High 5 
 1 10 8
 
Ash Coal.
 

7 5. 	Cope with High Ash 
 5 
 3 8 10
 
Fusion Temp.


5 6. 	Cope with High Coal 
 6 10 8 10
 
Moisture
 

7 7. 	Coal Size Requirement 10 10 10 2
 
5 	 8. Need for Special 6 7 3
 

Equipment.

10 9. Auxiliary Power 5 
 3 10 10
 

Conuumption
 
7 	 10. Lo;d Following 10 10 8 5
 

Capability
 

Weighted Average. 
 7.2 6.7 7.6 7.7
 

Performance
 
10 11. Hezt Rate 7 
 2 10 5
 
5 12. Raw Water Consumption 7 2 10 7
 
5 13. Quantity of Solid 8 7 
 4 3
 

Waste
 
Weighted Average 7.3 3.3 8.5 5
 

Cost 
10 14. Capital 	 3 
 2 10 6

10 15. Cost of Generation 5 
 3 10 8 

Weighted AveT age 4 2.5 10 a 

Su~mary 
7 Process 7.2 6.7 7.6 7.7

10 Performance 
 7.3 3.3 8.5 5
7 Cost 
 4 2.5 10 8
 

Weighted Average 6.3 4 8.7 6.7 
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Indirect Coal Liquefaction Via Fischer-Tropsch
Technology For The Baseload IGCC Plant 
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Intrdcin 

Integrated Gasification Combined Cycle (IGCC) isan emerging technology for electric
powci generation from coal with minimum impact on the environment. Power isgenerated
efficiently by acombination of syngas-driven gas turbines and steam turbines. Studies have
shown that the capital cost of an IGCC plant isrelatively high when compared to an.-al
gas-fired combined cycle plant while its variable operating costs are comparatively low be
cause coal isalower priced feed stock. 

Results from various IGCC coproduction studies conducted by Bechtel 1.2 and others 3,4,11
 
have indicated that the economical feasibility of an IGCC plant can be enhanced with the

coproduction of methanol, liquid hydrogen, ammonia, and urea. Favorable IGCC

economics are achieved through the use of aspare gasifier to improve reliability and

coprodurtion to increase utilization of the coal gasification facility. 

In astudy sponsored by FPL and EPRI, Bechtel investigated the addition of an operating
spare gasification train with methanol coproductien from the syngas in order to improve the
 
reliability of abaseload electric power plant 1.This spare train will be used to produce

methanol and fully load the CC plant when other gasifier trains are in operation. As shown

in Figure 1,the plant equivalent availability is improved from 86% to 90% through the use
 
of aspare gasification train. With the coproduct(s) as backup fuel, the power block can stay

on-stream when one or more gasifiers are out of service. The resulting plant equivalent

availability will be similar to that in a natural gas-based combined cycle plant (93%). 

The results of this 1992 study also indicate that the cost of the spare gasifier isoffset by the

improved plant availability and the methanol by-product credit. Coproduction of
 
hydrocarbons via Fischer-Tropsch (F-T) technology isalogical alternative to methanol

coproduction because it can o:fer synergistic effects similar to those inthe methanol
 
coproduction scheme. Bechtel iscurrently carrying out aBaseine Design/Economics

Study for the DOE/PETC on indiroct coal liquefaction using advanced F-T technology 2.
 

In aseparate study sponsored by Dakota Gasification Company (DCC) as part of their
 
Clean Coal Technology V proposal, Bechtel also investigated aonce-through F-T design.

Due to the restriction of the existing gas cuntract, the F-T products (Liquid transportation

fuels) and the substitute natural gas (SNG) are the coproducts of the DGC proposed
demonstration plant. 

Some of the results from the above studies are presented in tl'is paper in order to illustrate 
how the employment of the advanced F-T technology may benefit abaseload IGCC plant. 

High-Wax-Yield Fischer-Tropsch Synthesis 

Since 1980, the U.S. DOE has sponsored aseries of tests and engineering studies on high
wax-yield, slurry-reactor F-T processing (plus wax hydrocracking) as an efficient and cost 
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effective means of producing high quality distillate hydrocarbon fuels from coal. It now 
appears that by fluid catalytic cracking of the wax, high yields of the chemical intermediates 
for reformulated gasoline components such as alkylate and MTBE (methyl tertiary butyl 
ether) can be produced as well. 

Because F-T synthesis generally follows the Schulz-Flory-Anderson molecular weight dis
tribution, operation at high wax yield maximizes liquid yield and minimizes gas yield. The 
liquid product can be hydrotreated and reformed to produce a satisfactory gasoline. The 
product wax has a wide carbon number range and the average carbon number of the wax 
produced in a 50% wax yield operation was shown by Mobil to be well over 60. This wax 
is readily converted to lighter materials by thermal cracking, hydrocracking or fluid-bed 
catalytic cracking. Hydrocracker operation has been demonstrated by Universal Oil 
Products 5,Mobil 6,and Pittsburgh Applied Research Corporation 7,and leads to high 
yields of a low pour point distillate having an excellent cetane number. Fluid-Bed Catalytic 
Cracking has been demonstrated by Mobil 6.and Amoco 8,and can be directed at 
maximizirg C4 production. These C4s can then be used Losupplement refinery 
butane/butylenes inthe production of alkylate and MTBE. 

Another alternative is a two-step operation, as demonstrated by Mobil 9,in which the va
pors containing most of the C20 minus materials are passed to aZSM-5 reactor where they 
are converted to a high quality gasoline. The wax is handled in the same manner as above. 

The slurry reactor isessentially a bubble column reactor where the liquid phase is a mixture 
of liquid wax and catalyst. The gas provides the necessary agitation for good mixing and 
mass transfer of reactants to, and products from, the liquid phase. A diagram showing one 
possible configuration of the internal cooling tubes is shown in Figure 2. While Shell Oil 
has elected to use a fixed-bed reactor in its new distillate plant in Malaysia, due to start up 
in 1993, studies have shown that the slurry reactor is potentially more attractive provided 
high catalyst concentration and high superficial velocities can be demonstrated 1 

The slurry reactor is a good selection for once-through processing because of its excellent 
heat transfer characteristics, but the need to design for high conversion (over 95% without 
co-production) puts a premium on the accurate prediction of axial dispersion effects (i.e. 
backmixing) on scale-up. Such effects were very important, for example, in the scale-up of 
the fluid-bed catalyt'c cracking process. So far the DOE has tested the slurry F-T reactor in 
the two-inch diametei Mobil pilot plant 9and in the two-foot diameter LaPorte reactor 12. 

Some earlier runs wei t also made by RheinprUssen 13 in a four-foot diameter reactor but 
these were on another ,:atalyst and are difficult to interpret. The design of aonce-through, 
F-T slurry reactor at over 80% conversion isdifficult with present knowledge. This is not a 
problem, however, when power is coproduced and conversions less than 80% are 
practical. 

The slurry reactor is also the best choice for operation on the low H2/CO ratio syngas pro
duced in modern coal gasifiers such as those of Destec, Shell and Texaco. The rationale is 
as follows: 

1. 	Low H2/CO ratio can lead to carbon formation via the Boudouard reaction: 
2C0 -- C0 2 + C IL 

A slurry reactor, however, raises the H2/CO ratio that the catalyst actually sees 
owing to the preferential mass transfer coefficient into the liquid phase. 

2. 	Even if some carbon formation does occur, the slurry reactor may still be vi
able. 
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3. 	Catalyst deactivation can be handled by means of periodic catalyst withdrawal 
and addition, whereas replacement of fixed-bed catalyst requires a shutdown. 

4. 	 High wax production requires low reaction temperatures. Because of uniform 
temperatures and catalyst replacement, a slurry reactor can be run continuously 
at the end of nn temperature for the flixed-bed reactor and give equivalent yield
distribution. This gives both high reactor productivity and the potential for 
higher pressure steam generation. 

The IGCC/Fischer-Tropsch Coproduction Facility 

The block flow diagrams of a stand-alone F-T plant for the production of liquid
transportation fuels and an IGCC/once-through F-T coproduction plant are shown in 
Figures 3 and 4, respectively. As shown in these plant configurations, the costly recycle 
compressors and steps such as CO 2 removal, deep cryogenic recovery of light ends and 
autothermal reforming are not needed in the once-through F-T coproduction plant.
Additional saving is achieved through the use of 95% purity oxygen rather than 99.5%. 

The analysis of the design coal is shown inTable 1. Any modern gasifier, such as Shell,
Destec, or Texaco could be considered for this design because they are proven, highly
efficient gasifiers, producing inert slags which have uses as an aggregate or for road 
building. 

Coal, oxygen, and steam are fed to the coal gasifiers and converted into a raw syngas that 
is a mixture of hydrogen, carbon monoxide, carbon dioxide, methane, and other trace 
gases, plus contaminants such as hydrogen sulfide, heavy hydrocarbons, and ammonia. 
The raw gas passes to aseries of units where heat is recovered by steam generation and the 
contamhiiants are removed. The clean syngas then passes to the F-T synthesis section,
where liquid products are formed by a catalytic reaction between CO and H2.The operation
is once-through, without recycle. Additional intermediate pressure steam is generated in the 
cooling coils of the F-T reactor. Since the catalyst is very sensitive to trace contaminants,
especially sulfur, the gas must be highly purified, down to 1ppm sulfur, before it enters 
the F-T synthesis section. 

F-T reactor liquid (i.e. the wax fraction) is separated from the catalyst slurry, which is re
turned to the reactor, and sent to the wax hydrocracker. F-T reactor effluent vapor is com
bined with the wax hydrocracker vapor and sent to the gas plant where itis cooled to -80 *F 
to separate out the unconverted syngas, and the liquids are sent to the fractionator, where 
distillates, naphtha, LPG and fuel gas are produced. The naphtha and LPG are stored and 
primarily used internally as gas turbine fuel to supplement syngas when acoal gasifier is 
shutdown. The distillates are marketed commercially along with any excess naphtha and 
LPG. 

A slip stream of the unconverted syngas from the gas plant is cooled in cryogenic
exchangers, hydrogen is recovered for use in the wax hydrocracker, and the remaining gas
is sent to the gas turbines where a little over 40% of the total power is generated. The re
mainder comes from steam turbines using steam generated and superheated in the heat re
covery steam generator (HRSG) downstream of the gas turbine. By-product steam from 
the gasifier outlet coolers and from the F-T reactors is also superheated in the HRSG and 
any excess, above that required internally, is used for power generation. 

The design basis of the coproduction plant is for ten operating coal gasifiers with four 24
foot diameter F-T reactors, two gas turbines, two steam turbines and two HRSG's. The 
feed rate of as-received coal and the output capacity of the plant are as follows: 
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Coal Feed Rate, STPD (basis: as received) 19,000 
Products 45 'F Ambient 95 'F Ambient 

Net Power, MW 882 911 
LPG, BPD 4,244 4,375
Naphtha, BPD 14,091 14,526
Diesel, BPD 17,527 18,067 
Total F-T Liquid, BPD 35,862 36,968 
Sulfur, STPD 426 

The gas turbines will have a higher capacity in the winter time (ambient 45 *F) than in the 
summer time (ambient 95 'F). The gasifiers are sized for the highest gas turbine capacity
(45 *F ambient). The excess synthesis gas at 95 'F ambient is consumed by raising the 
synthesis gas conversion in the F-T reactors from 77% to 79%. This requires only an addi
tional 3 foot of reactor height, but the gas turbines are kept fully loaded year round. 
(Alternatively, it would have been possible to lower liquid production and keep the syngas 
to the gas turbines constant by lowering conversion in the F-T reactors. This is less desir
able because of the effect on the gas plant which would have to be oversized.) 

The gasifiers typically have an on-stream factor of 86%. Stored naphtha and LPG are avail
able as supplemental fuels when one gasifier or more isoff line. Thus the overall plant 
availability is raised to 93%. 

High duality Distillate Fuels from Coal 

The F-T process incorporating ahydrocracker will produce storable and transportable
distillate fuels from coal which are of superior quality. Acceptable gasoline can be produced
from the lighter products but only after extensive processing. In a co-production facility,
the naphtha and LPG cuts are used as environmentally superior, storable liquid fuels to im
prove the reliability and availability of the base load IGCC power plant. 

The economic production of large quantities of high quality F-T distillates should prove
attractive to refiners who will purchase these distillates in order to blend off lower quality 
streams and increase production. There will also be a market for the LPG in refineries 
where it can be used to supplement refinery C3/C4 streams for alkylate and MTBE pro
duction. The naphtha also has refinery feedstock value as feed to the hydrotreater/catalytic
reformer. 

Bechtel's linear programming modeling tool, PIMS (Process Industry Modeling Systems) 
was used to determine the values for the F-T products when they are blended win 
petroleum-derived stocks to produce specification gasoline and diesel duels. The PIMS 
model was developed to represent a generic Midwest (PADD I) petroleum refinery in the 
year 2000 (the earliest a F-T liquefaction plant could possibly be constructed and operated).
Provisions were provided to allow the refinery to expand the capacity of numerous 
upgrading operations such as hydrotreating and oxygenate production, in order to meet the 
stringent fuel specifications dictated by the Clean Air Act Amendments (CAAA) of 1990. 

EnQnm Anha,.sia 

The benefits of methanol coproduction to abaseload IGCC plant is illustrated in Figure 5. 
The capital cost of an IGCC/methanol plant is higher than that of the IGCC-only plant 
because of the spare gasifier and the methanol plant. However, the cost of electricity
(COE) is slightly lower with the IGCC/methapiol coproduction plant due to higher plant
availability and methanol byproduct credit. 
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Similar incremental benefits of the coproduction concept can also been illustrated with a 
once-through F-T plant sharing the common coal gasification with a baseload IGCC plant.
The plant costs of the IGCC/F-T co-production facility and for the stand-alone IGCC 
power plant have been developed and compared in the following manner

(1) 	 The process design (except the plant sizes) of the coal gasification and combined
 
cycle unit for these two plants are similar.
 

(2) 	 The cost of electricity (COE) for the IGCC-only plant is first determined under stan
dard financial assumptions as given in Table 2 and at the estimated 86% plant avail
ability.

(3) 	 The economic viability of the IGCC/F-T facility is evaluated by determining the re
quired liquid product prices so that the COE from the IGCCIF-T case is the same as 
that from the IGCC-only case. 

(4) 	 The estimated plant availability of the IGCCIF-T plant is 93% which is equivalent to 
that of anatural gas-based combined cycle plant. 

(5) 	 The required F-T liquid price iscompared under different assumptions with the base 
case price given inTable 2. 

The base case prices for the products are based on the current market prices for petroleum
products with crude oil at $20 per barrel. The diesel price of $32.34 per barrel is a mean 
value when a premium is assigned for the near zero sulfur content and high cetane value of 
the F-T product. Aseparate premium for the low aromatic content is not included. The 
range of values used in deriving this average was obtaij ed from several preliminary linear 
program model analyses and varied from $30 to $39 per barrel. 

With the financial assumptions and bases described above, the COE from the IGCC-only 
case is estimated at 41.8 mills per kWh. The effects of the market price of F-T derived 
diesel on the COE from the IGCC/F-T facility are shown in Figure 6. As shown, the co
production case can produce electric power at 41.8 mills per kWh if the market value of the 
F-T derived diesel is at $36.70 per barrel (87 cents per gallon). The preliminary results of 
the linear program analysis indicate that the value of the F-T diesel may range from $30 to
$39 per barrel. The diesel value is a function of the premium it may capture for its superior
qualities (no sulfur, low aromatic, and high cetane). 

Results presented in this paper indicate that IGCC/methanol coproduction concept helps to 
justify the spare gasifier which enhances the reliability and availability of the combined 
cycle plant. Additonal data further illustrate that the once-through F-T process with a slurry
reactor design isan attractive alternative to the methanol synthesis process for an IGCC co
production plant. However, the following issues should be investigated in order to verify
this conclusion and further quantify the economical viability of the once-through F-T 
concept and the related production cost of the F-T liquid products: 

(1) 	 Maximum single F-T slurry reactor size;
(2) 	 F-T product property data for the determination of their premium values;
(3) 	 F-T liquid product prices on a site-specifi- basis; 
(4) 	 Off-site plant cost; 
(5) 	 Optimum F-T product upgrading scheme; and 
(6) 	 Coproduction of higher-value byproducts, such as C3, C4, and C5 olefins. 
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Table 1 

Proximate Analysis, wt% 
Moisture 
Volatile Matter 
Fixed Carbon 
Ash 

Total 

Ultimate Analysis, wt% 
Carbon 
Hydrogen 
Sulfur 
Oxygen 
Nitrogen 
Ash 
Chloride 
Water 
Total 

Higher Heating Value, Btu/lb 

Table 2 Financial Assumptions 

Source of Capital 

Common Equity

Preferred Stock 

Debt 


Federal and State Income Taxes 
Book Life, yrs 
Tax Life, yrs 
Initial Year of Construction 
Beginning of Commercial 
Operation 
Allocation of PFI over 
Construction Period 

PFI Escalation 
General Liflation 
Feed/Product Cost & Escalation 

Coal Feed 
LNG 
Naphtha 
Distillate (Diesel) 
Sulfur 

45% 
10% 
45% 

38% 
30 
20 
1992 
1996 

15, 25, 35, 25 

Unit Cost 

$37/ton 
$21/Bbl 
$24/Bbl 
$32.34/Bbl 
$90/ton 

Design Coal Analysis 

As Rec'd 
5.5 

37.0 
50.5 

7.0 
100.0 

72.35 
4.97 
3.20 
5.56 
1.36 
7.00 
0.06 
5.50 

100.00 

13,250 

Rate of Return 
13.4% 
10.0% 
10.0% 

Escalation 
5.25% 
5.25% 

5.25% 
5.50% 
5.50% 
5.50% 
5.25% 
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ABSTRACT
 

It is presented inthe paper, the current status and the future prediction, to
 
the end of this century, of S02 and NOx emissions from fossil power plants in China.
 
The research work carried out by TPRI inthe development of CFBC, LDI and PAFP for S02
 
removal, and two practical examples of low NOx combustion are briefly introduced.
 

1.The Current Status and The Future Prediction of S02 Emission
 

The composition of electric power inChina has been dominated by coal for many
 
years, By the end of 1990, total installed generating capacity reached 135.0 GW, of
 
which fossil-feul-fired power plants accounted for 74 percent; the total electricity
 
generated reached 615 TWh, with fcssil feuls accounting for 80.5 percent ; and about
 
276 million tons of raw coal was consumed inthe year in these fossil-fuel-burning
 
units, accounting for some 25 percent of the total output of the country. According
 
to the state planning , by the year of 2000, the total installed capacity of Chinese
 
power systems should be at least 240 GW, of which the fossil part will account for
 
about 77 percent ; anu the coal required for power generation will increase to about
 
530 million tons per year, accounting for about 38 percent of the total output. So, it
 
is obvious that coal consumed infossil-fuel-fired power plants occupies a very
 
important place inthe national fuel balance, and the distribution of sulfur contents
 
in the coal burned and thus the S02 emissions from these power plants will also
 
influence the S02 air pollusion of the whole country in a decisive manner.
 

Figure I shows a statistical classification of the sulfur contents of the coal
 
burned inthe main fossil power plants inChina at present and the variation trends in
 
the future. As shown inthe figure, in1990, coals having sulfur content less than I
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percent accounted for about 45 percent of the total for power generation; sulsur
 
content of 1 to 2 percent --about 40 percent; and sulfur content greater than 2
 
percent --about 15 percent. However, these some 15 percent high sulfur content coal
 
ismainly distributed over the provinces of Guangxi, Gueizhou, Shaanxi, Shichuan and
 
Jiangxi etc. The average sulfur contents of the coals burned for power generation in
 
these provinces are 4.18 percent inGuangxi, 2.94 percent inGueizhou, 2.44 percent in
 
Shaanxi, 2.39 percent inShichuan, and 1.95 percent inJiangxi. For statistics over
 
the whole country, the average sulfur content of the coal fired for power generation
 
was 1.23 percent in 1990. Based on this figue, the total amount of S02 formed from
 
fossil power plants inChina was about 5.5 million tons per year.
 

Due to the practical limitation of Chinese economy, most of the fossiled power
 
plants have not yet been equipped with effective S02 removal devices. As a result,
 
large areas of the country have been polluted seriously by S02, and some of them even
 
by acid rain. Inthe south-western part of China, the provinces of Guangxi, Gueizhou
 
and Shichuan, where high sulfur coal isused, isconsidered now as the third biggest
 
area of acid rain in the world. It is estimated that the economic loss caused by that
 
amounts some 16 billion Yuan (USD 2.77 billions) every year.
 

According to a prediction, the coal which will be used by the new units
 
constructed during the Eighth and Ninth Five-year plans has relatively lower sulfur
 
content, resulting in a slightly decrease of the average sulfur content of coal burned
 
for power generation over the whole country, as 1.21 percent for 1995 and 1.19 percent
 
for 2000. Nevertherless, due to the rapid increace of the installed capacity of coal
 
fired units, the total amount of S02 formed inthese power plants in the year of 2000
 
will still increase to about 10.5 million tons. If there are no effective measures to
 
be taken immediately, the result will be unmanageable.
 

For this reason, a control target has been set by the Chinese State Bureau of
 
Environmental Protection inwhich the total amount of S02 emission from all the fossil
 
power plants in the year of 2000 should remain at a constant level oj 1990. This
 
entails that S02 removal equipment with a total reduction capacity of alout 5 million
 
tons of 502 per year must be installed for power generation by the year of 2000. In
 
order to speed up fund raising, the Environmental Protection Committee of the State
 
Council has recently passed inprinciple a plan for imposing duties on S02 emissions,
 
which will be tried out insome provinces and cities first. This isnot only a very
 
important and heavy task to the Chinese environment protection workers , but also
 
provides a broad and attractive market for the environmental protection industry of
 
China, and that of the world as well.
 

On the other hand, it is obvious that to meet planned emission standards,
 
different degrees of 302 removal will be required for coals with different sulfur
 
contents. Considering the practical situation of China and the general control target
 
by the year of 2000, it is expected that the Chinese power plant S02 emission
 
standards will be getting more strict as time goes on , but will not reach the
 
advanced level of industrialized countries in a short tiwe. If a doubled S02 emission
 
threshold inGermany (400 mg/m3) was adopted inChina (800 mg/m3), and calculations
 
were based on the total iirstalled capacity of coal fired units in 1990, then about 36
 
percent of the coal-fired units would i-equire S02 removal efficiencies of less than
 
60 percent, and 47 percent units would require efficiencies of 60 to 80 percent, while
 
only 17 percent would require S02 removal greater than 80 percent. The corresponding
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efficiencies for the new units constructed during the 1990 to 2000 period would be 
 33
 
percent, 56 percent and 11 percent respectively. So, itwill be of great economic

significance to develop and disseminate different types of S02 removal 
 technologies,

especially the technologies of S02 capture within furnaces which are 
 featured by

relatively lower capital investment, so as to meet the different S02 removal required.
 

2.S02 Removal within Furnaces -- CFBC & LDI
 

Though flue gas desulfurization technology with limestone scrrubing 
 is quite
mature in abroad, for the tremendous capital investment required (about 20 to 30
 
percent of the total for the power plant), itwould be difficult to be disseminated in
 
China over the whole country ina short tire. Thus, besides conditional applications

of the technology inareas where high sulfur content coal is burned, 
 great emphysis

should be 
 given to the development of in-furnace S02 removal technologies, such as
Circulating Fluidized Bed Combustion (CFBC) and 
 Limestone Direct Injection into
 
furnace for S02 capture (LDI).
 

2.1 CFBC
 

CFBC isa newly developed clean and efficient combustion technology. Due to its

high 
efficiency competitive with pulverized coal combustion, lower emissions of S02

and NOx, higher adaptability to coal type, easiness for multi-purpuse use of ash,

etc., this technology has recieved great attention from countries all 
over the world,

and thus de'eloped quite fast.
 

Because of a later starting, the present technical development of CFBC boiler in

China issome lagging behind compared with the advanced level in the world. By the end

of the Seventh Five-year Plan, a 
number of CFBC boilers with steam capacities of 35-65

t1h had been manufactured with the joint efforts of universities, research institutes
 
and boiler workses and put into operation already. The capacity rank, operation

reliability, and performance indices reached or approximated the levels in advanced

countries 5-10 years ago; however, 
most of them were not equipped with S02 removal
 
systems.
 

In order to speed up the application and dissemination of the technology in

utility power plants and to shorten the technical distance between China and the

advanced countries in the area, TPRI suggested several years ago the
to former

Department of Energy and the State Committee of Planning to import a 
CFBC boiler with
 
a capacity around 100 MWe for demonstration. Now, a project with joint
responsibilities of the Electric Bureau of Shichuan Province and ti~c TPRI, which aimes 
to purchase a set of Pyroflow boiler of 410 t/h and to install that inthe Neijiang

Power Plant, isundergoing smoothly.
 

To get a better understanding of the combustion characteristics of the coals and

the S02 capture capability of the limestone to be used, 
 a series of combustion / S02
 
removal tests were carried out at a small CFBC test rig inTPRI for two coals (design

coal : Nanchuan, check coal : 
Furong) and three limestones.
 

Figure 2 shows a schematic diagram of the test rig. Figure 3 and Figue 4 show

the influences of bed temperature on the combustion efficiency and the 
 S02 capture
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respectively; while Figure 5, Figure 6 and Figure 7 -- the influences of Ca/S mole
 
ratio on the efficiency of S02 removal, the free CaO content in fly ash, and the
 
resistibility of that, too.
 

The main conclusions obtained from the test are as follows:
 
1)The project coals, Nanchuan ctal and Furong coal, both belong to the difficult
 

burning, low reactivity coal. To cnqure a high combustion efficiency of the
 
demonstration unit, it isnecessary to increase the furnace height and to raise the
 
bed temperature to d certain extent.
 

2) Limestone-A has relatively high 502 capture capability. When burning Nanchuan
 
coal with Ca/S ratio of 2.2, the S02 removal efficiency reached 94 percent, and the
 
concentration of S02 emitted was abouL 460 mg/m3 .
 

3) After desulfurization with lomestone, the resistibility of fly ash increases
 
greatly. When the Ca/S ratio equals 2.2, the resistibility at 150 oC reaches 10-14
 
ohm.cm , which exceeds greatly the working limit of normal temperature ESP. So, it is
 
probable that the Neijiang Project has to use some sort of high temperature ESP.
 

Additionally, a newly built I MW CFBC Test Facility with a net furnace height of
 
23 m has been put into operation recently at TPRI, and further testing of the coal; /
 
limestones of Neijiang Project has been carried out inthe facility. The detailed
 
experimental results are being compiled now.
 

2.2 LDI
 

The injection of limestone powder directly into a furnace for S02 capture is a
 
long standing idea. In the 1960s, a number of experiments were carried out in
 
laboratories and at utility boilers as well by the United States, Japan, and some
 
European countries, while the S02 removal efficiency was only about 20 percent. Inthe
 
mid-70s, due to large amount of experimental work carried in pilot scale test
 
facilities, the efficiency reached 50 percent, then the technology received wide
 
attention from people again. After that, several LDI processes with moisturized
 
activation reactors were developed, such as LIFAC, inwhich the S02 removal efficiency
 
reached 55 to 85 percent with a Ca/S mole ratio of 2.0 . Thus, LDI becomes gradualy a
 
commercially applicable techiiology for 502 removal.
 

In order to solve the problem of low temperature corrosion of oil fired boilers
 
when high sulfur oils were used, P TPRI research project was carried out in the mid
60s in Chia, in which dolomite powders were injected directly into a furnace to
 
reduce flue-gas S03 concentrations. The process was tested ina 65 t/h oil fired
 
utility boiler inShanghai, and expected results were obtained. Then inlate-80s, to
 
coordinate with a feasibility study of S02 removal retrofit for high sulfur coal
 
burning in the Chongqing Power Plant, a simulation test of LDI was carried out at the
 
institute.
 

Figure 8 shows a schematic diagram of the simulation test system. Figure 9 gives
 
the main results of tie cimulation test. Inthe figure, @ denotes the result for the
 
case of 1150 oC at injection point without moisturization. As shown inthe figure, the
 
S02 removal efficiency increases from 21 to 48 percent with the Ca/S ratio increasing
 
from 1.0 to 3.0 . Inthe same figure, 0 gives the result with moisture adding for used
 
CaO activation. Inthe case where Ca/S equals 1.5, relative humidity is24.4 percent,
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and residance time is7.5 s, S02 removal efficiency reaches 42 percent, which is
 
obviously higher than that of the case without moisturization.
 

For further development of the complete technology of LDI, the 1 MW 
 Pulverized
 
Coal Combustion Test Facility of TPRI has been modified for LDI test, including adding
 
an activative reaction duct, etc. As cooperating organizations of the project, the
 
Tsinghua University and the Nanjing Environmental Protection Institute will be
 
responsible for the cold mo!el test of the activation reactor and the selection of
 
sorbents, respectively. All the experimental wor: ,sexpected to be finished by the
 
end of this year.
 

3. Flue Gas Desulfurization -- PAFP
 

S02 removal incoal fired power plants isan additional money consuming project.

The way to reduce the additional investment isto either develop the technology 
with

low capital cost, such as CFBC and LDI, 
 or to raise the utilization values of
 
bypruducts from the processes to compensate partly the cost for S02 removal by the
 
sales gain of these byproducts.
 

The Phosphate Ammnnium Fertilizer Process (PAFP) is a noval flue gas

desulfurization process developed by TPRI with the aim of byp,,oduct selling. The
 
research project was listed as a 
National Key Science and Technology Project of the
 
Seventh Five-year Plan of the country in '86, of which the objective assigned was to
 
fulfil a pilot plant test with a flue gas treatment capacity of 5000 m3/h.
 

The pilot scale test plant was built at a by-pass gas duct of a wet bottom boiler
 
of 410 t/h inthe Douba Power Plant, Shichuan. A local anthracite of Furong with a
 
sulfur content of 3.7 percent was used.
 

The schematic diagram of the pilot plant system isshown inFigure 10 
with the
 
upper half for flue gas desulfurization and the lower half for fertilizer production.

The main technological processes are as the follows.
 

After dedusting to ash concentration of below 200 mg/m3, the S02 containing flue
 
gas ispresuerised to about 7 kPa, then enters a Venturi fcr temperature and humidity

adjustment. Thereafter, Lie 
 flue gas isdelivered to a S02 absorbtion tower group

consisting of 4 parallel activated carbon sorbors, 
 of which one isused periodically

for regeneration to ensure over 70 percent of primary S02 reduction rate 
 maintained.
 
From this process, sulfuric acid of sole 30 percent concentration isobtained. The S02

remainder inthe gas is then captured once more ina phosphate ammonium scrruber. By
 
means of continuous ammonia-adding adjustment, the final S02 removal efficiency will
 
be kept at over 95 percent.
 

The dilute acid from carbon beds isused to extracc ground phosphate rock to make
 
phosphoric acid, to which ammonia isadded tc form liquid phosphate ammonium as 
 the
 
secondary S02 removal agent. 
 Then, the reactant isoxidized, concentrated and finally

dried into solid fertilizer as the terminal byproduct.
 

The technical basis of PAFP issulfuric acid production through the catalytic

desulfurization of activated carbon. Therefore, high efficiency and low cost activated
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carbon will be the key material for the successful application of this process.
 
Through detailed screening tests, a corncab-based carbon was finally selected and used
 
in the process, of which the performance of 102 reduction excels some iodated
 
anthracite-based carbons while the cost is lowered by 30 to 40 percent of the latter.
 

During the time of 2000 hrs appraisal operation, the assigned technical indicies
 
of over 95 percent sulfur reduction rate, over 90 percent decomposition rate of ground
 
phosphate rock, and over 35 percent (N+P205) furtilizer grade were achieved. Till now,
 
the pilot plant has accumulatively run more than 10000 hours, producing several dozens
 
tons of qualified phosphate ammonium fertilizers. This opens a new economically
 
feasible way of desulfurization for power plants burning high sulfur content coal of
 
St > 2.5 percent inChina.
 

Based on the results obtained from the appraisal operation, a budgetary
 
estimation for a PAFP installation with a gas treatment rate of 450000 m3/h, an S02
 
concentration of 7150 mg/m3, and an annual operation time of 6500 hrs was conducted.
 
In addition to about 20 thousand tons of S02 reduction, the plant can provide
 
agriculture with over 27 thousand tons of phosphate ammonium fertilizer valued some 23
 
million Yuan (USD 3.98 millions) every year. After deducting the turn back cost of the
 
initial PAFP investment, a net profit of over 7 million Yuan (USD 1.21 millions) will
 
be obtained.
 

4. NOx Emission and Its Control
 

4.1 Present status of NOx emission from utility boilers
 

Inorder to comprehend the present status of NOx emission from utility boilers in
 
China and to provide a scientific basis for relevant standard formulation, a survey of
 
the levels of NOx emissions from utility boilers using different burning systems in
 
China was conducted by TPRI inthe mid-80s. Emphysis of the survey was on the coal
 
fired utility boilers with capacities over 100 HWe; nevertherless, NOx emissions from
 
some small coal fired units indensely populated areas and a few oil fired boilers
 
were also investigated. Detailed measurements were conducted at total 59 boilers.
 
including 44 from domestic boiler works and 15 imported from abroad.
 

Figure 11shows the NOx emissioin data from the survey, which isscattered to some
 
extent, but ismostly inthe range of 600 to 1200 mg/m3 with the most dense area of
 
700 to 900 mg/m3.
 

Figures 12, 13 and 14 reflect the influences of coal type, volumatric furnace
 
load, and burner type on NOx emissions respsctively.
 

The prelimilary conclusions from the survey are as follows:
 
1)Generally speaking, NOx emissions from the units burning anthracite and lignite
 

are lower than those of burning lean and buituminenous coal. This isprobably related
 
with the lower peak temperature of anthracite flame due to its lower reactivity, and
 
the lower furnace temperature when burning lignite d,!e to its relatively high moisture
 
content.
 

2) NOx emission increases with increase in volumatric furnace load. Obviously, this 
isbecause that higher furnace load leads to hi9her furnace temperature. 
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3) NOx emissions from corner 
firing furnaces are generallv lower than tose from
 
wall firing ones. This ismainly due to the reducing atmoc-vre "ormed after .gnition

which is caused by the lower mixing rate in
corner jet burners, :nd the lower peak
 
temperature of flame in corner firing furnaces.
 

Based on these measurement data, 
the total amount of NOx emitted from utility

boilers in China in 1988 is estimated at about 1.5 million tons; and will increase at
 
a rate of about 34 thousands tons of NOx per 10 TWh of electricity generated. If there
 
are no measures taken immidiately, 
 the yearly NOx emission would possibly exceed 3

million tons by the end of this century. Therefore, the task of NOx control is also
 
very heavy and urgent.
 

4.2 Practical examples of low NOx combustion
 

Air staging is one of the low NOx measures easest to apply. Inabroad, it is not
 
seldom to see that deviated secondary air and over firing air are used in tangentially

fired utility boilers foe low NOx combustion through creating a reduing atmosphere

unfavourable to NOx formation in the firing ball.
 

For experience gathering in this field, TPRI conducted a low combustion
NOx 

retrofit to a 220 t/h boiler inXigu Power Plant in 1989. The schematic diagram of the
 
burner structure after retrofit and its arrangement in the horizontal cross section of
 
the furnace are shown in Figure 15. 
As can be seen in the figure, the middle and upper

nozzles of secondary air are modified to horizontally deviated ones with turning

vanes of 15 degrees in maximum, while the lower one remains unchanged to avoid
 
segregation of coal particles from air streams. Also, 
a set of over firing air nozzles
 
are added at a distance of 2250 mm over the central lines of the upper primary air
 
nozzles.
 

The retrofit proved to be very effective, that a 25 percent NOx reduction was
 
reached without a noticeable increase in carbon loss. Presently, the NOx emission
 
level of this boiler holds around 600 mg/m3, and the slagging problem is also
 
alleviated when coals with lower ash fusing temperatures are used.
 

The two boilers of 1025 t/h made by Shanghai Boiler Works, which are installed in

the Wujing Power Plant, Shanghai, are other examples of applying this technology. TPRI
 
was involved in the regulation test and the appraisal 
test of these two boilers. The
 
combustion systems of the boilers are featured by: 
 i)application of 'lean - rich' 
burners with 
 coal segregation by elbows; ii)reversely tangentialed primary and
 
secondary air supplied; and iii) the over firing air. The schematic diagram of
 
'reversely tangential firing' isshown in Figure 16.
 

The test resuls of NOx emission from these boilers are ranged from 400 
 to 500
 
mg/m3, showing high effectiveness of the measures taken.
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COAL COMPLEX CENTERING ON COAL PYROLYSIS 

Takafumi KAWAMURA , Hiroyuki KOZURU , Shigeru HASHIMOTO 
Hiroshi IDA , Yoshimasa IKEDA 

Technical De,!lopment Bureau , Nippon Steel Corporation 

20-1 Shintomi Futtsu , Chiba 299-12 , Japan 

Fumiho IZUMrYA 

Center for Coal Utilization , Japan 
2-3-4 Ookubo Shinjuku , Tokyo 169 , Japan 

1. INTRODUCTION 

With its abundant reserves and stable supplies , coal will remain an 
important basic resource as a primary energy for Japan. Estimated consump
tion of coal by the year 2000 in Japan will increase to nearly 142 million 
tons per year from the current consumption of 114 million tons per year(l). 
Efficient utilization of coal will assume growing importance in the future 
when we consider the increase in energy consumption , supply limits of fos
sil resources including oil and natural gas , and the effects of energy use 
on the global environment. Nobel use should be made of such easy-to-use
fossil fuels as oil and natural gas as a precious asset for mankind , and 
earth-friendly coal utilization technology must be developed in this count
ry of vast energy consumption. 

Technology development has been carried out for the complete gasifi
cation , hydrogasification , and Liquefaction of coal as fuel for electric 
power generation (IGCC) substitute natural gas (SNG) , and liquid fuel , 
respectively. These coal conversion technologies have been energetically
researched into since the 1970s , but still need a time to be used widely 
for commercial application because of great development difficulties , nigh 
investiment costs and low economics involved. 

Coal can be used not only as a source of energy but also as a 
high-value-added raw material for chemicals and carbon-based materials. 
Effective utilization of coal best suited to its characteristics requires
the development of a rational conversion technology for specific purposes.
The pyrolysis of coal yields multiple products such as gas , liquid , and 
char by simply applying heat to coal. Since coal pyrolysis has lower deve
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lopment hurdles and incurs less equipment costs than coal gasification and 
liquefaction technologies , it has come to be highlighted as a mild gasi
fication technology. 

The gas , liquid and char produced from coal can be used respectively 
as a fuel and chemical feedstock , as a chemical feedstock and fuel oil, 
and as a boiler fuel and ironmaking fuel ( including reductant ). The fea
sibility of converting these products into commercial products to meet mar
ket needs in both quantity and quality is a precondition for the commercia
lization of the coal pyrolysis process. A coaprehensive system must be 
built whereby these products can be utilized in an effective and balanced 
way. Of particular improtance is the application of coal flash pyrolysis 
technology from which an increase in the yield of high-value-added gas and 
liquid components can be expected. A steel industry is expected to provide 
one of the most advantageous fields for developing a comprehensive utiliza
tion system for flash pyrolysis products of coal. 

This paper outlines the coal flash pyrolysis process under research 
as one of the next generation coal utilization research and development 
projects to be undertaken by the New Energy and Industrial Technology 
Development Organization ( NEDO ) of Japan. 

2. 	COMPREHENSIVE COAL UTILIZATION SYSTEM 
BY FLASH PYROLYSIS 

In order to construct the comprehensive and efficient utilization 
system of pyrolysis products , we must broarden the fields of application 
not only to one industry but also to the other industries including public 
sector. Figure 1 shows an exapmle of coal flash pyrolysis product 
utilization system as a complex centering on a steelworks and embracing 
peripheral indusries. 

Conventional iron and steel-making processes utilized coal mostly in 
the form of coke charged into blast furnaces and by-products produced from 
coke manufacture . In recent years , coal utilization has diversified , as 
typically seen in the spread of pulverized coal injection ( PCI ) into 
blast furnaces , addition of coal into basic oxygen furnaces in the scrap 
steel melting process , and the development of the direct smelting reduc
tion process as a new ironmaking process. 

Technology of injecting large amounts of pulverized coal into blast 
furnaces ( from the present rate of 100 kg/t-pig to the future rate of 200 
kg/t-pig ) and that of melting large amounts of scrap , both under 
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development , will have the effect of lowering the coke rate in the blast 
furnace operation , reducing tie supply of coke -oven gas ( COG ) to 
downstream processes , and tightening the supply of tar as a chemical fted
stock. The direct smelting reduction process will eliminate the manufac
ture of coke-oven by-products. A COG-equivalent gas from the coal flash 
pyrolysis process ( 400 to 5M04) kcal/Nm' ) is supplied as a gaseous
fuel for the hot and cold rolling processes and for the nearby gas energy
consuming industries . Benzene-toluene-rlene ( BTX ) and tar liquid 
components are utilized as clieritical feedstocks at tile chemical company.
Char , a solid product ,may be utilized as a substitute for PCI in blast 
furnaces , as a carbonacc( rs Material in the direct smelting reduction 
process and scrap melting process and as a fuel for private electric power
generation boilcrs at the steelworks. It may be also used as a fuel for 
the thermal power plant operated by the local electric power company. 
In 	 addition , the flash pyrolysis char has the potential to be used as an 
adsorbent char. 

3. 	CONVENTIONAL COAL PYROLYSIS PIROCESSES AND
 
REQUIREMENT OF NEXT GENERATION PYROLYSIS 
 PROCESS 

Several technical points must he considered when commercializing a 
pyrolysis process for laige -volume production of high-vahie-added gas and 
liquid from coal. They are how to avoid (he agglomeration of coal of high
caking property in (he pyrolysis process and how to supply the heat requir
ed to accomplish the rapid heating of coal. 

Representative coal pyrolysis processes developed to date are summar
ized in Table I 'lIv aic the ruovi g-bed ( mixing bed ) I.urgi Ruhrgas
process(2) , rotary kiln Toscoal Process(3) , fluidized-bed COED(4) and 
CSIR()(5) proccses , entrained-ed ORC process(6) . rotary-grate Encoal 
process(7) ,fluidi'zed/enrtr:aincd bed IGT process(8). lHeat is supplied by
heated ceramic bails in the Toscoal process and by combustion heated char 
in the Iurgi--RuhrgaN , COF) , ('SIR() and ORC processes and by corn
bustion of product gas in the Encoal and IGT processes. The combustion 
heated ciar used to ,upplly lcat and avoid agglomeration , aid can be 
recycled to a great extent. None of these processes has been comnncrcializ
ed yet , except for the Lurgi-Ruihrgas process that has its aim in improving
the lignite quality. IGT and Encoal, all in the United States , have been 
developing in the pilot plant level. Some processes were developed with 
the aim of improving coals of low rank , but their development work was 
suspended for reasons of low gas and liquid yields , great scale-up diffi
culty , or low applicability ( economy ) of products obtained 

-919



A next-generation coal pyrolysis process required especially in Japan 
must: 
* 	Produce high-value-added liquid as chemical fee-]stocks and gas products 

with high yields. ( The yield of volatile matter can be increased by rap
idly heating of coal. ) 

" 	Produce gas with properties befitting the intended application. 
* 	Be high in thermal efficiency. 
* 	Be able to treat a large amount of coals ( or easy to scale up ). 
* 	Be able to use many types of coal. 
* 	Be low in equipment cost. 
* 	Be free from high development hurdles. 
* 	Be flexible enough to meet the trend of product demand. 
* 	Be environment-friendly ( low in impact on environment). 

4. 	CONCEPT OF NEXT-GENERATION FLASH PYROLYSIS PROCESS 

The entrained-bed coal flash pyrolysis technology has a high possibi
lity of growing into a process that will offer a high yield of volatile 
matter , be easy to scale up , and be able to handle a wide variety of 
coals. In considering the pyrolysis process applicable at a steelworks ,we 
paid attention that the process is capable of producing the gas with heat
ing value similar to the COG and liquid witr high added value as much as 
possible while reducing the amount of char products. 

An example of simplified process flow diagram of the flash pyrolysis 
we have proposed is presented in Figure 2. 

Coal , which is dried and pulverized to a 80 percent minus 200 mesh 
size , is pneumatically conveyed in a dense phase from the feeder into the 
pyrolysis reactor with nitrogen or product gas of this process. Injected 
coal into the pyrolysis reactor is heated very rapidly by the upstream of 
hot gas generated by the partial oxidation of char and devolatilized to 
produce gas , liquid and char at the reactor conditions such as temperature 
of 600 .0 to 900 "C , gas residence time of a few seconds. The gaseous and 
solid products flow concurrently upwards . The formed char is separated in 
a hot cyclone and its heat is recovered via a chir heat recovery unit. Some 
of the char is partially oxidized by oxygen and steam to supply heat for 
the pyrolysis reaction involved . The rest of char is utilized as a fuel 
for electric power generation or iron production. Heat is recovered by oil 
flushing , for example , from the gas stream from the hot cyclone , 
containing gas and liquid products. Liquid products are recovered from the 
gas stream by water flushing , for instance. Heavy liquid products that 
condense in the heat recovery step can be recycled to the pyrolysis reactor 
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and treated again there. The gas is removed of BTX ,sulfur , ammonia 
and other components in the gas treatment system before it is used as a 
fuel. 

Among possible development themes are the efficient gasification of 
char , injection of coal into the pyrolysis reactor without agglomeration 
seperation of hot char and recovery of heat from the product stream. 
Conventional technologies can be best utilized in these developments. 

5. DESCR.PTION OF THE 2.4-TON/D PROCESS RESEARCH UNIT 

Following the encouraging results from the earlier explo atory labo
ratory-scale experiments with a coal input of 5 kg/hr(9) , a process 
research unit apparatus ( PRU ) , which has a coal feeding capacivy of 2.4 
tons per day , has been built to evaluate the process concept mentioned 
above and to develop its key technologies. The schematic flow of the PRU 
is shown in Figure 3. The PRU consists mainly of pulverized coal and char 
feeding systems ,a 2S-cm-I.D.,400-cm-long entrained coal pyrolyzer set up 
just above a 50-cm-I.D. ,60-cra-long char gasifier ,a solid char sepera
tion section , and a tar recovery section. 

A pulverized and dried coal/char ( -200 mesh 80 % in size ) stored 
in the char Ieeder is constantly fed at about 50 kg/h-r by a rotary valve 
and conveyed pneumatically with nitrogen to be injected into the char 
gasifier through a pair of char-oxygen burners. Injected coaL/char is 
gasified by oxygen to generate the hot gases such as CO,CO ,Hi and H1 0 
at the temperature of 1400 *c to 1700 C. The sensitive heat of hot gases 
from the gasifier provides the heat necessary for subsequent pyrolysis 
reaction. At the coal flash pyrolyzer connected to the gasifier, a pulve
rized coal is put into the hot gas stream through a pair of coal injectors 
at the rate of 50 kg/hr to 150 kg/hr ,which depends on pyrolysis tempera
ture selected , and devolatilized at the heating rate of about 10' tC/sec. 
The operating conditions of the pyrolyzer are temperature of 600 "C to 900 .C, 
gas residence time of about 2 seconds and atmospheric pressure. The product 
stream containing gas , tar ,and char from the pyrulyzer goes to the hot 
cyclones and the char is separated to be stored in the char vessels. The 
hot gas leaving the cyclones is quenched with water spray scrubber and t1'.e 
tar is condensed in the hold vessel. After tar mist is eiminated , the 
gas produced is burned at the flare stack. Part of the ti'r produced is 
collected by freezing with liquefied nitrogen to be analyzed. The gases 
produced such as H , CO , CO, , ight hydrocarbon gases are analyzed by 
using both on-line gas chromatography and sample bags. 
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6. TEST RESULTS OF THE PRU AND 
MASS AND HEAT BALANCES OF A FULL SCALE UNIT 

Taiheiyo coal ( a domestic subbituminous coal ) was used for the PRU 
experiments. Analyses of the coal and its chars obtained from the PRU 
experiments are given in Table 2. 

Taiheiyo coal was gasified by oxygen instead of its char to evaluate 
the performance of char gasifier as a hot gas penerator. Figure 4 shows 
the effect of oxygen to coal mass ratio on cold gas efficiency. As is shown, 
cold gas efficiency of the PRU gasifier results in 40 to 60% , which is 
relatively low considering that a full-scale gasifier is expected to reach 
more than 70% efficiency. This is because 30 to 35% of total heat input in 
the PRU gasifier turn out to be heat loss to the gasifier wall due to its 
size. 

The performance of coal flash pyrolyzer is shovn in Figiri 5. 
Figure 5 illustrates the relation between the product yields and reactor 
temperature Data from the laboratory-scale experiments with a downflow 
entrained bed of having a 5 kg/hr coal input are also shown for comparison. 
In the PRU data , char yield becomes quite lower to less than 15 wt% of 
dry-ash-free(daf) coal tnevond 700 "C This means that the PRU is favorable 
to obtain high yield of total volatiles such as gas and liquid. Gas yield 
becomes 2 to 3 times higher than that of laboratory experiments ,on the 
other hand , tar yield becomes lower. The reasons for the difference bet-
ween the PRU and laboratory scale data are assumed as follows. 

* 	The PRU gives a very high heating rate (10' "Csec) of coal particles 

compared with that (10' "C/sec) of laboratory scale and the residence 
time of coal particles within the PRU pyroly-zer is found to be about 
10 times longer than that of laboratory scale downflow entrained 
reactor due to inner circulation of coals injected. This ca'jses the 
decrease of char yield. 

* The decrease of tar yield in the PRU is due to secondary reaction of 
tar on the activated char surface . Secondary reaction of tar is easy 
to occur in the PRU pyrolyzer because of high concentration of char 
particles. 

The operating data are being accumulated using several other kinds of 
coals such as subbiturninous and high volatile bituminous coals. 

Based on the test results from the PRU , an attempt has been made 
to take mass and heat balances of a full-scale plant. The calculated 
results based on a 1000 tons per day plant scale are illustrated in 
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Figure 6. Product yields for a full scale pyrolyzer -are taken from the
 
PRU data. As for the performance calculation of a full scale char gasifier,
 
the following assumptions are made.
 
* 	Carbon conversion is 98%. 
* 	Gas components such as CO,CO, H ,H 0 are partly at equilibrium
 

of water gas shift reaction at the outlet of gasifier.

* 	Heat loss within the gasifier is dominated by the radiative heat
 

transfer to the reactor wall.

* 	Char is conveyed pneumatically with nitrogen at the condition of char to
 

gas mass ratio of 30 .
 

An example of pyrolysis process data per unit coal is given in 
Table 3. Process data show that gas , liquid(BTX+tar) and char product
yield are 60-70 wt%,10-15 wt%,and 20-30 wt%of coal , respectively. The pro
duct yields of this process are compared with those of other processes in 
Figure 7. 

7. 	CONCLUSIONS 

According to the test results from the ?RU , the coal flash pyrolysis 
process we have proposed has a possibility of producing high gas and liquid
yields and becoming a feasible process which can meet the requirements. 
At present, operating data are being accumulated from the PRU and research 
is proceeding to-ward feasibility study of the process before construction 
of a pilot plant. 
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Table 1 Development of coal pyrolysis processes 

Procese Reactor type Development scale Main products Heat supply method
 
and period
 

Toscoal Rotary klln 25t/d Char Heated ceramic
 
(1970) ball by produc
 

Lurgi

-Ru hrga Moving bed Commercialized Char Char combustion
 

(Mixing bed) (1963)
 

Encoal Rotary grate 900t/d Char Product gas
 
(1992-) combustion
 

COED Fluidized bed 36t/d

(1970) Liquid/Gsa Partial combuation
 

of char
 

CSIRO Fluldized bed 0.5t/d Liquid Char combustion
 
1984)
 

IGT Fluidized bed 2?4t/d Cnar/Liquld Product q a 
Ventrained bed (1991-) combuctLon 

ICEntrained bed 32t/d I Gas/LIquid Char COMDUution
 
)Garrett) (1976)
 

Table 2 Analyses of Taiheiyo coal and its chars 
dry-wt% 

/ VM F C -AH[C . - 1 0 N S, 

rTa heli cn--harl., 7 61S 24 3 10 ~ +AI~I 
7~~~~~~~~~~~~~~~~_~..!Zi_._52 i.2 _m- 11 05.2_/. _--I 1 

c 5 ,5 1_4 5 3 .67 1o a6 1TI. _0 0o126,15 1.6 3.14 7a1 0.5 5 


Table 3 An example of pyrolysis process data 
(Taiheiyo coal) 

Pyrolysis -Temperature 700 'C
 
reactor condition *Preeeure I atm
 

"Gas residence times 2 sec.
 

Char gaslfication Cher required 346 kq /t-coal 
conditon Oxygen required 1 199 NOIL/t-coal 

'Steam required _182 Nm /t-coal 

Process products "GL 1 926 Nm /t-coal 
(3930 kcal/Nm )] 

*Tar 84 kq /t-coal 
BTX 32 kq /t-coal 
Char 223 kg /t-coal 

Process efficiency *Thermal efficiencyj 95 %
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Figure 1 Coal flash pyrolysis utilization system 
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Advanced Solid Waste Treatment with
 
Produ-t Control Indirect Flash Pyrolysis
 
"The Best Available Control Technology".
 

TM 

Product Control System
 
"PCS" 

PCS is an innovative resource recovery pollution control 
industry system, which opens new markets and business 
opportunities based on the decentralised and complete 

solid waste management concept. 

Process Description: "... that which was recently
technically and ecDnomica]]y unsvailabie, is now viable and 
available reality, eve': beyond the yr2900... 

Keywords:
 

^ Indirect Thermal Treatment Flash Pyrolysis
 
^ Reductive Environment Low Vacuum
 
^ Continuous Processing Continuous Monitoring
 
^ Cost-Effective Alternative 
 Energy Recovery
 

The PCS indirect thermal treatment process uses flash
 
pyrolysis to thermally decompose organic and inorganic solid 
waste. The main component of the process is its use of a 
specially designed, indirectly fired rotary reactor in which 
waste in a reductrive environment is partially vaporised
and/or gas-out in low vacuum between the temperature ranges
of 450 °C - 1,000 0 ( 850 OF- 1,850 OF ) 

Gas pha from the reductive decomposing process is 
directly combusted at a minimum 1,250 °C ( 2,300 0F )
2 sec residence time and heat from its flue gas is recovered. 
The remaining gas is cleansed in a high capture efficient, 
indirectly cooled, wet gas scrubber prior to discharge.
Scrubber process water is cleansed prior to discharge and the 
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precipitate from the water treatment is reintroduced for
 
attenuation into the system.
 

Solid phase is indirectly cooled and discharged for
 
utilisation. If the basic material is of organic origin, the
 
solid end product is an activated carbon powder which is
 
utilised as a filtration material or as energy. if the basic
 
material is of inorganic and/or mixed origin and/or contains
 
a high content of heavy metals and/or halogens the solid end
 
product is conditioned into an unleachable water resistant
 
form of lcw volume for final disposal.
 

Proven advantages over other pyrolysis systems
 
include:
 

The indirect heated process provides a true
 
pyrolysis reductive environment avoiding dioxin
 
formation;
 
The ability to treat unsorted organic and
 
inorganic contaminants that are thermally
 
decomposable under 1,000 0 C ( 1,850 F
 

> gItally closed and totally safe system;
 
> Modular system design;
 
> Extended range of alternative applications;
 
> Complete, automated and monitored technology;
 
> Recovery of saleable products such as:
 

Waste-to-Energy, Pure Activated Carbon, Clean Coal 
not to mention savings on landfill fees resulting from
 
decreased amounts of neutralised ash residue after
 
treatment.
 

> Low investment, operation and maintenance costs.
 

A process schematic is shown in Figure 1.
 

Process Application: ". ..the PCS converts trash into 
cash..."
 

Keywords:
 

^ Pure Chemical ^ Solid Waste
 
^ Pure Activated Carbon ^ Hazardous Waste
 
^ Pure Nuclear ^ Unsorted
 

^ Mixed Thermoplastics ^ Packaging Material
 
^ Impregnated Wood ^ Agricultural Waste
 
^ Wood and Straw Waste ^ Pharmaceutical Waste
 
^ Lignite and Coal ^ Contaminated Soils
 
^ Household Waste ^ Hg Luminescent Light
 
^ Used Activated Carbon Recovery ^ Pesticides
 
^ Halogens ^ Heavy Metals
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The process has been developed for the treatment of
 
different mixed and/or unsorted solid organic and/or

inorganic industrial, municipal and/or post-consumer waste
 
stream with toxic pollutant hazardous substances that can be

flash pyrolysed and/or carbonised at temperatures under any

range of 1,000 
0C ( 1,850 0F ). The technology development of

Product Control comprises three main areas. 
The various basic
 
materials require different modular constructions and the
 
purpose of the treatment and the quality of the end products

depends on 
the quality of the input materials.
 

1. Pure Chemical: 
 waste amenable to treatment 
includes; - industrial, municipal and/or post-consumer waste;
soils and sludges; waste contaminated with heavy metals,
halogens, pesticides and/or organic contaminants such as: 
household waste, thermoplastics, rubber; tire; organic and 
oil sludge; impregnated and contaminated wood; agricultural
waste; desulphurisation of lignite and coal; contaminated
 
soils; contaminated packaging material 
resulting from the
 
food, chemical and agricultural industries; mercury-based

luminescent light, contaminated activated carbon, etc.
 

End products: Waste-to-Energy conversion resulting in Pure
 
Carbon and/or Clean Coal; the destruction and/or

neutralisation at low cost resulting in low volumes of
 
processed neutralised ash residue.
 

2. Pure Activated Carbon: 
 a second version of the
 
process is applicable for the manufacture of Pure Activated
 
Carbon from wood c;nmip, straw, coconut shells, rice hulls,

peats and nuts and/<r other agro-forest waste products.
 

End products: nigh, quality Pure Activated Carbon and/or

inexpensive waste-to-energy. An annual 15,000 tons of wood
 
waste input provides approximately 2,500 tons per year of 
 a 
high quality end product and energy surplus.
 

3. Pure Nuciear: a third version of the process

proviaes for the treatment of low level organic radioactive 
nuclear waste 
for the purpose of volume reduction.
 

End product: volume reduction at a low cost. 

On-site or off-site stationary unit facilities for the
Pure Chemical and Pure Activated Carbon standard systems are 
available with a throughput of 2 tons per hour, ( 15,000 tons 
per year ), of p1 emanen- processing. A mobile unit - as a
special version - _s aso available with a capacity of 
0.5 - I ton per or 3,000 - 6,000 tons per year input . 
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Process Operation: "...simply said: it works..." 

Keywords:
 

PCS Rotary Reactor ^ Closed Technology
 
Fully Automated ^ End User Friendly
 
Prccess Surveillance System ^ Simple Maintenance
 

The waste is first reduced by a homogenizer mill to less
 
than 5 mm ( < 0.2 inches ) prior to entering the dryer. 
Operating at 450 'C ( 850 °F ), the directly fired closed
 
dryer lowers the moisture content of the waste to less than
 
15 percent. The dried waste is conveyed into the rotary
 
reactor where it is indirectly flash pyrolysed Pt 450 °C 
1,000 0C ( 850 OF - 1,850 OF ) into gas-vapours and solids 
perspectively. Generally, most heavy metals and high boiling
 
point organic compounds will remain in the solid phase while
 
volat~le organic compounds and some volatile metals will be
 
concentrated into the gas phase.
 

The gas-v-apour phase is directly combusted for the
 
recovery of energy from the flue gases.
 

The solid material is indirectly cooled and
 
utilised. If the basic material is purely organic in origin,
 
it is utilised by being processed into Pure Activated Carbon.
 

After energy recovery is completed, in the form of 
process heating - drying, steam and/or hot water ( electric 
power production is ivailable as option ), the flue gases are 
treated in an indirect cooled gas scrubber connected to a 
water treatment system. Clean flue gas and clean water are 
discharged from the system. The system operates continually 
and is fully automated and monitored by Honeywell-Product 
Control electronic process-control and quality assurance
quality control instrumentation. A summary of operating 
parameters is provided in the exhibit. 

A process flow schematic is shown in Figure 2.
 

Vendor Information: "... our industrial competence 
is vital to che success of your business..." 

Keywords:
 

Swedish-British ^ PCT Patented
 
^ For Licensing ^ Complete System
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Founded in 1987, 
Product Control Ltd. is a British -

Swedish joint venture company that specialises in research,

technical development and engineering of waste management and
 
pollution control technologies. Development of its 
flash

pyrolysis technology was initiated by George Edward Someus, 
a
 
Swedish inventor, during the 1970's.
 

After laboratory and bench scale testing a mobile pilot

experimental plant using the technology became operational to

demonstrate the principle of the developed innovative
 
technology. The first commercial Pioduct Control 
flash

pyrolysis design was presented in the 
"US. EPA Fourth Forum
 
on 
Innovative Hazardous Waste Treatment Technologies,

Domestic and International" conference and exhibition in
 
November of 1992. This presentation was met with great
 
success. The technology is patented in the United States
 
( US 5194069 ) and Europe, with additional patents pending
 
elsewhere wcrld-wide.
 

Further information: Product Control Ltd. 
La Plaiderie, St. Peter Port, Guernsey, Channel Islands, 
United Kingdom. At: Mr. G. Edward Someus, Director. 
Tel: 44-431-726 426, Fax: 44-461-726 523. 

Typical Star.da-rc perat Prees of Zhe 
Commercial Plant Design 

Applied industry standards EN/DIN US 

Process building 
Storage building 
Total weight of apparatus 

600 m2 
300 m2 

175 tons 

6060 sq.ft. 
3030 sq.ft. 
196 sh.tons 

Throughput per hour 
Throughput per year 
Particle size 
Moisture content 

2 tons 
15,000 tons 

< 5 mm 
< 45 

2.25 sh.tons 
16,800 sh.tons 
< u.2 inch 
< 45 % 

Dryer: 
Temperature 
Solid residence time 

450 0C 
one hour 

850 OF 
one hour 

PCS rotary reactor: 
Temperature 
Solid residence time 

450-1,000 °C 
one hour 

850-1,850 OF 
one hour 

Pyrolysis gas combustor:
 
Temperature min. 1,250 0C 2,300 OF
 
Gas residence time min. 
 2 sec 2 sec
 

Indirect cooler for solids:
 
Temperature in 
 ,000 Or 1,850 OF 
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Temperature oet (0 140 *F 
Indirect cooled q,5 scuou!Ihr: 

Capacity per hour l,,O00 m3 495,000 cu.ft. 
Scrubber res-stanco 2,500 Pa 2,500 Pa 

Req.ired for operation: 
Electricity per hour 
Fuel per hour, appro. 

170 k 
50 k9 

';M 170 kW 
12 US gal 

Water per hour I m.3 35 cu.ft. 
Required personnel per shift 3 3 
Automati zation/moni torin a yes yes 

Tropical version available available 
Mobile version available available 
Product Liability insurance yes yes 

Turn key deliveiy tLam apprcx. 1:onths 12 months 

... better & safer solid waste management 

technology at lower price cost..." 

FIGtURE 1. PRO ESS SC {:M T,-I7 
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Cleant, of ulphur ('mtatnit ted(ICoal with
 
Product Controlhrdiret I/a./h I'vrol ',v '7l'c1IhologV
 

Somt6us, G Edvard Product Comtol Limited,
 
La Plaiderie, St. Peter Poit, Guernsev' Channel Islands. United Kingdom
 

Content 
I./ Introduction .' the Company 

2 / Terminology and general w'.erview of the thermal treatment technologies. 
3 / The PCS innovativc technology 
3.1 / Overview of he complete PCS tcchnlV 
3,2 / The PCS Reatcor and its opeiation 
33 The auxiliary equipIent 
3.4 / What are the advantave,"
 
3 5 / Alternative application;S
 
361 Market and eConCrv
 
3 7 / l)evelopmCnt heitoi of I'S technoloi-! and its present status
r 
4 / Patent posit:on 
5 / The pcrSpec Ce : the l'( Itholi,,, 

I / Product Control Ltd r> :t British - S%.edish joint %Vt11re contpan,, 'hat spectalises in 
research, technical developmcnt and ennccrin 'fo solid ha'ardots waste managei ent and 
pollution control techir lo ie, I fhe de' esnprrert of tlal pvrois sis, tecirroloy ,%a: initiated by 
myself in 1979 1 hae a S,.,,Jish backg'round tfr the Uniersitv ofLurid in Ss, eden, I am a 
environmeittal scientis: and !,eo1,cuer11: 

01" r 
treatment tecnirolocies. other than p, ,',,s s. !,uA a, t6,; c.tir.'h aid Cornh,:t'o rIIIII a ow 

2 / Unl'ortu alek the tern r,,rosis t .Ns KCCenr,.C J 1( idte tr:;, other thermal 

oxygen content, reductis cen ironienrt 

pyrrilv:s i,_tcr redit. l inirI ! 

distillation, cartnlnisain and th 


'ie terii i(p0 se ieNl ttrr'er'i, irdirectl t Lin-& 
. - t prce o;the ori,: ic air or incrcnic material 

The term fi tph is ;j rrt s to a r', ,st i oces ,.O"'tr!.s-Out Ire time_tctor is of
 
great technical inipotanre co, etninr h
tr.- ,c.s, 

Slide I Compare:. the pstsr of lti'renitcro.r ' . ,;,tin;. frotn actual 
incineration vith heh o',,en nlent to ihe prcssns aandicat,'narn tirds tite pyrolysis 
with the theoretical totI : r ,e ort , (. Lroi it!e.rrt,cc. sorne.%Ce:!o%coitent oxygen will aea,,s remilrn : tirmrc If,:1,1irt"OItM else then I'] A,,mMdedreal osygct 

The tern "Product (,o0trol .,,rttCs PCS ' rfers to the rdircct thernal treatment 
family with main comporents of the indirect heated rotauv reaictor iuchis the heart of the 
technology, indirect cooled solid material cooler arid the irdirect coold scLdrsber The PCS 
technology is complete ii the scnse thait h. technolou Stat Mitll i'A tn ,1icial input and 
provides a complete solutiorr treatment process icludin, material transpotat1ion svsleIrs, 
drying, flash pyrol:.,is reactor, gas-.aII)ii ormbustion chrrnlhc, water Itreatniert. I hoi0eVwell 
process control and Other airNliariv C. riprlen!t 
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PCS technology is not amodification taken over from other industrial production 
methods, but is specially designed and deeloped for the solid hazardous waste managenent 
industry. This is why it took 14 years to reach the %%ell deseloped technical position enjo ed 

today 

3 / The PCS inngvatLvechnology, specificall' tile n..ed a clean-up tool foraddrerso_, t.l, 

one of the most ditlfcult problems today, that of solid hazardous siste nianaeenicnt and 
precombustion cleaning ofogai .c sulphur that is chemical% Ound to tile Coal In rnanv casei,. 
new generation environmental requirerents do not allow I'M a diieclt thernial treatment 
process e g incineration, because of the mixed chemical coiie,.I-its of IL, h,'c nimterial. 
which increases the problems associated vioh hev all IfUatllcit .s aI c;ult, it Is necessary 
to apply complicated gas treatment teclhn)krlie, at ' ia.,t, reAt the .ki: trcrttnent 

'
 assembly %'wasonly an approxmlate 2 o f:hitotal ,,It tcc.In:I,,., ith the 
other 80 'o consisting of,the mo t.lnri,'. o ' 0.: . oti I l ott j,t ats 

:.uch as 80 °o of the total cost O',, :-Ii, :.di, 

Recent I"S and I.ut cou ,,..iI',,rn.::,: 0,., ;, . ' ll,.'
 

concerniri tifl ot!*po!!( l it-, 41;;C . , X,,.
nhiits l C,,rl: 
expect futute ens nin tad n ., Vc IC t:;:;lt-cnl h,,,. I ., 'curi tior,loh L, ',;: 1, th :i ,'-t 


is beini- deeloped wNith a ncs c ,VlfrrinlX!rJ.l .1'l:UI id,'s -1' 1. , :,Iret
derrands, 
new products aid ne'w attitudes of waste lii.wfnit:e rechi s 'hich \%iifUltil these 
demands resultino from thec v i(S tcn . i,:, i.:hance, i ls t
 
attitude of theMia tr eatretlt v is t i : Itit i, 5 .:,-v'. ,n u,'sen:r,., hiti
 
step treatmlenrt f'\1,aste :hi Oi c I i '- '. . . ]
r.tiihei ' lhco_itc,! afier 
effects 

3 1/ Overview. o4the cott;:-, :e P( ',: i w%: 

Slide 2 The coal is ph\ssicrl,. :o pit ict':ie 'p:tr ,:esire ce p, ti suihur and the 
ash forming iirreral,, and reduced b'.a , .'c l (- 2,:r,:t ,,,to less tirrs i" ,
prior to entering the dt,.r ( pc:atr.ns it ,' 7,,-I.Lthe dte.t, b,.d clod ttcr lowers 

the moisture content of t : o:(, I '. ' i , d , tin riequired tl:sit the coal, 
after the plrsical cle.ailln . ca:: dIr :lvbe nI" :X r,,sco)Inchteae d errIu is 

cotveyed into the rotars r,.l. r 's, , i . a! .Ii "( - I C C_" 
(850 'F - 1,850 'F) ilNIo A5-si;iii , I liei. .... ; :e i, 

approxirtrateiy one hour (Jenc:al ,,the ( W.i (i ,. i'''' l:-:;e 'nex oInu :,crtmpounds 
and the rest oft1w ash tOrrn : ,i l . rcni i ,,J'i I w l,.,:i t i , ohite,oruanic 
compounds and su phur,, ps sp .:''.ph( "e ,'. twr-Phro, sts ca,- .ipour phase 

The solid end prodiuc:, Clean ( osi, is id c,. '',oled anii 'ib,,,ei 

The pyolysis gas-s.apur pisie I ,drects cor'usted for I ic tecosen; c:t enery from 

tetriper;t us ,,cr l,25 
, 

the flue gases The cotniius:tun rCi (.'2. ,F') ',t a ni:rn;uni 
residence time of 2 seconds After enctr ers us c,,rr;.er l. to, birti 't proce.s0. c.', the 

heating -drying, tile fue rcied i n i utd,:. Zades c. nected to ac ,,IJ c:is sOrnshte, 
vater treatment ssteni an tie suiprir phophoijlls. us c e ted 'i,,in tl,scubcr water and 
neutralised with limestone 
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Clean flue gas and clean water are discharged from tile system The system is 
continually operated, fully automated and monitored by Honeyvell-Product Control electrohic 
process-control and quality assurance-quality cont-ol instrumentation 

3.2 / The PCS Reactor and ijpcratLon 

Slide 3-4: Afler the physical cleaning. tile ground and dried coal material is to be charged 
into a small sized compensating bunker of approximately I m3 which is connected to aspeed 
controlled rotary cell drain, %,hichdischarges tie material to tile feeding screw in aclosed 
operating mode The feeding screw permanently charges material into the reactor. 

The reactor rotates around its synitnetric axle, is horizontally arranged and cylindrical 
formed with no refractory line installed inside The high quality steel mantel is heated from 
outside through the lined combustion chamber Inside tile reactor body, blades pronote the 
transportation of the matenal The reactor is a permanently xvorktin vessel, tile basic material 
enters in at tile input-end While the out-cassed solid material and the pyrolysis gas-vapour 
phase are discharged at tile output end, separately from each other 

The main features of the pyrolysis reactor 
S Irdirect irea t_ rans fei tliioug! (lie mantel to tire ground Miaterial with extended surface 

area
 
2 Permanent operation and h,,,roeinsed material throughrpul
 
3 5,.pecial sea jogs to 1)10ld -gu arante,.,I closed peratr oN
 
4 Pro_cesscont ro of the ope.-ation
 
5. Low vactuti nI ploVides for ! high sec ulti-' ftrc o during tie operation
 
6 Practical and riot coirplicated end user iIetIldi, corrstructioii. lok. cost
 
7 Svnchrorised auxiliary instailartrirs
 

Our main purpose Isthe gas iuLIotcu,l. collect the inipurities using as low amount of
air as possible through inder he~ir trarn,fer For thi, reason flash p. rol.ss tust r.ke place at 

a ceeL.. temnperature 

Tile required amount ofcrerv input is basically supplied frorr hot Ilue gases These
 
are produced in t"e combustion chaiber for direct incineration of the pyrolysis gas vapours
 
and heats the reactor body frorti dtside tie manitel I leat trarisfler happens indirectly through
 
the mantel to tire rrate;;al The heating is iothin iore than tire trarlsfcr of the energy content
 
of ahot nuediuim to acouler niediuri
 

The heat transfer contairns threpbl ases 
P r.iy Etiergy transfer from heat under the material in the rotary kiln. The material,
which is ground dowk n to a riaxirnlurn diiension of 5 tril, (0 25 inches) to have extended 
surface area, is permanently nuired, vlrich rixing process is promoted by tire blades inside the 
reactor body Tire heated nrateial isto be perrrmanently replaced by cooler materials again and 
again Theretore tih hcn,._. nrrrcri r:'. 0ofthe coiLais of less irnjrianrce 2nd can he within a 
wcider range This is a ver., importatr and .qal tecnical fa,:'r, ja3iClniarly ill relation to the 
coal which is usuall', bad thCrrIal conduc ,r 
S.gnda ljy Radiation liea tlarr,.c 'r10111rue 1ierpsurfIce of the reactor bodytir 

Tertiary Over thic.etrperatture ot'27 , C' ( 3(j I an ex'tlic nrc reetari starts during 
th decomposition of the nratcrml 
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It is to be noted, that the basic pyrolysis process isofendothermic character, which 
means that heat must be transferred. Especially high water content wastes require ahigh input 
of energy during the drying and heating up process. Therefore, a low input moisture content is 
preferable. Reactions at temperatures of 275 C' (530 F0 ), and over, become exothermic. 
Sometimes heat has to be taken away to control the process, otherwise, overheating cannot be 
controlled. The thermal engineering design of the reactor isrelated to the throughput capacity 
ofthe reactor and the extremely qualitative variations of the input material. 

The flash pyrolysis process. 

The main technical concept of the reactor is a flash pyrolysis process, in a low vacuum, 
to separate the material during the decomposition process into pyrolysis gas-vapour phase and 
solid phase. The separated phases will concentrate the different hazardous substances, 
depending on the different boiling points of the different subst:nces The separated after 
treatment of the material will technically be greatly simplified and much cheaper, especially the 
treatment of the process gases which is a key factor. Therefore, PCS technology stands for a 
complex system of Clean Coal management, Its basic idea being the supply of acomplete new 
technology which solves all relevant technical problems without cleating new ones 

No matter if the basic material isof organic, inorganic and/or mixed character, the
 
chemical components will be separated at acertain treatment temperature if the boiling point
 
of the components are under 1,000 C', (1,850 F°) The pyrolysis reactions are not only a
 
sequenced series of reactions, but a parallel series of reactions as well, with different activities
 
of energy. This conclusion is tile
basis ofthis technology That by the control of heating and
 
residence time, a very wide range of input products can be treated with mixed chemical
 
composition This is the most important factor conceining solid waste management.
 

To provide asuccessful flash pyrolvsis process, three difl'crent t'ctors are needed-

A. 	 Hih en ough temperatures, that the coal pass the complicated decomposition phases, 
B. 	 Opportunity for the gas-ott process to transfer the volatile organic and/or inorganic 

compounds into gas-vapour phase, 
C. 	 That the chemical bounds of the hazardous substances be brokenLip 

During the heating up process the volatile compounds are brol.eA down into smaller 
molecules. The ryrolysis products are generally not similar to the chemical composition of the 
basic material, but rather, are new chemical components. The steps of the pyrolysis process 
are thermal inductions of the material. Depending on the chemical composition of the coal, 
different quality and quantity pyrolysis gas-vapours and solid rest material isto be produced. 
The size and form of the reactor is such that the gas-out process in different sections of the 
reactor interior is different, with thermal decomposition running parallel at different sections. 

The exothermic process is a slow process. Therefore the extended pyrolysis gas
vapour production will not result in an explosive production of gas vapours. Even if such 
theoretically explosive production of pyrolysis gas-vapours happens, the size of the reactor's 
inner space, th- reductive environment and the adjustable permanent vacuum control 
compensate the action. 
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During the thermal decomposition primary ndsecondar roduc are produced.
The primary products are the out-gassed pyrolysis gas-vapours, directed to 

combustion, and solid end products 
The secondary products are the rest of the tarry materials and/or the not perfectly gas

out inorganic components. These remain in the capillaries and pores blocking the open
channels in the solid end products. 

To avoid the production, and/or minimisation of secondary products the flash pyrolysis
is processed in a low vacuum, approximately at anegative pressure of 50 Pa, to let the 
pyrolysis gas-vapours leave the reaction space as soon as possible This action promotes the
diffusion of'the pyrolysis gas-vapours from the core of the material up to the surface The low 
partial pressure of the volatile compounds gives the reaction balance apermanent tendency in 
the direction of the production of primary products 

Because the flash pyrolysis thermal decomposition process is not only dependant on 
the level of heating, but the lengt'i of treatment time as well, the most important factor is a 
very effective and fast warm up of the basic material in the core Therefore the production of 
the pyrolysis gas-vapours will fast be increased and the amount of the rest of the solid 
materials decreased Thus, the out-gassing process is perfected 

Processes inside the Reactor 

The length of the reactor ensures the heating process during the throughput of the
 
material. Another words, time is an important factor. The volatile compounds will only

perfectly gas-out if the temperature of the thermal treatment through the waste material is
 
higher than the limit temperature of the transformation point. The avoidanceof production of
the secondary products ison]y possible if the thrmal deconposition is done in vacuum. The 
required heat up time is approximately one hour, which can be adjusted - or - 20 % by
controlling the rotation speed of the reactor Of course the diameter of the reactor is large

enough to ensure enough space during the creation of the pyrolysis gas-vapours
 

There are five well distinguished phases concerr'ine the dry distillation process inside
 
the reactor:
 

1. WarmuP phase up to 150-160 C' (300-320 F). Characterised by the evacuation of
 
the free and most of the bounded water from the coal
 
II. Heating up phase: up to 270-280 C' (518-536 F). Characterised by the evacuation of
 
the remaining chemically bounded water, with simultaneois development of gasification.

III. Thermal decomposition phase. up to 380-400 C' (716-752 F0 ). This ischaracterised
 
by self carbonisation with exothermic chemical reactions and aheavy gasification process.

IV. Gas-out phase: up to 500 C' (932 F0). Characterised by the escape of volatile
 
compounds, including the heavy tars, from the material.
 
V. Stabilisation phase: over 500 C0 (932 F). The solid rest phase of the flash pyrolysis 
process is Clean Coal and/or inorganics including ash 

The conversion and decomposition of waste materials covers different thermal 
transformations, such as structural changes and decomposition, cracking, condensation and 
polymerisation of the molecules We have opportunity to receive technical information 
concerning those transformations and changes through temperature control 
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3.3./ The out-gassed solid rest material at the approximate temperature of 650 C0 (1,200 F 
) is to be discharged through the discharge spiral blades at the end of the reactor at aspeed 
related to the speed of the reactor. 

The hot solid Clean Coal products are further transported by aworm feeder into the 
indirect cooled cooler, in which it is to be cooled i, areductive environment. The solid 
material cooler is designed to be able to cool powder aad/or fine granulated materials from up 
to 1,000 Co (1,850 F0 ) downi to 40 C0 (104 F0) and is totally closed. The discharged end 
product is further utilised for clean combustion power generation resulting very low rates of 
generated S02 and NOx. 

The pyrolysis gas-vapours at the approximate temperature of 600 C0 (1,112 F) are 
also to be discharged at the same end through asuction pipe specially designed for this 
purpose. The hot pyrolysis gas-vapours remain in their respective complex phases as they are 
formed. Once the pyrolysis gas-vapours are condensed the reaction will be irreversible. This is 
aharmful and heavy environmental pollutant complex substance including most part of the 
sulphurs/phosphorus and the volatile compounds from the coal inpu' material Therefore, 
pyrolysis gas-vapours have to be neutralised and/or destroyed This is achieved in an after 
combustion chamber which isoperated under high temperature conditions and long residence 
time. 

Thus the solid end products and the pyrolysis gas-vapours are separated for separate 
after treatment. 

After the flues gases passed the reactor zone, they are additionally cnergy recovered in 
the dryer. The directly heated closed dryer has been developed for the special purpose of 
drying waste materials. Already, during the drying phase, hazardous substances can be 
volatized. They are, together with the dying medium flue gases, purified in the scrubber. The 
nflow temperature of the hot flue gas is approximately 400 C' (752 F ° ) and the outflow 
temperature of the mixed utilized flue gas, with high content of moisture, is approx. 110 C' 
(230 F0) 

The drying process makes it possible to dry waste materials with maximum 45 % 
moisture content to 15 %,The low dimension of the input material in the dryer and the 
extended contact area between waste heat carrier eas makes an effective flash drying effect. 

After drying, the material is to be fed in through a transport screw in the reactor. 
Meanwhile, the utilised flue gas flows in to the scrubber, first passing adry dust collector 
system. The scrubber tower isdesigned to separate the cooling from the scrubbing phase. The 
indirect cooling medium isair or water, circulating around the scrubbing channels. This 
solution is especially important during the summertime operations and in hot zones to avoid 
the boiling up of the scrubber. The impurities are trapped in the scrubber water by different 
purification effects; multi stage spraying from nozzles in the counter stream, bubbling, drop
out, centrifugal separation and condensation/diffusion 

The scrubber water is to be purified The water treatment systein serves the purpose of 
neutralising the soluble impurities taken from the carrier gas and through treatment of additive 
materials, such as limestone, chemically bound and precipitated to an insoluble neutralised 
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chemical form. Meanwhile, the cleansed process gases are discharged The high moisture 
content precipitate is filtered from the water and separately introduced to the system, where it 
will pass the pyrolysis reactor again to be burned out and are neutralised. 

The discharged process gases are permanently analysed to prove to the authorities that 
the emission rates are well under the normative Because the U.S. Clean Air Act and the 
German TA Lufi legislation are expected to be stricter than today, the PCS system is already 
technologically prepared to meet the possible new norms after the year 2000. 

3.4.! Among currently available technologies for Clean Coal the PCS process is unique in 
several critical aspects concerning the criteria and concept Product Control Ltd. used in 
developing the Product Control System "PCS" process included 

A. Good destruction efficiency, 
B. No possibility of dioxin or furan formation, 
C. Continuos monitoring and process control suitability; 
D. Suitability for different waste materials, 
E. Decentralized location of industrial investment based on 2 tons/hour unit 

standard capacity for solid hazardous waste management, meanwhile for Clean 
Coal production the standard capacity is 6 tons'hour input 

F. Cost efficiency, low 0 & NI cost, 
G. Modular design for alternate application, 

simple and practical construction, 
The patented PCS method and apparatus addresses all of these criteria. 

A. A benchmark ofgood treatment technology is high removal and destruction efficiency. 
Pilot-scale testing demonstrated that the PCS process was more than capable of this. 

B. The second criteria for process design was elimination of the possibility of dioxin and
 
%ran emissions in case if it is operated to process solid hazardous waste The PCS is not an
 
inc-ineration technology.
 

The PCS process decomposes the input material in a special indirectly heated vessel to 
produce a reductive atmosphere devoid of free oxygen, and thus eliminates the possibility of 
hazardous gas formation 

C. The special patented feature of the PCS indirect heated rotary reactor and other vital 
apparatus components makes viable the process of continuos process control and monitoring 
of the destruction efficiency This is satisfied in the criterion of the method and apparatus 
design. 

D. The proof of the viability of a removal and destruction technology is its ability to 
process different solid organic and/or non organic hazardous substances. The PCS process is 
suitable for many types of waste, sorted and unsorted as well, all those that are economically 
decomposable by dry distillation under any range of 1,000 C' (1,850 F0 ). 

E. The size, the removal and destruction efficiency a-id capacity of the technology, 
furthermore, the low cost makes it viable and available to make a deccntralized installation 
with the advantage of the safer and lower cost of transportation for the input waste stream. 
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F. The small reactor size and the capability to recirculate process gas-vapours from the 
decomposition process makes the process equipment, especially the flue gas treatment unit, 
small, technically simple and safer and economically viabl, As well, the smaller size and the 
simple construction re'iuces the capital and the 0 & NI cost, with special concern to the 
corrosion process. There are alternative recovery of the saleable products, such as Clean Coal 
and/or Waste-to-Energy or Pure Activated Carbor. 

G. The modular design makes the wide range of altejative applications viable and
 
available The simple and practical design is end user and maintenance friendly with an
 
unconditional technical solution
 

3.5/ Applications The technology development of Product Control comprises three main 
areas. The various basic materials require ditierent modular constructions and the purpose of 
the treatment and the quality of the end prcdicts depends on the quality of the input materials. 

3.5.1, Pure _Chemical. waste amenable to treatmem includes, - industrial, mur.cipal and/or 
post-consumer waste, soils and sludges; waste contaminated with heavy metals, halogens, 
pesticides and/or organic contaminants such as cleaning of coal, houschold waste, 
thermoplastics, rubber, tire, organic and oil sludge, impregnated and contaminated wood; 
agricultural waste; contaminated soils; contaminated packaging material resulting from the 
food, chemical and agricultural industries; mercury-based luninescent light, contaminated 
activated carbon, etc 
Fnd ,roducts Waste-to-Energy conversion resultiiig in Pure Carhon and/or Clean Coal. 

3.5.2, Pure Activated Carbon asecond version of the process is applicable for the 
manufacture of Pure Activated Carbon from coal, wood chips, straw, coconut shells, rice 
hulls, peats and nuts and/or other agro-forest waste products 
End products high quality Pure Activated Carbon and'or inexpensive %aste-to-energy. An 
annual 15,000 tons of wood waote input provides approximately 2,500 tons per year of a high 
quality end product and energy surplus 

3.5.3. Pure Nuclear a third version of the process provides for the treatment of low level
 
organic radioactive nuclear waste for the purpose of volume reduction
 
End product: volume reduction at a low cost (Designed input capacity of 100 kg/hour.)
 

3.6.1 Market and eccnomy There are already many different technical solutions on
 
the international environmental industry market, amarket with increasing demand However,
 
only a few of them are successful Those will be successful which have the most efficient
 
technical solution at the most reasonable cost and price The PCS technology is one of those
 
few technologies, which principally concentrates on the following idea
 

That which was recently technically and economically unavaidable is 
now viable and available realityeven beyond the %ear2000 

3 7./ Histois of the development and present status 

The main idea was to develop anew, and complete pyrolysis system, 'hich is not any 
modification and/or alternative application of the previously' known technique The direction 
of the development concept, from the beginning, was related to a rotary kiln system, which at 
that time was the main orientation in the treatrent of organic materials 
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Airer laboratory tests were completed, asmall scale unit was constructed in 1985. The 
success of the scale model resulted in the construction of anew larger - third generation 
mobile pilot plant which has been considered for use as the test, demonstration of the 
innovative main components of the PCS technology Those are indirect heated rotary reactor, 
indirect cooled coole,, indirect cooled scrubber. At this stage the financial situation required 
that I set up the pilot plant in Hungary, where operational costs are lower than those of 
Sweden. 

The pilot plant has been working in Hungary since September of 1990 and has b-,n 
tested for more than two thousand hours The pilot plant was designed to be based on the 
condensation principle to hard test the indirect cooled scrubber. This test period ended at the 
beginning of93', with the result of the concept of the technologies being successfully proven. 
The practical experience from the previous years has made viable the new, fourth generation 
construction which have been designed in the last four years for astandard :apacity of 2 
tons/hour, 15,000 tons/year for solid hazardous waste management, meanwhile the standard 
input capacity for production of Clean Coal is 6 tons/bour, 50,000 tons/year 

4./ have invented several patents, furthermore developed know how, complete 
technology and engineering design related to the patented inventions, which are as follows

4.1.1 Method and Apparatus tr Refinement of Organic Material, Swedisi PCT application 
no.: 00206/1988 (approved in th:- USA, EPO and elsewhere) 

4.2/ Gas Treating Apparatus, Canadian PCT application no 00607/1989 (under approval 
in the USA, EP1O, Japan and elsewhere) 

4.3./ Method and Apparatus for rreatnient of Waste Materials and/or Nuclear 
Contaminated Materials, PCT application no . /NU92/09029(pending in the USA, EPO, Japan 
and elsewhere) 

5/ The PCS technology is not only a new technical and economical concept, but it is also 
a new concept of attitude concerning the management of human an" natural environment, man 
made resources, based on practical, end user and environnientaly friendly techniques and 
good, sound economic'; 

To close this session I would like to emphasise in a fLw words the foc-s of this project: a more 
advanced and safer solid waste management technology withitreat economic advantages 
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Abstract 
A new circulating fluidized bed(CFB) cogeneration process for gas and steam with bright 

prospect: in urban energy-environmental improvement is presently under development in China. 
Based on existing CFB experience and expertise, the basic principle of the cogeneration

technology exploits high temperature circulating solid material(i.e,, ash) as a thermal carrier to 
meet the need for the coal pyrolysis (or thermal decomposition) process and thereafter for fixed
carbon gasification with steam under multi-component gases in a connected fluidized bed gasifier.
The remaining char in the gasifier is then discharged to the CFB combustor(or boiler) to be burnt 
up to produce steam as in conventional CFB boilers. Generated steam can be us d both for power
generation and for industrial process heating (or residential space heating). Therefore, coal gas, 
steam and electric power can be tri-generated continuously in an integrated plant.

Another CFB coking and combustion combined-cycle power generation technology
(CFBCC/CC), evolved from the cogeneration process, is introduced briefly here. 

A techno-economics analysis based on a small hot experiment and modelling predictions,
comparisons between the tri-generation option and some popular solutions for coal-gas/steam 
separate generation are presented in the paper. The effect on energy saving and the potentials in 
improving urban environmental quality are also analyzed in this paper. 

Keywords: 	CFB gas/steam cogeneration, techno-economics analysis, environment coordinated 
performance 

Introduction 
It is well known that coal resources are the pillar main energy supply in China. The proportion 

of coal consumption has increased to 76% or so in 1990. It is predicted that coal production by
the year 2000 will reach 1.4 billion or even more Coal will remain as the main primary source in 
China for the foreseeable future. On the other hand, the gas popularization rate for energy of 
urban areas isvery low, and many small coal fired stoves are still used for residential cooking and 
heating, which contribute to the poor ecological environmental conditions. 

At the same time, many industrial enterprises (e.g., ceramic plants or paper mills)urgently need 
high quality gas to meet their various process heating requirements. Considering that oil and 
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natural gas resources are comparatively low compared with some Western developed countries, 
coal-based gas is therefore a necessary option for gas popularization both in 'irban areas and in 
certain industrial plants. 

In view of energy saving effects and environmental protection, the utilization of coal-gas is 
beneficial when compared with other alternative options for energy supply. 

The principle of gas supply for existing coal-based gasification pro,.esses for Chinese urban 
areas includes: producer coal gas; coke oven gas; continuous vertical carbonizer gas; water gas, 
Lurgi pressurized gasifier gas etc. For various reasons, however, the above coal gasification 
processes are obstructed to some extent in China. For instance, coke oven gas is usually 
considered as the best city gas due to its carbon monoxide(CO) content of 5-6% and heat 
content of 16-18 MJ/Nm 3. But its popularization is restricted by limited coking coal resources 
and coke market outlets. For a medium or small town, the option is restricted also by the small 
plant scale and large capital investment requirements. Generally, for a small and medium town or 
city, there are few available options to residential coal gas supply. Therefore, it isan urgent task 
to research and develop a new gasification technology or process which is suitable for most types 
of Chinese coal, also toc coal gas supply both for towns and some industrial enterprises. 

The New CFB Gas and Steam Cogeneration Process
 

At present, fluidization technology is receiving more and more attention due to its eminent heat
 
and mass transfer performance. Circulating fluidized bed boiler(CFBB) is one particular utilization
 
in the field of powe' Leneration. Fluidized bed coal gasificatio; is the earliest successful utilization 
(e.g., the Winkler gasifier). However, the gasifier needs extra heat for coal gasification under 
fluidization. 

CFB gas/steam cogeneration is an ingenious combination of the above two types. It uses 
sufficient circulating solid materials from a CFB combustor to carry heat for fed coal thermal 
decomposition(or devolatilization) and for the partial gasification of fixed carbon into a CFB 
gasifier. Then the remaining semi-coke is diverted to the fluidized bed combustor which is 

connected in close proximity to the gasifier where it is burnt up to produce steam. Steam 
generated from the combustor can eithir be used to drive a steam turbine for electric power 

generation or supply heat sources for space heating, and/or even for both. So three thermal 

products of coal-gas, steam and electric power can be generated in the same compact unit 
simultaneously with the CFB gas/steam cogeneration process being the key technical nucleus. 

Aimed at verifying its feasibility as well as studying its related component performance, a small 

equipment for hot experiment was built at Tsinghua University[3]. A series of cold and hot 

experiments have been done, the experiments showed that the CFB gas/steam cogeneration 

process was technically feasible with its creative conceptual advancement and good engineering 
enlarging performance. The experimental unit ca' be seen in Figure 1. A verified mathematical 

model was built to imitate its main technical behaviurs.[l, 5] 
The experiment showed that: the unique process is suitable for most types of coal resources 

with a high thermal efficiency. When bituminous coal of 20% volatile content is used, the specific 

output of coal gas from the gasifier is around 250 Nm 3,tcoal with a gas caloric content of some 

15 MJ/Nm3 and carbon monoxide(CO) content of less than 15% This high grade coal gas can be 

used as town residential gas without further preparation[3] 
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A pilot experimental unit with rated steam output of 35t/h from the combustor is now being
built in China. Its conceptual design is illustrated in Figure 2,and its main technical data is listed 
in Table 1[2]. 
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Figure 2. Conceptual design for atypical gas/steam cogeneration unit with rated steam 
output of 35t/h 
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Table 1. The main technical data for a typical CFB tri-generation unit 
with rated steam output of 35t/h from the combustor 

Item unit data item i unit data 
Rated steam output thermal effi. % 65-70 
from the combustor t/h 35 for coal 

gasification 
Steam Press./temp. MPa/°C 3.82/450 CO content % <15 

of coal gas 

Combustor thermal % 89 Steam turbine MWe 3 
efh. size 

Suitable type of fed lignite or Space heating GJ/h 66.56 
coal - bitumite load 

heat content of NIJ[Nm 3 15 Space heating 104xm 2 26.5 
coal gas area 

Gas output Nm3/h 950-1100 overall 42 
thermal effi._ 

Table 2. Gas outout fo; typical small and middle CFB cogeneratio ant * 

Item unit A B C D 
Steam rating the combustor t/h 10 20 35 75 
Gas output per unit Nm3 /h 250 500 1000 2000 
minimum number ofunits V 3 3 3 3 
Total daily gas supply ×10 4 Nm 3/d 1 2 4 8 

Number of households supplied thousand 3 6 1 12 I 24 
Total coal consumption I t/h 3.45 6.9 12.08 24.15 
: Gas consumption per household is set down as 25MJ/(d-household) Of the total gas 

consumption, citizens consume 60%, other welfare projects consume 40%,/0 
# " In which, one is standby in cast of accident 

For a small or medium sized city or town, several available options for coal gas supply are 
shown in Table 2. However, because of the low steam parameters, power generation may not 
always be beneficial in these options Therefore, it would be necessary for certain steam 
consumers with a steady load to match themselves. 

From a long term perspective, development of the CFB cogeneration plant with large steam 
turbine with 200 MWe or 300 MWe capacity may be the most pronising technical direction. 
These future options are given in Table 3 

Table 3 Some CFB cogeneration plants with large capacity units 

Item unit A B C D 
Power output MWe 100 200 300 600 
Generated steam from the t/h 400 670 1000 1950 
combustor 
Coal gas output 104Nm 3/h 1.0 1 65 2.5 5.0 
Coal gas suppNy per day 104Nm3/d 20 33 50 100 
Number of households supplied I F 5 ! 10 _15 30 
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Economic Effect and Cost-Benefit Analysis
Table 4 gives a comparison of capital costs of four available options for coal gas generation.

Partial costs related to gas generation has only been considered for the cogeneration option.
It can be seen from Table 4 that: of the four available options, which have approximately

equivalent capacities for gas supply, the capital cost for the "FB cogeneration plant of less than 
36 million yuan(RMB) is the cheapest. While the most expensive one is the coke oven, which 
expends almost twice as high as the former. The actual cost per thermal unit of gas for the CFB 
cogeneration plant is also the lowest, a little less than 13 yuan/(MJ/day) with the cost of the price
of gas produced by it is as low as 0.18 yuan/Nm3 , which is acceptable for most town residential 
consumers as well as by industrial consumers. 

Table 4. Comparison of cost among fourcapital options for coal gas generation* 
coke pressurized two-stage gasifier CFB tri-

Item [ unit] oven Lurgi gasifier plus methanation generation 

plant
plantsize 3x 2 7x01.8 4x03.3 8x35 T/ 

hole
 
Coal gas 
 flow rate 19.0 18.7 22.5 19
 
[10 4 x Nm 3/day]
 
Caloric content of coal gas 17.5 16.2 12.14 15.0

[M/Nm3 ] _ 

CO volume content of after methanation <15
 
coal gas [%] 
 < 6 < 15 <10
 
Capital cost [104yuan] 7700 6230 5775 
 3575
 
Specific cost per unit of
 
coal gas [10 4yuan/(TJ/dav] 2260 2060 1800 1260
 
Annual operating cost T
 
( including depreciation ) 26601835 1190
 
[l0 4yuan/yr.]
 
Cost of price of coal gas
 
[yuan/Nm 3] -- 0.27 0 32 0.18
 
Specific investment cost of
 
reducing CO2 emission - I 4554 751
yuan/t carbon] L
 
: All costs are estimated at fixed 1992 prices.
 

In relation to the cost-benefit effect of reducing CO2 emissions, the investment for reducing 
CO 2 emissions for CFB cogeneration is only 751 yuan/(t.c), which is only one sixth oftthat for the 
two-stage water gasification process with extra methanation preparation process. This makes the 
CFB cogeneration the most attractive alternative for atmospheric quality protection. 
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Assessment of Its Environmental Coordinate Performance 
Due to its high efficient combustion as well as low pollutant emission rate, the CFB 

cogeneration process is characteristic of energy saving therefore of CO-) emissions reduction. In 
order to assess the potential for reducing CO 2 emissions, it is necessary that the CFB tri

generation plant for gas, steam and power should be of equivalent size to a conventional 

cogeneration plant for heat and power plus another coal gasification station. Coal consumption 
for gasification of CFB trigeneration can be calculated from the total coal consumption minus coal 
consumption for 'at and power cogeneration in an optimum design configuration. In most 
Chinese small or medium sized towns and cities, many dispersed small coal fired stoves are used 
for residential cooking and space heating as well as services. Based on this situation, the potential 
for energy saving is estimated. Table 5 gives the results of the analysis. 

Table 5 Comparison of enery saving and CO, emissions reduction 
the CFB two-stage 

Item unit trigeneration water gas 
plant gasifier plant 

instafled size* 4x35 t/h 2xC)3.3 m 

Dry gas rate x 104 Nm3/dav 8.13 7.50 

Caloric content of dry gas MJ/Nm 3 15.0 12.1 

CO content of dry gas ( vol.) % 11 30 
Coal consumption for x10 4 t/yr. 2.47 3.36 

gasification 
Specific coal consumption kg/NIl 0.055 0.101 

Energy saving (compared with thousand 28.3 6.1 
coal-fired dispersed stove) t/yr. 
Reducing CO 2 emissions thousand t/yr. 15.2 3.3 
(compared with coal fired 
dispersed stoves) _ 

* In widch, one is stand-by in case of accident. 

As an application of fluidization technology, the new cogeneration process has intrinsic 

advantages similar to a CFB boiler and even beyond the latter in the case of air pollution control. 

Thanks to the gasification of coal fed to its CFB gasifier, the organic sulfur content of the coal 

is discharged as hydro-sulfide(H2S) instead of sulfur dioxide(S0 2 ), and H2 S can be absorbed to 

make a by-product through a conventional chemical process. Therefore, SO2 content in the flue 

gas from the combustor is far less than that by any conventional combustion method. Even if a 

small amount of coal was fed to the combustor for additional firing, a high sulphur retention 

efficiency of 80-90% could be attained when a certain sulphur sorbent (e.g., crushed limestone or 

marble) is plit into the combustor in a low Ca/S molar ratio of around 1.5. As compared to a 

conventional pulverized-coal (p-c) fired boiler without desulphurization, SO2 emissions from the 

flue gas is only one tenth. 
On the other hand. because of its f.xed-carbon firing in a lower temperature of some 850°C, 

the production and emissions of iride (NOx) can be reduced substantially. If an imaginary 

comparison is made between a conventional p-c fired boiler plant (PCB) and a CFB trigeneration 
output (e g., the sum of effectiveplant(GSC), which is so designed that its available energy 
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energy including both gas output and power output if the premise is made that the effective heat 
of gas is ofthe same quality as electric power) is equivalent to the former, then NOx emissions of 
the GSC isonly 1/3 or 1/4 of that of the PCB(Figure 3). 

Figure 3: Comparison of polutant emissions 

S02 NOx C02 

USC CB UC ~GSC 

A Brief Analysis of CFBCC/CC Power Generation Technology 
CFB coking and combustion combined-cycle power generation technology(CFBCC/CC), fires 

generated coal gas from the CFB cogeneration process to drive a gas turbine for power 
generation and utilizes the exhausted gas from the turbine to produce steam in a heat recovery 
boiler with (some) additional complementary coke-firing which is used to drive a steam turbine, 
as isshown by the flow diagram in figure 4. 

70rlao 

-.. .- - -- -

S43C1 

Figure 4: CFB coking and combustion combined-cycle power generation 
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When the inlet temperature of the gas turbine is I 104'C, a high power generation efficiency of 
40% or even greater can be achieved. This is the highest efficiency of all coal-fired power 
generation technologies in China. The main technical data for CFBCC/CC and the potential for 
reducing CO2 emissions (i.e., by saving coal sources) are given in Table 6. It is expected that the 
new coal-fired power generation technology will be developed to move into the commercial 
market with its much improved power generation efficiency and environmental pollution control 
by 2010 or 2020, according to existing available technical levels inChina. 

Table 6. Main technical data and CO-)emissions for CFBCC/CC 
Power capacity 162 MWe 

Gas turbine 37 MWe 
Steam turbine 125 MWe 

Whole power generation .ffi. 40 % 
Specific thermal consumption 8987 kJ/kWh 

CO', emission 0.273 Mtclyr. 
Specific CO, emission ratio 226 kgc/MWh 

Conclusion 
An analysis of the techno-economic implications and the environmental effects of the CFB 

gas/steam cogeneration have been presented in the paper. A new power generation technology, 
CFBCC/CC has also been introduced. A series of fundamental study programs including 
laboratory research and industrial pilot experiments with a few technical problems to overcome 
are being carried out at Tsinghua University. The new cogeneration process will have a bright 
potential in the future because of its good energy saving characteristics as well as its 
environmental appropriate performance. 
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ABSTRACT
 

Commercial circulating fluid bed steam generation technology is less than a decade old. In fact, in just 
seven years Combustion Engineering. Inc. (ABB C-E) has gone from commissioning its first industrial
based Circulating Fluid Bed (CFB) to starting up the two (2) largest utility reheatCFBs in the United States 
with a net electrical output of 150 MW each. 

The current trend ofcost effective, environmentally sensitive solid fuel steam generation calls for further 
scale-up of the CF1 option to continue to meet these demands. This paperdiscusses ABB C-E's approach 
to answer this challenge for future growth of this technology. 

INTRODUCTION 

Fluidized bed combustion technology has been utilized in a broad spectrum of qualifying facilities and 
independent power projects. (For a general description of CFB technology, see Reference 1.)The fluid 
bed combustion process facilitates power production firing a wide range of fuels while meeting stringent 
required emission levels. Over the past seven years, ABB C-E has supplied twenty CFBsutilizing licensed 
technology from Lurgi GmbH. 

Eight of these operating units have reheat capability. Interest in CFB is still related to the technology's 
ability to handle "waste" type fuels. However, the predominant driving force for continued interest in 
scaling up this technology is its ability to achieve low INOx and SOx emissions without the need for post 
combustion equipment such as selective catalytic reduction systems (SCRs) and wet or dry flue gas 
desulfurization systems. 

This paper will discuss the current state of the technology and address several issues which the designer 
faces in addressing the scale-up issues. Finally, perfomlance and unit design comparisons are presented 
for similarly-sized CFB and Pulverized Coal (PC) units and for several different-sized !arge CFB 
arrangements. 

ABB C-E FLUID BED TECHNOLOGY HISTORY 

Figure 1illustrates the development of fluid bed technology within ABB C-E. With the exception of the 
Great Lakes and TVA installations, the predominant focus for technology commercialization has been on 
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Figure I - ABB CE ruid Bed Development 
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the circulating fluid bed process. Included in this 
development isadramatic scale-up in unit capacity 
within aseven-year time from 65 MW to 2(X) MW 
(or 200%) and atransition to reheat applications for 
improvement inoverall plant heat rate. 

The most recent contract ABB C-E received isthe 
AES/Warrior Run project. This [PP project, which 
includes a 208 MW bituminous coal-fired CFB to 
be located in Maryland. was awarded to ABB C-E 
in February, 1993 (for project specific information. 
seeTable 1). This contract reinforces market accep-
tance for the CFB technology based on a proven 
track record to meet stringent airemission require
ments while maintaining high availability and ca-
pacity factors. 

CFB technology has demonstrated an unparalleled 
ability to achieve low NOx production without the 
need for post-combustion equipment such as SCR 
(Figure 2). This ispossible due to low combustion 
temperatures (1500- 1600 F) and the staging ofair 
by application of secondary and tertiary air admis
sion zones. 

Furthermore, the CFB technology has exhibited a 
fuel flexibility an ability to burn waste materials 
and fuels, pieviously deemed uneconomical and 
or impossible to handle by conventional boiler 
firing iystem technologies (see Table l1). 

180 

1 Includes Thermal DE-NOx 
0 
6" 140.
 

12 0 
01
 

60 
CL. 40,O' 0 0.0 

I 20 ' 
o
 

Bituminous Sub- Anthracid 
Bituminous Culm 

Evaporatjon 1,4().555 LB/HR 
SHO Temperature 1,00(5F 
SIlO Pressure 1.890 PSIG
 
Feedwater Temperature 470 F
 

Reheater flow 1,304,29() LB/HR 
RHO Temperature 1.005 F 
RHO Pressure 470 PSIG 
RHI Temperature 674 F 
RHI Pressure 490 PSIG 
Gis Mow 1,838,0(X) LB/HR 
Air Flow 1.703,000 LB/HR 

Fuel Analysis
 
Carbon 62.0% Weight
 

Hydrogen 3.6% Weight
 

Sutur 2.3% Weight
 
Ash 23.4% Weight
 

Oxygen 3.2% Weight
 
Ogisture 4.0% Weight
 

Fiel Higher Heating Value 11.074 BTU/11t 

"[tric I - AES/Warr Run Preted Ferfiance 
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o16
 

07 006o 

Lignite Wood Petroleum 
Coke 

Figure 2 - Operating CFB Unit NOs Einission 
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Fuel Moisture, %Weight 

Wood Wa. te 501 

Anthracite Culni 6.9 

Sludge 70.0 

Lignite 31 

Brown Coal 50 

Ash, %Weight 

3.88 

69.9 

11.0 

16 

10 

Table I I - Fuels Handled by ABB C-F CFBs 

Currently, based on its demonstrated scale-up ease, 
low emissions capabilities and fuel flexibility, the 
CFB technology is a serious option for many 
customers for their mid-sized (300-450 MW) util-
ity unit applications. 

TEXAS-NEW MEXICO POWER COM-
PANY (TNP) EXPERIENCE 
The advancement of the Circulating Fluid Bed 
technology required a unique approach to mini-
mize risk both commercially and technically. ABB 
C-E entered into a consortium arrangement to 
provide the largest operating CFB in the United 
States to the Texas-New Mexico PowerCompany. 
These two (2) 150 MW net generating units went 
into commercial operation in June of 1990 and 
1991, respectively, and fire a Texas lignite with a 
Higher Heating Value (HHV) of 6,733 BTU/LB 
(Reference 2). Tables III and IV illustrate the fuel 
and limestone analyses, respectively, for this project. 

The two TNP units are important as they have 
successfully demonstrated the use of circulating 
fluid bed technology in a utility application. To 
accomplish this, many significant design innova-
dons were utilized along with amajor scaling up of 
components and systems. Among the equipment 
scaled is the combustor which is 1.5 times larger in 
plan area than ABB C-E's next largest single 
combustor. The TNP combustor has water-cooled 
walls, grates and plenums with the lower combus-

torconfigured with twoseparate fluidization zones. 
thus giving this design the name "pant-leg" (see 
Figures 3 and 4). 

Fuel Type 
Fuel Size 
Proximate Analysis 
Moisture 
Volatiles 
Fixed Carbon 
Ash 

Ultimate Analysis 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Oxygen 
Water 

Heating Value, Btu/Ilb 

4,2(X) 

2,296 

1.950 

6,682 

4,536 

Calvert Lignite 
3/8" X0 to Coal Silos 

30.7% Weight 
27.0 
26.8 
15.5 

38.6% Weight 
3.1 
0.8 
0.9 
5.5 
10.4 
30.7 

Fuel Higher Heating Value 6,733 BTU/LB 

Table 111- TNP Fuel Analysis 

Limeslone Size 	 1-1/2" X 0 to 
limestone Crusher 

Chemical Analysis
 
Calcium Carbonate 91.5% Weight
 
Magnesium Carbonate 45%Weight
 
Moisture 2.0% Weight 

2.0% WeightInerts 

II 
Table IV-TNP Limestone Analysis 
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To accommodate such a large combustor and meet proces, requirements, these units are also the first to 
have four (4)solids recirculation cyclones operating in parallel and to be designed with cyclones located 
on opposite walls. This cyclone arrangement presented adesign challenge in the collection of flue gas from 
the cyclones and the direction and distribution of this gas to the convective backpass section of the boiler. 
To overcome this, auniquely designed steam-zooled enclosure isused which isintegrated with the steam
cooled backpass. The final heat recovery from the gas isaccomplished by using heat pipe air heaters, 
compact, a:-d common on many ABB C-E CFBs. 

Another significant design innovation used on the "pantleg" design isthe integration of the fluid bed heat 
exchangers into the water-cooled envelope of the combustor. This allows for avery compact arrangement 
between cyclones, FBHEs and the combustor. 

The capacity and availability factors for the TNP plant, shown in Table V,have been impressive. This 
stellar performance record has catapulted the circulating fluid bed technology into anew era. Based on 
the TNP experience, commercial units up to 450 MWs are now considered viable projects. 

STEAM CYCLE AND HEAT DISTRIBUTION 

For smaller CFBs. up to 100 MW, the units are likely to be designed for superheat outlet pressures of900, 
1200 or 1800 psi depending on particular project specifics (fuel costs, steam hosts, etc.). As boiler size 
continues to increase, owners tend to focus on more efficient plants that include reheat cycles and higher 
pressure, 2400 psi, cycles. This higher pressure, lower heat rate cycle offers lower fuel costs, lower 
limestone costs, and more extraction steam possibilities which more than overcome the higher pressure 
part costs associated with a boiler designed for this pressure. 

As CFBs increase in size and add reheat cycles, FBHEs (fluid bed heat exchangers) can be added to the 
solids recycle loop and would play asignificant role in steam-side heat pick-up (See Figure 5for the FBHE 
arrangement for a large-scale CFB.). The presence of these low velocity bubbling beds offer several 
operational advantages for large-scale CFBs; separation of reheater and superheater steam circuitry for 
ideal temperature control, optimization of turndown, and maintainability of the key process parameters 
shown in Table VI. 

Unit/Facility Number I - Enables Multiple Fuels to be Burned and 
Maintains Performance 

Availability 996 

Capacity 9R.9 - Maintains Key Process Parameters 
- Combustor Temperature 

Unit Facility Number 2 - Calcium/SuLfur Ratio 

- NOx Formation and Emissions 
Availability 95.2 - Superheat and Reheat Steam 

Capacity 97.1 Temperatures 

Excludes scheduled outages. - Eliminates "in-Combustor" Surface on 
Large Units 

Table V- TNP Availability and Capacity for 1992" - Provides Optimum TurndownP 

Table VI - Advantages of the Fluid Bed 
Heat Exchanger 
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SCALE-UP ISSUES 

As previously mentioned, significant CFB size increase has occurred with relative ease. As the units 

continue to increase in size, furtherscale-up will be required. The discussion below will focus on the scale

up concerns with four major components on CFBs of this size; the combustor, the cyclones, the backpass, 

and the fluid bed heat exchangers. 

These items are discussed below based on the results of a recent study on a sub-bituminous-fired 330 MW 

CFB shown in Figures 7and 8. This unit has an increase in combustor size, cyclone diameter, backpass 

width, and FBHE width from the arrangement typical of both the TNP and Warrior Run units. 

Combustor 
In designing a 330 MW CFB unit, the parameters which affect the ability to meet performance 

requirements (emissions, Ca/S and efficiency) are analyzed along with the fuel to be fired. Careful 

consideration is given to the geometry ofthe comhustor as this impacts fuel, air and sorbent mixing. Figure 

9 compares the relative size of a 330 MW CFB firing sub-bituminous coal with that of the 150 MIVV net 

lignite-fired TNP CFB units. ABB C-E has chosen to increase the combustor height slightly to ensure the 

solids, pressure profile, and therefore heat transfer to the water wall is within our proven experience and 

knowledge base. The "pantleg" design employed by ABB C-E enables the fuel, air and sorbent to mix 

inan area that is roughly one-half of the overall combustorplan area. Figure 10 compares the fuel/air/solids 

mixing lengths for the 330 MW unit with the mixing lengths ofoperating ABB C-E units. The use of the 
"pantleg" design results in a fuel mixing length increase of only 30% over the TNP design. ABB C-E 

maintains that this increase will not cause any performance concerns for the following masons: 

" The massive amount of recycle ash (as compared to fuel) circulating through the primary recycle 

loop, where fuel comprises no mnore than 2% weight of the total material, ensures the heat of 

combustion is .-venly distributed. 

During initial operation at TNP, fuel feed problems necessitated running the unit at full load with 

3 of the 4 fuel feed points inoperation over extended time periods. This meant that one operating 

feed train in the affected pantleg was carrying close to 50% of the total coal flow over a mixing length 

of 33 ft (50% increase in mixing length). During the performance of the unit under this operation, 

fuel flow was virtually unchanged and previous S02 emissions levels were maintained. 

* 

The use of ash re-injection systems and additional fuel feed points is anticipated on units which fire low

volatile matter fuels. 

Cyclones 
Cycl, nes in a CFB design separate the entrained particles from the flue gas leaving the combustor and 

return the hot solids to the combustor. The high recycle rate of the cycle ensures a uniform temperature 

in the furnace. The efficiency of the cycle impacts the capture rate of the fines fraction of the solids entering 

the cyclone. This, in turn, affects litnestone utilization and carbon bum-up. Basic cyclone theory suggests 

that as the cycle size increases, the collection efficiency decreases due to a reduction in the centrifugal 

force. In scaling up, a point will be reached where the cycle size gets so large that limestone utilization 

and'carbon bum-up decrease. ABB C-E presently has cyclones in operation with inside diameters of 26 

feet. The 330 MW plant will employ four (4')26 feet cyclones of this l.roven design. ABB C-E has also 

done research on cyclones larger than 26 feet in diameter which may be provided on larger units. 

Backpass 
The convective horizontal backpass of the CFB consists of low temperature superheater, low temperature 

reheater and economizer surface arranged similarly to that inaconventional pulverized coal fired unit. The 

largest backpass used in a PC boiler is approximately three times larger than the size used for a 330 MW 

CFB. The light dry fly ash of the CFB enables the designer to utilize either an in-line spiral fin or bare

tube economizer in the design. On most coal-fired operating ABB C-E CFBs, a heat pipe air heater with 
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III
 

Figure 7 - 330 MW CFI3 Side Elevaion of Equipment 
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Figure 8 - 30 MWV CFBIPlant View of Equipmetnt 
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finned surface has been employed without ars, pluggages oCC utring. So, spiral fin economizer surface is 
not expected to plug either. 

Fluid Bed Heat Exchangers (Ftl1-tF.j
Recirculated ash from the furnace can be directed from below the cyclone hopper outlet at temperatures
of 1550F - 1650F to a bubbling fluidized Led hreat exchanger (FBHE) for the purpose of performing 
additional boiler heat duty. Solids are diverted using a high temperature ash discharge valve to a series 
of heat exchange bundles which perform superheater, reheater and evaporator duties. 

As CFBs get large insize, the combustor surface to volume ratio decreases and itis not possible to perform
the required evaporator duty in the furnace waterwalls. The FBHEs allow incremental evaporative duty
by passing a sufficient amount of recycle solids into the bundles. FBHEs work at very low superficial
velocities, around one foot/second, and are less prone to erosion than are in-cornbustor evaporator panels. 

The FBHE enables man' operational and process-related functions to be performed which are critical to 
smooth and reliable operation. These functions include combustion control, emissions control, low load 
operation stability, load control with variations in fuel and limestone qualities, and furnace t,mperature 
control. 

CFB units without FBHEs cannot control furnace temperature without varying excess air, which leads to 
lower boiler efficiencies and/or lower than optimal fuel combustion at partial loads. The FBHE allows 
the heat transfer aspects of the boiler to be somewhat decoupled from the combustion requirements ofthe 
boiler. By modulating solids flow trough tie ash d~scharge valve and FBHE,cooler solids at the FBHE 
discharge can be blended with recycle ash to control furnace temperature. This allows tie excess air to 
be set solely on the combustion characteristics desired. 

The control of furnace temperature is a necessary feature inproperoperation of the stean generatorin order 
to minimize gas emissions; carbon monoxide, sulftr dioxide and nitrogen oxides. At a given excess air, 
i.can be shown that there is an optimal temperature where emissions from all sources can be minimized. 

Low load operation without furnace temperature control is more difficult without an FBHE since the 
minimum air flow rate is usually dictated by tie solids fluidization requirements. At low loads and without 
an FBHE for temperature control, the excess air is higher than designed, producing increased levels of 
nitrogen oxide emissions. Also at low load, superheater and reheater spraying can be decreased by
controlling the duty of the FBHE superheaterand releater bundles, which are separated from tie backpass 
superheater and reheater convective surfaces. 

With variations in the size and quality of fuels and limestones ina given unit, a FBHE isuseful to maintain 
full load operation, without derating. Fuel and limestone purchases are functions of the economics ofthe 
time. As less expensive fuels and limestones can be found, the CF'B must be able to handle these fuels 
without possible derating ofthe unit. The furnace solids inventory andconvective heat transferduties shift 
as different fuels and limestones are used. The FBHE can make up evaporative duty which is lost on fuel 
and limestone changes. The FBHE can also control tle gas temperature so that harder to bum fuels can 
operate at elevated temperatures. Temperature control is also used to maintain die propersulfation reaction 
temperature for each limestone upon limestone changes. 

An inherent benefit of using a FBHE is the high heat transfer rate from the hot solids to the tube bundles. 
By performing the additional evaporative duty in an FBHE instead of in-combustor surface in the upper
furnace, the required surface (in the FBHE) is substantially less (possibly by a factor of three). 
With theenhanced ability tocontrol comnbustion, maintain load and furnace temperature, and maintain fuel 
and sorbent flexibility, the CFB with aFBHE offers potential advantages, unparalleled with othersystems. 
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The 330 MW unit employs FBHEs which consist of finishing superheater, evaporator and finishing 
reheater surface. Operating experience on CFBs with reheat FBHEs indicates that the RH temperature 
is controllable by using FBHEs without a need for attemperation. 

The arrangement of the FBHE on the front and rear wall, Figure 5, enables the designer to increase the 
heat transfer surface by adding assemblies rather than increasing tie tube length beyond the 14 feet 
successfully employed at TNP. When designing the tube bundle supports, sufficient stiffness and 
restraints are required to accommodate the mechanical loads and sufficient flexibility is required to 
accommodate the thermal expansion movements. ABB C-E has developed a finite element design tool 
for studying FBHE tube bundles and quantifying their thermal and mechanical loads (Reference 3). 
Therefore, by standardizing tube bundle arrangements and utilizing a modular approach, an increase in 
unit size can be accommodated without developing a new FBHE design. 

A 330 MW CFB can, indeed, be designed without the need for uncertain extrapolation. While the 
combustor size is increased in both height and plan area for this unit, its increases have bzen limited to 
maintain overall size and operating parameters within our experience base. Height has been limited to 
assure accurate heat transfer predictions and to minimize overall building and steel costs. Additionally, 
plan area has been restricted to maintain fuellair/solids mixing lengths within our experience and 
knowledge base. Cyclone diameter has also been increased. However, the use of four parallel cyclones 
allows the increased cdiameterto be maintained within ourcurrent operating base. Backpass width has been 
increased but not beyoa that used inconventional PC firing design. Regardless of the firing technology 
used, backpass sizing isa well-defined, low-risk procedure. Finally, design tools have been incorporated 
to allow for the modularization ofFBHEs. No scale-up oradditional risks are presented with this approach. 

A CFB AND PC UNIT COMPARISON 

Circulating Fluid Bed Boilers possess some advantages over similarly-sized Pulverized Coal (PC) units. 
CFBs require smaller building volumes, achieve lower emissions, with less equipment, and require ltss 
fuel preparation than similarly-sized PC units. The building volume for a CFB is approximately 25% less 
than for a PC unit (from coal bunker to air heater outlet). 

The presence ofcirculating hot solid particles in the CFB FBHEs make for greater heat transfer there than 
is achieved by the PC in-furnace radiant surface. As unit and combustor size continue to increase, the 
FBHE heat transfer surface would also increase. Ingeneral, the FBHEs permit separate superheater and 
reheater temperature ce;itrol and allow for a smaller convective backpass (less required heat transfer 
surface). A CFB is inheently low in NOx production as aresult of low combustor operating temperatu' s 
and multi-level air staging,,. When extremely low NOx emissions are required, CFBs use a simple Selective 
Non-Catalytic Reduction (SNCR) system rather than the PC unit's much larger SCR system for a further 
contribution to the CFB unit building volume advantage. 

A SNCR achieves optimum NOx reduction and minimal ammonia slip while operating in the 1500-1700F 
range. On CFBs, sing FB HEs, the normal combustor operating temperature of 1500-1600F ismaintained 
through much of the unit operating range. Low NOx and anmonia emissions are easily achieved through 
a large portion of th6CFB operating range. Additionally, the lack of a catalyst makes the Selective Non-
Catalytic Reduction (SNCR) system much easier to maintain than a SCR system. 

The CFB reduces sulfur dioxide emissions through the injection of sorbent directly into the combustor 
thereby eliminating downstream scrubbing devices. This also results in a smaller plant footprint foraCFB 
unit. 

A typical PC unit requires coal pulverizers to achieve the desired feed size of 80% or more less than 200 
mesh. Actual emissions requirements will determine the desired percentage passing 200 mesh. A CFB 
does not require pulverizers. Rathera 1/2 inch top size fuel enters the CFB. The largest of the fuel particles 
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will form part of the combustor bed until they decrepitate and attrit sufficiently to pass into the combustor 
freeboard and to the cyclone. Both the CFB and PC units require coal gravimetric feeders, but from the 
feeder outlet to the combustor/fumace inlet, the CFB fue! feed system is simpler as shown below. 

CFB Coal Feed System 

IGravimetrlc Feeder CormustorlFumace j 

PC Coal Feed System 

IGravimetnic Feeder Putv'erizerl CmbsorFuac 

Finally, it is the lack of fuel and emissions equipment which makes the CFB's fuel and emissions systems 
less complicated to operate and maintain than those of a PC unit. Basically, the CFB has no pulverizers, 
SCR, or scrubber to maintain. ACFB may include a SNCR, but the lack of a catalyst alone makes this 
system less expensive to operate and maintain. 

The auxiliary power consumed by the CF1B is about 1-2% higher than that used by the PC unit. This 
disparity is being remedied by the use of lower pressure fans. and manifolded fluidized blowers for CFB 
applications. 

Two other advantages of the PC technology are harder to overcome. A PC unit will have lower radiation 
and carbon heat losses than a similarly-sized CFB unit. The use of steun-cooled cyclones will lower the 
radiation loss ofa CFB, but these cyclones are large and a PC unit does not contain asimilarly-sized piece 
of heat absorbing equipment. So, CFB units will always have greater radiation losses than a similarly
sized PC unit. Ile higher furmace operating temperature of a PC unit also ensures it will achieve better 
carbon burnout and lowercarbon monoxide emissions than aCFB unit. The CFB solids recycle loop does 
allow it to overcome some of the PC unit's advantage, though. The CFB's operating temperature islower, 
but its residence time is greater than that of a PC unit. 

The CFB and PC technologies can be fairly evenly compared for maniy applications in the 200-400 MW 
size range. The fuel quality, emissions requirements. and particularevaluation factors fora certain project 
will determine the best technology for the application. 

SUMMARY AND OTHER DEVELOPMENTS 
The CFB technology has shown an ability to scale-up from industrial to utility applications with relative 
ease. Scale-up has occurred while naintair.ing sizing and performance parameters within our experience 
and knowledge base. Further product enhancements (see Table VII) have been added regardless of plant 
size. 

With use of the pantleg CFB, ABB C-E has shown the CFB technology is a viable power plant alternative 
for units up to 450 MW insize. ABB C-E has also dc ieloped units for applications up to 600 MW insize. 
Alternatives are currently being reviewed *ortheir ability to maintain process parameters, achieve 
performance air emissions, and operate with little or no risk. 
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- Standard Cyclone Designs 

- UpgTad,-d Refractory Design 

- Simplified Fluidizing Air System 

- Burner System Reconfiguration (In-Duct Burners 
Eliminated) 

- Simplified Fuel Feed System (Rotary Valves 
Deleted, Feeders Pressurized) 

- Rifle-tubed FBHE Evaporator Sections 

Table VII - ABB C-E CFB Product Enhancements 
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ABSTRACT
 

Pressurised Fluidised Bed Combined Cycle (PFBC) plants are now in operation in Sweden, 
Spain, United States and Japan. Over 30 000 operational hours have been achieved so far in 
these plants. 

PFBC technology provides high thermal efficiency in the generation of power from coal. This 
is a result of the combined cycle arrangement. Even with modest inlet temperatures of below 
8501C to the gas turbine, a PFBC plant f-,as an efficiency that compares to what can be 
achieved with the most highly integratec, gasification combined cycle (IGCC) plants proposed 
with today's most advanced gas turbines. 

Additional firing of fuel before the gas turbine to increase its inlet temperature above 8501C 
leads to very substantial efficiency increases. Hybrid cycles that allow such an increase are 
now under development and ensure that the PFBC process will allow continous development. 

Environmental control is also excellent. The Vartan PFBC plant in Stockholm, Sweden is 
considered to be one of the cleanest coal-fired power plants in the world. 

The success of the first PFBC plants has led to further orders. A number of other equipment 
manufacturers have also begun development of PFBC. Clearly, PFBC is fully commercial and 
recognized as being the leading clcqn coal technology for several decades ahead. 

INTRODUCTION 

Coal provides for about 40 % of the world's electricity production. World demand for energy, 
and especially for electricity, is likely to grow substantially during the next century. This is a 
result of the expected increase in world population and also of economic growth in countries 
that are currently less developed. Coal use will most probably continue to grow with 
electricity demand. Estimates of the global market for power generation equipment suggest 
that about 800 GW will be needed just during the next decade and that approximately half of 
that will be coal-based. 

Pulverized coal firing (PC) is currently the mature coal technology and has been in use since 
the early part of the present century. Efficiency improvements in PC plants took place 
gradually between the late 1940's and thu middle of the 1960's. Most plants world-wide 
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have little emission control equipment other than some particulate removal. Many also have a 
low thermal efficiency as a result of being old, small, or because they burn low-grade coal. 
Generally, plants that were built in the early 1950's use about 25 to 30 % more fuel than 
today's modern plants to produce a kwh of electricity. The tend now is towards coal-fired 
combined cycle plant with pressurised fluidised bedl combined cycle (PFI3C) and Integrated 
Gasification Combined Cycle (IGCC) showing the way. 

Although global coal usage. for electricity production accounts for only a small fraction of 
anthropogenic global carbon dioxide release to the atmosphere, arid although there is still no 
real understanding of the relations between the changes in composition of the atmosphere 
and the global climate, the mere perception that fossil fuels may cause climate change is 
likely to influence the choice of power generation technology. Political decisions in a nurnioer 
of countries have already begun to cause such changes, typically through the use of taxes or 
fees that distort the free market cost of fuels in connection with their utilization. 

COAL-FIRED COMBINED CYCLE PLANTS 

Coal-fired combined cycle plants have not been available until recently. But development 
work has been underway during the last two decades. The two technologies that have now 
reached the market place are pressurised fluidi.,ed bed plants (PFBC) and integrated gasifica
tion plants (IGCC) with PFBC plants now operating commercially and some demonstration 
IGCC plants under construction. They share tile feature of incorporating gas and steam 
cycles. But there are also substantial differences. 

In a PFBC plant, Fig. 1, coal is burnt, cleanly and efficiently, directly under pressure in a 
fluidised bed, which typically operates at a temperature of about 8701C. The flue gases from 
the fluidised bed are cleaned from particulates, presently with the aid of cyclones, before 
expansion in a gas turbine which drives the air compressors and a generator. The steam is 
expanded through a steam turbine which also drives a generator. Today's PFBC plant 
therefore uses a low inlet temperature (below 8501C) for the gas turbine but can have very 
advanced steam data, since the combustor temperature is substantially above the temperatu
re of the steam which is generated. Combustion efficiencies are of the order of 99.5 %. 
Excess air levels are around 20 %. 

Emission control in a PFBC plant occurs primarily in the fluidised bed where also combustion 
takes place. Desulfurization involves the reaction of limestone or dolomite with the sulfur 
dioxide which is produced from sulfur present in the coal. Nitrogen oxide levels in the 
combustor flue gases are low as a result of the low bed temperature, which prevents the 
formation of "thermal NO.". Naturally, the possibilities also exist to reduce NO, emissions 
further through the use of de-NO, techniques. 

By comparison IGCC plants can reach comparable efficiencies but must use gas turbines with 
a high inlet temperature to compensate for losses in the gasification step. The steam data 
achievable is seriously limited because most of the energy transfer to the steam cycle occurs 
downstream of the gas turbine in a waste heat recovery boiler where the inlet gas temperatu
re is typically low (below 560 0 C). 

IGCC plants that can be built currently use wet pressurised cleanup systems for removal of 
sulfur dioxide and other chemical compounds from the fuel gas which is produced in the 
gasifier, before combustion of this gas in the gas turbine combustor. The wet cleanup system 
reduces the thermal efficiency of the IGCC cycle, but it does, naturally, have characteristics 
that allow very low emissions of sulfur dioxide, and it can also lower the levels of NO, 
precursors like hydrogen cyanide and ammonia in the fuel gas. 
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Fig. 2 shows a comparison of the achievable efficiencies with PFBC and IGCC plants as a 
function of gas turbine inlet temperature (1). It is notable that thermal efficiencies for PFBC 
plants with current gas turbine inlet temperatures give combined cycle efficiencies of 44 to 
46 %, whereas IGCC plants require approximately 300'C higher gas turbine inlet temperatu
res, or up to 11 80(C (ISO), to reach the same cycle efficiencies. Such high temperatures can 
only be reached with today's most advanced gas tur bines. 

It is significant that the already very good efficiency of PFBC plants can be increased further 
when the gas turbine inlet temperature is raised. This involves firing of additional fuel before 
expansion in a higher inlet temperature gas turbine. The "lybrid PFBC" band in Fig. 2 shows 
the efficiency improvements which can be achieved with such arrangements. The bands 
marked "Development potential" illustrate further achievable efficiency improvements for
 
PFBC and IGCC plants. These depend, among others, on the application of more advanced
 
steam cycles, and on the continued improvement of gas turbine technology.
 

STATUS OF PFBC 

The world's first PFBC plants are currently in operation in Sweden, Spain, United States and 
Japan. These four plants use ABB Carbon's technology, developod during the past 17 years
in close cooperation with the customers (2). 

All of these units utilize ABB Carbon's P200 PFBC module, which consists of a combustor 
vessel that contains the fluidized bed, cyclone cleanup systems and a few other components, 
and also ABB's GT35P gas turbine. 

The net output from a PFBC plant which uses one P200 module is typically 80 to 85 MW.
 
depending on the steam cycle used. The larger P800 module has an output of 350 MW. and
 
uses the GTI 40P machine, which is P scaled-up version of the GT35P machine. Manufac
turing of the first GT140P machine is now underway for the commercial 350 MW plant in
 
Japan.
 

The Vartan Plant 

The V~rtan PFBC plant in Stockholm, Sweden, which burns low sulfur imported coal, is a 
new combined heat and power (CHP) p!knt with two P200 modules and one new steam 
turbine. It is built on an old site, where there are also oil-fired boilers, an oil-fired CHP plant,
electric boilers and electrically driven heat ijumps. The Vartan plant, Fig. 3, is owned and 
operated by Stockholm Energi and provi Jes the city of Stockholm with electricity and district 
heating (3). 

Because of its location near the center of the Swedish capital, and the very strong environ
mental concerns among the population, the Virtan PFBC plant environmental regulations are 
very strict. Initially, annual SO.and NO, limits of 60 and 50 mg per MJ fuel input were 
imposed. These values correspond to 170 and 140 mg/Nm3 respectively, at 6% oxygen in 
the flue gases, i.e. substantially below the current German regulations. 

Following fir,:t fire on coal in January 1990 and a successful availability test during the spring
of 1991, the Va-tan PFBC plant was taken over by the customer in September 1991. 

When the V~rtan PFBC plant was shut down for the summer at the end of the 1992/1993 
heating season, the two units had operated 8271 and 6200 hours, respectively, on coal. The 
emissions of SO.ard NO., respectively, during 1993 have been approximately 25 and 30 
mg/MJ, respectively. Very low emissions of N20, CO and particulates have also been achie
ved. 
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The Escatron Plant 

The Escatron plant in Spain, Fig. 4, is owned by ENDESA, which aims at installing larger size 
PFBC plants, using the P800 module, to burn local coals. In order to demonstrate the 
technology at a smaller scale, ENDESA decided to repower an existing, old steam plant with 
a P200 module. The European Community and some Spanish authorities provided partial 
financial support to ENDESA for this project. The fuel used at Escatron is local "black lignite" 
with typically about 6.8 % sulfur, 36 % ash and 20 % moisture. This is , very difficult fuel, 
but it is available in large amounts in the Teruel region of Spain. There are also similar coal 
deposits in other parts of the world. 

Following first coal-fire in the Escatron PFBC plant in November 1990, a total of 7598 hours 
of operation on coal had been achieved by the end of July 1993. The operation of a PFBC 
plant on this very difficult fue' has been shown to be possible. Tile major problems that have 
been experienced have related to the feeding of fuel and sulfur sorbent and to the removal of 
ashes from the cyclone outlet pipes have been resolved. 

Desulfurization that exceecs 95 % with limestorie at a Ca/S-ratio bclow 2.0 has been 
demonstrated. NO, emissions meet requirements and have been seen to depend on the 
excess air level. This is in agreement with earlier laboratory and pilot plant observations, and 
it also agrees with observations from the other PFBC plants. 

The Tidd Plant 

The Tidd plant in the United States, Fig. 5. is owned by Ohio Power Company, a subsidiary 
of American Electric Power (AEP). The old steam plant has been converted to a PFBC 
demonstration plant with financial support to AEP from the U.S. Department of Energy under 
its Clean Coal Technology Demonstration Program, and from the Coal Development Office of 
the State of Ohio (4). 

The Tidd PFBC unit uses also an existing steam turbine and other site facilities together with 
one P200 module. The fuel is Pittsburgh Number 8 coal with a sulfur content of about 4 %. 
First fire on coal was again in November 1990. An acceptance test was completed by mid 
June 1992, after which the plant was accepted by AEP. By the end of July 1993, the plant 
had operated 3884 hours on coal. 

Like ENDESA, AEP is planning to build larger PFBC plants. Under phase two of the Clean Coal 
Technology Demonstration Program, AEP proposed to repower a large steam plant with 
PFBC. This would use the P800 module with a net output of 350 MW,. This project was 
selected for partial funding. Later, AEP decided to build instead a new "greenfield" PFBC 
plant when new coal-fired capacity is needed. Preliminary engineering for such a plant is cur
rently underway. 

The Wakamatsu Plant 

The Wakamatsu PFBC plant has been built at EPDC's Wakamatsu site on the island of 
Kyushu, Fig. 6. This is also a repowering project, but is more advanced than the other two in 
that it has reheat and also a high steam temperature of 5951C. EPDC, like ENDESA and AEP, 
see their project as a demonstration on the way to larger PFBC plants with an output of 700 
MW. (two P800 modules with a common steam turbine). The Wakamatsu plant is equipped 
with a ceramic hot gas filter (5). 

The order for the Wakamatsu plant was signed in October 1991 and commissioning of the 
plant has begun. First fire was achieved on 14 July and operation on coal began on 2 
September. Commercial operation is scheduled to begin in early 1994. Most of the plant 
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equipment has been supplied to EPDC by IHI, which is ABB Carbon's licensee in Japan. 

OPERATING EXPERIENCE FROM THE WORLD'S FIRST PFBC PLANTS 

The Gas Turbine 

From the time when PFBC was first conceived and throughout the development phase, a 
major question has been whether a gas turbine can operate in tile flue gases from a pressuri
sed fluidised bed burning coal. Especially, there have been concerns about erosion, corrosion 
and fouling of the gas turbine blades. 

The results from pilot plant tests showed that well functioning cyclones, which pass only 
very small particulates to the turbine, would allow expansion of the still dust-laden gas 
through the turbine. 

The major concern about corrosion relates to the fact that measurements have indicated that 
the concentration of volatile alkali compounds in the flue gas leaving the combustor is 
substantially higher than would normally be accepted for gas turbines burning gaseous or 
liquid fuels. 

Since the concentration of particulates in the gas that reaches the gas turbine typically is 
between 200 and 500 ppm b/ weight, there is an obvious possibility for deposit formation 
within the gas turbine. It is significant that only minor deposits have been found to form on 
rotor vanes and blades. 

The results from over 25 000 hours of operation in the V~rtan, Escatron and Tidd PFBC 
plants have confirmed that it is possible to operate the specially designed GT35P gas turbine 
in the PFBC environment. A requirement is, however, that the cyclone cleanup system 
functions well. 

There were some early incidents, especially at the Escatron plant, when the outlet pipes that 
carry collected cyclone ash from the base of the primary cyclones have been plugged. At 
such times, the particulate loading to the turbine, and also the size of particulates, have been 
greatly increased. It is significant, however, that the erosive damage also under such extreme 
conditions has been gradual and that the gas turbine continued to operate well, although with 
decreased output, even during such periods (6). Design modifications have been successfully 
applied to eliminate this problem. 

A phenomenon, the nature of which in no way is specific for the PFBC application but which 
has recently been experienced is high-cycle fatigue damage to the root section of the variable 
speed low-pressure turbine blades. High-cycle fatigue is not uncommon in rotating machinery 
but had not been expected based on design calculations. A modification has been made to 
the shape of the blade "fir tree" root section to decrase stress concentrations and thus 
eliminate the problem. 

The PFBC Boiler 

Another concern, which typically is valid for all fluidised bed systems, has been erosion or 
wear of boiler tubes. Such wear is quite common in atmospheric fluidised bed units but 
"fixes" have been developed to handle the matter. ABB Carbon has taken several steps to 
minimize wear of the tube bundle in the PFBC plants. First, the design of the tube bundle is 
such that high velocity paths for solids are avoided. Second, the low temperature evaporator 
tubing is coated with a wear resistant material. 
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Since it has become clear from many test rigs and other fluidised bed plants that higher 
temperature tubing is less sensitive to wear, superheater tubing typically does not require 
wear protection. The reasons for this are still not fully understood, although it appears that 
oxide films and also deposits on high temperature tubing may be responsible (7). 

In October 1991, there was a case of membrane wall damage at the Vartan PFBC plant. This 
was caused by down-flow of bed material along the wall, around an observation port where 
the wall tubes have been bent to accommodate the port. Once a hairline opening in the wall 
tube had been formed at this location, a steam jet caused damage to an adjacent part of the 
tube bundle, which finally damaged further the membrane wall. Although the membrane wall 
has a low temperature and wear therefore might be expected, such damage had not been 
experienced in pilot plant testing, and therefore these walls had no wear protection. Howe
ver, it did not cause any sudden problems for the operation of the plant. Rather, it was noted 
through the gradual increase in the water content in the flue gases and in an increase in gas 
turbine output. 

The solution was to stud and install a ceramic liner on the membrane wall. For new plants, 
there is also the alternative of applying a wear resistant metal coating on the membrane wall 
surfaces. 

COMMERCIAL STATUS OF PFBC 

It is clear from the above that ABB Carbon's introduction of PFBC technology has been 
successful. The experience ga;n'd during operation of the first three PFBC plants with widely 
different fuels is of considerable value for the continued development and commercialization 
of this leading clean coal technology. The P800 modules planned for use in ENDESA's and 
AEP's larger PFBC plants will have many features in common with the demonstration plants. 

A number of PFBC plants will be built in the near future (8). Kyushu Electric (KYEPCO) have 
ordered a 350 MW. PFBC plant from IHI, with ABB Carbon's technology. This plant will be 
commissioned at Karita in 1996 and will be the first P800 plant to be built. In September 
1992, a contract was signed for the supply of a PFBC combined heat and power plant at the 
Trebovice power plant near Ostrava in the Czech Republic. Commercial operation of that 
plant is scheduled for 1996. 

Southern Company of the US have now studied the availability to be expected of PFBC 
plants in their system (9) and predict an Equivalent Forced Outage Rate (EFOR) of 5.62 % 
and an Equivalent Availability Factor (EAF) of 87.14 %. These measures of reliability and 
availability already compare very favourably with PC plants. 

Predictably, the high visibility and success of ABB Carbon's projects has also caused other 
equipment suppliers to begin PFBC development. Among these companies are Lurgi-Lentjes-
Babcock, Ahlstr6m/Pyropower, Foster Wheeler and Mitsubishi Heavy Industries (MHI). None 
of these organizatiunb hdvu bu Idi built d PFBC plant, and most uf them have oiii, reetly 
operated a PFBC test facility. Nevertheless, Hokkaido Electric (HEPCO) have ordered an 85 
MW. PFBC unit from MHI for operation in 1996. Chugoku Electric have also announced their 
plans to have a utility size PFBC plant in operation around 1998. In the U.S., Midwest Power 
have been selected to receive financial support from the Clean Coal Technology Demonstra
tion Program for repowering an old steam plant with PFBC. This will be Ahlstrom's PFBC 
technology. 

ABB Carbon is currently discussing a number of other PFBC projects with utilities in different 
countries. The interest is very great. It is obvious that PFBC is, indeed, recognized as the 
leading clean coal technology for the next several decades. 
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Technology Integration in
Efficient and Clea Coal Use for Utilities
 

Takayuki OCAWA
 

Thermal Power Department
 

Electric Power Development Co., Ltd.
 

Tokyo,Japan
 

§ 1. Introduction
 

According to the structure ratio of power sources by type of fuel in power
 

generation facilities inJapan, oil fired plants accounted for about 60% of all
 

power generation facilities in 1975.
 

However, the oil crisis served as a turning point for the Japanese electric
 

utilities to promote development of alternative power sources such as nuclear
 

power, coal, LNG, etc. with the result that in 1990 the ratio of oil fired power
 

plants dropped to 31%.
 

Inorder to raise the ratio of coal fired power plants inJapan it is
 

necessary to take thorough environmental protection measures such as removal of
 

SOx and NOx. And the next important issue isthe efficiency improvement of pcwer
 

generation.
 

This paper will explain about the following two projects which the Electric
 

Power Development Co., Ltd. is now undertaking in order to achieve these
 

objectives.
 

(1)Atmospheric fluidized bed combustion (A-FBC) 350MW Takehara Project
 

(2)Pressurized fluidized bed combustion (P-FBC) 71MW Wakamatsu Project
 

§ 2. Histcry of develorment of fluidized bed combustion boiler 

Technological development of the fluidized bed combustion boiler in Japan
 

started with surveys and studies on development situation inforeign countries
 

conducted by the Japanese government in 1975. This report pointed out the
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necessity of promoting our own research and development, and it was decided to
 

first establish technology on atmospheric types which can be developed at an
 

early stage and then tackle the problems that might arise from the development
 

of pressurized types.
 

The technological development has been promoted based on the guidelines
 

given in this report concerning the scale of pilot plant and details of
 

development schedule. Fig. 2-1 shows the development schedule.
 

§ 3. Atmospheric fluidized bed combustion (A-FBC) 350MW Takehara Project
 

(1)Features
 

Electric Power Development Co., Ltd., subsidized by the Ministry of
 

International Trade and Industry, is now constructing a 350 MW atmospheric
 

fluidized bed combustion boiler which is scheduled to start commercial operation
 

in the summer of 1995. This project aims at replacing the existing 350MW heavy
 

oil fired boiler with the same output. Fig. 3-1 shows the outline of this
 

project.
 

Features of this project are:
 

(D By structurally integrating Main Burn up Cell with CBC, which can burn
 

unburned carbon from MBC, the size of boiler facilities Is reduced.
 

() For flue gas treatment, a combined system of the electrostatic precipitator 

with a pulsed energized method for a low temperature side and the flue gas 

DeNO , system using activated char isadopted. 

This paper will explain, among other features, the "flue gas DeNO
 

system using activated char".
 

(2)Flue gas DeNO , system using activated char
 

In Takehara A-FBC project, SOx is removed inside the furnace of A-FBC and
 

the flue gas DeNO . system using activated char isadopted to reduce the level
 

of nitrogen oxides.
 



0 

At present, in Japan the selective catalytic reduction process (SCR) using
 
ammonia isquite popular to remove nitrogen oxides. The flue gas DeNO . system
 

using activated char installed at Takehara A-FBC has the following features.
 

(D The optimum DeNO, reaction temperature of the dry activated char method is
 
relatively low at about 14OC while that of the selective catalytic reduction
 
process using ammonia isbetween 350 °C and 380'C. 
A high DeNO, performance
 

can be expected from the lower flue gas temperature range when the plant is
 

started up.
 

Slip ammonia from SCR reacts with sulfur oxides inthe downstream of SCR
 

to form ammonium sulfate compounds which adhere to the downstream equipment,
 

causing such harmful effects as clogging and vibration of Fans and Air-


Preheaters so that periodical cleaning isrequired. On the other hand, in
 

case of the dry activated char method the equipment can be installed right in
 
front of stacks because of its low reaction temperature.
 

Inthe dry activated char method, it isnecessary to keep S02 concentration
 

under 100 ppm inorder to achieve a high DeNO, performance rate, because
 

reaction of DeSO , occurs in preference to that of DeNO, . In the fluidized
 

bed combustion SO, concentration of flue gas can be kept under lOOppm
 

because of the in-furnace DeSO . function so that a high DeNO . performance
 

can be obtained through integration of the fluidized bed combustion boiler
 

and the flue gas DeNO , system using activated char. Since the activated
 

char layer has a dust collecting effect, a high-performance dust collection
 

is possible when used in combination with electrostatic precipitator.
 

A high performance of activated char is always maintained through recycling
 

and constant make-up of aging activated char. Fig. 3-2 shows the "Low
 

Temperature De-Nox System for Takehara A-FBC".
 

The mechanism of removing NO . can be explained below.
 

( Followed by injection of ammonia, flue gas containing NO , passes through
 
the activated char layer which acts as DeNU , catalyst.
 

NO , in the flue gas undergo a chemical reaction in the presence of
 

catalyst, and are decomposed into nitrogen and water.
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Reaction formula isas follows:
 

4NO + 4NH3 + 02 = 4N2 + 6H20
 

Inthe flue gas DeNO ,system using activated char, dust inthe flue gas
 

can be also removed while passing through the activated char layer.
 

(3)Simultaneous Dry DeSG, / DeNO, process using activated char
 

Inaddition to the above-mentioned system, entrusted by the Ministry of
 

International Trade and Industry, Electric Power Development Co., Ltd. isnow
 

conducting a demonstration test of a new flue gas treatment system using
 

activated char at Matsushima Thermal Power Plant. (The demonstration test is
 

scheduled from February 1993 to January 1994.)
 

This system isintended to remove nitrogen oxides as well as sulfur oxides
 

by using activated char. Fig. 3-3 shows the "Simultaneous Dry DeSO, / DeNO,
 

Process". By adopting this flue gas treatment system using activated char, SO,
 

and NO, can be removed from a pulverized coal fired power plant very
 

efficiently.
 

Furthermore, this flue gas treatment system using activated char can be
 

applied to the fluidized bed combustion boilers (A-FBC and P-FBC) as well as to
 

the pulverized coal firing boilers (PCF boiler) through an appropriate
 

combination of each system.
 

§ 4. Pressurized fluidized bed combustion (P-FBC) 71MW Wakamatsu Project
 

(1)Features
 

Subsidized and entrusted by the Ministry of international Trade and Industr
 

y,Electric Power Development Co., Ltd. isnow installing a 71 MW P-FBC at
 

Wakamatsu Coal Utilization Research Center, and isplanning to commence a
 

demonstration test inFebruary 199kt. Fig. 4-1 and 4-2 show the "Outline System
 

of Wakamatsu P-FBC" and "General description", respectively. The objective of
 

the Wakamatsu demonstration project isto verify the new technology which will
 

be expected as future power sources of large-scale P-FBC's inJapan.
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The features of Wakamatsu P-FBC are as follows:
 

© For cleaner P-FBC 

-Adoption of a high-temperature ceramic filter
 

-Installation of DeNO, facilities
 

For P-FBC with a higher thermal efficiency
 

-Adoption of ultra super critical steam condition (USC)
 

-Adoption of reheat regenerative cycle for the steam turbine
 

Among these characteristics, this section describes the high temperature
 
ceramic filter and the ultra super critical steam condition (USC).
 

(2)High temperature ceramic filter
 

The dust removing system of the P-FBC in operation abroad is two-staged
 

cyclone, supplies gas to the gas turbine by installing a cyclone at the second
 

stage after dust isremoved with a cyclone at the first stage. This system
 

requires a high dust type of the gas turbine. However, ifwe aim to make a large
 
-size P-FBC in the future, it will be necessary to develop a new large-size gas
 
turbine with a high dust specification. For this reason, we adopted a method to
 
remove dust intensively by installing a cyclone at the first stage and a ceramic
 

filter at the second stage inWakamatsu P-FBC demonstration facilities. That is,
 

we aim to apply a gas turbine with a low dust specification, which is
 

conventional gas-turbine, to the P-FBC by adopting a ceramic filter.
 

(3)Ultra super critical steam condition
 

It ispossible to enhance thermal efficiency by improving the conditions
 

(pressure and temperature) of steam introduced into the turbine even in the
 

conventional Rankine system. The present steam condition iscalled Super
 

Critical (SC). The steam condition superior to this is called Ultra Super
 
Critical (USC) and Electric Power Development Co,. Ltd. developed boiler and
 

turbine material which can withstand the USC and conducted a test on it.The
 

conventional thermal power plant has adopted a 
single reheat regenerative cycle
 

with pressure of 246 kg/cmlg and temperature of 538 °C as super critical steam
 

condition. It iscuite possible to develop USC STEP-i with the expansion of the
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present technology but itisnecessary to establish production technology such
 

selection and processing of new heat and pressure resistant material for STEP-


II. 

Electric Power Development Co., Ltd. started the technological development
 

of USC, subsidized by the Ministry of International Trade and Industry in1982.
 

The company developed boiler and tube material and conducted a basic test on the
 

main material of the turbine and so on by utilizing the existing coal thermal
 

power plant from 1981 through 1988.
 

Afterwards, we conducted a demonstration test of the boiler and turbine by
 

using a 50 HW A-FEC demonstration plant from 1986 through 1991. We conducted the
 

demonstration test of STEP-I for total 14,300 hours and that of STEP-II for
 

total 5,130 hours and obtained a bright outlook for putting itto practical use
 

inthe future. Fig. 4-3 shows "the USC Development Target and Improvement in
 

efficiency.
 

The USC technology can be applied to improvement of the power generating
 

system inaddition to FBC. The adoption of USC inthe newly installed pulverized
 

coal fired boiler has become more popular inJapan. Fig. 4-4 shows "Adoption
 

Situation of USC Steam Condition (pulverized coal firing )". 
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Fig. 2-1 Fluidized Bed Boiler Research and Development
 

Summary of the Retrofit Project
 

Item Present Condition After Retrofit to FBC
 

Output I 350,000kW ( Unchanged 

Period of CommissioningI June 1979 After 1995 

Boiler Type Outdoor Type cf In-door Type of 
He.aq Oil-Fired Boiler Coal-Fired A-FBC Boiler 

Dust Collector Electric Prec:pitator Cyclone and Electric Precipitator 

DeSO, System ( In-Furnace DeSO, ) 

DeNO, System _ Dry Type( Activated Char Method 

FBC Specification (After Retrofit) 

Item Specification Itec Specification
 

Evaporation 1,115t/h(MCR) MDCUpper:1.7m/s 

I 176kg/cdg Space Velocity MBC Lower:2.1m/sMain Steam Conditions 
* 571°C(S.H.Outlet) CBC :1.5m/s
 

Rheated Steam Conditions 511'C(R.H.OUtlet) M5C Upper:6cell
Number of'Cell 
Boiler Efficiency >88.6%(Target) MC Lower:9cell 

Flue Gas Temperature I4O°C(A.H.Outlet) CBC :3cell 

Environmental SO, : 50ppm(Oz=6%) MBCUpper: 91 (2.Or? each)
Protection Number of Coal 2Facilities NO :o25ppo(Oi:6%) HBC Lower:173 ( .0n? each)x Feed nozzles 
Ca/S mol ratio > 5 CBC :36 k2.4rd each) 

Layer Temperature MBC: 760-860 'C Number of Ash CBC :70 (1.On? each) 
CBC: 980,C Feed nozzles 

MDC: Main Burn up Cell, CBC: Carbon Burn up Cell 

Fig. 3-1 Outline Specification of Takehara A-FBC 

- 987 



MEFlue Cas Trwatment byActiated Our Carbon 

Airle Electrosttic Stc 
Pro Precipitator ([De. x) 
heater 

. Tower
i£
 
Type Dry type pr- usig

ativated char 

cia capacity :1.163.000 Nr/h 

Peorodmtio Temperatire 10 IC 

Tor Ddm efriciency a80 

Activated ca sLze: 100xl5m 

Treatment capacity or A.C.: 14.6 talsh 

Ftg.3-2 EPDC Takehara 35OMW FBC Low Temperature DeNOx Systems
 

our
 

Wmatsenticen test tacility 

Fle I Capacity 150,0 ~Ha/h 
CaI Peroace: 

Ddft efficLency e than 801

/'...',.......... 

I.-II 

DeSoTouer DeNOxTower Reienerator Tower 

AC
 

AM - ANH ±-O # 6H3 (DeiN Tower),0, 48, 10I DON 1
AC
 

a DOSDX 20 * z~t ~Of - 1 z4m/Ac (De~Tower) 

01 Regeneration2W4,.- C , -~ Zit Cot (Regeneratar Towr- *~ 

F~g.3-3 Simultaneoua Dry DeSOX-DeNOX Proce-ss 

- 988



Ceramic filler 

cyclone Presure ve 

"PC 0 LPC As an la 
Fg Ash cotlersteeom Rheat Steam turbBne 

Genermlor C - B 
GndooaT 

Inlercooler S 

F ueC. 0/ SlrFe Ash ACh 

SVuc W trtu 

EPaoraio Fee vrTt/n 

Outputgst pump0k
PFSC SBo Tr bNe (Extingt Equi 

Stam Pressure etc. y. mmog/cfWgSeat 

Type Ta ne-oudh DoulerFoRhaRgneaeCnesn,Combu.ion Temperate ICa. Indoor Uype..
 860'C , Bed Height Ca. 3.5m 

Fuel CFisumption Ca. 30t/hrSlurry Feed 

Turbine 8ing 

Type TadmCompound, Double Flow, Reheat, Regenerative Conden~sing, Indoor Use
 

USC Steam (Exs Equipment)
 

Output 56,200kW 

Steam Pre~sure etc. 103/26.7 kg/cdg , Steam Temperature 593/593°C 

Gas Pressure etca.lk/d 

Gas- TurbiLne (New Equipment) 

Type T-Saft. Impulse Output 114,800kW 

kilet Gas Pressure etc Ca. 9kg,/cdg Temperature Ca.830°C 

Fig. U-2 General description of Wakamatsu P-FBC
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trial Calculation 

700MW P-FBC* 70CMW - PCF" 

USC STEP-I Present USC STEP-I USC STEP-]I 

Steam Pressure (kg/cg ) 246 246 2 316 

conditions Temperature (C) 593/593 538/566 593/593 593/593 

Net Thermal Efticiency (%) ,40.3 38.0 39.2 40.1 

Efficiency Improvement (%) - 2.3 Base - 1.2 - 2.1 

* ) P-FBC:Pressurized Fluidized Fed Combustion 

") P C F:Pulveriz,d Coal Firing 

Fig. 4-3 USC Development Target and Efficiency Improvement
 

Unit Name Output(MW) Pressure(kg/cg) Temperature('C) Start-up 

566/566/566 '89- 6Kawagoe 01 700 316 


566/566/566 '90- 6
Kawagoe 02 700 316 

538/593 '93- 14Hekinan 013 700 	 246 


246 566/593 '94-12
Nanaoohta 500 


246 566/593 '94-12
Noshiro 02 600 

593/593 '97- 7Matauura 02 1000 	 246 

2146 566/593 '97Haramachi #1 1000 


Fig. 4-4 Adoption Situation of USC Steam Condition -PCF 
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Abstract
 

In the last ten years, China progresively formed its own idea on 
'Sustainable Development Strategy". The basic ideas are: Environmental prob
lem must be intergrated into economic and social problems, and be solved with 
the development ofeconomy and society. 

Shanxi province is the largest base of coal production in China. In 1989, 
the output of coal in Shanxi was 270MT, which is 27% of the national total 
coal production. 

The industrial structure is a heavy industry form: The important industrial 
efficiency indices are lower than the national average value. 

In Taiyuan, coal is the main primary energy, all the liquid fuel is trans
ported from other parts of the country. In the final energy consumming struc
ture, raw coal takes 42.4%, and the 53.2% of coal transform to secondary ener

gy. 
The annual energy consumption per capita in Taiyuan is 3.25 tons, which 

is 3.56 times above national average level. 
Consequantly, in order to ensure the comprehensive economic develop. 

ment in China, it is require that Shanxi's coal production base should 
continuously take on the important task of coal produciton. By the year 200.0, 
the on-schedule goal of raw coal being produced annually 450 MT. It is a 
heavy environmental pressure in the province, including Taiyuan city. 
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Energy-Environmental Issues in Shanxi Province 
and Taiyuan City 

Xia Shaowei, Zhang Ruhao 
Luo Xiao, Ruan Hui 

In the last ten yeras. China progressively formed its own idea on 
"Sustainable Development Strategy". The basic ideas are: Environmental prob
lem must be integrated into economic and social problems, and be solved with 
the development of economy and society. 

1. The Influence of Global Warming on China and the Counter Measures 
The rise in carbon dioxide and global temperature is causing increasing 

world wide concern. Chinese government and scientists have paid close atten
tion to the tendency of global warming. 

For utilization of energy, two subjects remain to be solved in China. First, 
the proportion of the fossil energy in primary energy is very large (about 95%), 
and the coal accounts for 76% of the consumption of the primary energy. Sec. 
ond, the energy utilization efficiency is quite low, which is about 30% in aver
age. The secondary energy transformation from coal is less than ornhird. 

China has great potentialities in improving energy utilization. Energy-sav
ing will be the direction which we must insist on for a long time. The objective 

is: in 2000, the energy consumption for thousand yuan GNP is 0.72 tce. (in 
1985, the data is 1.05 tce). The -mission of CO2 in Chinese will be reduced 
0.282 GTE (billion tons) during 1988 to 2000. The goal of our government is 
that the forest coverage will increase from 
century. 

12% to 18-20% at the end of this 

Table I 
waste gas unit 1986 1990 

flue gas 
being dedust 

tail gas 
being treated 
SO 2 emission 

particulate emision 

109Nm 3 

l0 9Nm 3 

IO9Nm' 
l09 Nm 3 

MT 
MT 

4647 
2870 
2321 
1103 
12.5 
13.8 

5952 
4394 
2590 
1602 
15.0 
13.2 
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In 1985, central heating covered 55 x 106m2 of building area, accounting 
for only 6.4% of the total building area in the cities of northern area. Most of 
the houses got heat supply from individual small boilers (50%), and coal-fired 
small stoves (44%). 

2. Case Study in Shanxi Province and Taiyuan City 
Shanxi province is the largest base of coal production in China. In 1989, 

the output of coal in Shanxi was 270MT, which is 27% of the national total 
coal production. 

Taiyuan is the capital of Shanxi province. 
The industrial structure is a heavy industry form: The important industrial 

efficiency indices are lower than the national average value. 
In Taiyuan, coal is the hiain primary energy, all the liquid fuel is trans

ported from other parts of the country. In the final energy consumming struc
ture, raw coal takes 42.4%, and the 53.2% of coal transform to secondary ener
gy. 

The annual energy consumption per capita in Taiyuan is 3.25 tons, which 
is 3 56 times above national average level. 

The comparing for the unit energy consumption of 16 sorts of products 
from the key enterprise with the national average level of the same products in 
1989, 10 of them were 15% higher than the national average value. 

In table 2, the comparision of Energy consumption indicators of Shanxi 
privence and Taiyuan City with the average of the whole nation in the year 1991 
are shown. The energy consumption indicators of Shanxi and Taiyuan are 
about 2 times larger than the average level of nation. 

Table 2 
Nation Shanxi Taiyuan 

Energy consumption (tce) 
10,000 yuan GNP 

per RMB 5 
5.11 11.32 10.71 

Energy consumption (tce) 
10,000 yuan industrial outp

per RMB 
ut 

Coal consumpution ratc 
generation gce/ KWh 

of power 390 409 420 
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In shanxi province, much emphsis is laid on the construction mine area 
power generation or pithead station to alleviate the pressure on coal transporta
tion and to raise the combined benefits. 

Shanxi is riot only a key coal production province, but also a large coal 
consumption region. The 80% of coal consumption was from burning of coal 
directly, causing serions air pollution. The air emission from burning I ton coal 
contents 20 Kg SO,, 880 kg CO2 , 15kg particle and 260 kg coal cinder and 
flyash. The comparison of air pollution level in selected cities including taiyuan 

v; shown in following table 3. 

3. The 	Energy Environment Characteristics in Taiyuan City. 

1) Air contamination 
It is obviously typical pollution of smoke ond soot discharged by coal 

combustion which contained mainly particle and SO, from industrial furnaces 
and stove used. Particle and SO, emission in industrial origin are 8 2 % and 
76.2%, and the same in domestic usage origin are 15.4% and 22.4%. 

In 1986, 0.88 mg / m 3 of particle in the air stayed, higher than its average 
value of 23.08% in northern cities of China, SO2 of 0.27mg / in 3 , 2.57 times its 
average value also. 

Taiyuan occupying an area of 7000 Km 2 with 2.8 .. 106 of population. The 
energy consumption in Taiyuan is about 7.4 MT, but its environments volume 
holds small and self--purification capacity is limited. 

Because in urban area, more than 60 percent of Gross Industrial Product is 
produced, most of the coal is burned. Therefore, urban air pollution must be 
the thrust of environmental protection in China. The annual averages of TSPM 

in Taiyuan is bigher than 750 jg, / ig in winter, near doubling th,,t of the 
Grade-- 3 National Ambient Air Quality Standards (NAAS). The pollution in 
summer will be lower than winter. 

Table 3 gives c;ncentrations of total susp-nded particulates (TSP) and 

SO, in air in selected cikics. 
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Table 3. Air pollution level in selected cities of China (1988) 
TSP (Pg / m3 ) S0 2 (pg / m3 ) 

Taiyuan 700-800 150-250
 
Beijing 321-506 73-249
 

Shengyang 304-598 78-213
 
Xi'an 495-708 124-170 

Shanghai 192-360 13-115
 
Chongqing 620 300-400
 
Guangzhou 118-325 7-143
 

There are two environmental problems in the use of coal in Taiyuan, one is 
the coal leakage and coal fly on exploition, transportation, processing, trans
formation and utilization, this is the physical loss. The other is the chemical ma
terial emission in the transfer of energy. 

The cheap price of coal restrict the reasonable use of energy. At present, 
the price of raw coal is only 50- 100 Yuan/ ton in Taiyuan market, but the sav
ing investment is as high as 200-250 Yuan / ton. The price should be adjusted 
to suit the requirement of energy conservation. 

In fact, the more advanced technique is adopted to transform and utilize 
coal, the more completely coal is burned. The smaller emission physical shape 
is, the bigger emission chemical one is. 

The coal flow chart shows that the ration of available energy against the 
unavailable stays 24 to 65 in its energy consumption. It means that the useless 
energy loss arises too heavy. 

2) C02 emission. 
The "aban coefficient being calculated in Taiyuan is 0.735 Tc-Tce. higher 

12.9% thin the national average value. The value of CO 2 in 1990 was 3.27 
MT-c, pc,±' capita average C emission was 1.26 Tc / P. 

To reduce CO2 emission in Taiyuan, the potential can be studied from two 
aspects. Firstly, with the updated equipment and technology on a large scale, 
the efficient energy utilization would be increased. Secondly, with the reforma
tion of end en.ergy consumption pattern, the adoption of secondary energy with 
clean and high efficient quality and the promotion of management level, the 
tremendous reduction would come into energy consumption, so that CO 2 emis. 
sion would be deescalated respectively. It is estimated that the ,iotential reduced 
CO 2 emission may be 2.2 million tons. 
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4. Some measurcs for the urban cnvironmcnt improvemcnt. 
In recent years, the govcrnmcnt have made a hard effect to improve the ef

ficiency of coal utilization and rcducc environmental pollution, intensify the 
management and improve the technology, such as: 

- the government give big support to the manufactories in processing and 
transforming coal, In the period of 1981 to 1988, the total urban investment 
adds up to 570 million yuan (about 100 million us $ ), in which 230 million 
yuan is used for energy-saving technical innovation. Taiyuan was one of the 
cities where has got this support. 

. the end energy consumption has been changed, the urban gas used 
coverage and increased from 41% in 1986 to 58.1% in 1990. In this period, the 
coverage of briquet coal for domestic use has increased from 39% to 73.3%. 
The urban heat supplying coverage has been increased from 3.6% in 1988 to 
16.6% in 1990. 

. Economic structure should be adjusted and urban multi-functions 
would be expended. Some urban enterprises consuming too much coal should 
be moved out of the urban area or stopped in production. 

* Promote the technical innovation of energy saving and raise the rate of 
energy utilization. From 1980 to 1989, the total investment in "three wastes" 
treatment has got to 46 million yuan (about 8.4 million us $ ) covering 9.7% of 
total investment in the industry technical innovation of the whole Taiyuan city. 

, Legal system should be strengthened. Articles of policies, laws, rules and 
detailed regulations have been made out for energy use and environmental pro
tection. 

- The results of these measures are: the elasticity coefficient of energy con
sumption is about 0.4; the major pollutant emission value decreased in 1990; 
( particle in atmosphare fall down from 1.06 ,ng/m 3 in 1985 to 0.57 
mg/m 3 in 1990; SO 2 emission declined 6.2% per year.) 

5. The forecasting of Energy in Taiyuan. 
In order to built up the heating system for the city, the priority would be 

given to heat-power, co-generation and district heating. In addition with big 
size of high efficient heating boilers and with full use of industrial residual heat. 
coal may be used in many way in the future shown in Fig.1. 
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moudul coal 

- coal sludge 
- fine coal 
- carbonic material 

heat-power jointly production 
- generating electricity heat-electricity-chemistry jointly supply 

joint circulating-generating electricity 
-coke furnance -- refining coal tar - synthetic fibre 

coal- - coke furnance calcuium carbide - organic synthetic material 
gasification - material gas synthetic methanol 

-gasification -

synthetic petrol 

urban coal gas 

L direct liquidation -

-tg -- generating electricity 

coal-oil refining 

-catalyst hydroen 
quick electrolysis 

-alcoholic ultracritical solvent 

Fig.I The flow chart of coal processing and transformation in Taiyuan city 
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According to the "eight-five year" plan and ten year forecasting of 

Taiyuan's development. By the year 2000, the GNP of the city will predictively 

reach to 15 billion yuan, (annual growth rate: 7%), the gross output value will 

be 26 billion yuan, the total energy demand is about 10.9 million tons of stand

ard coal, (anuual growth rate:3.38%). 
Taiyuan is one of the biggest coal production cities in China. Its prospec

tive economic growth is closely related to coal exploitation and utilization. In 

the coordinate development of handing economy-energy-environment, no 

where in a city of China can have more difficult than in Taiyuan. 

Consequantly, in order to ensure the comprehensive economic develop

ment in China, it is require that Shanxi's coal production base should 

continuously take on the important task of coal production. By the year 2000, 

the on-schedule goal of raw coal being produced annually 450 million tons. It 

is a heavy environmental pressure in the province, including Taiyuan city. 

In Shanxi province and Taiyuan city rich resource of coal has been discov

ered, high coal output is produced and the consumption pattern of coal is quite 

out of date. There are many difficulties which have to be solved. In the recent 

years, Shanxi province has conducted cxtensive economical and thecnical 

cooperation with the World Bank and many countries, in the aspects of capital 

introduction, technical transfer and research coorpation. In the future, accord

ing to the economy reform and open policy of China, Shanxi will like to further 

increase the coorpation and exchange with more nations and regions. 
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Coal-fired Power Stations and Their Affection on
 
the Environment in Shanxi, China*
 

Ruan Hui Xia Shaowei
 

Luo Xiao Zhang Ruhao
 

The Production and Transportation of Coal and Electricity in
 

Shanxi
 

There are rich coal resources in China. The main primary energy resource will be the coal in a 

long period. Shanxi is the biggest base of coal production in China and its output of coal is one 

forth of that of the country. In recent ten years, the output of its coal increase at a rate of 8% 

Cveiy year. The output of electricity in the province was only several percent of tile total amount 

of the country. 

Because Shanxi is the biggest base ofenergy resource production and main consumer of energy 

its society progress and economy development are closely relative to the production and 

transportation of coal. Now the development of coal production in the province is limited by the 

low transportation ability. A plenty ofcoal isoverstocked. Since 1990, there have been 40 million 

tones of coal overstocked every year. It reached 70 million tones some year. Only 18 million tones 

.,1,'2. used to electricity production in 1991. It was only 6.2% of output in the year. Because the 

l",,,-us is on the coal transportation the development of transportation can not keep balance. 

This research was supported by National Nature Science Funding 

- 1001 



Recent years more than 90% of its ability of railway are used to transport the coal outside the 

province, and tile transportation of other materials outside and inside province have been effected 

seriously. This limited the development of other industry production of the province to a certain 

degree. If the primary energy resource coal is transformed to the secondary energy resource 

electricity and then transported outside the situation of railway transportation will be relieved. As 

a result this will promote the economy development healthily. 

If the ratio of coal transforming to electricity increases the industrial and civic consumption of 

coal which is used directly and air pollution will decrease. Shanxi will adopt a strategy that pays 

equal attention to coal and electricity. The province will give energetically support to the 

development of fired-coal power stations and increae the transportation of electricity out the 

province and make the electricity industry be a second industry following the coal industry. The 

Capacity of coal-fired power stations will reach 18-20 million KW. Among them 7.16 will 

transport out the province. Based on that the capacity of the fired-coal power stations will reach 

20 million KW and 6.7 million tones of coal will be consumed. Then the output of coal will reach 

400 million tones a year and 16.8% of them will used to produce electricity. It will increase 10.6 

percent points. 

Present Environment Situation in Shanxi
 

At present, the air pollution of tile province is a type of fired-coal pollution. The most 

pollutants are the type of grain and SO2 . Based on the data from the environment monitoring in 

1986 to 1990 the load coefficient of TSP and SO2 were 0.458 and 0.447 respectively. TSP in all 

cities of the province exceeded the Grade 2 of the National Air Quality Standards(NAQS) in this 

period. The TSP of Taiyuan and other three cities exceeded the Grade 3 of the NAQS. As a 

sample, annually mean concentration of SO2 in the suburb of the capital Taiyuan exceed Grade 3 
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of the NAQS and it was the 2.5 times of average level of the cities in north China. Its TSPM was 

123% of the average level of the cities. Among the TSPM, 82% of it was released from industrial 

sources and 0.5% of it was from coal-flied power stations. Fifleen percent was firon daily life of 

the residents. Tle 76.2% of SO 2 discharge was froln industrial sources and among them 30.7% 

was released by coal-fired power stations. The 22.4% of SO 2 came from the daily life of 

residents. Based on the primary estimate the discharge coefficient of carbon C was 0.735 and it 

was more than 13% of the average level of he country. Tire discharge of CO 2 ofTaiyuan in 1990 

was 3.2 million tones-C. 

Table I Discharge coefficients ofdifferet coal-fired equipltt 

Boiler of Power Common boiler Resident stove 

Stations 

Discharge 

coefficient of 0.76 0.694 0.752
 

CO 2
 

(T-C/Tce)
 

Taiyuan is a represent. Based on the statistic data, the waste air discharge of the province was 

398.4 billion standard M 3 in 1988. Of them 322.6 billion standard M3 were from burning and it 

was tihe 80.9% of the total discharge of waste air. The discharge of SO 2 was 0.8 million tones and 

it was 88% of the total amount. The main pollution source of the air in Shanxi is burning of coal. 

The investigates suggest that more than 70% oftthe total SO 2 and dust discharge come from the 

boilers in the province. The pollutants frorri the boilers is the main source of coal-fired pollution. 

Moreover, a lot of solid waste materials has produced and pile up and as a result the eflective 
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Table 2 The haimful material discharge in inhusirial i ,c'e air (fShaixi 

Industry Discharge so2 NO dust ash 

(%)______ _ 

Electric 21% '10.3% 53.4% 38.8% 0.5% 

industry 

Metallurgical 39.5% 8.6% 13.6% 19.5% 22.9% 

industry 

Chemical 12.7% 17.1% 9.5% 7.82% 13.3% 

industry 

Coal 5.8% 7% 5.3% 7.8% 5.7% 

industry 

Building 8.6% 5.4% 3.1% 9.5% 53.6% 

material 

industry 

Engineering 3.6% 5.8% 2.2% 5.0% 0.6% 

industry 

The data in table 2 show that the discharge of SO2 from the coal-fired power stations is 40% 

of the total amount, discharge ofNOx from them reached 53.4% and dust discharge was 38.8% 

of total amount. So the coal-fired power stations is the main source of the air pollution. 

The coal-fired power stations is the third main pollutant source of the solid waste materials. 

Nine percent of waste residue are released by them and 1.6 million tones of waste materials that 
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with the coal consumption ofthe coal-fired power stations synchronously. The coal-fired stations 

will be the main pollution source. 

The measures to improve the enviromnent 

Based on the analysis above, The coal-fired power stations are responsible the environment 

pollution. As electric industry develops flst in Shanxi, China the measures must be adopted to 

limit pol'utants produced by coal-fired power stations. To do this, 

1.To increase the burning efficiency This will decrease the consumption of coal relatively and 

therefore to decrease the pollution. Nuw as a feature of the coal-fired power stations in Shanxi, 

the coal burning is incomplete and physical consumption is high. 3ased on the investigation the 

carbon in the cinder discharged by coal-fired power stations is as high as 15%. The coal 

consumption of coal-fired power stations in Shanxi is: from minimum 390g/KW.h to maximum 

743g/KW.h and average 493g/KW.h. More attentions must be paid to increase the burning 

efficiency of the coal as the coal-fired power stations are built in a large-scale. The advanced 

techniques should be imported and the improvement of the techniques and equipment adopted 

now should be speed tp to save the energy and increase the efficiency. If the coal consumption of 

the coal-fired power stations decrease to 400g of standard coal KW.h and the capacity of the 

coal-fired power stations is 20 million KW 12.64 million tones of coal will be saved and 18.9% of 

pollutants discharged will decrease at same time. 

2.To improve the technique level controlling the dust of the coal-fired power stations. Now 

most generating sets that its capacity ismore than 200 MW and a part of medium-sized and small

sized generating sets in the cities are equipp2d with efficient dust removers. Low-efficient dust 

removers equipped have been improved. The discharge rate of coal-fired power stations has 

decreased year afler year. But the efficiency of the dust removers in coal-fired power stations all 
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arlca and cnviroinent quial ity ol'the lan( (ecrease. The cnvihomntlCxl is polluted sCiOLsly. Now the 

iin(iIdStlial waste mtr ialsi have reached 300 million tones and 30 millio1 N,2 of lIand have used to, 

to ncs of solid waste i1aterials arc released every year and 60% oft hempile up them. Forty 1illio 

are gangue and coal ash. 

The environment problems caused by developing coal-fired power
 

stations
 

Based on the investigation of the harinfiul materials discharged inthe air the sequence of tihe 

discharge firom the top to bottom is 11asllows. 

Ivetallurgical ind ust ry, electric industry, cIemi cal iiduti St y,building iiaterial industry and coal 

indtListly.
 

The harmful materials discharge of these 5 kinds of industries amiount to 87.5% of the total 

anioulit. 

The sequence of C02 discharge is as follows:
 
Electric industry, chem ical industry, metallurgical industry, coal industry,
 

engineering industry and building materials industry.
 

The discharge of NOx is as follows:
 
Electr ii ndustry, letal lurgical industry,Chemical industry, coal industry,
 

building materials industry and engineering industry.
 

The discharge of the dust is as follows:
 
Electric industry, metallurgical industry, building materials industry,
 

chemical industry, coal industry and engineering industry.
 

The discharge of the ash is as follows:
 
Building materials industry, metallurgical industry, chemical industry,
 

coal industry, engineering industry and electric industry,
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over the province rarely reaches 98%. It is necessary to improve tile efficiency of tile dust 

removers further. 

The discharge of cinder from the coal-fired power stations brings disaster to the environment 

and agriculture. To speed up the multipurpose use of cinder and change the waste materials into 

things of value are the urgent problems. Changzhi city has accumulated the experience Anthis 

field. Commercial lime, outdoor color bricks, hollow brick and bricks for protecting dam had been 

produced by cinder from the coal-fired power stations. The Efficient water-proof and heat

insulating powder and cinder air alkali block were developed. There is advanced experience that 

the cinder as a kind qualified materials is used to produced building materials or backfill materials 

too. At "91' The international conference on the utilization technique of cinder and burning coal 

production" the experts from the country and abroad agreed that some items of multipurpose use 

of cinder which developed by Shanghai Baoshan Steel Factory were on the leading world level. 

To make use of cinder to produce tubes and cinder-silicon fertilizer has profound significance in 

field of developing agriculture through the science. If a part of the irrigation canals are replaced 

by the underground tubes made from cinder not only evaporation and leakage of the water will be 

prevented but a lot of lands will be saved. This is useful to increase agricultural output and save 

the water. 

The problems to be resolved 

The coal-fired power stations have not been equipped with sulfur-cleaning devices because of 

the factors of economy and technique. Some coal-fired power stations have been equipped the 

moist smoke-air sulphur-cleaning devices imported from Japan. Because the limited capital 

construction invest and high pioduction cost this technology it is difficulty tofor popularize 

extensively. Since the 1970s electric departments in China have worked for the research of the 
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most otthcIn aic cinder ae released by the coal-fired powcr stations. It accounts for 87. 1%of' 

cinider discharge in tile province. As a sample, there arc several million tones of cinder stocked in 

l)atong and it increases at a rate of' 0.5 million tones ayear. It occupies a lot of land, and can fly 

easily, especially with the w,,ind. It is harmful to the residents and the crops. 

1'/.NhTabl c3 /)ischt lge iOfsolid wsI ie'rials of (Iffi'rel i i utsuries in Sianxi 

Iui(LIStry Iischarge/ycar Cinder Stock I.and occupied 

Coal and its 46% 2.5% 59% 47.6% 

processing 

Metallurgical 31% '1.8% 22% 20.5% 

industry 

Eiectric 9% 87.1% 12% 24.7% 

industry 

Along with the development of electric industry in future, the strategy "transforming coal

tmansportation to electricity-transportation" will be adopted, The coal consumption of coal-fired 

power stations will increase rapidly. The coal consumption of them was 18.12 million tones in the 

province in 1991 and was the 20.9% of the total coal consumption of the plovince. The coal 

consumption of'the coal-fired power stations will reach 67 million tones and increase 269% in tile 

end of this century. Because the coal consumption of tile electric industry increases the focus of 

monitoring and controlling environnei. pollution will be on the coal-fires power stations. If the 

conditions for calculation of pollutants do not be changed the discharge of SO2 , NO x and Dust 

fi'ol tile coal-fired pover stations will reach 477000, 250100 a 408800 tones respectively in 

the end of this century. The cinder discharge will be 4. 89 million tones and it will increase 
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low-cost sulphur-cleaning technique, active-well absarbents and additives that promote the fast 

reaction. All of them should be suited to the conditions of the country. The technology should be 

practical and cost should be low. 

There are some successful experiences and techniques for tie multipurpose utilization of the 

cinder and it is not enough for us. The multipurpose utilization ratio of cinder is only 26%. We 

suggest that all departments pay attention to the problems. The tinds should be collected by coal

fired power stations which release pollutants, local residents and governments. To loan on 

favorable terms, decrease the tax and encourage and reward should be consider. 

Conclusion
 

The energy resource-environment strategy for Shanxi, the coal energy resource base of China 

should be based on the conditions of the country. That is to pay equal attention to the 

development of energy resource and save of the energy resource , to improve the energy resource 

structure and technique of energy utilization continuiously, to seirch the ways for constant and 

steady development of energy resources, environment and economy. This strategy is in keeping 

with the development strategy of the world " harmless to the environment and clean energy 

resource" 

The electric energy produced by coal-fired power stations is the essential energy resource and 

burning coal will pollute the environment. To change the energy resource structure of Shanxi, 

relieve the pressure of coal transportation out the province and maintain tle economy 

development continuously, steadily and coordinately, a strategy "to pay equal attention to coal 
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and electricity" should be adopted. The construction of coal-fired power stations should be 

supported energetically. To decrease pollution, improve the environment and save energy 

resource, the important policy which suits the conditions of the country is to choose the harmless 

to environment and sound coal technique and support the multipurpose utilization of the cinder at 

the same time. All ofthem will helpful to improve ervI, onment. 

Otherwise, China is a developing country. Shanxi which locates inland only has limited financial 

resources and technique conditions. There are no enough funds using to study, develop and apply 

the advanced sound coal techniques that have been applied in western developed country. We 

hope that all countries in the world and international society !,ay attention to it, give supports in 

this field and deliver the techniques to the protect the globe environment and supply funds 

according the uncommercial conditions to promote the application of the new techniques. The 

environment should be improved effectively as coal-fired power s!ations are built. 

- 1010



The Way of Utilization of Lignite in Yunnan Province of China 

Shi shidong, Ma zhibang 

Central Coal Mining Research Institute
 
Beijing, 100013, China
 

Abstract 

Coal reservation in Yunnan Province are 15*109 ton, where is a favorable 
condition to produce the liquid transportation fuel and substitutional natural 
gas from lignite. The Xianfeng and Zhaotong lignites are suitable for direct 
liquefaction and gasification to produce the transportation fuel and 
substitutional natural gas. They are also in a good condition for industrial 
production. These are important, ways of technology development. 

Keywords: Lignite, Direct Liquefactici, Gasification 

Introduction 

Yunnan Province have abundant coal resources where is located in the 
southwest of China. It is far from seaside. There are pot any oil and natural 
gas dir4overed. The total coal reserves are 23.2*10 tons if which lignite 
reserves are 15.0"i0 tons. Lignite distribution in Yunnan province is shown 
in Table I which is shown that lignite is the main energy resource in the 
province.
 

Table I Lignite distribution in 
The features of these lignite coal Yunnan province
 

fields are that the coal seams are thick
 
(maximum thickness more than 2C0 meter), Coal field Reserves *10 ton
 
but not deep, hence they are suitable for Zhaotong 81.8
 
surface mining. Xianfeng 2.94
 

At present, lignite is mainly used Xiaolongtan 10.93
 
for electric power. approximate about 75% Mongzhi 20.20
 
of power stations are using lignite and Jiangchuan 1.58
 

most industrial toiters are also using ile 7.81
 
lignite. The chemical utilization of lignite
 
is only to produce montan wax and humic Luxi 0.71 
acid and make char (used for making Baoshan 0.36 
silicoferrite). The yields of these 
products are several thousand tons per 
year.
 

By lack of oil, to produce liquid fuel is considered as the way of 
utilization of lignite in Yunnan province in future. 

2. The general conditions of Xianfeng and zhaotong coalfields 

2,1 Xianfeng coalfield 

Xianfeng coal field is located at Xundian c unty and 99 km north from 
Kunming City. The coalfield area is about 7 Km , The average thickness of 
lignite seam is 57.5 rn. The demonstrated reserve is 280 million tons. The 
lignite seam is covered by silicon earth about 77 million tons. In Xianfeng
mine, the annual output of lignite will grow up to 3 million tons by 1995. 
Xianfeng lignite is of fine quality. The ash content is low (average 9.24%), of 
which 1lP million tons having ash content less than 6.0%. The total moisture 
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is about 30-40%, the sulfur and phosphorous are ver-- ow, as well as the
 
reactivity is very high. So that Xianfeng lignite is ,. '. suiitable for chemical
 
usage, such as gasification and liquefaction. The analysis d. ta of Xianfeng
 
lignite are shown in Table 2.
 

Table 2. The analysis data of 

2.2 Zhaotong Coalfield Xianfeng & Zhaotong Lignite 

in Item Xianfeng ZhaotongZhaotong coalfield is located 
the northeast of Yunnan province. It 1, Proximate 
has coal reserves of 81.8 billion tons analysis 10.0 10-15 
which are the maximum ones in south Wt% 7.4 18-33 
area of China. The average thickness of Aad Wt% 50 52-59 
coal seam is 40-120 m. (maximum 194 m). Ad Wt% 50 12 
The cover earth on the coal seam is S da Wt% 1.2 1-2 
thinner. The degree of coal Std Wt% 23.4 14.7-17.2 
metamorphism is low. The nature of the QI,0ad Wt% 

coal is soft. These conditions are well 
suitable to construct a larger surface 2, Ultimate anal sis 
mine which the output up to 10 million C Wt% 66.4-71.7 67.54 

5.0-5.9 5.72tons per year. Cdaf Wt% 
da Wt% 1.5-1.9 1.38 

The average toisture is 66.7%, O , Wt% 21.1-26.2 25.36
is 21.8%, the

ash contentthe average 
volatile matter is 56.8%. So this lignite 
is not suitable long distance 
transportation, but only suitable to be utilized in situ. The analysis data of 
Zhaotong lignite are shown in Table 2. 

3, The technical way of utilization of lignite 

3.1 Liquefaction of Xianfeng lignite 

By lack of oil and gas, liquid fuels have to be transported from outside, 
*t is expected that 12 million tons of gasoline and die,:.: oil will be needed per 

year by 2000. However, the coal will be surplus in the market. Therefore the 
government of Yunnan province is very interested to produce liquid fuels 
from coal. 

In 1990, Beijin& Coal Chemistry Research Institute carried out the 
liquefaction and coprocessing experiments of Xianfeng lignite by 0.1 t/d bench 
scale liquefaction test unit. The results of these experiments are shown in 
Table 3. 

These results indicated that Xianfeng lignite is good for liquefaction 
under the proper reaction conditions. The conversion can be up to 94%, the 
oil yield can be up to 55%. Coprocessing test results indicated that the oil 

yield can be up to 71%. The hydrogen usage efficiency is up to 16.6. 

The economical analysis on demonstrative plant of Xianfeng lignite have 
indicated that if a 0.5 Mt/y plant is constructed, the capital investment will 
be 1.076 billion yuan with the rate of return of 18.3%. It is confirmed that the 
economic benefits of the liquefaction project is acceptable. 
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Table III The results on liquefaction and co-processing tests of 
Xianfeng lignite 

'Item 	 Liquefaction Co-processing 

1 2 1 2 

I. Experimental condition 
1) 	 Slurry concentration (wt%)


Coal 
 40 40 34.13 34.13 
V.T.B - - 32.35 32.35 
Recycle solvent 58.38 32.3558.38 32.35 
Red mud 1.13 1.13 0.93 0.93 
Sulfur 5 5 3 3 
Mo compound 0.13 0.13 0.16 0.16 

2) Slurry flow rate Kg/h 3 13 1 
3) Make, up H2 flow - - 0.08 0.08
rate(Nm /h) 	 10 1010 10
4) Recy le gas flow 6.15 6.18 6.05 6.06 
rate(Nm A/h) 24 L424 24 
5) Reaction pressure MPa 24.9 24.9 25.1 25.1 
6) Reaction temperature °C 450 445 460 '165 

2. Experimental results 
1) Conversion of coal(wt%) 94.8 94.4 95.993.7 
2) 	 Gas yield (wt%) 13.4 12.6 7.4 10.7 
3) Water yield (wt*.) 23.4 21.7 12.5 13.6 
4) Oil yield (wt%) 57.3 52.6 65.8 71.9 
5) H2 Consumption (wt%) 6.3 5.8 4.1 4.3 
6) 	 H, efficiency 9.1 9.1 16.0 16.6 

3.2 Gasification of Zhaotong Lignite 

Zhaotong coalfield is locate-d near to Sichuan province which is rich in
natural gas resources and there are gas pipeline nets. The synthetic natural 
gas (S.N.G) will be produced by gasification of Zhaotong lignite in situ and 
transported to industrial user by the N.G pipeline or used to generate
electricity by IGCC which is under developing now. 

The expected seal, -ni a proposing project will be S.N.G of 4.2 million m3 

per day. The proposi,I rocess is the Lurgi liquified ash drain process. 

4. 	 Conclusion 

Yunnan province is far from seaside, rich in coal resources especially
lignite resources, but lack of crude petroleum as well as N.G. Lique"action and
gasification of lignite are predicted with economicalgood benefits. 

The government of Yunnan province is very enthusiastic about it and
warmly welcome the investigator or investor go there. 
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Clean Coal Transport System CWM Chain &twee China and Japan 

Noboru Hashimoto 

CWM Project Operations Dept. 
JOC Corporation, Yokohama, Japan 

ABSTRACr 

A project combining Coal Water Mixture (CWM) production in China and its 
trangportation to Japan as on sincea boiler fuel has been carried March 1992 through the
sincere cooperation of the companies involved with a China-Japan joint ven.ure company,
YANRI CWM Co.,LUd., funded by Yanzhou Coal Mines Bureau (Shandong, China),
Nissho lwai Corporation of Japan and JGC Corporation.

Construction of die CWM production plant with a cap.cizy of 36 tonshour (250,000
 
tons/year) began in March 1991 and 
was complered in February 1992. CWM production
started in March 1992. Up to September 199- the plant has produced about 70,000 tons 
of CWM, which have been exported from .hna to Japan as the world-first bilateral 
CWM trade in the international fue! market. The CWMN is firstly rece;ved by a CWM 
relay station and then distributed to .nd users. More than 55,000 tons of !he CWM 
distributed via the relay station has becn smoothly bumt in the boiler of an end user since 
April 1992. 

OIrRODUCflON 

The highly concentrated coal water mixture (CWM) is a.mixture of about 70wt.. of coal 
and about 30wt% of water with a little amo,!nt of dispersant to prevenr the aggiomeration 
and sedimentation of the coal. Tic cOal particles are ground to have a specific coal 
particle size distribution to achievc highly loaded particle packing i. fhe rnix:ture. The 
max;mum particle size is -enerully lets tl.an 5C, micron ard avcra-c p..!ni:c: size is 
between 15 and 30 micron. The rheologic.l charac:eristics of the CWM ar: t.ougLh "o 
perform as a Bingham plastic fluid. The viscositv of CWM is at'out 1000 rrFas and :!,e 
density is ahout 1250 kg,ma. 

The basic concept of the CWVM productio: process is a combinaticn of coal comnninution 
and mixing fine coals with water and m-rll =moun:s of addri,.cs. 'Fac tu.ree key facmors 
of the CWM oroduction technology are the coai Danick size 1ist:Zicti.n.h da:d:ive;
and mixing of water, coal particles and additive hc:. are var~ous kinds or CNN, 
production processcs bacause cf the rrany comihnarions or 'ni:s. 
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Many investigations on CWNI have 1,."n done sin.c !fli ,, wf':I', , was au 

1973. Pioneer projects have been condueCl in Cl-a.'. Chin,. [:.'. . ,r.? U.SA., 
USSR and prnicular!y in JTpein(11. It hLS L-cen Frocd :hrt CW'.1 Z * , f.!v 

is capable of being hrdled just like oil through a unbr of .-,mnc.-al, d:m...nsradon 
and commercial works on production, s!o;,-g. tr,,,r-.iiijr -m zwn'kusdon 
[21,(3],[4], [5),[6]. 

PROSPECTSFOR CWM FROM THE ENVERONMEN'rALP1INT OF VIEW 

Because the CWM is a rmixture of coal ard warj., i' s :2d has maw, 
environmental benefits such as no spontaneous ignition. no epj,K,,,a und n.Dust prub~er 

during storage and transportation to the end users. C'WVM all,',.,r,",cf_-, :tin:ation of 

solids handling equipment at the boiler sire of the end useis. 

CWNV[ offers the following merits due to its safety charactenstucs:
 

1) Compaction of the storage volume compared with oi! and c,-3! itsei', teLause thet-e is
 

no limitation of thz disrance bcr.veen storage tankds An. also. CW',, has gho: caorific
 

value per unit storage volume than coa! ,ecause we packing de-si: of . ir. CWM is
 

higher than that of coat in coal pile.
 

2) Underground tank st,;rage and utilization of the space ov'e th tank. A- i.aginary
 

picture of CWM underground storage tanks dcsigned by GC is s,oN,-, it,Phort-I.
 

'Aw
 

Photo-I CWM under-ound it.rase tanks 
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Beneficiated coal-based CWM car, be obiained, if .a coal ciepnieg ; , 
in the CWM produc-ion process. There nrc, in principle, .wo kinds of procese combir.1
 
with the coal cleaning 3:ep in producing CWM as follows:
 

1) Coal beneficiation step is placed prior to C,VM production[7].
 
2) Coal beneficiation is placed in the CWM production process[S].
 

In general, 30 to 50 % of ash in raw cual is taken out by the coal cleaning prcz:ss.
 
Sulfur reduction in washing is relatively difficul:. Re'enrt y many new coal czcani-g
 
technologies are being invcstigated: ond it iS reported, for carnple, that the a. p-cicescs
 
have resulted in reduction in pyritic sulfar contents of 50 to 80%[9J.
 

CWM technology is offering the combined possibilitics of pr:-combiistion rh'.sical
 
beneficiation (reduction of ash and sulfur in coal), in-flame combustion suff.r capture ±:!d
 
post-combustion absorption[Cl(, Since CWl is !nr:en:' an cueous r..ix:u:e. :: !c,-.:
 

as follows[10]:
 
1) [n-Combustion Absorption: Calciur: carbona:e is used as abserben" ,.h:ch is mtxe,. :n
 
the slurry as a par: of the slurry matrix.
 
2) Post-Combustion Absorption: Limestone absorbent is hiject:d during the com.bustior.
 
process.
 

CWM FROMt CHINA TO JAPAN 

YANRI CWM Co.. the China-Japan join: venture company, started prodcuc:ior, anJ e.:r
 
of CWM in March 1992 as Me wor!d-first bilatcal CWM" trade in the i.ternationa, fjc!
 
market. The CWM moves through che foltov.ing stages 5oai :ts pr-ductin to (.ombuCtion.
 

- Production of CMM (36 tcns;hour' at Shanteng, Chna
 
* International transportation from China to Japan, by'O0.m.5. 00 DWT CWA.. 

tanker 
" 10.000 ri.&stoiagc tank at re!ay station of CwM at Wakam.ats, ;(:, K .'Usiu. j*,an 
" 400km inernal transcor:ation b,. 700 DWT .e as from. :he ielay sat:on tu a (7;V, 

end user, Tayca Ca., in Okayama. 
* CW.M combustion in a boiler wvth 45 tons.h--r ste.' ,!aneramtion capCii)y 

Figure 1 shows the CWM chain from Chi:a to hpan. 

(1) Production of C.-NI (36 tons/hour) at Slintoug, China 

YANRI CWM CO..LTD was founded -,- May 1990 for production of CWI t;:h is :o; 
be exported to Japan. The conipan own' a CWM prnduc::oC Farr with a cap.aciv of 36 
tons,'hour(250.000 to. s.ear) constn.cted b. Ic 2 P.iha. Shandong, Ch:r.:. A .: 
view of the p!ant is sho,,,n b Photo-_. The proc-ss of thr plant is li:ti.d :. OC. A 

-1017 - BEST AVAILABLE DOCUMENT 



schemati: fl ' .::t. . ' r't r::t,,C .,: . . -,. 

J7,1, 
-. 

- r.,, €..,, : ,q ., -l .; : . ,,-. , .. . ,., 

.. ..'r,, .. 

.. 

4.tN.. -

. - .....;-. 
"- . et.. 

_..-'.4 
, ,1 .,- .. 

, 
. %'.., . .-

: " .t • 

-". 
' • , 

. 

. -7" 

., .j" --.;;. 

[ . _ . '- - ., , N,' t 
' ,,. . , , 

* -- .' ' ' --F.i,. r .. - ' - : 

BEST DOCUMENT.AVAILABLE...... ... - 
.- W.lO '-: '.. 

! ' , " -''. "' ". 

.S 01-- - AVAILABLE DOCUMENT 
Y~nrco i - gnie 1' i- -7-,I 



Photo-2 General view of the plant of Y.kNRI CW M Co., 

CLASS III

A ER ..,. 
TCOAL 

LOW NC'.lC.
 

. E7 1
 

MILL _ _______ 

H! OH C2 . -----a ii 

Figure 2 Scicma:,: Fn.i Dm.rvm f jY C'S CW ,I ?:o ducr C CS 

in the pr)cess, ab,.out 50 to : -: h: .* 
add:rr, e Tanmil ,.,izh ;':ter, in2dC ' S I 

sequenic .ow c 7-.rmio'r.': '2u.: te) j r 7t:-.. C : 
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Table 2 Yanzhou rxw, c:jal ,ind CV4.[ properties 

Raw Coal
 
Proximate Analysis. %(wet basis)
 

Moi-ture 3 
Volatile Matter 31 
Fixed Carbon 52 
Ash 
 9 

Hcating Value(HI{v). Ka,'g 7080 

Ultimate Analysis, %(dry basis) 
Carbon 75.S 
Hydrogen 5.3 
Nitrogen 1.4 
Oxygen 8.1 
Sulfur 0.-1 
Ash 9.2 

CWM 
Design Properties of CWM 

Solids loading, % 70 
Particle Size,nicrcn (niax.) 300 

(ave.) 25 
Viscosity. Mpas 1000 
Densiy, gcm 3 .25 

(2) 	 1,100 lam internationaltransportatioufrom Chin: to Ja.paub' the ;,000 DWT
 
CWM tankerand storage in a 10000 m' tank ate relay %L2Lon 
or CWMfat 
Wakamatsuport, Kyushu, Japzan 

A joint venture Wfu .a.!oL'1d.J in., *."com-3rn,', CWM 	 nzP4N.,t'-

Nissho Iwai. MiCSui Mining Co. JGC arj1 Tsur-rr; Yusc Co... 2 -ohe :f *he CO:.an). 
is to pro;idc the relay siatioi' for t'e C%,, Chinn .,-,nc s. -'",'ai,'or,1 to us Th: 
has a W.OO00 ki dome-:.oaf C'?.VN.tto:ze ca-k coni:r,::-.-Z ),,TGC . 
Kyushu, Japan. sbo%,.,:storage ran..Photo--: the 
This rc13 v.vion has been oeradinf,, as onc of chc ; ,.:n 

bilateral CWM trade. Cenrr tor Cod! Ur*,::o. s --o)':.tiJg ".:h C. WEa,W'EL" 
JAPAN Co., in the OCera:Ion 0( ThC iY: stuior.. 
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i 

'-f '. :) xx i- 6. k-. 

in the relaty stcaiv! 1-n3:.i r~t !o of CWM :. j-k:c.] 'i I":-t 'c' J p 

'March 1991' This nas o:e1 :he 'hrl dcmonsmr.Adon d c;N 3:-. P:Uiec' ' : 

wurid to sell CV,'Nf im .he Lvcrnadoria cr.c:ay z~~c::s-n .i-:l 

Th.-rcafter, 63,000 tons of CWM%.N nrii fron, Clti;, :r l:l'v' 

The CW-Ntis aj 'J~ . 1,-,( t'-m rcI1I C\%.NR 

has ty o 

September. 1993. And. 54 000 tn of CWM haiv- iev'n 6hi-,j f(! r-,- 'r~ay S%3tiOn "I 

Tatca. CL) , bk 3 '700 D\T :oasril t.W tani:er. Egc.m-a tcr; k:2ui-;li~e: 

and ciiigh.t 401) km c,,asml luppings h~we en*: .. * mn: 

March 1992. 

c c Lc: iUnloading )t thc f.CO% :c rs nz' CV'lt 5ort; tht.k: 


hours using t~vo ca; p, m>on t!-c ship. .-V th rc!i-,r- ;cj. cs
 

is jiso used for CWM ta~i an.4 unkojding.
 

The tanik at the ,c:.; 5:Io;cn i e~1:npped mt~i four !m.'c:: x.': '\A dmntc. 

The arhcr mainL1i.2 : L'.is rcla': slvion arev -,o 4 . I.30 -r.*nrla:ic 

length pipe line,, h'w .n.: nd lepi-r lrl r.'.c 0f~'.~ o Vlmlpuj..Ijk 

The ctorage quar.-:-' of :.he :!!ik xcraq,-j 6.90 !.-). o:.. 

the beginning. On thc'.~aC CWNI~ "va. r'.donce a r.TP:1 Cm chn.1 anJ 'I 

domestic delivcr wxa4 cam"~ -ut ev'er: fiv davs. Ger.;:rjilv. th: <':k ocrc 

opci-accd simultaI:cous.,'VZ-"..iTCCc-ivins 'he CW'l Erom :a"n tic 

Photo-4 10.00Q, m: C'V svo.,iue tar.. mi W'1*,.kamvs.. K-. I,; 
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(3) 	460km iU.eri ,!,'al,pott i c2 :..." :' 7. .'... , * b 


a CW I .- ;i i : " : h 15
cud 	user in ' .a,:, . " 45 usIar 
steam generalioo capaciry 

The first ,Isr ol 0n1.iLC ,\I .:, c% " . ..dic ,,s:-;" :'': ,;a::.,, . a 

company iu fl v..Q': ' " '.'- . . 1..r I: fuor a 
boiler built in ,... :.' " .. 	 ; e: A',... 	, ; .c: 


and 	constructed. i-.- ' id . .'. ,' : ,v..7.' 

The 	coastn ' Vm ..... r:,,r.: to t'o.,'e ,ve .. x , '.e; 7CC. Orli 
of CW .\f cxo. - .. . r:', : . -". .a.. - . ,..A Te 700 .or. 
of CWN[ are ,:;>.,1 '2;:' .ji. ..... ...-- ! rlo.idinti 

at the uise:i tet Tinfl ' d; 2 . a. 'r ! 

................ ...,.-,.:
 

Photo-S C i ......'. : 

11(.¢,' '.v ' ,-More :h.n ".- ' 'm.M ¢ :;-: ,i 	 ,;: ;,. , 

1992. 

CONCLUSIONS 

supcdii d n '": '-'"'... 	 . . ... :' . 

p1oduc ' 'BEST. ..... ,M A•I"B, 
' . 't" " " 	 " ":rr",.. 
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the 	 interatio.nal CWM 'A.S 'i lag ; u I. P 

CV:,\t will bc niir(!cc pr'~mlitd '.C\V-xd ~ca~ r~~pi:n ~ ~~ o j.:d.
 

CWNI on a largc Scale coukd be become Vavale )n an cv:~~nereau !_7
 

the 	 future. 
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COAL USE PUBLIC PERCEPTIONS 

0. Shedji. Superintending Engineer, Maharashtra 

State Electricity Board, India 

CO., USE: PUBLIC PERCEPTION AND ITS ROLE LN ENrG'V AM., 
ENVIRONMFNT MANAGEMIIENT - LNDLN 

ENVIRONMIENT .MANAGEMENT' PN INDLA 

Within this century, and more so in the past five decad ;, h .:;3
 
of vast tracts of (and denudation of fores,._', entrgy cceunrtco:. o, carbhm ,.tmssi: !I...
 
landed us to the brink of disaster. It is this ra'isatiorn hat ha, b:'ou.h: ;;gctbr 150 ntica' iC',
 
a historic summit at Rio de Janeiro in June 1992-


Coal being the abundant energy source cornibutts aioogwith o'hzr i ti- an'" n.. 
sources to this pollution scenario. Coal lnja Ltd. (CL) r.!i-., its patt rz'..nsib:.-', , 
bring the situation back to an accept able annospheic levei. 

Grim statistics coafirm the dire consequence of defo ! -. r ;he " escdede , 
conservation of forest was referred to only br the sake ( .,I :--e.. :.'2 eari. "':IMtC. . 
became aware that ttests are directly engaged iL arres'i atmn.' ' c , . ,, '> a. 
controlling erosion of land, more we got piucged Lnt ) afft;,czutior.-:.. ., 
accelerated pace. Out of our country's land s'.irr,.e of 32;3i9 . c....r a:...,r.. 
3.47 m.ba. Require mert of land for c.,, projects is Iat,,:_ . rtd th'c site L'; liskc. .et, 
Unfortunately, power grade coal reserv--s occur mos.ly undt'cah IcrxstU. here,rK.. 
deforestation cannot be altogether avoided while starnrn -; ,:iect rca..h ,_,. 'a'a 

'accorded high piority for reclanariou ofrpost mining !-nd. 
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job by planning 16.36 al.dhs in oae yer .Till u1.:9'>-1-
Inthe afforestation sphere, Phara: Coking Coal Ltd. (PCL) L r:d" :ui.';t--MIT I 

of saplings onl 
Wji- lau.,cd in 1OCCL th. 

Juana coaMelds alon-: 6294-J 'j[ laJd h c:zJ d i, -. :J.-: 
!ale of 8I Ia.Kis of sapltn p bccu arc-c r ,,:zt ni:rc.. 

lid- bcn rcr~d d. 

reject dumps and abandoned voids. Ou of :iBs. 1.900 he. c"- h : a are-:: 

The areas like Kustore and Raj~p.r which have b1ee te.Lr, . :evge :a'.ed ,.:-e 
menfioring. Subsidence -,eas like East Ka ,m-.Dharub:_-d.. 'iur. L~y~Lac, B;.:..r, 
have also been reclaimed and reve-mAted_ 35 K=.. of ' -:,,:in pr.2ei 
,..Htelocd al pn*, thz poriphvr- of Jhnz.:,.IIirak flord o 

The reclaimation .'ort of C,-ntrol C,'ali:li UL (C 'i.,-v . ''". 

public places surrounded with greenery and ta.,e-. Nc : , ., be- ;T: .'a, 

reclaimed are Colliery. (c.ntrx ::L"2 of Sauda Reclamadon aic &..-.. 

Argada and a good No.of querries l._e Phusr,) Bet-arc. Staz-. r're i_'_it-, .r . ':.-Z.t: " 

of water. 

One may also have a look at Dhanpuri Opecast Project Scu h . Zalftlds (.:'CL, 

NP.Eye-catching gr, n e,: an, tht, foret . een do, :00 3 ha. r.z'ar -'- .. 

Northern Coalfields Ltd (NCL) withi h.-lp of M{P adtc U? f.,. P'r- menrt al' , 
" 
Hindu University is involved in e.-totimvn, zor :tfl' ' ,.oz 

tecbnoiogy over reclaimed ., :, 'r--'"land and OB dmnp sIth:ie ",eci :. 
been set up at Bina, Jay ant, Dudhi,:h,;a. Amlhn and a-m:i', ':,' t" 

2600 ha. The unique Feature of p!a:a liOn L;sLvivJal *v-c. 50%. T; ,c 

S:t: N 


.r.r.eu,
 

around Bna, Jayart, Singmauli coa'Tfie'is a& another fee'Li , . c: til 19" y- -1 

an ol ri',,. plants have been planted on area l520 ha. Qtr er!',. t ' .-'sp-t 
t
water and noise is being dorae in al projt.-ts at tLr'qc :z. Ci{, "-2iJ.'p .s 

township. The data help in cotr _n't,:he ...pollution levels 'ad "zheA , .'.v 

weas ures 

in Azsr-m and _, fcr.:-: 

Recreation Centre in MunshJ ColLer. Con:tisie. wat,.r fill -;:.v:th : 
on 35 ha. of ruelaimed land is a p.'e 'h !-.a ;::t: ",n. 
Opencast has also been completed. 

North Easiem Coalfield (NEC) is hiluy .z-'crc "i:h t':ik i 

... 
have been planted in ,h subsidiary cmpai-- .%'2. ',a s:c:a' m,.::-.r- ,,ter - . 
of plants, with higher longivity and suriviv'acl e av' b,:..- , : : 

Over the. period of last 6 years and by 1991-92 almost 45 0 " ,• t.:,-

,c.,.' c.. ...

this afforestation e. ,aiu. "ee, . ,-a a',,progm r Shisham, -: 

Acacia, Eucalyptus. Ma"go. Gu.'a. J?.r nu, SIver Oa: r."'wn. ,. . :as:" , 
No.of nurse- ies in differetr tsubsidnr-i:S a:e : .,,ii.g a 'J . sar 

promote the affores-tarion projc- in art.mb.ncedpac. 

g-orriums ,'F'C-,:: ,,t.:sh-c'e. 

propeny ot sL eflc absorptitc, c-f rtcda , :n,-,:ire-.'.:a =. . 
Carbon diuxide, the 4th mist Zomt-Jn 'n 

. T :o 

=.,.en-r,.-i.a:, :glob l ALmate whet atmoep .ic .f?,v ,,'" - CC..2 ic,:r.Z:.. ' 
fossil fuel urilisaBEoS.Pis aAVAIecL A .. a ..eaDOUrME.: pc:a':.:; .N:*ii.., tT.ke- . ' 
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thrust areas. Mine fire is one of -he re 1:ited pr:j.blems. 

Coal by itsverN composition is liabl c spcc...ous ........ C".,'- 71 '" .
 
been reported 19'5. Thesemi..",- ;,.- i,irom Jhatia Coal bcik til! cir a ., .,r gS.c
 
quality of coal polluting air by etrticn of C:boc- ,.Eoxide .and :i ,',..k:6.:.s 'i.'i. due
 
concern to pollution control 5 mi:a fires in Jbhria c,'dfitlds hav' .Ln- ','. . 59 'i,I
 
fires have been dealt with, !hl.uIgJI 33 integiated nr,: curroi , In ' h,
riiere ate 5
 
fire projects to deal with thi-s mine Ere
 

Manufacture of soft coke by birrin col in '1.en ,"at_'... i .lt,-,-.- p-. .n 
Indian Coal Industry. One Tonne of sized c.al 'ielrds t:.75 T , 1'.., .5 .',e tn 
released in the particics fcarbc,, coal tar -,.ar.; -. :,form of firne -. unbur':, d pr:.: 

-
hydro carbon. C02 and gass of nitro- *-C nad suL!pL'r. C"-r'.,. , :; .. 

Ltd (CMiPDIL) through its reetless ,:fiot: sad..-died p.si.i, . Cu.nth.", ., .
 

pollution caused by this prohccss CTPDL hbns d'e e4 e :''teo.. sricia l:id 
(SSF) Technology, major advnttage of which is a signitf, C ' ' I, "= .. 

recovery of tar as by-product. 22 SSF plants' as pur ('.1DIL dii:_ h,.e J-'ev 
commissioned at Varanasi, Na-,pur, Hazariba .h D.....a a 'e 2; 1 
under installation at Raj-Landa n--Yon ( ,I), Hia: _ b2c11 4u~a rbd ]al.:: .A-:...... 
at other places. 

In Dank-uni Coal Cumpley (DCC) dife rent pcLluiou c.cn-Ar: c .,':s vre .,I,,,ei.^' .'
 
design of the plant. The e-t!re operarion CI' . ... .- ,. i;'., ,' C ati., ,
 

purification will be done in closed svs:e'n to coto! r:ardc-us emrinsal'-is.,
 

Till 1980s. Environment Mangem er:t Plan ( fEofPh " "' ,a-cx£br new coal *.:"..ts and 

coalfields have become mandator,,. Th.s is a sincere effort .Vhtwil '-:.in;
kee re.i 
free from air pollution, noise pollution and water ,oat.i-:,tir and conw.iuet;Iy will k,, 
CLL to earn social acceptance for mining operatiocs. In ,he Ear,h .urnrai -,;. th usle 
going over whether nations should on:er into 2 l;a, b!d;,ng o,.'to o .';ve foreat ar, 
whether a tax should be intoduced on emf.Ion oF -'ar.an. i: :2'r 'd pa'. it i ,.. 
become tbe prime is¢,,u i', ecssiiti " ,: .ida:in the. ,;unnitn .s a-re the .:f. "he t 

haves and the have-nots. In this s,!;-cotincnt, cIi. . . : ,2ra ,. 
silently geared up its machin enrto peFornb ., ith it i;..d . 'e :. . ., ;'t 

has already been done. 

Limits of Resources and Population Exp!,liov: 

The primary task of development is !o eliminate po,z ty. Ecc'no.ic Ie-ekom:-:t ran :u:.':e' 
aenvironmental management are comoliwntary a:spe,:- of 'he saoie ;:gnt ;,re tlu 

billion people today le in abject povert-. Wcrid .ixi AC,d (.Cr.r tb a " " 
he cunent level and would stabilise at abou: 12.5 bc2itI a. tri . ' 

twenty-second ceury. Population growth ibrtaCa .. n . t:..erand .,..-. and set.,., 
practices remaln unchanged, result inc in;cresed ,n;,- ?'.,'ai:.'oa.:-.tal .Ujr: 

'
also increases the need for enaplo'."rnt an..- .. wh. :1_ c.-i,:.yiiveo" .i

areas, exerts additional direct pteaure O natv:al , - : ,.. .... . 
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mineral consunmption, more the waste produ.tio. whicir tv'at I .:.tor-.: ".. 
local health and imply additional s-tres the e:uh' caimeit' ;r.. .on a[i,',, 
poverty. Alleviating poverty is both rno-ally nmper.,6ve and v.... tcr n,.1!w C,; 

sustainrabiity. Economic growth is rssential for sustained ,'. . ,.'u.=d','n Eu, :r:w:'. :'s 
often caused serious ernironmental damage. Femuaitei, Suc',. :1. : '. C tn s!,'r. 
reduced. with effecrive ooli cies and , r:;tttos.tLnO-e n.,, ,- :..,: , 11V.'(" .Y , ..

improved environmental manarneri:. 

Environmental Lstues of Mining : 

To support an ever increasing pCulation and to -uanta' :'f .Sp" ,t .
 
materials to the industrialised so.it', and to imOProVe ,e '--.. Cuiife lir- ,.
 

quantity of aath' roe'. have :n ',.,pUeA tY. rump riq .. ..
 

reaource! used by the societv is 'idr d ir in index f -vC I'-.rc: . r rz::.
 

Rational utilisation adequate thct~h d..c, rid ,)'-.,.-':"and e;x-ti3cicn 'e!_ rr: .! 

friend]) technologies is a pr"requisite for sustinab!e mir n, p,.cv. ;: . 

minerals and fuel to cater to the aeeds of in creased pou!aticn -r,. A: ter'-a .'5 , 

on the life support system such as laud, witer, fort. :d ri:h ,c,:-.Somne ,ufth

issueC, mijnin.g e:virnnment ame hriefed b!r : 

Laiid Degradation: Iocreasing the n.tion's Outpu. o'.:cl " -,rta' :au-.r c!e 
possibkl- only with giar' oreacast Frjec. Opens, r:fi" re-ud in ransta:.
green and zuhivaied afforested areas i-,1: in vokes u-ov2 . iD.r:iet ., .T 
underl;'ng valu able mineral depo<ts. Stripping of c,, ;serbur.zi.-r. ic. 

at the area f the Jigging sites, vegetraton s r:.move2., micreo leo - t',ej d:r' ov 
soil sub- soil and underlying strta are rup-Ied and dh.placc'. -Xtir he :a', is 'Cr'ovt,. 
the mined arems aret back-tiled, grd-ac. Levee and m:p sal, '. , a.em n_ i,,,r..*. 

the physical, chemical and metre biological factor, "; " 
araballtv of land Lsdisr.pted to uaknw. ervw'r. D'p ',: - -.. 

characetristics of the overburden a,:irral a::c the seuence ' -. '.r t, 

surface and sub-suffnce la'eL cc:x;titu Le futa,. r....... 1 .. , -C_!. 

physical and chemical char;j ,eisdcs j.ca.--' F. wrr. . th .v' c. aa. " 

.p a:ions cau:;e wa-r . :, di,,,:aar'., %,er'A.id Mine Drainage: Mining ,b:'.u 2w C,1ie 

water which affe.c: the hy drology of minig ,ra:.. Min- L:, e u.- " ' 

passage of water "otig mines w'eu hroc di.suiphrd uI,. y ' ,. e , 

oxidising action if air, water aLnJ bac.efia- Coal an- . . e'ih I;,- "dci,- o 
Sulphur in the form of va.hcu. comuud. INthe prh--;S 'f n. " ,. : 

uncovered and exposed :o a;r arid ,ri.:.i sult :,v'n.,srtu, th . - 1.h;1- ,

sdphate and sulphuric acid. AZppr,,.4 'm_ned:aia. . ..,:7: u .r .,e,,te a:'id z. 
mines. Acid mine drain age als., somet ; t.jiimeso,_,e " er..-:. -',. 

solids, precipitating col'd,. and straunt., Coal Ninue scol du t.'-.c.] P '--:.. ,oil . 

pH- values about 3..-3.0. UV.., : ,uo lt acid>..- .,.th,' :- tJ.' hY. 

of A :ard Mn ind Norn-avail ,>.: t ' :c':.. .MC are t,:i:al .:er.:::' 
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of add spoils and sub.eils to To~it ,I-;may redu.-, the . ' .. o:,. .rt-" 5 
to 5pH.the toxicity ofAl, \mL -nd in-eici,-a wii't.'" .......
 
species and varieties persists. 

Hydrology Alterations :Mining a:i'. tis viewed in. t. .:.,-.'.-t.. ,.ca"' : m.-ctv 
revcal t t ca,talcn i to rdg.c d.iini aiI-LF,2 . ** .t, r '.Gc u t. " t¢ _,, ,.., t b_.. c r :.,
 
le otrMeaitillry or soils leading to thu rora:l.on of lr 1i 27e 2.1 .. ,,
 

process ol'desertiSation. it is a grim reality th tthe process o i,.'nrio~ rhrcu~h ;,llir.,
 
is rapic !yaffecting a vast ,ract of agicautui lamd it th- vicii,'"" . s.W3att:Q.,. *h. 
affected by iunderground :ines too thoigh in a d~ffereat m; ir i.'rc c;itt.-Cf V:r I-;
 
fwImped nut nnd reln,4ed nn the qurnce whe:e t causer_. ';,, ..........
 
the same tirn, it wou!d lower the water table ir tl,- -,F' ,*;... . ':"" 

quantities of water, as also the natural eetation. 

Air 'olution :Though to a muclde.sec deqgre, .ir pqh :ions :t.i_',usa b; ':. "'.I:-. 
due to Suspended Particudae Mater (SPM) like Silica. c::J'.j ': " .-- p ,a; 
like Sulphus Dioezide, oxides of nitroge-n and sulphur. 

Noise Pollulior :Wi h the increase il mecsaOisatio, ,.: . :...h::-. ,".. 
very acute. 

Wild Life & Ecological Disrurbanccs : The sc".in ! .f'0i: nVr'".." '
 
overburdened displaces can somerines cIes.r<.v w'id Iife..",!id: .'u .....,.:.
 
long last ing wild life habitant ;mpisonmet of chan.zes of Lbo:.. iL- .. '.
 
has direct impact on exi,sfng wild life.
 

Massive Afforestation :The has planted M,-'-r '5.1.r;, t.:-Comp 1r.y tb"' 

prop-osegst.jlant 10.00 Lakh more erv year. About 0.3 to - 4 nill
ii manlv em-lo*... 
is generated through these affected are.a through p~nti.±g ol.') L,,h trees w." t:-r 
maintenance for 3 yearm. m l is being c.-,.-This i aorestation '.'ihrht- hi.r..

population and forest Jeparrrneut. Tn a duo' :o rh. enpl,)-'m.n" . ti'n .p':i tr , '
 

need of fuel and fodder can also be met. 

Energ, Plnntation on Overbuiden Dmps Clu.ered po{;u due !,(be . o.
 
Ii v,, icw ,u, prt.-Tur o - Ah,. ra .l
, udA auuLud I;& bitict , :-.r,.: :c. ".J:.,ra-., 

forests. In order to check soil --osion and st:b.,is over burd, ,':',-, the , ;...t".,. 
rcvcgctszc dumps. and fcare to thcse To weer the addri:nad d,,ani o,ft.el . tb. 

dumps caa be effectively utilised for energy planta tica. Sir..:.t,:h,.!'p:ithe duwe,,_ is e,. 
of any organic matter or humous. other industdal orgni.: wastes .... ,:jsd ,,:,p .:, 
vegeatic, un the barnc hlu-k 'Uu',:b,. Wt,. ,.,.'-;,'. .'3 hai taken , 
R&D programme with Nttionai IE"vironmcnan :ud 
Paper Mill to stabilise the overburden du.,-s 2t Durgpur C!,O,.c., %,'ice.using iud.tr
organic wsaste from BaJlarpur Paper ldu-rr'. Trhe utilisarion i..ctV.re and orga.ic ,,
6rom Paper Industry issho'wing good r.-suLts. 
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Community Development :Westem Coalfields Ldd ha- waade 3 dEf'rec: .it ,,.nder tli.0 
point Action programme of the Govt. of tndia- These Plans are

* 	 Special compenent plan for upliftrnent o'Szchedu!eAI C.tes. 

' 	 Tribal Plan for upliftment of Scbedd d Tribes. 

* 	 The Community Development Plan for the benefit of generai ubic at la-r.e and 

specificall)' for the bene fit of physica-fly handicapped aad age, p", :. 

rdartnkan undor the Si'2 9z 9' pl'.cThe aot.,irie ' 	 ri-

Coastruction of roads;
 
Arrangements for supply of potable waer,
 
Medical care;
 
Help in self-employment generation;
 
Organising tura sports.
 

Under the Community Development Plan, Financia ali: nco is beisg prov'.c:i..: tr.
 

bandic-'pp.' 4ger pe nn, thrnogh oi',nftihle in-,tiutiocs ,. :..works.
 

Twenty four villages have beencover,:d in !t ibov! me:i'onli prc. 'qr.mecvrin .
 

62,000 population of these village.,.
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IEA Second International Conference on the Clean and Efficient 
Use of Coal and Lignite:
 

Its Role in Energy, Environment and Life
 

30 November - 3 December 1993
 

Workshop B(4)
 
Regional Needs and Public Outreach
 

'The Affects of Environmental Compliance or.Coal Use in the
 
Midwestern United States:
 

How Regulators Balance the Competing Interests"
 

J. Michael Biddison, Commissioner
 
The Public Utilities Commission of Ohio
 

United States of America
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There are many reasons why coal has always been king in the N .dwestern United 

States. In Ohio, Indiana, Illinois, Kentucky, West Virginia, and Pennsylvania, coal 

is locally abundant; it is relatively shallow and easy to mine; it is generally good 

quality with low ash, low moisture and high BTU content; it is easy to transport 

from portal to portal; it is the least cost, most practical fuel per million BTU's; it is 

the basis for continued engineering and development of next-generation power 

plants in the region; it is associated with strong labor unions, fraternal leadership, 

and close political relationships; and probably most importantly, in the more recent 

past it has continued to provide secure jobs and a stable tax base to an Appalachian 

region that has been devastated by the downsizing and/or departures of old 

mainstay industries such as steel, timber, industrial manufacturing, and oil and gas, 

just to name a few. 

However, with the passage of the Clean Air Act Amendments of 1990 (CAAA), high 

sulfur coal (which is predominant to some extent in the Midwest) is threatened 

with losing a considerable piece of the power generation market, due to the 

excessively high cost of environmental compliance. As a goal for the year 2000, the 

CAAA require reductions of sulfur dioxide (SO2) emissions by ten million tons and 

nitrogen oxide (NO) emissions by two million tons below 1980 levels, which will 

result in a two-phase tightening oi the restrictions placed on coal-fired power 

generation plants. Phase I begins in 1995 and requires affected plants to lower their 

S02 emissions to 2.5 pounds per million BTU's; Phase 11 begins in 2000 with an 

emissions cap at 1.2 pounds per million BTU's. In addition to S02, there will be 

NOx emissions limP, in place by 1995. Indeed electric utilities are subject to great 

costs and uncertainties when projecting 30-year forecasts for system-wide 

compliance plans since alternatives exist in least emissions dispatching, 
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demand-side management programs, co-firing or seasonal-firing with natural gas, 

fuel switching to low sulfur coal, reducing off-system sales, retiring older non

compliance plants, building scrubbers, accelerating demonstration stage clean coal 

technologies (CCT) to commercial stage, and trading/purchasing emissions 

allowances. On a national annual basis, the total cost of compliance for utilities 

with existing high sulfur coal-fired power generation plants is estimated to be $2.7 

billion to $4.0 billion during Phase I for 268 units and possibly $4.0 billion to $8.0 

billion after Phase II for over 2200 units. 

Citing Ohio as a representative Midwestern state concerned with balancing the 

CAAA with local coal use, government and industry leaders soon discovered that a 

process was needed to facilitate the wants and desires of the state which ensures that 

electric utilities minimize any negative economic impacts and maximize the use of 

locally produced high sulfur coal while maintaining strict environmental 

compliance standards. After all, coal mining has been an integral part of the Ohio 

economy for well o er 100 years. In 1992 alone, high sulfur coal was mined in 14 

underground and 134 surface coal mines, employing 5500 miners in 23 out of 88 

counties and resulting in the production of 30 million tons of coal with sales of $1.0 

billion. During the same year, Ohio was the third largest coal consuming state, 

burning over 50 million tons to produce 125 million megawatt-hours of electricity at 

86 power generation facilities. In addition, the U.S. Department of Energy (DOE), 

Ohio Coal Development Office, and private industry has invested over $600 million 

in Ohio-based CCT projects in the last nine years. Over 100 CCT projects have been 

commissioned in Ohio, 40 of which are still in various stages of development to 

ensure the continued use of locally mined high sulfur coal in an environmentally 

responsive manner. Because of the combined federal, state, and industry 
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commitment to funding, Ohio is recognized as the leader in CCT research in the 

U.S. 

In response to the federal mandates of the CAAA, the Ohio General Assembly 

passed new legislation in July, 1991 authorizing electric utilities to submit an 

environmental compliance plan for review and approval by the Public Utilities 

Commission of Ohio (PUCO), the state agency responsible for regulating investor

owned utilities, for Phase I affected units. Senate Bill 143 provides that, after 

hearings, the PUCO shall issue an order approving a proposed environmental 

compliance plan only if it finds that the plan is adequately documented and makes 

all of the following findings: 

* 	 the plan is reasonably designed to meet the CAAA control requirements; 

* 	 the plan constitutes a reasonable and least cost strategy for both Phase I and 

Phase II compliance that is consistent with providing reliable, efficient, 

and economical electric service; 

* 	 to the maximum extent, the plan provides for the use of Ohio coal and 

that any choices of fuel type that result in the displacement or decreased 

use of Ohio coal represent least cost; 

the utility has .,valuated and compared the relative risks to its customers 

for all alternative compliance measures; 
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the 	utility has evaluated: emission controls affectedat each generating 

unit to reduce annual emissions levels below base allocations of 

allowances received for each unit; advances in technological means of 

emission mitigation; and means of reducing compliance costs through the 

acquisition, transfer, and utilization of allowances; 

* 	 the estimated costs of implementing the plan is reasonable; and 

* 	 the schedule set forth for implementing the proposed compliance 

measures is achievable. 

In addition, the PUCO may require the utility that has submitted a compliance plan 

proposing a fuel switch which would displace or decrease the use of Ohio coal, to 

provide a complete analysis of the estimated short-term and long-term statewide 

and local socioeconomic impacts resulting from the implementation of the 

proposed compliance measures. The PUCO may require the company's analysis to 

address the following: 

" 	 employment impacts on mining jobs, mining-related jobs, and 

nonmining-related jobs; 

" 	 revenue impacts on corporate franchise, income, property, severance, 

sales, and other state or local taxes; 

* 	 impacts on public assistance, employee benefit, and employment service 

program costs; 
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* unusual or extraordinary impacts on municipal corporations and 

townships; and 

* such other economic impacts deemed reasonable to consider. 

Senate Bill 143 also provides for certain tax incentives for utility investment in CCT 

and a two-year anniversary review of an approved plan, at which time alternative 

courses of action will be considered in view of current circumstances. 

Due to this legislative action, electric utilities in Ohio have a tool for gaining PUCO 

up-front approval on environmental compliance decisions, albeit through an open 

and public process, regarding their actions in response to Phase I of the CAAA. The 

utility compliance plans, when formally reviewed and approved by the PUCO, allow 

the utilities to reduce a certain element of risk in moving forward with investment 

and construction of compliance facilities, since the man'jgement decisions have 

been deemed prudent. However, the utility wili still have to demonstrate in a rate 

case proceeding that all expenditures for used and useful asset:, are reasonable and 

were prudently incurred before revenues can be recovered through rates charged to 

customers. 

PUCO decisions are articulated in written Opinions and Orders (Orders) which are 

arrived at after a thorough review and deliberation of transcribed records of a legal 

proceeding in which PUCO staff, company representatives, and all stkphnlders and 

interested parties present evidence and opinions on the reasonableness of the 

environmen,.al compliance plan developed by the utility company involved in the 

proceeding. The PUCO approved environmental compliance Order, as well as the 
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complete transcribed records of a particular hearing process, can be introduced into 

evidence in subsequent regulatory proceedings that establish rates for electricity 

service and allow recovery of expenditures related to environmental compliance 

implementation. In addition, Orders are subject to potential state and federal 

appeals processes at the request of an interested party. 

Limitations on the contents of any particular Order arise from applicable statutes 

and constitutional due process requirements. First, Orders must issue from the 

record of the proceeding. Second, Orders cannot overstep the constraints imposed by 

legislatively-conferred authority. For example, the PUCO has not been given the 

authority to make management decisions fo- utilities in those cases in which 

environmental compliance plans are reviewed, so it could not unilaterally order 

any specific compliance measure, such as the installation of scrubber technology or 

the switching to low sulfur coal. Third, PUCO decisions must withstand challenges 

based on alternative readings of the manifest weight of the evidence that is 

contained in the record of any particular case. 

While the evaluation of environmental compliance plans was conducted within 

formal guidelines, the actual dynamics of the decision-making process were much 

more fluid. All but one Ohio electric utility has submitted detailed and complicated 

plans which offered several strategies for compliance to CAAA Phase I standards. In 

general, the evaluation process has taiken approximately six months for each filing 

and a record of each proceeding has been developed on two tracks. One track 

recorded the expression of public opinion, relatively unrestrained by the formal 

courtroom rules in which sworn testimony is subject to cross-examination and 

- 1037



other legal tactics. The other track of record development was through a formal 

adjudicatory hearing, focused on the technical components of the plan. 

Any Order regarding environmental compliance plans issued on the basis of a 

proceeding has to balance the competing interests of a range of intervenors in each 

case. As well as representatives of the stockholders and management of the utility 

submitting the plan and PUCO staff, other participants in virtually every case 

included the United Mine Workers (coal unions), Ohio Mining and Reclamation 

Association (coal suppliers), Ohio Coal Development Office (state CCT funding 

agency), Ohio Industrial Energy Consumers (industrialists/manufacturers), Sierra 

Club (environmentalists), Ohio Consumers' Counsel (consumer advocates), 

competitive fuel indust ies, .nunicipalities and local government, congressmen and 

state legislatots, and the public at large. 

Public testimony in each case was held in the service territory of the utility whose 

environmental compliance plan was being reviewed for the purpose of allowing all 

participants an opportunity to document their personal opinions regarding 

proposed utility decisions. Much of the public testimony centered around the direct 

economic fallout o' compliance plans to locally impacted communities and 

individuals. Testimony from small business owners, coal miners, union 

representatives, environmentalists, politicians, construction workers, bankers, 

industrialists/ manufacturers, educators, hospital administrators, and concerned 

citizens generally documented fears of economic devastation to their particular 

families, businesses, associations, schools, communities, or interests if the Froposed 

plan was perceived to be to their detriment. Responses were predictably related to 

the industrial base of the utility service area. In Southeastern Ohio, where coal 
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mining is a traditionally secure industry, there was nearly unanimous agreement 

that installing scrubbers on large generating units and/or maintaining the use of 

Ohio coal was essential for least cost strategies and to prevent the disintegration of 

the economy and the social fabric itself. In those areas of Ohio dominated by a 

strong manufacturing industry, public testimony generally supported fuel switching 

to out-of-state low sulfur coal, which was presented to be the most flexible, and quite 

possibly, the least cost strategy in assuring low electricity rates, therefore 

maintaining high paying manufacturing businesses and jobs. 

At the formal adjudicatory hearings each utility presented its environmental 

compliance plan in detail, supported by evidence from expert witnesses. In 

addition, witnesses representing the PUCO staff and all intervening parties 

presented testimony supporting or challenging aspects of a utility's plan, or 

suggesting other possibilities for least cost compliance that the utility had 

overlooked. All testimony was subject to cross-examination by legal representatives 

of any intervenor participating in the hearing. Each utility presented the 

thoroughness of their attempts at evaluating all possible compliance scenarios 

(economic modeling, forecast projections, technologies assessments) and 

emphasized that the proposed compliance plan reflected the least cost to consumers 

while providing the utility with maximum efficiency. The PUCO staff provided 

testimony regarding thoroughness, a technical evaluation and financial analysis of a 

utility's plan, and general agreement or disagreement that the plan was reasonable. 

The responses of the various intervenors to each utility position again followed 

predictable economic or environmental concerns. The Industrial Energy Consumers 

generally favored switching to out-of-state low sulfur coal, due in part to their 
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concerns regarding the short-term rate impact of capital intensive investments in 

compliance technologies, such as scrubbers. Manufacturing groups wanted energy 

costs to remain low over the short-term to keep plants in Ohio and maintain global 

competitiveness. The Sierra Club and other environmental groups also supported 

fuel switching scenarios, but for different reasons. Environmentalists expressed 

concerns that scrubber technologies would only create more pollution in the form of 

scrubber sludge by-products and would not prepare Ohio for potential future 

federally mandated investments in the reduction of carbon dioxide and other 

greenhouse gases. The Ohio Coal Development Office, United Mine Workers, and 

Ohio Mining and Reclamation Association supported the installation of scrubbers 

or other CCT's. These groups presented evidence that out-of-state 'ow sulfur fuel 

switching could not be regarded as least cost, due to uncertainties in future 

transportation and supply costs, particularly during Phase II, and that fuel switching 

would eventually devastate the local high sulfur coal mining industry resulting in 

severe economic and social consequences for the entire state. The Ohio Consumer's 

Counsel, representing the residential ratepayer, took the position that the truly least 

cost plan should be adopted to minimize rate impacts to their residential customers 

and that utilities should develop aggressive iemand-side management programs to 

forestall investment in new plant. 

At the conclusion of the adjudicatory hearing and the public testimony process, a 

PUCO adjudicative law judge drafts an Order reflecting the facts in the case and the 

proposed decision regarding the environmental compliance plan offered by a utility. 

The five Governor-appointed PUCO commissioners must then review the findings 

of the administrative law judge, along with the entire record developed in the 

proceeding, and either accept or reject the opinions presented in the draft Order, or 
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recommend changes based upon their evaluation or particular interpretation of the 

case record. An Order is adopted once a majority of the commissioners agree, which 

is subject to an appeal process by any intervening party. 

Discretion in the interpretation of various legislative direction, combined with the 

political will of the state and the consideration of the uncertainty embedded in the 

projection of company revenue requirements, environmental concerns, changes in 

technology, socioeconomic impacts, and flexibility measures allow for considerable 

latitude in the balancing of interests in each environmental compliance plan filed 

by utilities for review and approval. As the scope of uncertainty i; creases, 

regulatory discretion to consider qualitative evidence also increases, making it even 

more important to have a review and approval mechanism for electric utility 

environmental compliance plans that will allow for a public fonm of all competing 

points of view and to assure the utility with some level of confidence in 

implementing a least cost plan. At this time, six of the eight Ohio electric utilities 

have had compliance plans approved with one utility currently undergoing the 

review process. Of the six PUCO approved environmental compliance plans, all but 

one were stipulated agreements by all of the intervenors. The utility compliance 

plan that was not stipulated was approved by all five commissioners and is 

currently being appealed at the Ohio Supreme Court due to disagreements over the 

issue of least cost. Once approval was granted, the utilities proceeded to implement 

Phase I compliance actions without fear of management decision repercussions in 

future rate cases. 

In the development of this process to review and approve environmental 

compliance plans in response to the CAAA, Ohio has attempted to establish a 
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"model" that balances competing interests in view of considerations such as stability 

in economic viability, effect on industrial competitiveness, impact to ratepayers, 

investment grade health of utilities, continued production and development of coal 

resources, and socioeconomic effects, both statewide and to specific regions. The 

PUCO, and indeed, regulatory bodies of all states and nations must work to insure 

that electric power generation environmental compliance decisions are balanced, 

fair, and reasonable with technological change, economic constraints, and societal 

needs for overall best public policy. 
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Background 

As the major industrialized nations struggle in recent years to revitalize their own domestic 
economies, the developing countries in the Asian Pacific region has continued to attract 
attention with its phenomenal economic expansion with double-digit growth rates in some 
areas. Such rapid economic growth in this region is accelerating industrial development in 
virtually all aspects of its infrastructure systems, and very notably in its electric power 
generation sector. This increasing demand for electric power has prompted the need for 
installing large numbers of nev, power generating facilities and also tile 
upgrading/repowering of existing units Table I shows the magnitude of the existing MW 
power capacities in the key Asian countries, and their near term projected growth rates. 

Many of the existing and planned power generating units in the developing Asian countries 
use or plan to use indigenous fuels which comprise typically of low quality oil and coal. As 
such, proper technologies are really required to maximize performance and minimize their 
impact on the environment Unfortunately, most developing countries are much more 
concerned with meeting power demands to keep factories running, streets and homes 
lighted, and addressing other pressing daily needs while not placing the environmental 
issues high on their list of priorities 

Herein lies an opportunity in which the industrialized nations can effectively help their 
developing counterparts meet their power demand challenges efficiently, and minimize the 
environmental impact at the same time. Both the US and Japan have developed and 
implemented many mature and advanced technologies that provide solutions for efficient 
and low emission power generation. These technologies are applicable for new generating 
unit implementation and also for retrofitting or upgrading of existing ones. The World 
Bank estimates that the majority of the existing generating units in the Pacific Rim do not 
meet the current definition of good practices. 

It is anticipated that policies and aid from organizations such as the World Bank, ODA, 
and the Green Aid Plan (MITI) will encourage the adoption of technologies by developing 
nations that are more energy efficient and less emission producing. Governmental actions 
such as free trade, and open market incentives will further foster pursuance of efficiency 
and system improvements. In any case, it is a noble cause to advocate an internationally 
collaborated response when it comes to concerns that are not defined by national borders 
such as global warming, air pollution, acid rain, and increased efficiency to preserve 
natural resources. This paper describes a project on the study and transfer of US and 
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Japanese technologies to the Asian developing countries that will provide both 
performance and environmental improvements for their new power generating units, and 
alst: for upgrading their existing units. 

Project Goals 

The objective of this initiative is to work with selected Asian developing countries to 
determine the optimal power generation technology options that should be considered '-r 
implementation. Another objective is to create an awareness among utilities regarding ;.he 
importance and the value of heat rate performance improvement in existing units, The 
technology options to be studied will be governed by country specific conditions or 
requirements such as power demand needs, fuel supplies, and other resources/restrictions. 
The goals of accomplishing a 5% improvement in plant heat rate perf'ormance and 
emissions in developing countries, for their new generating units (over its old designs), and 
a 3% improvement for their existing units are considered achievable with the proper 
technology selection and implementation. 

The potential benefits could be very substantial. For example, at a conservative fuel cost 
of $1.00 (US)/ million BTUs, a 5% heat rate improvement for a 300 MW unit could 
translate to about $1 million annual savings. When applied collectively to all new and 
existing units in the developing Asian countries, the total savings for the entire region 
could be conservatively estimated at $500 million per year In addition, the amount of 
emissions will also decrease correspondingly when fuel consumption is reduced due to 
improved heat rates. 

Table I
 
Current MW Capacities of Major Asian Countries (Ref 1)
 

Current MW Projected 
Capacity Growth Rate 

China 165.000 8% 

India 60.000 t0 % 

Indonesia 12,000 9% 

Malaysia 4.500 9% 

Philippines 7.000 N.A. 

Republic of Korea 24,000 10 % 

Taiwan 17,000 N.A. 

Thailand 8,000 N.A. 
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Asian Market Assessment 

As an initial task of this study, a survey will be conducted to better understand the power 
generation needs inthe Asian developing regions. The survey will address topics such as 
the energy supply and demand, electricity supply and demand, heat rate performance of 
existing units, and prelininary technology needs. Attention will be given to bench marking 
and analyzing the current heat rate levels of the major operating units, and characterizing 
them according to design, fuel, mode of operation, and other critical parameters. This 
effort is needed to establish a credible and firm foundation from which preliminary 
technologies can be prescribed for new plants as well as for retrofitting existing plants 
where appropriate. Whkile some information may be available through existing reports or 
documents, others will need to be collected and compiled. This eflbrt will be accomplished 
by literature survey and specific utility visits 

In terms of fuel mixtures for power generation, China and India are mostly coal users with 
about 79% and 57% respectively of their primary energy source in coal (Ref. 2). 
Indonesia and Malaysia depend heavily on oil as a fuel source: 72% and 58% respectively, 
as they produce oil indigenously The Philippines, Thailand, Korea, and Taiwan depends 
on oil although they do not produce much oil :88%, 66%, 54%, and 51 '6rtspectively 
Singapore depends '00%6 on imported oil. Malaysia, Indonesia and Thailand depend on 
natural gas 38%'o, 18%, and 19%6 respectively, since they produce natural gas indigenously 
Around 15% of primary energy is supplied by nuclear in Korea and Taiwan 

Appropriate US and Japanese utilities and supporting organizations will be selected as 
partners in transferring heat rate improvement technologies to the Asian countries An 
Asian Heat Rate Improvement Awareness Group (AHRIAG) will be formed as part of this 
study. Asian utility companies and associated organizations will be invited to join this 
group, and participate in this study The A-fRIAG will serve as a committee to review 
technology options and exchange ideas regarding recommendations or selections Existing 
trade barriers such as tariffs and customs regulations will be addressed in order to facilitate 
technology transfer. It is anticipated that AHRIAG members will visit various US and 
Japanese facilities to observe demonstrations of advanced technologies, anid to establish a 
working interaction with their counterparts overseas These visits are intended to help 
Asian utilities visualize technologies in practice and foster business relationship with the 
US and Japan. There are many leading utilities and associated organizations in the US and 
apan who are very active in technology and business development. The AHRIAG 

members will serve as candidate host utilities for technology transfer and implementation 
in the future. 

The Importance of Heat Rate 

Recent heat rate improvement projects and studies in the US and Japan concluded that 
utilities can realize sizable economic benefits from implementing technologies that can 
reduce fuel consumption and plant emissions. For example, a new pulverized coal-fired 
power plant designed with the state-of-the-art technologies will have a heat rate which 
would be 6 7 % better than most units operating today, and with corresponding reduction 

- 1045



in emissions. In addition, the reliability and maintainability of the unit is also improved 
with the latest design features. The heat pipe air heater, for example, increases equipment 
reliability, reduces maintenance requirement, and improves plant heat rate. Similar 
improvements on existing units may also achievable. Industry studies on existing operating 
units concluded that a 2-4 % improvement in heat rate can be achieved cost effectively. 
The higher the fuel costs, the easier it is to justify heat rate improvement activities. 

Figure 1 shows the major factors that affect unit heat rate. These factors indicate that 
there are many facets to heat rate improvements ranging from the original designs and 
modifications of a unit to operational procedures and strategies, and also to conditions 
imposed by outside factors. All these elements however are bound and governed by either 
economics or regulations. Figure 2 is an example of how one utility account for its heat 
rate performance. This example presents a quantitative perspective of heat rate effects by 
some of the factors presented in Figure 1. Design features and controllable parameters 
clearly have major impact on heat rate. Not every parameter is equal in its effect on heat 
rate. Some parameters, such as the condenser back pressure or the boiler eyit gas 
temperature, have a much more pronounced effect on heat rate than others. In fa'LL, these 
factors are now used by many utilities to predict maintenance, Examples of maintenance 
activities which can be influenced by heat rate data include; condenser tube cleaning based 
on condenser back pressure- or soot blowing/air heater washing based on boiler exit gas 
temperature. Among the imposed conditions, fuel characteristics offer potential 
opportunities for heat rate improvements. 

Unit Heat Rate
 
Performance Factors
 

I
 

Plant Physical Plant Unit or System 
Features Operation & Maintcnancc Imposed Conditions 

o Designs/Modifications o Controllable Parameters o Fuel characteristics 
o Eqpmt. Conditions o Diagnostic tools o Emission limitations 
o Component Efliciencv o Stratcgics o Air/Circ. Water Temp. 
o Auxiliarv Power o Resources/Training o Dispatch Requirements 

Figure I Major Factors Affecting Heat Rate Performance 
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Figure 2 A Heat Rate Accounting Example (Ref. 3) 

In its most basic torm, the heat rate performance of a power plant is a function of thc 
turbine performance, boiler performance and its auxiliary power requirement. The unit 
heat rate isdefined by the following formulae 

Turbine Cycle Heat Rate 
Unit Heat Rate 

%Boiler Efficiency/iOO x ( I - % Aux. Power/100) 
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Potential Technology Options 

For New Power Generating Plants 

Advanced technologies for new units are available in a variety of power generation 
options and fvI selections. Country specific conditions and requirements would determine 
the types of options to consider, and whether conventional or advanced cycles should be 
adopted. Some technologies are applicable to many different power options whether it is 
pulverized coal plant, fluidized bed combustion plant, or combustion turbines with or 
without combined cycles. Super 9Cr material, and advanced control valves are examples 
of such technologies that are not specific cycle application limited. 

Developing countries in Asia always use their indigenous fuels, usually low quality oil and 
coal, for power generation before importing cleaner and rr re expensive fuels. Concerns 
about pollution is generally not emphasized unless it becomes a pressing safety issue 
locally. Noting that the priorities in the Asian developing region are different than those 
of the US and Japan, the followir g basic criteria for new power plants are envisioned in 
the Asian region 

o Low capital costs 
o Quick construction to startup 
o Low heat rates 
o High availability 
o Simple maintenance 
o Deep cycling capability 
o Low emissions at no/very low incremental cost 

The last item leads to the need for improved heat rate technologies which essCntially will 
allow the generation of an intended amount of power with less fuel which translates 
directly to less emissions 

Conventional 3500 psig, 1050 F double reheat supercritical plants have been utilized in 
industrialized nations for some time already. Operating experience with this efficient 
design has been very favorable particularly in Japan and Europe. The more advanced 4500 
psig, 1100 F double reheat ultra-supercritical unit design provides an even higher level of 
heat rate benefits. An ultracritical unit cycle, when compared to a conventional 2400 
psig/1000 F double reheat cyclh is expected to provide an 8% improvement in unit heat 
rate. A high efficiency turbine cycle, a high boiler efficiency, and low auxiliary power 
requirements are all needed to meet this heat rate goal. 

Ultra-supercritical plant has been developed in Japan and is ready for commercial 
application. It is expected that the operational capability, reliability and availability will be 
the same or higher than the conventional subcritical plants. The turbine rotor design would 

include the use of an improved 12Cr steel for high temperature, coated buckets for solid 

particle erosion protection, and improved steam path geometry for higher efficiency. As 
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many as nine feedwater heaters and two topping desuperheaters may be added to 
maximize heat rate improvement in the turbine cycle. 

The boiler design would inclu&- low excess air and low NOx burners along with heat pipe 
air heaters with optimal exit gab temperature controllers. The low excess air burners 
provide boiler efficiency improvement by reducing the dry gas and moisture losses. The 
heat pipe air heater offers virtually no air leakage, thus allowing the lowering of the flue 
gas economizer outlet temperature while maintaining an appropriate air heater exit 
temperature. 

In the auxiliary power reduction effort, all major pumps and draft fans would employ high
efficiency rotor and motor designs with variable speed drives where applicable. Emission 
control equipment and systems operation will be optimized with unit load requirements to 
minimize auxiliary power consumption 

Supercritical or ultra-supercritical plant designs would best suit countries such as China 
which expect to deploy large grid capacity and require large size units (500 MW or 
larger). These steam conditions could be combined with fluidized bed combustion both at 
atmospheric and pressurized condition, but only suitable for smaller size units. 

Pressurized fluidized bed combustion plants are now in the demonstration stage in 
Sweden, Spain, US, and Japan, in unit size of 70 MW. It is expected to be applied to 
plant size up to 350 MW before the turn of the century. The plant could be prefabricated 
in the factory and transported to the plant site. The plant efficiency is expected to be 10% 
higher in relative value for this design. In-situ desulfurization in the pressurized boile- can 
eliminate the need for add-on deSOx plant. It could use low quality coal. In fact, in Spain, 
a very low quality (high ash and high sulfur) black lignite was used. It has a rather low gas 
turbine inlet temperature (around 1560 F, 850 C) to eliminate alkaline metal problems and 
achieve better desulfurizing performance. It has a relatively small plant area and height
requirement, and its capital and generating costs are considered moderate. Once this 
design is demonstrated in the industrialized countries, it will be best suited for the 
developing countries which require medium to small size (50 - 350 MW) units with high 
efficiency. 

In recent years, combustion turbine power plants are becoming increasingly popular as the 
preferred choice for power generation. Although natural gas, the primary fuel for 
combustion turbines, is abundant, its cost has increased sharply (over 100%) in the last 
two years due to the rapidly rising demand. However, with its relatively clean power 
provision, and efficiencies at 50% or greater when coupled with combined cycles, the 
dollar per kW installed cost is still lower than conventional coal plants. In addition, most 
manufacturers are now offering new machines with large, high inlet temperature units in 
the size of 200 MW in 50 Hz countries and 150 MW in 60 Hz countries, thus making 
them a very viable option for utility applications. New design features also provide 
reduction in emissions particularly for NOx. The caveat is that of the long term reliability 
of power producing combustion turbines which has yet to be documented. The price of 
natural gas is another item that requires caution in terms of long term fuel planning. 
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For Existing Power Generating Plants 

It is anticipated that substantial heat rate improvement benefits cdn be reap ,d from 
existing power plants in the Asian developing countries. Correspondingly, emission levels 
can also be reduced. Technologies that are suited for new power plants are often 
applicable for retrofitting in xisting plants. Improved turbine rotor and blade designs, and 
advanced condenser designs are examples of such technologies. Conversely, some 
technologies such as heat pipe air heater or low level heat recovery economizer may not 
be suitable for retrofitting in developing countries because of the high capital cost 
requirement and low fuel cost justification. In any case, the applied economics are often 
not the same when it comes to justifying retrofits for existing and especially older plants. 
But in terms of the large population of power plants that are currently in operation, and 
are considered inefficient and polluting, it is reasonable to predict that the improvement 
potential could also be very large. Less expensive alternatives are typically needed to help 
justify heat rate improvement activities for existing plants 

The key to improving tiuc heat rate of existing plants lies in the availability of correct 
information and data about the plants This would be analogous to a doctor requiring 
correct information about a patient before medicine for a cure can be prescribed. Figure 3 
shows an example of a heat rate diagram with the major performance data displayed. 
Figure 4 shows a typical heat rate logic tree tracing all the basic losses. The following are 

some examples of tc:hinology implementation that can reap big payoff in heat rate 
improvements for existing power plants 

(i) Refurbish HP Turbine 

Refurbish blade path so that nozzle trailing edges are back to original design thickness 
and that blading surfaces are smooth with seal clearances restored to original design 
values. This will reduce blading profile and leakage losses. Refurbish control stage 
nozzle block with abrasion resistance material to withstand solid particle erosion, and 
install new retractable seals that will not rub during startup 

(ii) Decrease Condenser Back Pressure 

Install monitoring system to measure the pressure drop between inlet and exit water 

boxes. High pressure drop measurements indicate that tube and tube sheet cleaning is 

required. Another potential improvement in this area involve adding fairings to 

streamline any major supporting elements within '1le turbine-condenser transition piece 

that may impose high pressure drop between turbine exhaust and condenser inlet. 

(iii) Establish Operator Training and Awareness Program 

Establish a formal program to increase the awareness of operating staff to plant heat 

rate, and to train them to optimize controllable parameters for maximum plant 

efficiency. Operators are the key staff who are responsible for running the plant 

efficiently regardless of what kind of latest technologies are installed. However, 
as they have adequate training onoperators can only improve plant heat rate as long 
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what t do and how to do it. Hardware and software programs are now available to 
facilitate such training courses. State-of-the-art programs cin now combine 
performance data with plant load requirements and emission limits, and automatically 
compute and recommend operating setpoints to meet load and emission constraints at 
the least operating cost. 
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Figure 3 Example Heat Rate Diagram (Ref 4) 

IHealrate 

I*MW 	 I IP1ditrnewe/rtrair"Ex-- / 
mr* oleffidency F..dwom teImperature Con~don~ IlPAPj.p otfildend 

*SAr a hadpm Bie CircuLatm atero Inet Geator outputw 
E tFm.m l u *Pyr.l:e Cyc p.HcIII . ela.Jl*lr e Vthuun,pm fmeauth 	 ta wdo n01 Iso 

Statlion load .Bober Ie~fpump 	 S ystem wo~kdown Systellm wlkdow. 

offsdency ,yon Lnot •MOrptipewal
 
Vacuum pump now 	 bornponakwee down emm 

01 loomd"~ wn tres 

•SImem bup e€lk. 

Figure 4 Example Heat Rate Logic Tree (Ref 4) 

- 1051 



Conclusion 

As the developing nations in the Asian region continue to grow in a rapid pace, their 
impact on the global market also inceases. The shortage of financial and energy 
resources, and technical expertise is already imposing severe limitations on the economic 
development of these countries. These developing nations may continue to use indigenous 
low quality oil and coal for power generation regardless of the impact on the environment. 
Technology transfer would therefore be crucial both in terms of providing these 
developing nations with the latest energy efficient technologies and also in embracing the 
global environment. 

The most cost effective way of technology transfer to ensure lasting benefits in this region 
is not simply to provide turnkey projects. Joint ventures in which local companies and 
expertise are involved from the planning studies to construction and startup/operation 
would be more meaningful The implementation of energy effciency and environment 
conservation projects requires long term commitment from the local operating companies, 
and the proper training of their staff to instill the concept. 

The project described in this paper is intended to study and plan the transfer of US and 
Japariese technologies to the Asian developing countries that will provide both 
performance and environmental improvements for their new power generating units, and 
also for upgrading existing units. An Asian Heat Rate Improvement Awareness Group 
(AHRIAG) will be created to help review and evaluate heat rate technology options. 
Members from AHRiAG will be invited to serve as hosts for specific technology transfer 
and implementation In addition to technical concerns, it is noted that financial, 
institutional and legal barriers will also need to be addressed in order to facilitate the 
approval of any joint ventures. For example, limitation on overseas investment, protection 
of property rights, energy/electricity privatization policy, and human resource 

development are all important aspects that required attention. 

This project, which will start in early 1994, is targeted to save the Asian developing 

countries $500 million annually along with emission reduction at virtually no incremental 
cost. In the short and long run, this project will foster technical and business cooperation 
among industrialized and developing nations in adopting energy efficient and 

environmentally conserving technologies. 
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ENERGY-EFFICIENT AIR POLLUTION CONTROLS
 

FOR FOSSIL-FUELED PLANTS
 

INTRODUCTION
 

The New York State Energy Research and Development Authority was
 
established as a public benefit corporation in 1975 by the New
 
York State Legislature. Based on its enabling legislation, the
 

Energy Authority's goais are to obtain and maintain an adequate
 
and continuous supply of safe, dependable and economical power
 

and energy for the State, thereby promoting the State's economic
 

growth and protecting its environment.
 

To accomplish this mission, the Energy Authority's research
 
program focuses on technologies and resources specifically
 
applicable to New York State and its needs. Ninety percent of
 

New York State's energy requirements are met with imported
 
petroleum products, natural gas, coal and electricity from
 

Canada. This disproportionate reliance upon external energy
 
sources has had a major effect on shaping State energy policies.
 

The Energy Authority operates under the guidance of a multiyear
 
research, development and demonstration program plan that focuses
 

on expanding the use of the State's own energy resources,
 
furthering the use of clean coal technologies, and promoting
 
energy efficiency and thereby contributing to economic
 
development in the State and reducing or mitigating adverse
 
effects of energy facilities on the environment.
 

Within this context, the Energy Authority's program plan
 

components include diversifying the State's energy supply mix
 

through use of clean coal technologies.
 

Legislation passed by the United States Congress in 1990, known
 

as the Clean Air Act Amendments, requires most fossil fuel-fired
 

power plants to reduce sulfur dioxide, nitrogen oxides, and
 
While
particulates from current stack gas emission levels. 


emission-control equipment is available to help most New York
 

State utilities comply with the new regulations, current
 
technologies consume significant amounts of energy, increase
 
carbon dioxide emissions, reduce plant operating efficiency, and
 

may produce large amounts of solid and/or semisolid by-products
 

that require additional energy for processing and disposal.
 

I wish to describe the operating characteristics several energy

efficient technologies use for controlling sulfur dioxide,
 

nitrogen oxide, and particulates that are either in commercial
 

usp, under development, or in the demonstration phase.
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TECHNOLOGY
 

The Clean Air Act Amendments were enacted to reduce environmental
 
impacts from many sources, including fossil fuel combustion. The
 
most pr.blematic combustion products are sultur dioxide, nitrogen
 
oxides, and solid particulates. However, the environmental
 
benefits achieved by technologies that minimize release of these
 
combustion products to the atmosphere are offset by increased
 
parasitic power requilements, reduced plant operating efficiency,
 
increased carbon dioxide omissions, and the need to dispose of
 
the emission-control system's by-products. Parasitic power
 
includes that needed to 1) overcome the additional pressure drop
 
of the flue gas through the sulfur dioxide scrubber vessel,
 
nitrogen oxides removal reactor, and/or particulate emission
 
control device; 2) circulate and inject sulfur dioxide scrubber
 
limestone slurry, inject reagent for removing nitrogen oxides,
 
and energize particulate collection systems; and, 3) prepare
 
reagents for injection into the flu-2 gas.
 

The cumulative incremental parasitic power consumption by
 
pollution-control equipment for limiting emissions of sulfur
 
dioxide, nitrogen oxides, and particulates from coal-fired plants
 
may be as high as nine percent of gross plant generation. A coal
fired plant producing 300 MW for distribution and sale must
 
generate up to an additional 27 MW to provide power for
 
pollution-control equipment. Making up for this lost generating
 
capacity imposes not only additional costs on ratepayers, but
 
also additional environmental impacts. For gas-fired plants,
 
when nitrogen oxides are the major pollutants, about one percent
 
of gross plant generation may be required for emission control.
 
An oil-fired plant's parasitic power consumption is higher than a
 
gas-fired plant's, but lower than a coal-fired plant's if low
sulfur fuel oil is used to meet sulfur dioxide emission
 
regulations. The net effect of this increased power consumption
 
is a reduction of about one to four percent in the plant's
 
generating efficiency.
 

In addition to reducing plant generating efficiency, pollution
control systems increase carbon dioxide emissions. For coal
fired power plants, carbon dioxide emissions are on the order of
 
1.3 tons per MW hour. Pollution-control equipment will produce
 
an incremental 200,000 tons of increased carbon dioxide emissions
 
annually from a 300-MW coal-fired, baseloaded plant, with a 0.65
 
service factor, due to required add-on sulfur dioxide, nitrogen
 
oxides, and particulate pollution-control systems. For natural
 
gas-fired steam generating plants, carbon dioxide emissions are
 
about 0.6 tons per MW hour. Add-on pollution-control systems for
 
nitrogen oxides will add an incremental 10,000 tons of increased
 
carbon dioxide emissions annually to the atmosphere.
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When pollutants from the flue gas of fossil fuel-fired boilers
 
are removed, the by-products may be marketable or require
 
disposal. For example, in removing sulfur dioxide from a boiler
 
burning four-percent sulfur coal using a wet limestone scrubber
 
with only settling for sludge dewatering, as much as 1200 pounds
 
of waste material per ton of coal burned is produced. These by
products usually undergo additional processing to meet end-use
 
specifications or disposal regulations.
 

Sulfur Dioxide Emission-Control Technology
 

Sulfur dioxide emissions are a major source of acid rain. The
 
Clean Air Act Amendments call for a nationwide annual sulfur
 
dioxide emission reduction of 10 million tons, using 1980
 
baseline emissions, by 2000. All coal- and oil-fired plants will
 
be obligated to control sulfur dioxide emissions below 1.2
 
pounds/million Btu heat input by 2000.
 

Utilities that consider switching to fuels lower in sulfur to
 
meet emission regulations will probably have higher fuel costs
 
and fewer competitive suppliers. An alternative to fuel
 
switching is flue-gas scrubbing, which may be economical at some
 
locations, to contrcl sulfur dioxide emissions. Flue-yas
 
scrubbing can be used with coal oil-fueled boilers.
 

Flue-gas scrubbing sulfur dioxide-control systems broadly include
 
three types:
 

(1) 	wet limestone with landfill disposal or upgrading a
 
sludge or dewatered by-product for commercial use;
 

(2) 	dry lime that produces a dry by-product for landfill
 
disposal or commercial use; and
 

(3) 	regenerative piocesses that regenerate and reuse
 
scrubbing reagents to produce a concentrated sulfur
 
dioxide, sulfuric acid, or elemental sulfur by-product.
 

Several wet-limestone desulfurization process with sludge
 
dewatering and landfill disposal are commercially proven. Many
 
second-generation, energy-efficient processes of this type are
 
under development, or in the demonstration phase. A discussion
 
of three energy-efficient processes follows.
 

The New York State Electric and Gas Corporation is installing a
 
Saarberg-Holter-Umwelttechnik wet-limestone system at its 300-MW
 
Milliken Station as part of the United States Department of
 
Energy (DOE) Clean Coal Technology IV Program. This technology
 
combines co-current/countercurrent scrubber design to improve
 
flue-gas and limestone-slurry contacting. This innovative system
 
will use organic acid additives to increase limestone reagent use
 
and to suppress scale formation that could lead to operating
 
problems. A split-module open-spray tower absorber will be
 
located at the base of a new flue-gas stack. The system includes
 
equipment for producing marketable commercial-grade gypsum,
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calcium chloride, and fly ash to minimize solid-waste disposal.

This space-saving sulfur dioxide scrubbing system is expected to
 
reduce parasitic power consumption by one percent compared to
 
baseline wet limestone process. For the 300 MW Milliken Station,
 
a one percent reduction in parasitic power consumption is
 
equivalent to three MW.
 

The Chiyoda-Thoroughbred 121 (CT-121) process' jet-bubbling
 
reactor/ absorber design injects flue gas below the surface of
 
the limestone-reagent scrubbing slurry. Flue-gas/reagent-slurry
 
contacting is enhanced in the jet-bubbling zone. While the
 
pressure-drop across the absorber is higher than in an open-spray
 
tower, the design eliminates the need for energy-consuming slurry

injection and recycle pumps. Moreover, sulfur dioxide
 
absorption, sulfite oxidation, and gypsum precipitation occur in
 
the scrubber vessel, eliminating the need for additional pumping
 
capacity. The process produces large, readily dewatered gypsum

crystals. Parasitic energy consumption is expected to be lower
 
than with conventional wet-limestone scrubbing.
 

The Pure Air process uses a co-current, downflow absorber with a
 
single level of grid packing for contacina sulfur dioxide with
 
limestone slurry. The co-current absorber permits higher gas

velocities and therefore a compact design. Grid packing

increases flue-gas/limestone slurry contacting, enhancing sulfur
 
dioxide removal. An Air Rotary Sparger system at the base of the
 
absorber provides slurry agitation and forced oxidation to
 
produce a gypsum sludge for dewatering and disposal. Open-grid
 
packing scaling and plugging problems are resolved by using

additives. Parasitic energy is expected to be lower than with
 
conventional wet limestone scrubbing.
 

These three advanced wet limestone scrubbing systems illustrate
 
how the penalties associated with sulfur dioxide removal can be
 
substantially reduced. An alternative approach, dry-scrubbing
 
technology, produces a solid waste that does not require
 
dewatering, and is easier to dispose of. Most dry
 
processes, with the exception of spray drying, are designed for
 
retrofit installation where sulfur removal rates from 40 to 70
 
percent are targeted. The increased flue-gas solids loadings
 
from injected lime solids are removed by existing or add-on
 
electrostatic precipitator or fabric filter particulate
collection devices.
 

Finally, regenerative flue-gas scrubbing processes recover the
 
scrubbing reagent while producing a marketable sulfur-containing
 
by-product. These processes tend to be more complex and somewhat
 
more costly to construct and operate than wet-limestone
 
processes, but they have the advantage of minimizing solid or
 
slurry waste disposal, and of generating revenue from the sale of
 
elemental sulfur, concentrated sulfur dioxide, or sulfuric acid
 
by-products.
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The Wellman-Lord process is the major commercial regenerative
 
sulfur dioxide scrubbing system. Although widely used abroad,
 
only two plants in the U.S. use the technology due to its cost
 
and complexity.
 

Two new regenerative flue-gas desulfurization processes are in
 
the development stages. The Energy Authority is co-funding two
 
three-MW pilot-scale demonstrations of the Tung and SOXAL
 
processes at Niagara Mohawk Power Corporation's Dunkirk Plant.
 
Evaluations of the two processes estimate that Tung and SOXAL are
 
more energy-efficient and less costly than the Wellmarn-Lord
 
process. While both these new processes use sodium sulfite as
 
the absorber reagent, they differ in how they regenerate spent
 
reagent.
 

The Tung process uses an organic solution in a liquid/liquid
 
extraction operation followed by low-temperature steam stripping
 
to regenerate sodium sulfite from the sodium bisulfite absorber
 
effluent. The SOXAL process uses standard polymeric
 
electrodialysis membranes and proprietary polymeric bipolar
 
membranes to regenerate the sodium sulfite reagent. In both
 
processes, concentrated sulfur dioxide gas is produced that can
 
be further processed into sulfuric acid or elemental sulfur. It
 
is estimated that capital and operating costs are competitive
 
with wet-limestone desulfurization technology. The pilot-plant
 
denonstrations will establish process performance with flue-gas
 
that contains fly ash from a coal-fired boiler, and will verify
 
process economics to the extent possible with these pilot-scale
 
demonstrations.
 

Operating characteristics for a number of sulfur dioxide emission
 
control systems are outlined in Table 1. The costs for new plant
 
construction are estimated in Table 2. Retrofit systems
 
generally cost more than grassroots iistallations. Cost premiums
 
for retrofit systems are site-specific and difficult to quantify.
 

Nitrogen Oxide Emission-Control Technology
 

Nitric oxide and nitrogen dioxide pollutants are combustion
 
products of all fossil fuels. These nitrogen oxide compounds,
 
commonly called NOx, lead to ground-level smog and ozone
 
formation, and contribute to acid precipitation.
 

NOx forms from the nitrogen present in the fue) (fuel NOx), and
 
from the reaction of nitrogen and oxygen in aiz at high
 
combustion temperatures (thermal NOx). Coal combustion produces
 
the most and natural gas the least NOx pollutants per unit of
 
energy released. Intense combustion processes with high flame
 
temperatures result in good fuel use and low carbon monoxide
 
emissions, but high NOx emissions. Low-intensity combustion
 
processes tend to be low NOx sources, but may have poor fuel use
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and higher levels of carbon monoxide emissions.
 

There are several technologies to control NOx emissions that
 
apply to all fossil fuels. These technologies modify the
 
combustion process to minimize initial NOx formation, or use
 
reagents and/or add-on catalytic converters to reduce NOx in the
 
flue-gas to nitrogen and water. Combustion modifications can
 
reduce NOx emissions by 20 to 50 percent. Reagent-based systems
 
can reduce NOx emissions from 40 percent to more than 80 percent.
 

Combustion modification technologies are available to control NOx
 
emissions by reducing combustion intensity and temperature, and
 
by controlling combustion air injection and mixing with fossil
 
fuel. Some examples of such technologies include low-NOx,
 
staged-air admission burners, flue-gas recirculation into the
 
combustion zone cf a b /Ier cverfire air ports to complete
 
combustion amove :ne zazners in a noiier, ana snu:ting dcvn a 
number of burners in a boiler. Combustion modifications tending
 
to be low cost, are usually easily retrofit, and do not
 
significantly reduce plant efficiencies. However, plant capacity
 
may be reduced. NOx removal is limited, and the combustion
 
process must be carefully monitored to assure complete fuel
 
combustion, and to warn of operating conditions that may

accelerate boiler ash deposition and corrosion.
 

NOx control systems that use reagents injected into the furnace
 
or boiler flue gas are either catalytic or non-catalytic. Both
 
systems use a reagent to reduce NOx present in the flue gas to
 
nitrogen and water. Non-catalytic processes inject reagent into
 
the boiler or flue gas where temperatures range from 1600OF to
 
21000F. Catalytic processes operate in the 600°F to 750OF range,
 
and inject reagent into a separate reactor vessel.
 

Non-catalytic processes, called selective non-catalytic reduction
 
(SNCR) in the literature, inject ammonia or urea into regions of
 
the boiler where flue gas temperatures are optimal for the NOx
 
reduction reaction to occur. Optimum temperature t r ammonia is
 
around 17000F, while 1900OF is best for urea. As boiler load
 
changes, the optimum reaction temperature location changes in the
 
boiler, which requires installing multiple reagent injection

grids or injection nozzles. Flue-gas composition, specifically
 
carbon monoxide and hydrogen, and flue-gas flow distribution in
 
the boiler affect the NOx reduction reaction.
 

Experience with SNCR is somewhat mixed. Some boilers have
 
achieved NOx reductions as high as 80 percent, and others only 20
 
percent. This performance range indicates that detailed,
 
specific injection grid design and location in the boiler is
 
critical. The reagent injection control system must be designed
 
to efficiently follow boiler load and inject reagent at the
 
optimum temperature injection nozzles. Care must also be taken
 
to assure that unreacted ammonia, or ammonia produced by the
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decomposition of urea, does not react with sulfur compounds in
 
the flue gas to form ammonium sulfate or bisulfate that can
 
deposit and plug the air heater. Unreacted ammonia emissions
 
from the boiler stack must be below a permit level. Also,
 
nitrous oxide or laughing gas, an identified greenhouse gas, is a
 
product of SNCR processes. Currently nitrous oxide emissions are
 
not regulated in the United States. Extensive testing of SNCR
 
installations at a number of fossil fuel-fired plants is
 
presently under way to evaluate operating problems, and to refine
 
process economics. The Energy Authority is co-funding the
 
demonstration of urea injection SNCR on a 185-MW oil-fired boiler
 
at Long Island Lighting Company's Port Jefferson Station.
 
Commercial urea injection SNCR systems are operating on two 85-

MW, and one 160-MW coal-fired boilers at the Salem Harbor Station
 
of New England Power Company.
 

In catalytic, or selective catalytic reduction (SCR) processes,
 
ammonia is injected into the flue-gas as it enters a catalytic
 
reactor vessel that can be installed in the flue-gas path at
 
different locations. The most cost-effective location is site
specific, and depends on fuel composition, boiler design, and
 
other parameters. The SCR reactor is installed where normal
 
flue-gas temperatures are around 650 0F. If the reactor is
 
located upstream of the combustion air heater and/or flue-gas
desulfurization system it is hot-side SCR. Since flue-gas
 
temperature changes with boiler load, temperature control is
 
achieved by bypassing flue-gas from the boiler around the
 
eccnomizer. Catalysts that function efficiently at flue-gas
 
temperatures encountered at low boiler loads also can be used.
 

In hot-side installations, the SCR reactor can be installed
 
before or after an electrostatic precipitator (ESP). If the
 
reactor is upstream of the ESP, the catalyst ceramic support must
 
have larger openings to prevent ash-plugging problems.
 
Sootblowers also help to avoid reactor plugging. Care must be
 
exercised in operating this reactcv, especially during plant
 
startup and shutdown when acid dewpoint temperatures are reached
 
that could lead to deposition of alkali sulfate salts in the
 
catalyst support openings. Catalyst poisoning and plugging may
 
result. A reactor downstream of the ESP makes smaller catalyst
 
support openings and a more compact reactor design possible.
 

Cold-side SCR installations avoid reactor deposition problems
 
entirely because the reactor is installed in a low-particulate
 
and low-sulfur-concentration environment. The downside to this
 
seemingly best alternative is that energy is reuired to reheat
 
saturated flue gas from the scrubber to the 650 F SCR reactor
 
temperature, which reduces plant efficiency. The additional
 
energy penalties must be compared to the advantages of improved
 
operations and longer catalyst life when choosing an SCR
 
configuration. The Energy Authority is co-funding a one-MW
 
pilot-scale demonstration of cold-side SCR that uses a novel
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heat-pipe heat exchanger to heat flue gas to reactor temperature

at New York State Electric and Gas Corporation's Kintigh Station.
 
The demonstration project is evaluating the performance of a
 
number of catalysts supplied by different manufacturers. Results
 
to date indicate that catalyst performance in removing nitrogen

oxides from flue gas, and the amount of unreacted ammonia that
 
passes through the catalyst, depends on catalyst chemical
 
formulation and on the design of the catalyst support.
 

Table 3 summarizes operating characteristics of NOx emission
 
control options. Cost estimates appear in Table 4.
 

A new; technology for exclusively nauural gas-fired boilers is
 
being evaluated at Southern California Edison's Mandalay Station.
 
The technology uses an SCR catalyst that is spray-applied to the
 
regenerative Ljungstrom combustion air-heater baskets. Pressure
 
drop and heat transfer characteristics are not appreciably

affected by the catalyst coating on the convoluted metallic heat
 
transfer surfaces. Ammonia is injected upstream of the air
 
heater as in a conventional SCR reactor to avoid the expense of
 
adding a separate catalytic reactor vessel, and the additional
 
induced-draft fan power for overcoming reactor pressure drop.

The effect of the shorter gas residence time in the catalytic air
 
heater process compared to a conventional SCR reactor on NOx
 
removal is a major unknown. If successful, this technology may

be a low-cost way to control NOx emissions from the combustion of
 
low-ash fuels.
 

Particulate Emission-Control Technology
 

Particulate emissions are a combination of fuel ash and unburned
 
carbon that is transported with the flue gas to the boiler flue
 
gas stack. Initial concerns about health effects led to
 
regulations that limpet total particulate emissions. The
 
realization that rei..?irable-size fine particles less than 10
 
microns are a more serious health hazard has increased
 
legislative interest in limiting their emission. The 1990 Clean
 
Air Act Amendments specify that new regulations be established to
 
address these concerns.
 

Traditiondlly, electrostatic precipitators (ESPs) removed
 
particulate matter from the flue gas of coal-fired and oil-fired
 
plants. With ESPs which have low pressure drop and low energy

consumption, the power plant can continue to operate if the ESPs
 
have operating problems. However, ESP performance is affected by

the electrical resistivity, cohesivity of the collected material,
 
and particle size. Collection efficiency for fine particles less
 
than 10 microns is lower than for larger particles, and this may

necessitate extremely large ESP designs or other techniques if
 
increased removal of particles in this size range is required.
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Using baghouses for collecting fly ash from coal-fired boilers is
 
increasing because these devices are insensitive to ash
 
composition and characteristics, and because they collect very
 
fine particulate more efficiently than ESPs. The availability of
 

new, durable fabric-filter materials makes baghouses economically
 
competitive with ESPs, particularly for the collection of high

resistivity and/or very fine particle-size fly ash. Their chief
 
more
disadvantage is high flue-gas pressure drop, which consumes 


energy than ESPs.
 

are
Anticipating Clean Air Act Amendments regulations, utilities 

considering using compact pulse-jet baghouses downstream of
 
existing ESPs to capture respirable-size particulates that are
 

not removed from the flue gas by the ESP. This may be an
 
economical option to comply with projected regulations.
 

to a
Collected fly ash from ESPs and baghouses is usually sent 


landfill for disposal. Efforts to find appropriate end uses,
 
depending on composition and physical properties, include cement
 
manufacture, concrete blending, grouting, landfill cover, soil
 

conditioner, and flowable fill material.
 

Table 5 summarizes operating characteristics of particulate
 
Table 6 presents estimated costs.
emission-control systems. 


CONCLUSIONS
 

Current utility pollution control systems often reduce plant
 
In New York State,
operating efficiency by five percent or more. 


total statewide utility fossil-fuel expenditures in 1992 were
 

about $2 billion. The power losses translate into additional
 

fuel costs approaching $100 million dollars per year to replace
 

lost 	electric-generating capacity.
 

Estimated energy consumption for emission control systems
 
relative to a plant's gross generating capacity is!
 

* 	 3 to 5 percent for reducing up to 90 percent sulfur 

dioxide emissions from coal-fired plants; 
* 	 0.5 to 2.5 percent for reducing nitrogen oxide 

emissions by up to 80 percent from all fossil fuel
fired plants; and
 

* 0.5 to 1.5 percent for controlling particulate 
emissions from oil- and coal-fired plants. 
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The emission-control systems also result in increased carbon
 
dioxide emissions per unit of electric energy generated.
 
Significant plant efficiency gains with reduced cost and
 
environmental impacts may be achieved, however, by the use of
 
emerging emission-control technologies such as those identified
 
in this paper.
 

Although sulfur dioxide scrubber chemistry is still not
 
completely understood, sufficient knowledge is available to
 
improve the performance of existing scrubbers, and to design more
 
energy-efficient new scrubbers. One result of this new knowledge
 
is that additives are used at existing facilities to enhance lime
 
and limestone reactivity, while avoiding scaling, plugging, and
 
sludge dewatering and disposal difficulties. The Electric Power
 
Research Institute's High-Sulfur Test Center in Somerset, New
 
York, operated with Energy Authority support, provides a
 
convenient facility to investigate specific scrubber problems.
 

Emission-control systems either minimize the formation of
 
nitrogen oxide and nitrogen dioxide, or reduce gaseous nitrogen
 
oxides to molecular nitrogen gas, the main constituent of air,
 
and water vapor. Except for the possibility of unreacted ammonia
 
emissions, and spent catalyst disposal, nitrogen oxide control
 
systems do not produce by-products for disposal or reuse. :n the
 
future, research will undoubtedly focus on reducing cost and
 
increasing the performance of nitrogen oxide reduction catalysts.
 

Particulate control technology will be affected by regulations
 
requiring increased removal of respirable-size particulates.
 
These collecticn systems will consume more energy than current
 
systems. Many techniques, such as improved flue-gas flow
 
distribution, pulse energization, special discharge electric
 
designs, modern electronic voltage control systems, reverse
 
polarity operation, and precharging, will be evaluated to improve
 
ESP performance. Using chemical additives such as sulfur
 
trioxide and ammonia to condition the flue gas also appears to be
 
promising to bring existing ESPs into particulate emission
 
compliance.
 

While scine of the advanced emission-control technologies
 
discussed in this paper are commercially available today, many
 
more are at the development/demonstration stage. It is critical,
 
therefore, that support for such research be maintained if the
 
benefits these technologies offer are to be realized.
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Wet Limestone 


CT-121 


Pure Air 


Saarberg-Holter 


HYPAS 


Lime Spray-Drying 


Wellman-Lord 


SOXAL 


Tung 


Table 1
 

Operating Characteristics
 
Sulfur Dioxide Emission-Control Technologies
 

Status 
 Parasitic Power By-products
 

(Z Generation)
 

Commercial 
 4 	 Sludge or dewatered gypsum for
 
landfill or wallboard manufacture
 

Commercial overseas, 
 3.5 	 Devatered gypsum for landfill or
 
US demonstration 
 wallboard manufacture
 

Commercial overseas, 
 3.5 	 Dewatered gypsum for landfill or
 
US demonstration 
 wallboard man.facture
 

Commercial overseas 3 
 Dewatered, marketable gypsum and
 
calcium chloride
 

Pilot demonstration I 
 Dry calcium sulfite and sulfate
 
solids for landfill
 

Commercial for low- 3 
 Dry fly ash and calcium sulfite and
 
sulfur coal 
 sulfate solids for landfill
 

Commercial 
 5 	 Sulfur, sulfur dioxide, or sulfuric
 
acid
 

Pilot demonstration 3 
 Sulfur, sulfur dioxide, or sulfuric
 
acid
 

Pilot demonstration 
 4 	 Su:fur, sulfur dioxide, or sulfuric
 

acid
 



Table 2
 

Estimated Costs
 
Sulfur Dioxide Emission-Control Technologies
 

Wet Limestone 


CT-121 


Pure Air 


Saarberg-Holter 


HYPAS 


Lime Spray-Drying 


Wellman-Lord 


SOXAL 


Tung 


Capital Levelized
 

($/kW) (S/Ton S02)
 

150-180 350-450
 

150 350
 

150 380
 

145 380
 

130 1000
 

135 500
 

217 470
 

185 500
 

200 300
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Table 3
 

Operating Characteristics
 
Nitrogen Oxide Emission-Control Technologies
 

Status Parasitic Power Environmental Impacts
 
(Z Generation)
 

Combustion Control 	 Commercial Negligible 
 Potential for increased unburned carbon
 
and carbon monoxide emissions
 

Low-NOx Burners Commercial Negligible 	 Potential for increased unburned carbon
 
and carbon monoxide emissions
 

SNCR Commercial 0.5 - 2 	 Ammonia reagent
 
Unreacted ammonia emissions
 
Formation and emission of nitrous oxide
 

SCR Hot-side 	 Commercial overseas, 
 1 - 1.5 Ammonia reagent
 
US demonstrations 
 Unreacted ammonia emissions
 

Spent catalyst disposal
 

SCR Cold-side 	 Commercial overseas, 2.5 Ammonia reagent
 
US demonstrations 
 Unreacted ammonia emissions
 

Spent catalyst disposal
 



Table 4
 

Estimated Costs
 
Nitrogen Oxide Emission-Control Technologies
 

Capital Levelized 
($/kW) (S/Ton NOx) 

Combustion Control 250 - 1800 

Low-NOx Burners 5 - 50 250 - 1,800 

SNCR 5 - 16 500 - 1,800 

SCR Cnld-side 100 - 120 2,850 - 4,200 

SCR Hot-side 78 - 93 3,300 - 3,800 
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Table 5 

Operating Characteristics 
Particulate Emission-Control Systems 

Status Parasitic Power Advantages 

(Z Generation) 

ESP Commercial 0.25 Low pressure drop 

Low energy consumption 

Malfunction will not cause 
boiler shut-down 

Reverse-air Commercial 0.35 Not sensitive to fly-ash 
Baghouse composition 

High collection efficiency 
for fine particles 

Pulse-jet Commercial 0.35 Space requirement same as 
Baghouse ESP 

High collection efficiency 
for fine particles 

Disadvantages
 

Low collection efficiency
 
for fine particles
 

Sensitive to fly-ash chemical
 
composition
 

High pressure drop
 

Large space requirement
 

Filter bags can plug and cause
 
boiler shut-down
 

Expensive filter material
 

High pressure drop
 

Filter bags can plug and cause
 
boiler shut-down
 



Table 6
 

Estimated Costs
 
Particulate Emission-Control Systems
 

ESP 

Capital 

($/kW) 

65 

Levelized 

($/kW-yr) 

5 

Reverse-air Baghouse 75 6 

Pulse-jet Baghouse 50 6 - 7 
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COAL TECHNOLOGY AND ENVIRONMENT 

R.Patil, Chief Engineer
 

Maharashtra State Electricity Board, India
 

COAL PRODUCTION IN IN'DIA 

According to a survey made.by the year 2020 "dia %ll probably havo at, =22ual production . 
and annual production growth me which will be. 4th and 2nd rtspecwv'ely in the world. l we fiDd 
environmentally safer ways to mine, transport and burn coal itwould be .:he best bet for the rev 
cevril htm&ed years. 

Coal Mining In India: 

Muning of coal is among the nost ariuoua labourn that ==a is cllcd up,n tepet-forr_ h'n 

condition in coal mines are generally extmeely difficult, the working placles beiig sevet-2 
hundred merres below the ground, surrounded by poisonous and dangerous gases with week 
roofs and unstable wrldng areas. The g'owth o'findian coal Induztry'ha; achieved very lFgh r?.-:; 
since independence, especially atter nationalization and this is accbtnpar'ed by poducioo ot" 
large volumes of hazardous solid, liquid and'gaseous material duiing various minbnio, P.ind 
related activitie& vooutinm the otherwise, clear enviro ent. If these ar not propefly harTle:/, 
adecjuatel7 treatcd actd Cz.reul," disrcsc:; cr tlh,e:Tc,- coulO b,. dis, tous to rnan Hiz- and 

derrinenal to aq-uatc ana t.-r :r,,n r31 i'a. 

Eaviroumenta! diturbance, due to coal tniuing 

Incrasing the nation's output of coal ai faster rate is possible, ualv :wa p'I.,t c[:n cat 
The O.C.. mining results in a constant decline of cultivated or afforestd areas as it involves the 
removal of overbnu&n to exploit the .ndedying valuhl- coal 'depends. Stripp~iig of the 
overburden from the coal seam is devasting to the envroumrent a- tihsu-ice area ef the dign g 
side. Vegetation is removed, micoflorni and m cr--rg-nLru are dcsrr)yed, soil, su!.-foi! :aid 
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underling stat am- rupured and displaced, m-ild Uft scarer or die, air qualliv is temrpor, aly 
degraded, surface k. txpu-,xr-d iu itctulua ,.,j iteafio, A d gCnomrtl topogr Phy 

changes. Thus surface mining process in general disturbs the ecoogical ba:, nce which is a part. of? 
our environment. i.nis eco-system Is ctianged due to C-,t,,iu dJdc I'statioti 11tl q ou.l 

erosion, land sLip, land sabsidence and floodiag etc. Various problros .%ch as, water, air noise 

pollution and iand degradanon etc. are also associated with k. Ths pottr.,Id ltiacLs gcnerated 

by mining activities includes (1) Tmpats on laadscai'e, (Z) ir.-ams on land usc, (3) ImFpact on 

flora and axktine vegettion, (6) Impats on wmrx r mi,1liry, (7), Impacis c mikio neterlogic-l 
paramters, (8) Acoustic impacts, (9) Impacts on S.;o-ec-,omical srrucfmLr of commimtity. 

Environmental protecion measures in coal industry : 

Of late, there has becrn an increasing awarencss for yrorccting anti restoring the mine en--ironaeat 
in the coal industry. Every mining project a; its o:nceptual stige now introdtice a requdsizo 

eOviroamental asler.c-ent and man'igt~menct platn (EMP) EMP for every new and old mints w!l 
include the impact assessment of nmiiing nctic-ies o1 enVi0tmf.DL L- add:ion t ttit i',nit2q 

industry is regulated by mine ,levelopruent rid reclamailor, ac-, sr- as to enure land restorMion. 

Purpose of assessment 

TLc .L u,. a..L .u .- I.... ,' r.m.nt i.mtr nlin-'v an informvd yv*lio 2.t prm--€;o-vn Iv in ,n.1lr' 

intelligent choices smong alternative courses of action. Tbat is, an envimnrmental a.isessment Ls 

intended to prescnt a clear and coccise picture. of the benefits and cost.s in terms of nawural and 

cQtural assets, as well as 5ocial values assozimned with various altcmtive cour3c of acrio,. 

Environmenml assessment is a valuable tool io eliminadng or tigtinc unde-irnble effec ,,n 

the environment that arise from contemplated acions. 

National Environmentl Policy Act and EIS : 

In January 1970 thL Nation.l Environmental policy act (NEPA) became public law in United 

States of America. Though they have a number of forlatcnstor coniolling pollufrfoi ofwacL. 

air etC and fnr dlrfr.tr.n, kinds i pol'nlhdn. L... nu;' j.vli - h d e,:. in ?Any counmrizn 

there was no act for protecting the environment in totality. NTEPA necessitated the prepa mtion cf 

environmental tllpac. statement (EIS) to ensure that .,Li enavironmetrui indice have ber. 

curmidercd. ?Ut.,Xdu1lty elu Cvbv,,.uautd iL..ip, jL t,ju-L Ls 6 il ,ifon otnMatMt that 
provides discussion of significant erircnme:ntai impact assoclated with a proposed Mring 
project and infornis cdeciion make-r.and public, of misouable alternativts that would avoid cr 
minimize adverse impact- or enhance the quality of human erwirnnmnt. 

Legislation for Indian Coal mining : 

cf environrneatal pr'tectiot 
and state legislation tbrough a series of mandated pernits, approvals, notifications an-d 

-

Every coal proj.ct impiementation in v ofkms i.Srcgulared by centm;,i 

coordination agmT- autc whib ue b2zed o. looslv crvrlinated fatnJly of en',Lonrver.: ' 

legislation acts. The requirement tamer these ac:; a: to be Eclowed :c ictly whil: Qr,:an ,g 

(rame work.of EM'L and ES. potuntiMl impact of ptojej- dreccpuaeatoa t.he natural development 

Is constrained by legislation as illustratrJ in Fig. 1 
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Frame work for environmental tanagenient p'Au (E MP* 

For preparing envronmental impact .tatemert fot proposed n aczvties, ribc -re r of 
impacts of individual action Is require whicO in turn w-ill b-- based on syv.omn:i r.odupc l-. 
and interdisciplinary approaches. SysTemati JeuuL z , A1rdclayl ;a, v,-, =d Etignt.sc 

consideration of potential impacts on the physica!, biolcgial, -- and sco-.ccnoi:Lltur, 
aspects of the etrvironment. The rr.lt of an mse.sment should be reprc&-ible by ct'Zt ,,,nupof 
i vestigatorsrinaly inpul9 are requived from many disciplines ,o r, that a conpl'ee annlVisnsr 
has been accomplished. Envitonmental assvtmect for coal mining projects reqJires to pcri'-nn 
five activities as illustrated iaFig 2 

1: Description of Environmental setting 

A proper description of the envtronmental seaing can provide base line informndoinec :ary to 
assess the predicted imparts associaed with the various "dternativ.es tnder considezUion, In 
addition to this it will provide sufficient iaformatior so that decision makers and rel';we 
unfamiliar with the general location = de-v~lop an under stan,.La of the project need a; wel a: 
thr enviiumental characteritics of the prop.ad minim-ning pojec FIS ;ent ftr appo-'a, 
receives many review comments if dtc ptioa daia of enrironmental sating is inadequate. 

No single approach for developtng a list of enlronmental factorn should "-eused to the ichtlti-r 
of other approaches. The most effective means of preparing a lsT of em'ironme=l fzactrs is tc 
be employ a combination of approaches sp!ciically tailored for ind',idual project =:d for 
alternatives under considerion. Thcrc ar nany agcacie, whoa identif the environmient't 
factors that should be included in a description of the ertimrmen:al sltling but for a particvl,-! 
mining project these informiatiors may be i.aadequate and unecon6mirnal. The environmental 
fa.tors as ooiatod with dmcaribing the enviio.ental setting for propose'd Mining l= include 
detail survey of Topography, Geology, Demography, Meteovology, ydrologgy, Ecology .4n. 
Scio-economical consideration of rulning area, which are dhcctiy cr bidirecy affectrd. As i, 
evident from FiS,2 a description of the chaacteristies for each of th~e r.,otcntial impact fa.,or., 
would represent good approach for descring the environmcnatl t.rbing for proposed 2tMt!, 
project- The information can be obtained from tht: relevant oficers of public institions whl-. 
are enlisted in Table.1 Baseline information,; are ofteo found to be inadequame with r0g3,d tc 
envixonmental statement preparation from the apencies enlis.ed in Table.l. As time p ,ogres3,d-,,.
inadequacle3 will be overcome a : r,eult of nu&-,rcld information gaxheting by the private,'publt
 

efforts correctly h
institutions. Modes are beng made to descnrbe h,. envitonmental -s.ttcg 
through the use of information storage and reneval tectniques; L[i3cme i.ntance-i tIowota or 
computer mapping appioaches are utilizeeL 

2. Impact PredictSon and A-"sv:3Itcnt 

After de,%ciprion o, ouviTonrnitidtl sewring for the proposed prj.ct, the major ,ta; !r 
environmental assessment process which requires highest derex 'of s-cen-Ec appliati'o ,:.' 
technology is impact presciction and assessinent. ThiL prtii4ar ire c ',ve.v.proje2,iag J. 
environoental setting into the further without the ptiposed actioin 7nd th..p-tir.rrzig th . 
necessary calcultioas or swdying the apploachet; for aru.al.y ptedti .n1 tLkeimFact of &. 
proposed acdou and ass-,ing the ccnscqucnc... .dic'i n and ent o the i 2..: ,. 
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alternative on the physical, chemical. ,cologicl cultural and 'xiL-couoic e,ironment r'ruirC 

many -cientific approach and models that can be 'ed to prtOict the air water. noike ad 

biologic.al environment. The piedicton of impa;cts on the ,:uiaral e:mitonnent is largely 

associated with the de±tcrinat:ion of the geographic dismbudon of cjtural "eourntos In th

project area. Since this determination requircs on site zar.-ey wcrk, t jis impalC pddcioa is 

perhaps the most precise one that can be accomplished. Finally, prediclion of impacts on the 
socioecooomic evii'onment does have technological bases. However, mc:t of zbe p."ojccAiots tf-r 
socioeconomic conwideration, guch a pollution and polutaiun distributicn are la-gely basedJ oa 
historical trends. Assessment of the consequenoes of predi~cd impacts Is 3ptroached iz diffetea 

ways depending upon the environmental comp:trtment For erarnple, p ~dtzcted chazges in 2-ir and 

water quality can be assessed against en.,ironmental quality standard, wh.reas iedict-ted chtn:!ZC.

in land use and the resultant consvituenct- crr tord and faun species arc mot! itt ;c 

Steps for pre~dction and assessment of air, water, nois, h ological, CwltILtrai.r:access. 
e istefl forsociocconornic-2! environment due to coal miniag are briefed in Table- 2, and ,,ill 

decision makcz- in Fvf. ".iu." :, -'8abl" f r,ripaa analysl isnboi'': 

the concept oF an impAc rcale and impact importance. However, proftsi Dnal jud2,,eut is 6.0 
in the absence of any standard or founalized a'iscmertt methodoloces, Fig3 iliu.7ate.s the caoil 

mining ativitirs %nd thcir impct on environment and aLso possibl,- mitigating effom to 

minimize the impact. With regard to as.e"srment or interpretation of predicted impacts, standar,1 

are available for may paramecrs within the physicl, chcmical and socioc oneic.enviromra ts. 

Less qualitative standards are available for other zreas of concern. Res.tarch and Development 

activities outside and in- house may bc developed eut3bUing iuter-di.ciplinary taam to interpret 

more properly the consequences of project imFlementaion. 

2. Feletiot of propo id isar-n 

In any model environment assessment, tht selection of proposed acon 3hotld be acooniplisbed 
only after considerarion with each atermative for meeting tho project n.ed. In eniny coal mn-. 
projects, the envionmental assessment made for previous simiair activities car_, be used i!i 
predicting for the proposed project. Now - a - day the guidelines provided by Narlor.a 
Environmental Councu are uscrut ru, .,cL,,iu vf - ,-a a.4o,.Th £'xMr ,tr fn,.le,-rn' ,, 
proposed action is aggegation and display of the comparative envirocnrcntai impacts as bet;
in Table-2. Various techniques are available for agr egating the i.fomntio' i," 
multiplication of scaling and importance v;dues in some technique anrd use of professioa' 
judgment in others. In coal industry particularly, professional judgment would b. the bc's: 
selecton criteria of propose act-oen. Before the selection of proposed action, te;hnical t 
associated, economic analysis based on benefit cost ratio or excess 'enefits mius cus's anj. 
general pubic preference for each alternative are taken into consideratio't. 

4. Preparation or Envirmnmental impactsLut-ement 

Thle last step in Lt. working for EMP involves are preparation of EIS. EIS prepartlUon i .cl.d. 

i) 	 4 Draft preparation - Bised on the study of environmental s:rting, impact -se .c .: 
and selection of proposed actori, draft of EIS is preprcd whic:h wil include in brief- ., 
The description of proposed actior, projec: pur-ose and enviromental setting, 
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brelationship of the proposed action on land us-e, plans, pollici: and cr.o for tbb 
affected land, c. Probable impacl.of the prop d ajtion on t altemat,.:d.vi:or_,-, 
to the proposed acton especially reclamation aivites in drail, e. any probabe 
adverse environmental cffet t2hail not be avoided as e ,4dct.t in Firg, x lat'ionshp 
between local short term uses of the human enviroDment and maintenance and 
enhancement of long term productivity, g. any irreversible and irretrievable 
com.witments of re.,urces that would be [olvcd in the pio-oged action sbould be 
implemented, h. any indication'of what other interests and on;iderntiors are thought 
to offset the advcrse environmental effects of the proposed action. 

fi) 	 4 Circulation of EIS draft for review of federal, state locnl agencies and public 
insftutlioris. 

ill) 	 4 Preparation of final IS after incorporating review commer.s of gpoups disctued 
above and send for approval from N,,tional Environmental Cowicil 

Environmeutal Planning 

Coal mining and related acr,-'irie:; are the pruccss whereby ideas, concepts and prog-a: 
development planrs ae transformed into tc'ain alteration resulti into climate change 
distub the total crosystrem. Environmontal pi. ning can and should be applied systemadtally a-
an integral part of project completion. Envijonmental planning for co;, indu-try includes t -: 
analysis of environmental qudity indices relevant to aUl mining related activities, and 
irnplcmentndon of alt=atiVeS re u ting mitigating the adverse enviroamental effecis a-.d 
maximizng the em.iroamcntal beneits as.ociacd vith project devel6prrenL From the fbregotng 
paragraphs it reveals that environmental planning is an interdiscipliDa y effbr" evolving physici, 
biological, cbemical, socioeconomic and cultural realms and also includes preparation of 
environmental impacts statements under the sphere of environmental legislation. 

Need ror Separate Orgnization of Environmental QtmUlty Mannerr.ent 

Better eavirormental quality management could be achieved by credang aunified orgnnization to 
handle air, noise, and water pollution and land degradatioan The bod 7 should have Fowol to 
impose rtadads as detailed it legislation, set target standards for imlemnentation anrd ;afbr.;
regulatioA. 
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Abstract 

China is the developing country that posses near 1200 million population. 

Coal is the main energy of china, which has provided and continue to provide 

about 70 percent of the energy for China. However, the efficiency of coal use is 

very low and the coal pollution is revere in China. Clean and efficient use of coal, 

therefore, will play an important role in the future energy and environment of 

China. 

In this paper, We firstly review the current situation of energy environment 

of China. Secondly the importance of the measures is analysed which are raising 

the proportion of coal used in electric power industry, improving the industrial 

boilers,increasing the rate of washed coal,and ete. Finally, We put forward three 

strategic stages that China should reach step by step for achieving the goal of clean 

and efficient use of coal. 

In addition We state that the environmential improvement of China has to be 

on the basis of the economic development of China. 

Keywords: Coal, clean and efficient. energy environment. 
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1. Current Situation 

China is not only the largest energy producer and consumer but also a revere 

energy pollution country. The fact of the the low economic developmental level in 

company with the heavy energy pollution of China is the basis for us to understand 

China' s energy environment situation and its developing trend. 

1. 1 Basic c! aracters 

In China the main environmental issue is energy environment, and the main 

energy environmental issue is the coal environment. Coal is the major energy of 

China. China s coal production as well as the consumption has been accounting 

for above 70 percent of total energy production and consumption (Table 1). This 

ratio is much higher than that of the developed countries. According to statistics 

for 1991, in China 96 percent of total waste substances of the burnt fuels were 

from the burnt coal. So the major issue of China ' s environment is the coal 

environment. 

The another character of China - s energy environment is the low efficient 

use of energy. The efficiency of energy use is only 30 percent, which is much 

lower than the 57 percent of Japan, the 51 percent of American and the 40 

percent of Britain. This is just the one of main reasons of resulting in revere energy 

pollution of China. 

China posses about 1200 million pepulation,which nearly equals to the one 

fifth of the world population. As a result,the difficulty of China to improve the 

energy environment is greater than that of any other country. 

Besides,as a developing country, China can not afford too much to decrease 

the environmental pollution in the near future. This is major obstacle for China to 

care for her environment. 

1. 2 Current Energy Environment 
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In China, more and more attention has been payed to the environmental issue 

since 1980. A lot of achievement of improving key polluters have been done. 

However the energy environmental pollution is still very revere for various 

reasons. Table 2 shows the statistical figures of China environmental pollution in 

1991. With reference to table 2, we can see that 80 percent of total ash and 90 

percent of total surlpur dioxide (SO 2) came from the burnt coal. In addition, the 

substance area resulted from coal producing has been near 90,000 hectare by far. 

Thus, we can conclude that the situation of China ' s energy environment is 

revere. 

2. Potential arid role 

As a developing country with coal as main energy, China - s energy pollution 

is revere and the potential of saving energy is great. For this reason, clean and 

efficient use of coal is of vital importance for the energy and environment of 

China in the future. 

2. 1 Coal for generating electricity 

In China coal used in electric power industry amounted to about 200 million 

tons per year, but that was only a quarter of total consumed energy. Inspection of 

table 3, we can see that the proportion is only half of that of developed countries 

in the world. 

On the basis of the real situation of China, the first thing for China to do is to 

raise the ratio of coal used for electric power. If so, the coal consumption 

construction will be improved, the efficiency of coal raised, coal pollution 

decreased and the difficulty of coal transportion overcomed partly. Besides, it will 

be easier to gather the coal-fired boilers to be improved if the ratio of coal for 

electrity is raised. And as a result, the coal pollution will be reduced a lot. At 

present, the ratio of coal used for power supply is ,427 g/KWH in China while the 

ratio is only about 330 g/KWH in developed countries. So if the ratio can be 
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lowered by 50 or 60 g/KWH then China will save coal by 5 or 6 million tons in 

this respect, in the meantime the environment pollution will be decreased. 

2. 2 	 Industrial Boilers 

There are 400, 000 small industrial boilers in China which consume 300 

million tons coal per year. The heat efficiency of the boilers is only 55- 60 

percent. The efficiency is 15- 20 percent lower than that of the developed 

countries. Potential reduction in coal use by improved efficiency could be over 50 

million tons per year. This is an important way to enhance coal efficiency and to 

reduce pollution for China. 

2. 3 	 Washed Coal Industry 

At present,the clean coal yield accounts for only 18 percent of total output of 

coal in China. Developing washed coal industry has a direct benefit in both respects 

of energy and environment. In 1990 only the consumed coal for power was 310 

million tons in China in which there was 86 million tons ash. If the ash content is 

reduced by 10 percent then the rate of coal for power will be decreased by 3 g/ 

KWH. That mean that coal will be saved at least 10 million tons and the coal 

pollution will be reduced greatly. 

2. 	4 Domestic Coal Use 

Improved domestic usage of coal is potentially important in China not only 

because of energy efficiency gains but also because of the contribution to easing 

heath problems associated with polluted air. 

In 1991 the rate of coal gasification was only 42 percent of China - s 

domestic coal. The rate must be increased so that the residential living conditions 

and environmental quality could be upgraded. 

The saved coal of the above terms totalled up to over 100 million tons per 

year. The total amount ',lmost equal:: to total production of thirty large coal 

mines. The coal pollution would be reduced by 10 percent. 
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It can be seen from above analysis that how important for china' s energy 

and environment to use coal cleanly and efficiently. 

3. Strategic Steps 

In view of the facts that in China the population is great, the level of 

economic develepment is low and the energy pollution is revere, China must step 

three paces to the goal of using coal cleanly and efficiently. 

In n., opinion, the three steps may be as follows. 

First of all, in the short run efforts should be concentrated on saving coal. 

For this, it is essential to raise the coal proportion for electricty and the ratio of 

washed coal. The both ratios should have been enhanced up to the average level of 

the world by the end of the century. It can be forecasted that the China' s coal 

pollution will continue increasing during this period. 

Secondly the key issue is how to use coal efficiently in China. Effective 

measures must be adopted to improve all industrial boilers and to introduce 

advanced technology for generating electricity. The wide application of circulating 

sulpurigation bed boilers will be useful to improve coal efficiency and to reduce the 

pollution. This objective is expected to be achieved in 15 years after the first step. 

The coal pollution will be smoothed down during this period. 

The third strategic objective is to use coal cleanly and efficiently. To achieve 

this, the useful ways may be to improve the technology of coal chemical industry, 

to develop the comprehensive utilization of coal, and to change waste into useful 

substance. Main efforts must be made to minimize the coal pollution in order to 

make the China ' s energy environment better and to establish a clean and 

beautiful living environment for China in the middle of next century. The 

achievement will also be a great contribution to the world environment. 

4. Conclusion 
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Cina is a largest coal producer and consumer. In China, the major 

environment issue is the coal pollution. 

The potential of saving coal is immense. potential reduction in coal use by 

enhancing the efficiercy to the average level of the world could be over 100 

million tons per year. 

At present, as a developing country, China should get to the overall target 

clean and efficient use of coal" step by step. The first step may be to save coal, 

the second to enhance coal efficiency and the third to use coal cleanly and 

efficiently. 

For the low economic level, China must go all out to develop economy so as 

to get rid of poverty and to increase the capacity of preserving environment. 

Also the improvement of China s energy environment will play an 

important role in improving the world environment. China will accelerate 

cooperation with foreign companies and encourage more foreign capital 

investment; import more advanced technologies and equipment; and welcome 

more foreign specialists to work in China. 

We believe that the China s energy and environment future are full of 

promise. 
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Table 1. Primary Energy output, consumption and Mix (1981-1990) 

Toa p Otf total pemnta of each 

year output Crude Natural otuum pf Crude Natural 
Raw coal Hydoopowrr Raw ooJ Hydropow r 

(MC) Ca Oai (Mtr) Q Gas 

1981 63 227 70.2 22.9 2.7 4.2 59447 72.7 20.0 2.8 4.5 

1982 66778 71.3 21.8 2.4 4.5 62067 73.7 18.9 2.5 4.9 

1983 71 270 71.6 21.3 2. 3 4.8 66040 74.2 18.1 2. 4 5.3 

1984 77 855 72. 4 21.0 2. 1 4. 5 70904 75. 3 17.4 2. 4 4.9 

1985 85 546 72.8 20. 9 2. 0 4.3 76682 75.8 17.1 2. 2 4.9 

1986 88 124 72. 4 21.2 2. 1 4.3 80850 75.8 17.2 2. 3 4.7 

1987 91 266 72.6 21.0 2.0 4.4 86632 76.2 17.0 2. 1 4.7 

1989 95 801 73. 1 20, 4 2.0 4.5 92997 'M2 17.0 2.1 4.7 

1989 101639 74. 1 19.3 2. 0 4.6 96934 76.0 17. 1 2. 0 4. 9 

1990 103922 74.2 19.0 2.0 4.8 9800C 7i.6 17.0 2.1 5.3 

Source: 	 Statistical yearbook of China 1991, Statistical press of China, 

1991. 
Table 2. The Environmental Pollution ot China In 1991 

Air 	 Water Solid Waite 

Soot SO? Indurtial Wate Industril. IiodWaste 

13. 14Mt 16.22 Mit 23577 Nit 	 590 Mt 

Source: 	 Introductory News paper of World Energy (in Chinese), June 15, 

1993. 
Table. 3. World Coal Use 

World Hlgh4y Developedcounrde Eurupe India atliw otlen 

54.,25,, 82.78., 37. 85% 54.31 Y, 26. 12Y. 71.41 /, 

Source :S. William Gouse and others, The Long Term Outlook for Coal to the 

Year 2100, Proceedings of the Second World Coal Institute 

Conference, London, 1993. 

-1087



Main Reference 

1. 	 Statistical yearbook of China 1991, (in Chinese) Statistical press of China, 

1991. 

2. 	 X. Song, Coal and Economic Development in China, Proceedings of the second 

world coal Institute Conference, London, 1993. 

3. Q. Wand, Energy in China (in Chinese), Chinese metallurgical industry 

press, 198 8. 

4. 	 L. Zhu, Establish the condition for improve the Environment pollution by 

Enhance the coal Utilization Rate, (in Chinese) Energy of China, No. 8, 

1992. 

5. 	 Z. Wang,Effective and Rational Utilization of Coal Resources (in Chinese), 

Engergy of China,No. 4,1992. 

6. 	 S. William Gousq and others, The long term outlook for coal to the year 2100, 

proceedings of the second world coal Institute Conferenee,London, 1993. 

-1088



IEA Second International Conference on the Clean and
 
Efficient Use of Coal and Lignite: Its Role in Energy,
 

Environment and Life
 

30 November - 3 Deccmhcr 1993 

Merging Process Control and Environmental Compliance Systems 

Environmentally Sound Facilities Mlanagement 

Dr. J. Mark Elli t. President
 
William D. Cavanaugh, Jr.. Sr. Vice President
 

Ogden Environmental and Energy Services 

- 1089



Environmentally Sound Facilities Management 

Over the last century, facilities management responsibilities in the United States primarily 
focused on safe and efficient operations. Each new iteration of automated process control 
employed by management to increase industrial productivity brought with it enhanced safety 
measures as well as cost-.effective automated production methods. Over time, many facilities 
were considered to be well run industrial centers where the production cost per unit of 
product was competitive, the quality of the product was high and the operating conditions 
relatively safe and employee friendly. Concerns about a facility's impact on the local 
environment and human health issues were not, for the most part, a visible or pressing 
concern to plant owners, managers, or employees. As long as the facility continued to 
produce in accordance with its planned production objectives, avoiding serious mishap to 
human life, company management and the local community seemed content to continue 
business as usual. 

Business as usual was acceptable then because there was little or no environmental legislation 
which regulated a facility's operations. This is not to say facility managers were taking 

advantage of the situation by overtly abusing the environment. On the contrary, most facility 
managers by and large were conscientious, law abiding citizens who did their best to avoid 
hazardous waste emissions, spills and leaks. However, their problem now, as opposed to 
then, is that they must maneuver through a veritable regulatory obstacle course in order to 

address the broad spectrum of complex environmental issues which govern the operations of 
their facilities. 

Today, a facility manager faces a staggering load when it comes to environmental 
compliance. Not only must he manage the operations of his facility, he must also be able to 
access, evaluate, process and act upon thousands of pages of constantly evolving and varying 

environmental legislation. As shown in Figure 1, in the United States, federal statutes alone 
have grown from approximately 400 pages in the Code of Federal Regulations (CFR) during 
the early 1920's to well over 10.000 pages today. 

10,O0 

Statutes 
InCFR 

1950 IM919M0 

Figure I Growing Federal Statutes 
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Environmentally Sound Facilities Management 

On top of this, every state and local government has added to this legislative nightmare by 
introducing their own stricter-than-federal or conflicting requirements. In the United States, a 
typical facility manager today must be able to address and fully understand Superfund 
Amendment Reauthorization Act (SARA) reporting, Comprehensive Environmental Recovery 
Compensation and Liability Act (CERCLA) remediation, Resource Conservation and 
Recovery Act (RCRA) compliance, Toxic Substance Control Act (TSCA) regulations, 
Occupational Safety and Health Act (OSHA) requirements, National Institute of Occupational 
Safety and Health (NIOSH) recommendations, National Pollution Discharge Elimination 
System (NPDES) permitting issues, Clean Air Act (CAA), and Clean Water Act (CWA) 
compliance, American Conference of Government Industrial Hygienists (ACGIH) limits, 
and the list continues ad infinitum - to perform his job as an environmentally sound facilities 
manager. In addition, his duties include Material Safety Data Sheet (MSDS) tracking, 
generation, and distribution; chemical inventor), tracking; regulatory reporting; illness and 
injury tracking; employee medical and training tracking; hazardous waste tracking; 
incident/spill reporting; emergency planning: sample tracking; permit tracking; manifest 
generation and much more. Becoming more than familiar with the application and 
implementation of these responsibilities is, to say tie least, a perplexing and, at times, a 
frustrating and overwhelming task. Staving abreast of the latest changes to these requirements 
requires a continuous and vigilant review process involving hundreds of documents and 
literally thousands of pages. For example, a new "Worst-Case" accidental release regulation 
under the proposed Clean Air Act rule wi!l force companies to publicly report on the 
predicted off-site consequences of a catastrophic release of any of about 170 hazardous 
chemicals. It is estimated that to comply with this new rule, companies will have to expend 
$150,000 annually to ensure the voluminous data and administrative documentation 
requirements are met. These requirements include, as a minimum, developing worst-case 
scenarios and emergency plans with the residents of their local communities for each 
hazardous chemical in inventory. If a facility maintains 100 hazardous chemicals - 100 
scenarios and emergency plans will have to be developed, coordinated and approved. 

Coming to grips with establishing an environmentally sound facilities management program 
means more than an after the fact attempt to avoid fines and citations for non-compliance 
with reporting and recordkeeping requirements. It also means more than purchasing an off
the-shelf environmental software program to track hazardous wastes and generate required 
environmental reporting documentation. What it does mean is developing a system which will 
provide the business with a competitive edge in today's marketplace which is made up of an 
environmentally conscious public and cost-minded competition. An environmentally sound 
facilities management system will provide the business entity a number of quantifiable 
benefits such as liability reduction, operating cost reduction, improving investor relations, 
increasing customer loyalty and increasing employee morale and motivation. Companies can 
benefit directly from good environmental recordkeeping by reduced operating costs and a 
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lower likelihood of liability - including time in jail for accountable managers - from chemical 

incidents, employee exposure risks, and private citizen lawsuits. Examples include: proper 

inventory control can reduce raw material losses, inefficient processes can be pinpointed to 

minimize excessive waste production, extremely dangerous chemicals can be replaced with 

benign alternatives, equipment maintenance histories can indicate potential failures, permit 

exceedance trends can be noted - the list is almost endless. 

To achieve these benefits, an environmental tracking and reporting system as shown in Figure 

2 must be fully integrated into the company's facility management/process control system. 

Environmental software, referred to these days as E-software, provides a good starting point 

for electronic/automated waste and materiais tracking and reporting. However, because most 

are standalone software packages, they are not easily able to interface with other existing 

process control systems such as purchasing and production which, if tied together, could 

create real waste minimization and pollution prevention savings. 

Figure 2 - Integration of Process Control and Environmental Compliance Systems 
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Most facility software systems on the market today are either process oriented or 
environmental compliance driven. Much effort is being expended by the developers of these 
systems to make them a complete system capable of both process control as well as achieving 
environmental compliance. Approaches taken by these developers include: 
* 	 Modification of their existing system to incorporate the additional functional
 

requirements.
 
* 	 Development of software to bridge the two systems together. 
* 	 Development of completely new software which incorporates the features of both 

systems into one. 

The predominant approach being used today involves modification of a company's existing 
process control software to add environmental compliance functions. Manufacturers and 
industrial concerns are utilizing this approach because of the tremendous investment they 
already made in their process control software. Thus, they are not eager to approve an 
additional large budget outlay to attain a fully' integrated system. Moreover, there is no clear 
leader/provider of this capability on the market today. 

The merger between process control and E-software has many implications. Some of the 
bigger hurdles that will have to be overcome by the facility manager include: 

" 	 Training and cross-training of existing industrial and environmental employees to 
indoctrinate them to the additional requirements/responsibilities that they will incur 
operating and implementing the system. For example, industrial employees will have 
to become more aware of hazardous materials including their proper handling, storage 
and disposition. Industrial management will be held responsible for interpreting, 
evaluating, and developing environmental compliance reports. Environmental 
managers will have to become familiar with warehousing, purchasing, research, 
production and logistics functions - all of which either procure, store, use, or dispose 
of hazardous materials. 

* 	 New job categories will be created specifically to address the new responsibilities 
associated with incorporating waste minimization and pollution prevention throughout 
the entire facility. As comnpanies are forced to comply with new environmental 
regulations and rules, more and more focus will be applied to prevention and planning 
rather than remedial waste cleanup. These new labor classifications could include such 
titles as Chief Environmental Officer. Environmental Audit Manager, Community 
Coordinator for Environmental Issues. and Environmental Quality Engineer, to name 
a few. 
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By far the biggest hurdle to jump will be the sheer magnitude of complying with 
every environmental act, law, regulation, rule, citation, ordinance and ruling out or 
due out in the next several years. In order to feel confident that one has put in place a 
system that will address compliance as well as future re-quirements, it would be wise 
to consider a software development company that provides as a minimum, the 
following: 
- System installation and hook-up 
- Implementation consulting 
- Basic and advanced training 
- System updates and enhancements 
- Hotline Support 
- Newsletters 
- Access to other user groups. 
It is important to select a software vendor that makes available the above services 
especially access to otaer user groups who are confronted with similar issues which 
you are facing or will face. 

The system which you are installing and/or interfacing with your process control software 

should address four primary environmental compliance areas, plus a general system interface 
requirement. These include: 

* Materials Management 
* Waste Management 
• Environmental Monitoring 
* tHuman Resources/Safety 
• Integration with Other Systems 

Each of these areas plus the interface requirement is described below. 

Materials Management 
This area should include the ability to provide MSDS tracking, generation and distribution for 

organizations which are required to generate and distribute MSDS in accordance with OSHA 
174 guidelines. It also should include inventory tracking, materials approval and control 

which includes purchase unit conversions, shelf-life limitations and materials selection, and 

hazardous materials labeling. Specifically, the software should provide: 

Relationships between manufacturers, suppliers. product codes, materials, and 
inventories. 
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Ability to track all material streams - receipts, storage transfers, internal 
disbursements, process consumption, product output, releases, leaks, evaporation, 
customer shipments, waste generation - at all internal facility locations. 

• 	 Mass balance capabilities for any location at any time interval. 

" 	 Information concerning inventory reconciliations, processes, engineering controls, 
storage tanks, PCBs, and equipment inspection, maintenance and calibration. 

Waste Management 
This area should include the ability to provide cradle-to-grave tracking of all wastes. It should 
provide storage area monitoring, container tracking, and waste profile/approval tracking. It 
should provide Transportation, Storage and l)isposal Facility (TSDF) qualification, manifest 
generation and control and provide cost and schedule tracking for all waste streams. 
Specifically, the software should provide the ability t,:, 

* 	 Categorize waste streams and maintain detailed information concerning their sources. 
contents, and destinies 

* 	 Develop waste profiles based upon analytical samples. 

* 	 Generate the Uniform Hazardous Waste Manifest. The software should be capable of 
tracking manifests from their point of departure to transporters and TSDF, until a 
certificate of disposal is returned. It should also be capable of listing noted 
discrepancies. 

* 	 Manage information for annual waste generator reports. 

* 	 Detail waste minimization procedures and results. 

Environmental Monitoring 
This area should included the ability to perform emission monitoring, permit tracking, SARA 
reporting and Discharge Monitoring Reports (DMRs). It should generate spill/incident 
reports, provide regulatory queries, environmental auditing and groundwater sampling. It 
should also provide DOT references and source materials. Specifically, the software should 
let you: 

Log information about samples from any type of environmental media including air, 
water, soil, waste and biological samples. 
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" 	 Manage complete descriptive information concerning any type of release source, 
including air stacks, outfalls, and surface impoundments. 

" 	 Track samples from collection through rcsults reporting. The software should also 
allow you to annotate collection conditions, sample preparation, chain of custody, and 
laboratory information and analyses. 

Generate a DMR using monitoring results to determine compliance with mandated 
permit limits. 

" 	 Log basic, descriptive information for each permit. 

" 	 Maintain comprehensive data concerning regulated parameter limits, including whole 
effluent toxicity. The software should also allow you to log minimum, maximum, and 
average values according to permit, regulatory, and/or corporate specifications. 

* 	 Provide notification of expiration dates and the status of the renewal process. 

* 	 Maintain federal and state chemical "list" information such as SARA Extremely 
Hazardous Substances, SARA Toxic Chemicals. 

* 	 Generate Tier I and 11and Form R reports in standard Environmental Protection 
Agency (EPA) formats. The software should be capable of electronically submitting 
Form R reports and performing calculations to reduce chemical commodities to their 
component ingredients. 

" 	 Manage information to notify emergency planning groups of unplanned releases. 

Human Resources/Safety 
This area includes the ability to determine and perform training scheduling/requirements, to 

provide a respirator management program, to conduct and track medical examinations, oa 

report workplace illnesses and injuries, to perform workplace sampling and to conduct 
HazCom reporting. Specifically, the software should let you: 

* 	 Achieve and maintain Environmental. llealth, and Safety (EHS) regulatory 
compliance. 

• 	 Track and monitor ENS data over a broad range of EIIS activities at the plant, 
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* Prepare regulatory filings associated with EHS data. 

" Evaluate EHS data in regards to your specific facility. 

Integration with Other Systems 
This area should include the E-software's ability to interface with other company department 
systems such as warehousing, personnel, payroll. purchasing, and your geographical 
information system. 

These interfaces should allow the manufacturer the ability to: 

* Link sales, waste approval, transpoitation, treatment and disposal activities.
 

" Prevent business transactions beyond approved credit limits.
 

* Monitor treatment costs.
 

" Schedule receipt of waste.
 

" Compare waste approval requirements to fingerprint analysis.
 

• Monitor and control analytical work for each waste stream.
 

• Provide multi-facility tracking, with corporate roll-ups.
 

In the United States as elsewhere in the world, the age of environmental compliance is upon 
us. Environmental compliance strategies and manufacturing processes must now go hand in 
hand to minimize or eliminate harmful byproducts and hazardous wastes. No longer can 
American industry ignore the growing expanse of environmental control regulations and still 
remain a viable, competitive concern. Companies that wish to operate successfully in the 
1990s and beyond must embrace with vigor the development and adoption of an integrated 
total environmentally sound facilities management system. 

In much the same manner as American industry has had to find ways to remain competitive 
in an ever increasing global market, they now must again re-engineer their operations to 
remain competitive in an increasingly environmentally conscious economy. Facility managers 
must face this challenge with a well thought out game plan for success. Success in this 
instance is defined as the ability to completely respond to environmental regulations at all 
levels of authority while still remaining an on-going competitive business. To many 
companies, this is an unachievable objective. Fu!l and continuing compliance with regulators, 
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they say, will require enormous financial resources which they don't have. On the other 
hand, failure to comply will result in large fines upon the company. Just recently the United 
States Environmental Protection Agency levied over $45 million in fines to American 
companies for alleged TSCA and permit violations and for failure to meet complex 
environmental reporting requirements. In one startling example, Chevron Chemical was fined 
$17 million due to "alleged paperwork violations" regarding TSCA reporting. Companies 
caught up in this difficult situation see no easy or timely solution. But as difficult as their 
predicament may be, there really is only one choice - to comply. Given this realization, the 
earlier a company embarks upon integrating their process control and environmental 
compiin,.e systems, the greater the chance that they will achieve success in the long run. 

At Ogden Environmental and Energy Services, we are presently integrating into uur 
Ogden*FM Facilities Management System a full service environmental compliance program 
capable of addressing materials and waste management, environmental monitoring and 
environmental health and safety issues. Once completed, our Environmentally Sound 
Facilities Management System will allow facility managers to operate their facilities in a cost
effective manner while complying with all environmental regulatory laws. It is our intention 
to implement and utilize this system on all of our large private and government facilities 
management contracts. 
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THE GROWING NEED 
among power producers, increasingly stringent emissions regulations, and advances in 

Growing competition 
Such pressures will 

power generation technology are complicating the power generation industry worldwide. 
for 30 to 70 percent of a utility's

impact the many varied and important fuel purchase decisions which account 


annual expenditures. Unfortunately, understanding coal quality and its impacts on plant performance, emissions,
 

and production costs is a difficult proposition.
 

a a power plant. Measuring or quantifying such impacts requires
Coal quality impacts nearly every system in 

The very complexity of coal, its combustion, and the 
comprehensive analysis of tle power plant's performance. 

to provide impetus to R&D programs
resulting relationships to performance, emissions, and costs, continue 

active throughout the world and many computer products, current and future. 

The diversity of fuel decisions further complicates the situation. Coal quality concerns span many areas of the 

having specific, yet very different, neels:areautility organization, with each 

Fuel Supply and Procurement--R apid evaluation of alternative coal suppliers and coal specifications,* 

sources.
with emphasis on determining least-cost, acceptable coal 

" Enginecring--Detailed analysis of coal quality/performance relationships and analysis of potential 

plant retrofit projects. 
" Production--Understanding of how adjustments to operating practices influence impacts ol coal 

quality. 
sources and emissions, both short- and long-term.

" 	 Environmental--Relationships between fuel 

* 	 System Planning--Influence of fuel sourcing on systern-wide production cost, unit dispatch, and 

annual emission rates. 
" 	 Management--influence of fuel sourcing options on productio-a costs and flexibility of utility to adapt 

to changing market influences. 

as a means for integrating
Utilities need a consistent, timely means of evaluating coal quality impacts, as well 


such information into their day-to-day decision processes.
 

THE VISION, THE CHALLENGE, AND THE STRATEGY 

Ongoing and past research efforts at the Electric Power Research Institute (EPRI), other international research 

have focused on the many difficult coal quality issues. During the 
organizations, and equipment manufacturers 

last decade, EPRI has been directing efforts to translate the results of its research into viable computer-based 

(Coal Quality Expert) is a key part of this strategy.analytical solutions. The COETN1 

Tile COE, under development as part of a $21.7 million (lean Coal Technology project sponsored by tileUS 

capability, flexibility, and 
Department of Energy and EPRPI, will offer unparalleled advancements in technical 

a new level of sophistication to fuel 
integration. Scheduled for initial release in late 1994, the COE will bring 

at(415) 855-20<XI.'oniacied
Mr.Stallard may ibcontacteIda (913) 339-21JC. MIr. 'Connor may be 
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decisions by seamlessly integrating the system-wide effects of fuel purchase decisions on power plant 
performance, emissions, and power generation costs. The COE will feature both seamless integration of already 
proven and extensively used computer programs, such as the EPRI Coal Quality Impact Model (COIM"M) and 
new relationships derived from the project's comprehensive full-, pilot-, and bench-scale testing programs. 

The CQE will be composed of technical models to evaluate performance issues; environmental models to 
examine environmental and regulatory issues; and cost estimating models to predict costs for installation of new 
and retrofit coal cleaning processes, power production equipment, and emissions control systems. Also evaluated 
will be other productions costs such as consumable,, (fuel, scrubber additive, etc.), waste disposal, operating and 
maintenance, and replacement energy costs. The foundation for the COE's calculation power begins with the 
COIM. COIW enjoys worldwide acceptance and is currently used by over ItX) utilities and coal companies. A 
better understanding of the COE's capabilities relative to those of the COIM can be more clearly described by 
using the analogy of a gear train. New COE technology couples with the existing COIM to increase both the 
power and scope of analytical capabilities, as shown on Figures 1 through 4. 

The COE extends the stite of the a't in coal quality impact modeling in three dimensions: 

• Redefining Flexibility.
 
" Advanced Technical Models and Performance Correlations.
 
* Advanced User Interface and Network Awareness. 

The First Dimension: Redefining Flexibility 
The COE's architecture and program structure is designed to promote FLEXIBILITY to the greatest extent 
pi actical: 

" FLEXIBILITY to address the engineering and analytical needs of fuel purchasing specialists, 
engineers, operation support staff, and planners. 

" FLEXIBILITY to perform its many calculations tailored to the needs of the specific audience and 
specific problem in question. 

New FLEXIBILITY is largely a function of two factors, use of object-oriented programming techniques and the 
COE's innovative Application framework. 

Object-Oriented Programming Techniques. The COE will be coded entirely in the C+ + language, enabling 
the program to take advantage of the language's inherent strengths for managing large, complex analytical 
processes. Object-oriented programming also allows the CQE to be easily expanded as user demand grows. 
An object-oriented CQE can simulate real-world objects, such as boilers, pulverizers, coals, and plants. By 
altering order, type, and content of queries between objects, different problems can be solved. Thus, the objects 
can be reused to handle different situations. Unlike other methods, object-oriented techniques result in a design 
that interconnects data objects and processing, rather than isolating processing from data. 

The CQE has been designed such that future modifications can be easily made to enhance or replace current 
models. This objective will be accomplished by judicious application of object-oriented programming and 
maintaining an eye toward current or future related R&D efforts. The object-oriented approach is ideally suited 
to handling such future modifications; once the interface between objects has been determined, the internal 
contents of each object can be improved without altering the rest of the system. Thus, future advancements in 
coal quality analysis or models can be rapidly assimilated, as follows: 

As technologies advance, existing models can be refined without disrupting or overhauling the entire 
system. For example, when EPRI work on coal handleability is computed, it will be a straight
forward matter to incorporate improved estimates of power station derates due to poor handling 
quality of coal in question. 
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" 	 As new technologies arc incorporated into power plant design and operation, new models such as 

for Selective Catal)lic Reduction (SCR) for a fluidized-bed combuster, can be dropped into COE 

to work seanilessly with existing ones. 
As the most commonly used equipment and system configurations are identified and built, users 

may share these prc-built systems, adding to their set of software models representing their 
" 

individual systems. 
" As new relationships between cost, emissions, and performance are proven,new COE applications 

can be built. 

As shownCOE Application Framework. An Application is tile highest level of interface with the COE system. 

on Figure 5, available Applications are prominently displayed in COE's user interface. 

" 	 A toolbox displays each of the 10 specialized applications available to the user. 

* 	 As each application is selected, the COE will display a log of prior and current analyses (analogous 

the lower right corner of the screen.to a computer "run" or "data file") in the window at 

" Additional information about either the application itself or a specific analysis is shown in tie 

window in the upper right corner of the screen. 

between users and various analyses by using a consistentApplications facilitate sharing of data and knowledge 

set of tools and data to perform different types of analyses. Applications contain the intelligence necessary to 

guide the user through an analysis by providing instructions regarding the order in which things should be 

performed and what data or information are needed to successfully complete the analysis. In addition to 
on-screenproviding the control logic for an analysis, the Application will provide a visual roadmap through 

diagrams. Additional roadmaps can be displayed for any step warranting further explanation. Figures 6 and 7 

show top-level roadmaps for two principal COE applications, the Fuel Evaluator and the Plant Engineer, 

respectively. Figure 8 employs tile Fuel Evaluator application to illustrate COE's ability to "expand" displayed 

roadmaps to describe the analytical process on a step-by-step basis. 

to support a cross section of users with very specific, yet very different, needs.Different applications allow COE 
to rank spot market fuel options, while environmental engineers canFuel buyers, for instance, can use the COE 

use the COE to evaluate different emissions compliance strategies. COE streamlines analyses by matching 

specific task at hand. In addition to tie Fuel Evaluator and Plant Engineersoftware presentation to the 
as a part of the COE program include the following:applications, other major applications that will be available 

" New Plant Designer.
 
" Coal Cleaning Expert.
 
" Environmental Planner.
 

" Fue! Purchase Manager.
 
* Coal Specification Analyst.
 
" Environmental Expert.
 
" Coal Contracts Assistant.
 
" Capital vs. O&M Tradeoff Analyst.
 

The COE offers other sources of flexibility. It accommodates either individual or networked PCs and can 

employ English or metric units, different monetary systems, and international power plant technologies. Reports 

be tailored to meet company- or project-specific needs and to tailor language/terminology as appropriate.can 

The Second Dimension: Advanced Technical Models and Performance Corre. djons 

Tile COE marks a significant advance in tile sop' tication of technical models available within a single, 

integrated environment. The COE builds on and integrates existing models to support broader and more 

detailed analyses of fuel decisions. 
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The COE builds on existing correlations from worldwide R&D on the impacts of coal quality for specific parts 
of the total power generation system. In addition to COIM, COE interfaces with other industry-leading 
computer models. Southern Research Institute's SoRIThI model addresses electrostatic precipitation. EPRI's 
Coal Ouality Information System (COISTM ) provides a database of coal quality information. Similarly, capital 
costs and performance assumptions for flue gas desulfurization (FGD) installations and NO, retrofits are 
developed from EPRI's FGDCOSTTI and NOxPERT model results. 

The COE allows the user to customize software to further enhance the accuracy of analyses. COE permits the 
user to graphica!y configure system, plant, and unit equipment systems to match actual configurations. The COE 
will also configure equipment models for users based on limited information, enabling them to begin applying 
the software immediately. 

This groundwork of established models is complemented by new and enhanced models derived from bench-, 
pilot-, and full-scale test programs. These test programs, which allow coal-related effects to be distinguished 
from operational or design impacts, are among the most extensive of their kind ever conducted to relate power 
plant performance and emissions to coal quality. Six full-scale pnwer plant test burns supplied important data 
to verify and expand the COE models. 

Slagging and fouling phenomena have been extensively investigated in the program to allow the CQE to predict 
their occurrence in boilers and convection passes and how such deposits affect unit performance and load 
capability. The COE's innovative slagging and fouling model evaluates the effects of unit load, operation, and 
coal quality to predict heat transfer and ash deposit growth, strength, and removal. 

COE users can establish coal ash behavior by using conventional American Society of Testing and Materials 
(ASTM) analyses or a new approach based on Computer Controlled Scanning Electron Microscopy (CCSEM). 
CCSEM provides additional, specific information on coal and mineral size, associations, and abundance not 
obtained through ASTM analyses. 

The Third Dimension: Advanced User Interface and Network Awareness 
Because the COE will be dealing %kitha large amount of data and trying to satisfy a variety of specialized users, 
it is important that the interface to the program be very user-friendly, yet sophisticated enough to address each 
user's needs. 

As discussed previously, CQE's application framework navigates users through an analysis, ma':ing the CQE's 
user interface fundamentally different from interfaces found on traditional engineering, environmental, and fuel 
purchase models. By applying different visual roadmaps to different analyses, the CQE meets the specific needs 
of diverse users in the following ways: 

" 	 Prompting the user to select or enter appropriate data about plant or equipment configurations, 
coals, and generation requirements. 

• 	 Displaying additional, more detailed roadmaps for subsequent steps, as needed. 
* Managing the sequence in which data are entered and calculations performed.
 
" Seamlessly sharing plant, equipment, coal, and performance data among CQE users.
 
" Allowing users to build on results of previous analyses.
 
" Providing interactive displays of results that allow users to better understand results.
 

The tV.F aphical user interface will employ all screen elements currently found in modem windowing environments 
such -,,,indows, menus, and dialogue boxes. Icons, bitmaps, and other graphical elements will be used to further 
enhance the CQE interface. In addition, the COE will take advantage of OS/2 notebooks to organize data and 
ieature custom elements to manage international units and traceback explanations for key calculations. These will 
enable a vast amount of information to be displayed in a logical, consistent manner. Tables, graphs, and other 
professional business graphics will round out the user interface. For example, as shown on Figure 9, business graphics 
will allow the user to compare economics of alternative fuel strategies, expand graphic objects to break out cost 
components, or display other pertinent supporting data such as key plant performance parameters. 
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The COE's ability to manage and integrate information allows users to efficiently share pertinent data and 
knowledge. Even though fuel decisions affect nearly every aspect of power generation, the complexity and 
diversity of fuel analyses have traditionally forced utilities to perform various evaluations without adequate 
information sharing and integration. Fuel buyers handle transportation issues and coal sourcing; plant engineers 
evaluate how individual coals behave in a unit; ad-hoc teams assess key fuel strategic issues; and environmental 
engineers address compliance and disposal issues. Typically, each expert uses an individual set of assumptions, 
data, and tools to complete an evaluation, resulting in one-dimensional pictures of fuel-related costs. 

The CQE integrates these assumptions, data, and tools, creating a unique environment within which experts can 
efficiently and effectively share their knowledge and results in a consistent, timely, and accurate manner. 

The power of this environment is twofold. It not only efficiently manages all relevant information but also makes 
that information available to all other experts as appropriate. The end result of integrating a set of previously 
isolated analyses is a new capability that provides a complete picture of fuel-related impacts and costs. 

This sharing of data and operations among all the different COE applications will be made possible through the 
use of the object database (ODBMS). The ODBMS will handle the storage, management, and retrieval of all 
objects in the system. It will guarantee the persistence and integrity of the objects. It will also handle the 
concurrent transactions that will occur as COE objects are shared not only among different applications, but also 
among different users on a network. Consequently, the CQE user need not be concerned with the complexity 
of managing all data in the COE program. 

MOVING FORWARD: A CLOSER LOOK AT THE CQE PROJECT AND OTHER RELATED EPRI 
ACTIVITIES 

The COE Project 
The COE is a produc: of an extensive coal quality R&D initiative. The CQE project includes testing, analysis, 
and software development. The overall CQE project is managed by CO Inc., a subsidiary of EPRI; Black & 
Veatch is the project's primary software developer and manager of all software development efforts. In this role, 
B&V is responsible for supervising, coordinating, and planning all software development efforts. Decision Focus 
Inc. is responsible for software development efforts related to the fuel supply portion of the program, which deals 
with retrieval/storage of coal data, transportation costs, feasibility of cleaning processes, and cost predictions for 
cleaning facilities. 

Testing and data analysis portions of the project are supported by a number of recognized industry specialists. 
Electric Power Technologies leads the full-scale testing program; ABB Combustion Engineering leads pilot and 
bench-scale testing, analysis, and algorithm development activities. Other project participants are listed below: 

* Alabama Power Company.
 
" Babcock & Wilcox.
 
" Duquesne Light Company.
 
• Energy and Environmental Research Corporation. 
* Fossil Energy Research Corporation.
 
" Mississippi Power Company.
 
" New York State Electric & Gas Corporation.
 
" Northern States Power.
 
" Pennsylvania Electric Company.
 
• Physical Sciences Incorporated Technology.
 
" Public Service Company of Oklahoma.
 
" Southern Company Services.
 
" Southern Research Institute.
 
" University of North Dakota Energy & Environmental Research Center.
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The software will be available to EPRI members as part of membership. The world commercialization of CQE 
is handled by Black & Veatch and CO Inc. 

CQIM 
Since its introduction in 1989, the COIM has demonstrated wide application in a number of fuel purchase 
assessment areas. It has been used by over 100 utilities, engineering firms, and coal companies in the United 
States, as well as by agrowing number of international users for a variety of applications, including the following: 

* Fuel Procurement Decisions and Negotiations.
 
" Clean Air Act Compliance Strategies.
 
" Fuel Switching Analyses.
 
• Coal Contract Specifications and Pricing Clauses.
 
" Coal Beneficiation Analyses.
 
" Test Burn Planning and Analysis.
 
* Engineering Analyses.
 
0 Technology Screening.
 

As more and more utilities refine coal procurement procedures to meet the challenges presented by the
 
increasingly competitive nature of the power industry and fuel-cost reduction pressures, the COIM is frequently
 
incorporated into day-to-day purchase and planning procedures.
 

The COIM's capabilities and usage continue to grow. EPRI is currently working with the Gas Research Institute
 
to expand the COIM to model gas co-firing concerns; EPRI and Black & Veatch are currently working with both
 
US and international users to define and develop additional extensions to the COIM and to improve its ability
 
to model international equipment and coal concerns. Black & Veatch is responsible for its continued
 
development and commercialization.
 

Coal Quality Evaluator (C-QUEL)
 
EPRI's efforts in delivering coal quality tools to the industry are not limited to the CQE and COIM; EPRI is
 
also developing a real-time advisory and diagnostic system, the Coal Quality Evaluator (C-OUEL), for use at
 
power plants. C-OUEL TM  will allow power plant operators to better manage day-to-day coal quality,
 
performance, and cost issues.
 

Applying coal quality impact analysis to a specific station or unit must first begin with a thorough understanding
 
of how coal affects performance, irrespective of the actual nature of the analysis. As in the case of the CQE,
 
C-QUEL will base its performance analysis calculations on the proven foundation of the COIM. By combining
 
the COIM calculational capabilities with other hardware and software, C-OUEL employs on-line coal analysis
 
to provide actual coal quality being fed to the unit and recommend specific operator actions to improve plant
 
operation and reduce costs. The C-QUEI. is scheduled for initial release in Spring 1994; Black & Veatch and
 
Praxis Engineers are responsible for C-QUEL development and commercialization.
 

CONCLUSIONS
 
The CQE is designed for the future in mind. Its architecture [ oriented toward customization, integration, and
 
future expansion. By building on the capabilities of the CQIM, incorporating other industry-standard tools,
 
working directly during development with the international community, using the strengths of object-oriented
 
design and programming, and employing other state-of-the-art computer tools, the CQE is expected to become
 
the new international industry standard when it is initially released in late 1994.
 

The COE is a key product offering in EPRI's fuel impact analysis arena and a key ingredient of future strategies.
 
Its design demonstrates EPRI commitment to developing practical, easy-to-use, and integrated computer
 
products. Today, the COE and C-QUEL are able to work directly with the CQIM and other EPRI computer
 
products. In the future, the CQE will be an important part of even larger, more encompassing fuel management
 
systems.
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Figure 1. CQE Extends Fuel Purchase Analysis Capabilities 
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Figure 3. CQE Offers Extensive Environmental Analysis Capabilities
 



z "
0


 

-o 
C

/) 

U
). 

0 c
z


 

°
o


 

0co

m
 

o
,


 

0) 

-
i
a


 

C
D

)
ci 

0 

-1
1

0
9

, 



Titl: Latan Big Valleyn Curren 

:Sttu .Co"pete 

FigureRev C08Ma-2cren-isla Dat 



Flie Vlew Appications Special Options Window Help _ 

- -. Izatlon of alternative 
;tation, including 
*i clEaning/bending, 

_____onJun,!ion with C0I 

Establsh Syjstem 

AnalgslIs Establish Plant Performance Economic 'Scenaro
 
LevelEvlao Evlao Evltr
 

Figure.6. Fuel EaEstabsh Unotad ap 

'!Lawsen, Current Coal Blend -.. , 

Figure 6. Fuel Evaluator Main Application Roadmap 



File Vlew Applications Special Options Window Help 

Fuel
 
Quality.
 

Sensltlvltg Type Operations -Performance, 
Evaluator 

Establlsh Unit ' Scect 
Scenario 

Analqsls Type Equipment i: 
Design 

l1 Plant Enqlneev 
Review 

Value 
Modification 

Economic 
Parameters ,3 

Econcrn.q' 
Evaluator 

Market 
Factors ., 

Figure 7. Plant Engineer Main Application Roadmap 



File View Applications Special Options Window Help........... .
 . ........... .
 
........ .. ............. ..... ......................
-xFuel Evaluator 

.- ~.~ 101__ _ __ _ _ ijjI_lization of alternative J 

tatlon. including 
cleaning/blending, 

onjunction with CONM 
Establish SyJstem 

-Analysis,, Establish Plant Performance Economic Scenario -

Level- " Evaluator Evaluator " Evaluator
 

Establish Unit 

~1~~d~EAccept Unit 

Un t Unit Fuel Establish Performance Select Unit
 
Selector Selector Generation Establisher
 

Ed it
 
Fi ni gIApg u r eliEcox p a n d f o K y S 

Figure 8. Expanding Application Roadmaps for Key Steps 



'. . -; - '' :'
 
.
T".. .. .. ....... ......................................................................
................... ............
'.".."........"'"...":......................
........................................................
.......... .. .. .......... 


IInteractive Output Utility 
. 

'
Die .Edit View Coal Coimparison Unit Analysis 
Total Fuel Related Costs 

50.00 f, 

40.00 ' 

CQE C art. 

ie Ei.t. View 

Replacement Power Costs 
3.00 ": 

2.00 
.0.rRiver E. Kentucky 

1.00"", ,
 

Aux.Pwr Avail. Derate 

Figure 9. Business Graphics Explain Cost Differences Between Fuels 



SESSION III
 

ENVIRONMENTAL
 
CHALLENGES & OPPORTUNITIES
 

- 1115



PLENARY SESSION Il: ENVIRONMENTAL CHALLENGES & OPPORTUNITIES 

Five distinguished Panelists participated in this discussion of the environmental challenges 
facing coal-based energy development in the Asia-Pacific region, and the opportunities for
 
managing the economic/energy/environment issue. They were:
 

Alan Burrell, Manager, Power Division East 
Asia Development Bank, Manila, Philippines 

Robert Crick, Assistant Secretary 
Resource Industries Policy Branch, Canberra, Australia 

Akira K noshita, Assistant to tile President 
Electric Power Development Company, Tokyo, Japan 

Kitti Kumpeera, Chief of Environmental Resources Division
 
Electricity Generating Authority (EGAT), Thailand
 

Isao Kurihara, General Manager 
Tokyo Electric Power Company, Japan 

They were asked to address the following six questions: 

1. What are the environmental priorities for action by emerging economies of the Asia-Pacific 
Region regarding coal-based energy development? 

2. How is tile cost-benefit balance for environmental protection determined in an emerging 
economy with limited capital resources? What can it afford to do, and what can it NOT afford 
NOT to do, in protecting environmental quality? 

3. Is electrification tile most effective way to reduce pollution from small-scale coal 
combustion in developing countries (residential, commercial or small industrial furnace.,! 
Does electrification open up new avenues for different, more environmentally compatible,
kinds of e,.inomic development - if so, what would be the major opportunities? 

4. If there is a global effort to mitigate emissions of greenhouse gases, what types of "win-win" 
situations can be envisaged involving international cooperation to achieve the most cost
effective results? 

5. How can emerging economies obtain access to the most current, reliable and unbiased 
information on technologies for clean, coal-based energy development? What type of 
information is most needed, and what are the most promising means of making it available? 

6. How can foreign investment in coal-based energy respond to the environmental challenge 
in emerging economies, while maintaining the prospect of an attractive return? How 
important is the environmental issue relative to other barriers to this investment? 

Responses from four of tile Panelists follow. 
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Alan Burrell, Manager, Power Division East 
Asia Development Bank, Manila, Philippines 

1. Environr ental Priorities 

The Bank's developing member countries (DMCs) endeavor to find a compromise path 

between the pressing need to fill the demand-supply gap and simultaneously steadily 
improve environmental control of thermal power stations in response to public pressures. 
While highly advanced coal technologies like pressurized fluidized bed generation and 

integrated gasification combined cycle will not be available commercially until the 
beginning of the next century, a number of advanced coal technologies are rapidly coming 

onto the commercial market. These include fluidized bed boilers and high efficiency 
supercritical once-through boilers: the former enable DMCs to take advantage of 
technology which allows low quality, high ash and high sulphur coals to be burned cleanly 
at reasonably efficient levels of up to 37% (fluidized bed boilers); the latter provide access to 

the higher efficiencies (and consequent CO 2 reduction) becoming available pulverized coal 

boilerb. There is a need for DMCs to approach the matter of legislating for stringent 
environmental conditionalities on thernal power plants with caution. Flue gas 

desulfurization is very expensive at about 15-20% of total project cost. The cost of FGD for a 
typical 1,000 MW coal-fired plant could cost about $150-200 million. If coal-fired -- wer 

plants are burning low sulfur coal, and are located in low population/remote areas, it is 

clear that investments of this considerable magnitude would be better spent improving 
environment elsewhere in the country, say, in the cities and inland and coastal waterways. 
While it is not easy to make an across-the-board judgment on such issues, environmental 
improvement should be addressed on a "whole country" basis, rather than the singling 
out one particular aspect like thermal power generating stations. 

2. 'Environmental Cost-Benefit Balance with limited Capital Resources 
The Asian Development Bank ma-intains continuous dialogue with the government 
authorities responsible for envi-onment in its cieveloping member countries. The 
environmental regulations of each country are compared with others both in Asia-Pacific 
and in developing countries, and also with internationally accepted standards (e.g. World 
Bank Environmental Guidelines). Appropriate environmental safeguards are agreed for 
projects to be financed by the Bank and the costs of these safeguards, (including appropriate 

resettlement procedures, particular design characteristics, etc.) to meet agreed 
environmental standards are added to the cost of the project. These in turn are included in 

the least-cost analysis undertaken for project selection, and the project would be eligible for 
financing if still remains the "least-cost solution". It is quite po-.sible that because of falling 
oil prices, the least-cost solution of a power expansion program with strict environmental 
requirements could favor continued oil-fired generation rather than coal-fired with FGD. 

3. Electrification 
The average efficiency of power generation in the Bank's IMCs is only about 25-30 per 

cent. Since 70 per cent of the effective heat is wasted (unless used for cogeneration, district 
heating, etc.) if Would appear wasteful to use electricity for domestic cooking or for small 
industrie'l o commercial furnaces. These are normally better fired with LIPG or natural 

gas, if avaiable. In partictlar instances, particularly if there is a severe risk of deforestation, 
or extrem- ,,rban pollution from open coal fires, then use of electricity would be justified. 
It would be hoped thAt the price mechanism would guide consumers in the right direction. 
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Electrification particularly opens up rural development, and in this regard rural 
electrification should be encouraged. Many countries are well advanced ill this area; 
however, others including Sri Lanka and Indonesia have relatively low household 
electrification ratios, and while steps are being taken to correct this, it is necessary to place
higher emphasis on slowing the urban drift of population, enabling higher efficiencies of 
food production and conservation, and avoiding deforestation. 

4. International Cooperation 
The Bank together with other multilateral institutions has adopted the "no regrets" policy
with regard to emissions of grcen house gases. The Bank is encouraging adoption of 
advanced coal technology in developing countries as it becomes commercially available 
(for example, several countries have adopted fluidized bed combustion and India, Korea, 
China and others have adopted supercritical boilers for high efficiency power geneation in 
their countries). A particular area which needs much more attention in Asia concerns 
supply side system losses, wherein many developing countries have distribution loss of 
over 25 per cent. It is the Bank's experience that the cheapest form of capacity addition to 
many developing countries is distribution reinforcement which effectively "releases" 
megawatts at a cost of only 15-40 pfr cent of the incremental cost of adding generating 
capacity. Energy efficiency and loss reduction components have become substantial parts 
of most Bank-financed power projects. 

5. Technology Informatioi TraTsfer
 
The Asian Development Bank encourages seminars and public awareness campaigns on
 
all aspects of power conservation and efficiency. Prior to financing any capacity expansion 
project, extensive dialogue is held with governments and power utilities to establish if 
higher technologies than initially proposed would be appropriate for the country. Terms 
of reference for project design consultants are carefully written to ensure that
 
commercially available clean coal technology is adopted wh,:rever feasible. Initiatives by
 
the International Energy Agency (I1-A), I-'PRI, World Coal Institute and others with regard
 
to advanced coal technlology are firmily supported by the Bank.
 

It is clear that the "image"' Cdicoal, and coal-fired thermal generation needs to be considerably 
improved. Populations "enerally perceive thernal power stations to be unsightly,
dangerous from a health standpoint, anLd belching black smnoke! This image must be 
improved by awareness campaigns, primarily from manufacthrers. From the standpoint of 
the Bank, it is seen to be necessary that coal-fired power stations must be planned and 
designed many years ahead of their commissioning date. Sites should be identified; 
purchased and prepared far ahead of construction commencement. Such preparation would 
include protecting the area from squatter encroachment, the building of embankments to 
provide screening (together with trees, etc.) from external view, and public awareness 
campaigns in the area to enable proper resettlement to be accomplished with generous
compensation, model resettlement villages, and livelihood programs for those affected by
the project. The relatively minor investment in this aspect can pale to insignificance
compared with the very high economic costs of such thermal plants being delayed by strong
action from environmentalists and social objectors. The Masinloc 600 MW thermal power
plant in the Philippines is a prime example in this regard, having been delayed at least four 
years from its original construction schedule at enormous economic cost to the country
particularly during the severe load shedding periods in 1992 and 1993. 
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Robert Crick, Assistant Secretary 
Resource Industries Policy Branch, Canberra, Australia 

1. Environmental Priorities 
At the present time I think the reality is that emerging economies of the Asia-Pacific 
Region are very much preoccupied with the need to meet the extremely fast growing 
energy demands being made upon ther economics. This means that by and large the sorts 
of sophisticated environmental protection measures which have been and are being 
incorporated into coal ba-.:d o-nergy development in developed countries are not 
necessarily practicable for emerging economics in the Asia-Pacific Region. 

Against this background it is important to stress the economic and environmental 
advantages of improved efficiency in coal burning. This will both improve the pace of 
economic development and facilitate meeting energy demands as well as improving the 
environmental conditions under which coal based energy programs can develop. 

2. Environmental Cost-Benefit Balance with Limited Capital Resources 
In very general terms the cost benefit balance must be determined by getting maximum 
energy output from minimum capital input. While this is undoubtedly a starting point it 
can be a very risky one. Each country will need to examine the implications of such an 
approach in order to make adjustments that can offset any particular environmental 
problems that might be contrary to a cost benefit balance. 

Emerging economies should be able to afford to improve the efficiency of operations even 
at some additional capital cost because of the longer term savings in pure economic terms 
that this will bring about depending on location and quality of coal being used. Emerging 
economies, at least in some situations, will not be able to afford to take some additional 
environmental protection measures. This would apply for example if indigenous high 
sulphur coal were causing particularly excessive air pollution situations. Other situations 
might be that high moisture content coal would need to be subjected to additional capital 
infrastructure for drying in order to maintain basic efficiency. Ilighly industrialised 
countries may need to take other measures to ensure minimum air standards which if not 
implemented would cause severe health problems and ultimately slow down the very 
economic development that is being sought. 

3. Electrification 
While there is little doubt that electrification is a highly effective way of reducing such 
pollution and indeed of facilitating general economic development as well as improving 
living standards, there could be many situations in rural parts of Asia-Pacific emerging 
econ-.nics where electrification may not be the most immediate practicable answer. In 
suci. situations there are other effective means of reducing such pollution by providing 
iniprovements to household burning equipment and to the quality of the prod,,ct being 
burned. Coal bricketing is a solution already being explored in such situations. 

4. International Cooperation 
The answer to this question relates to the issue raised under the first question above and 
one that was raised in much of the discussion at the conference. It is energy efficiency. 
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In the context of a global effort to mitigate emissions of greenhouse gases it must be
remembered that the enhanced greenhouse effect if proven is a global problem. Effective
solutions must be on a global scale. While recognising the particular problems and needs
of developing countries there is no avoiding the reality that efforts made only by
developed countries will do relatively little to alleviate any problems that might be caused 
to the environment by an enhanced greenhouse effect. 

The best "win-win" situation is this context would be for developed countries to be
encouraged to assist developing countries to mitigate emissions of greenhouse gases in 
ways which not only did not impede their economic development but actually assisted it
through improved energy efficiency and other so called "no regrets" activities. 

In due course there may be additional actions that may be taken to mitigate greenhouse
 
gases which may be appropriate or even necessary in particular circumstances.
 

The crucial key to such a dev!npment is to provide methodologies particularly in the 
context of the framework convention on climate change for developed and developing

countries to work together and to share the acknowledgment of their efforts to reduce
 
greenhouse gases.
 

5. Technology Information Transfer
This conference itself is an important stage in identifying the sort of informatien that is
needed and the ways in which it can be accessed. Ilopefully the IEA will have recognised
from this conference that if it is to provide real assistance to emerging econom;,s in the
Asia-Pacific Region it needs to have a much better tailoring of its approach to the particular
needs that have started to be identified at the conference. 

The Asia-Pacific Economic Cxperation Forum (APEC) has been addressing these sorts of
issues for some time and will be an important forum in which developing countries in the 
region can work together to solve both economic development and environmental energy
problems. 

Australia for one is working bilaterally with regional economics in the Asia-Pacific Region
in thi.N -articular area. There is undoubted scope for other developed countries to work on 
a similai ilateral basis. 

There are also other international organisations that can and should have a role in this 
regard. 

6. Investment Climate
 
It would seem that the primary answer to this question lies once again in energy efficiency.

While it is understandable and obviously acceptable that foreign investors should be
looking for an appropriate rate of return there is perhaps an additional onus on them to 
ensure that plant construction by them entails the most appropriate basic efficiencies.
There may also be scope for introducing cost effective other environmental controls 
through negotiations with the host country. The bottom line will be striking that cost 
benefit balance we spoke of earlier. 

-1121 



Akira Kinoshita, Assistant to the President 
Electric Power Development Company, Tokyo, Japan 

1. 	 Invironmental Priorities 
a. 	 Institutional Consolidation 

Clarification of enviroilniental administration
 
-stablishment 
 of regulations and transparent assessment procedures 

I-stablishment of monitoring systems 
Ensured recovery of environnwntal investments 

plants according to the development stageb. 	 Standardization of plant design for new 

with focus on tra nsfer of available commercial technologies centering on
 

conventional high efficiency, parti.culate control, deS( )x, waste water control, 

extensive use of ash in cemlent mixture and road filling, improved boilers and low

N.x burners. 
c. 	 Intensification of review prIrcesAss oni the clmprehensive urban/regional 

development planning including land use and transport systems for the purpose of 

reduction of total emissions. 
d. 	 Introcduction of integrated heat lllahn ,eelltl requiremellts in fornation of
 

industrial complexes/parks.
 
e. 	 Intensified propagation of co-generation anid Cl 11'in anv feasible level. 

f. 	 I'romotion of forestation programs. 
g. 	 Encouraged commercial tutilization of coal bed ,methane. 

2. -mvironmental Cot-!ienefilt Balance with l.imited (.'apital I..,'ou rces 
- We need to think beyond national borders. The "Joint Implementation" concept is 

useful 	even thoutgh mu1itch remains to be specitied as to its mechanisms.
 
on limited options; this
A wide-ranging strate', [ix is better than coCentrating 

should center on energy efficiency improve'menlt integrated %-.'ithgeneral strategies 
ownbeneficial for reasons other than environmnntal rotect(lionllaL iustifiable in their 

right.
 
It is also important to develop ilovative tillancing in order to alleviate capital
 

constraints to realize the genlelllt cost-ettectiveless.
 
Within capital availabilitv, reitrotitting is likelv, but iii general greater benefits would be 

realized by giving prioritv to new additions, given high growth of electricity demand. 

Co al cleaning could be an alterilative depenldiig oil onviroimental requirenents. 
-	 It is, first of all, needed to stildy and stIblisl asessme i t criteria prior to identification 

-

of cost-benefit balanrce. It slould imply the coiltext Of total inpults vs. total outputs 

involving whole processes throughout inter-indtistrial linkages On the global basis. 

- It is quite difficuIt to conchclde larger cost-benefit balance in small scale decentralized 

units compared with integrated power systems. Of course.', it depends on dynamics of 

size of demand. 
Many of the new energy sources regarded clean and fitting for the developilg countries 

are 	not necessarily beneticial in the total context above. 
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3. 

-

-

4. 

-

-

-

-

Electrification
 
Electrification has been driven by a growing needs for energy services uniquely
 
provided by electricity for information technology including office innovation,
 
automation, sophisticated control and cleanness in addition to the conventiorIal use for 
lighting, heating, cooling and motive power. We have to recognize new dimensions of 
electricity as a strategic means for efficient development in the developing countries. 
No one denies the tremendous effects of TV as a most effective media for
 
dissemination of information and knowledge to lead efficienl sound 
development.
Various versions of some Expert System,, may supplement planning and operating
 
capacity. Wide-range )ata Bases are sure to increase effici,,ncy and effectiveness in
 
development planning. Automation can supplement u1nskilled labor. Modern
 
technology systems, in which sophisticated controls based on computer-monitored and 
automatic systems embodied, increase not only precision in manufacturing butare can 

also energy efficiency through techlology progress.

We have to accelerate the total analysis, including consideration of the fact that
 
appropriate switching from fossil fuels to electricity saves energy and cuts emissions
 
even when the fuels used to make the electricity are considered.
 
Illustration of energy saving through switching to electricity. 
* Electric Mill/Blast Furnace: 50%
 
" UV Drier/Gas Oven: 90%
 
* Induction Melting/Gas Oven: .10% 
* Iilectri,: Vehicle/Gasoline Car: 30%
 
" Microwave Oven/Gas Oven: 90%
 
* Electric Ileat Pulmp /()il Furnace: 40% 

International Ceoperation 
We should recognize the potential benefits of efficiency improvement in the
 
developing countries taking into account the existence of a large gap in energy
 
efficiency between the developed and developing countries as well as faster and larger
 
growth of their energy requirements. We can realize cost-effectivenvss of investment
 
in tIie developing countries on the world basis.
 
Joint Implementation will contribute to promotion of wider-range and flexible
 
technology cooperation to tihe developing countries.
 
Any carbon tax mainly imposed in the industrial countries may accelerate carbon
 
"leakage" to the developing countries,
 
In order to realize the total efficiency ill use of resources and to mininlize emissions,
 
increased attention should be paid to system-oriented integrated strategies involving
 
comnprelhensive fusion of the supply and demand sides consolidated the comprehenon 
sive rzpgional and urban planning based on efficient space managelent. In this connec
tion, we realize the beneficial opportunities in the developing countries abundant in 
flexibility in infrastructure planning. It is strongly suggested to develop comprehensive 
denion., 1at ion projects which practice technology cooperation as a package involving 
both hardware and software with focus on the pa .icular region to realize a concept of the 
system-oriented total energy system integrated with regional and urban planning. 
Development ot policy science research shoutd be intensified on the international 
informal basis for the purpose of study of cooperation strategies in line with a new 
paradigm of sound development. 
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5. 	 Technology Information Transfer 
At this initial stage, priority should be given to information services oil tile 
institutional framework related to environmental management in the developing 
countries in order to meet needs of the technology suppliers. Given the actual limits in 
assessrment capacity of the users in the developing countries, intensification of 
information on the side of the developing countries is considered more useful. 

6. !nvcstnu tClimatQ 
- Volntary technical standards, developed internationally, present an important means 

through v iich industries, governments, and institutions cooperate to define modes of 
environmental technology management. In this manner, promotion of voluntary 
international standardization of environmental management which involves 
specification of technology cooperation and related investments will enhance more 
specitic busi ness action imitiative 'ithout bringing about frictions on trade. 

- Prior to transfer of hard technology, consolidation of the institutional framework 
related to environmental and development management, including, policy, measures, 
regulations, assessment pocedures, monitoring and observaine facilities is an critically 
important factor along with economic soundness, technical capacity and transparency 
of the decision-making system. In the meantime, it is required to facilitate international 
standardization related to costing, accomting and other appraisal criteria. 

- The assurance of industry's autonomy is regard,:d as a basis for industrial activities 

centering on recovery of investment (: immediate internalization of environmental 
'osts. In particular in the developing CLntries, the market mechanism works 
imperfectly where price distortions derived from the considerable level of subsidies are 
Col1111mon. 
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Isao Kurihara, General Manager 
Tokyo Electric Power Company, Japan 

1. l-nvironmental Priorities 
Tile pace of economic growth of tie developing countr-.s will be accompanied by growth in the 
field of electricity generation. An increase in the standard of living depends on the ability of 
the country to provide a reliable electricity network; however, a balance between socio
economlic development and impacts on the environment must be found, and it will not be easy. 

The environmental priorities are local pollution, acid rain, and CO). Authorities must 
concentrate on maximizing efficiency and reliability'of existing and new generation to help 
maximize the output from a limited fuel supply and maximize tie effectiveness of the capital 
investment. With regards to the transfer of technology, the appropriate technology must be 
recommended, taking into consideration the countries economic situation and future electricity 
demand. 

As many deficiencies in the system are a result of inLadeqlate attention to operating disciplines 
and maintenance practice's, the developing countries most focus on: 

- an educated, trained, slable work force 
- standardized plant designs 
- improved plant coal and water/steam quality 
- plant assets life management 
- plant sizing for flexibility and staff capability 
- advanced equipment especially controls 
- in-plant efficiency and reliability program 

2. Fnvironmeintal Cost-lenefit Balance with Limited Capital Resources 
S"cio-economic development and impacts omithe environment are usually at odds with each 
other. To increase the standard of living, as well as the economic growth of the country, 
improving the electricity network is necessary. Unfortunately, any reductions in costs 
achieved due to increased capacity or improved efficiency are offset by increased costs due to 
pollution control. 

A developing country cannot afford to do nothing. Throuigh the implementation of basic, 
proven pollulion technlogy, Jollution control can be achieved with a minimum of costs, 
,sing the intelligent transfer of technology form the idustrialized countries. The simple 
technology can allow the utility to improve the capacity and efficiency, to s;tabilize the work 
force, and ideally raise profits to further improve pollution control. 

The role of the international banks must not be underestimated. The World Bank and the 
Asian I)evelopment Bank fund many types of de'elopment projects in developing countries. 
Projects dealing with improvements inthe energy sector have not always Ieen successful, 
because although the Bank supplies the financial capital, they cannot always supply the 
necessary unbiased technical expertise. The E7 Network is prepared to offer their expertise, to 
allow these financial institutions make the best environmental choice for their clients. 
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3. Electrification 
Electrification can have an important impact, especially in heavily populated areas, like India 
or China. Mini-hydroelectric dams call be installed almost anywhere, and remote areas can 

profit from the new renewables - photovoltaics and wind power. I lydroelectric is a well 

proven technology, and can create jobs in the local economy, using local expertise alongside 
industrialized expertise. The role that the E7 Network is prepared to play is to analyze a 
region's situation, with the help of local authorities, and offer our advice to the decision 

makers regarding the best balance between electrification and environmental priorities. 

4. International Cooperation 
One of the main conclusions of the 1992 World Energy Conference in Madrid was that the 
developed countries must take the leading role in facilitating the transfer of energy 
technologies to the developing countries. Utilities in developing countries should have access 

to the technological expertise which has been accumulating in the developed countries for 

decades. If simple, effective, cheap, clean coal technologies can be implementecd in a heavily 

populated area, like China, this will make a global impact on the environment. We will all 
profit from better air quality. That is why, in terms of the environmental transfer of 
technologies, the 17 network is ready to give, rather than sell, its unbiased advice. 

5. Teclology Info2rmation Transfer 
The transfer of technology from industrialized countries to developing countries has great 
potent.: l. Tihe 17 Network of Expertise for the Global "-nvironment is currently involved in 
accom.,lishing this transfer. The 17 has seen the need for global coloperation and has 
rc':',nded to it. Our Network has prepared a seminar on Clean Coal Technology, to present to 

the Chinese, in a seminar arrange. by' the E7, UNESCO and the Chinese government. A 
second seminar is still in the planing stage with another Chinese group, the China Council. 
The E7 is dedicted to using efficient and envinmmentally solnd generation methods, but we 

may not always clearly recognize the needs of a developing nation. F.7 assistance must be used 

to develop an I encourage local expertise almg!,ide the transfer of appropriate technology. 

The type of techlology that needs to be transferred must be already proven clean coal 
technology, rather than the SOphisticated proceVsse viich are complex, and at the moment, 
less cost effective. The "know-how" involved in a process should be emphasized, rather than 

the technology itself, and the training of engineers and technicians. 

6. lnvestmeA Climate 
Although each of the companies in the 1:7 does have its own investment interests, as the 
Chairman of the E7 Netw rk I do not wish to answer this question as stated. With respect to 
the importance of environmental issues versus this investment, I can only say the E7 was so 

convinced that preventative measures are necessary at a world level in order to avoid tile 
deterioration of the climate and the environment that they created the E-7 Network of 
Expertise, in order to offer its advice to its clients, at a conceptual assessment level, free of 

charge. We do not intend, as a group of partners, to make any E7 investments on a 
commercial basis. 
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"COAL AND LIGNITEI: 'TiIRROLE IN ENERGY AND T IFENVI RONMENT" 

MR. JOHN P. FERRITER 
D)eputy Executive Director 

International Energy Agency 

INTRODUCTION 

Good Afternoo, Liadies and Gentlenen. 

I am particularly pleased to be here in long Kong 1o address this Second lntetn(ltiolial 
Energy AgencY Conb'rence on the Clean and Efficient Use of Coal and Lignite. The first 
Conference, in 13udapest two years ago, had as a major theme the difficlties Central and 
Eastern Europe countries were having in restructuring their coal and electricity sectors. They 
faced major environmental problems and a declining energy market as energy intensive 
indistries were coiifrointed with the realiti-s of competition and realistic input prices. Here 
ii Asia, tie context is different. I lere there is steadily incre :.i ag energy demand, but existing 
and future Use of coal and lignite are also meeting increasing environmental pressures. At the 
same tiiie there are major opportlnitics for tie introduction of cleaner and more efficient 
technologies which can bring substantial economic and environtner.tal benefits. And that is 
what bring LIStogether in I long Kong. 

I would like to thank [lie other sponsors of this conference (the American, Australian 
and Japaiese Governmuents and the United Nations) together with the supporting organisations 
for having made this conference possible. 

THE INTERNATIONAl+ ENERGY AGENCY 

I would like to begin with a few words about tie International Energ) Agency, for the 
benefit of those not already familiar withI tie Organis:.iion. The International Energy Agency 
was created in 1971, in response to the first oil shock to ensure its Members' collective 
energy security. At that time, [lie essence of energy security was seen as ain uninterrupted oil 
supply. Attcition focused primarily on developing emergency preparedness measures to 
respond t a major disruptiPn initie international flow of crude oil, and on promoting hog
term co-aperation and research and development actixities aimong Members to reduce their 
dependence on imported oil. While these activities continue today as fundamental elements 
of the Agency's work, events of the last several years, in particular the end of the Cold War, 
have dramatically altered tlie world political and economic scene, and thus changed the basic 
context in which world energy markets fuinction: 

-- The economic rest ructuring Linder way worldwide, most notably in Central and 
Eastern Europe and the Newly Independent States of the former Soviet Union, 
coupled with the expected continuation of strong incremental energy demand 
growth in ncn-OECD Asia and elsewhere in the developing world, will have 
significant effect.; upon both the supply and demand sides of international 
energy markets -- these are now becoming truly "global". 

-1129



The resulting world energy balance isshifting, with the OECD now accounting 
for only half of global energy consumption. 

Energy markets generally have evolved, wil) deregulation and liberalisation 
resulti rg in their being driven more by market forces than through government 
intervention, although government involvement is clearly still required in 
certaini instances. 

Environmental effccls associaled with the energy sector, from production 
through to Co0iSUOmpt ion, have become increasingly vexing and compel 
innovative approaches to energy policy. 

The challenge for cnergy policy makers iii this evolving world will be to respond to 
aspirations for energy security, enviror,:.,'iital prOtect ion, arid susta irable ecoIom ic growth 
what is frequently referred to as the 3 F's. Coal arnd Lignite can contribute to iecting these 
aspirations: 

- First. coal is one of the world's most imporlant and aburdant fossil fuels, its 
slare of many countries' energy mix and the wide distribution of reserves 
around the world enhance diversity, and thru; irrcrease energy security. 

- Second, there is major scope for improving tire cfhciency with which it is used 
and for mitigatiug the pollution and other emissions that its production and use 
can cause. 

-- Third, coal and lignite are cheap compared with oil or gas, perhaps between 
a qtirarter and half the price for the same primary energy content. Many 
countries Iave economically viable domestic resources of coal or lignite. So 
coal anrd lignite can make a major contributioil to providing tire energy 
supplies needed to support ststainable ecitnomuic devcpInenl. 

PROSPECTS FOR COAL 

Against this background, what is the lFEA's assessment of tie prospects for coal? 
Earlier this year, tIre International Energy Agency published its World Energy Outlook to the 
year 2010. We forecast that total world energy deirand could increase by almost 50 per cent, 
with OECD energy deriand rising rather more slowly. 

In this projection, we predict coal and other solid fuels will continue to have almost 
30 per cent of world primary energy demand in 2010, roughly the same figure as in 1990. 
Worldwide, we expect an increase of almost 50 per cent in primary demand for solid fuels 
between 1990 and 2010. 

Some parts of the world will see faster growth in coal demand than others. If we look 
just at this part (;"ilie world, namely East and South As;a (incuding China, but not Japan) 
use of solid fuels was almost 1000 million tons of coial equivalent in 1990, some 30 per cent 
of Worldwide use. By 2010, we expect solid fuel use :ii this region to more than double to 
over 2000 million tons of coal equivalent, representing close to half of worldwide use of solid 
fuels. put another way, we expect three-quarters of the worldwide incrnzase in solid fuel use 
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over the two decades to occur in East and South Asia. 

These numbers, more than anything else, show why addressing the issue of the clean 
and efficient use of coal and lignite isso important inthis region, and why holding this 
conference in Hong Kong is so significant. 

EFFICIENCY AND THE ENVIRONMENT 

There is an essential need to improve tie efficiency of coal and lignite use throughout 
the world. This will contribute sign ihcantly to sLtstai nable economic growth and energy 
security, as well as reduce the environmental imnpacts. Electricity generation is the example 
most often quoted, though it is important to remember that more than 40% of coal use world 
wide does not go into power production. 

Early in this ceIttuy, no fossil fuelled power station anywhere could achieve a thermal 
efficiency above 10 per cent. Today, typical average cfficicncies for pulverised fuel plants 
currently operating in the lEA countries are around 33 per cent. and the best new plants are 
capable of 40 per cent or more. New advanced technologies should be able to reach even 
higher figures. 

These numbers make incredible differences. Taking just one country, China, our 
Wo,-ld Energy Outlook forecast assIines that thermal efficiency in power stations will rise 
from around 25 per cent or 1990 to around 33 per cent, i.e. tie current lEA level, in 2010. 
This means that tie fuel input required in 2010 will only be alout three-quarters of that which 
would have been required for tine same amount of electricity output at current levels of 
thermal eff ciency in China. 

In fact Chinese electricity demand is rising rapidly. And, if this efficiency 
improvement fails to occur, (,ina would need to use an extra 180 million tons of coal 
equivalent, producing substantially increased emissions of carbon dioxide and other pollutants, 
as well as increasing fuel costs and thus hindering econoriic growth. The itrpact on the 
global environmenl of a 180 million ivalerit saving would be a reduction intons of coal cqtr 
emissions of around hallf a billion tons of carbon dioxide. This would more than offset the 
annual CO, eri;ssions from all energy sources inItaly (or inFrance, or in Canada, or in 
A,.stralia). In financial terms, the expected efficiency improvement by 2010 might be worth 
on the order of five billion US dollars a year insa\ed fuel costs. 

Although CLanese use of solid fuels for electricity production is likely to be only a 
ninth of total world wide solid fuel use, the expected efficiency improvement will save 4 per 
cent of worldwide use. Scale up the numbers to include all countries where current 
efficiencies are below the best available lcchnologies, and to include all industries and uses 
of coal and lignite, and the environnimntal and econoiiic benefits of increased efficiencies 
become enormous. 

Technologies which carn achieve these efficiency improvements and other methods 
of mitigating the enviranicntal impacts of coal and lignite production and use already exist. 
More are being developed and deployed each year, and you have discussed these in detail in 
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the workshops earlier this week. The value of the deployment of these technologies is 

substantial, whether it is measured in terms of fuel savings through efficiency, or through 
avoiding environmental damage. 

TECHNOLOGY CO-OPERATION 

The prospect of increasing energy demand means that ftIrther technology 

improvei.icnts aire needed throughout the world. Energy research and technology is one of 
the major areas of international co-operation within the lEA. File development and adoption 
of improved technologies can significantly reduce and influcnce (he nat tire of futture energy 
requiirements. Promotion of teclmology dcvelopmcnt and deployment by government call 

contribute signiicantly to Iiiitigat ilig and solving environmental proble is. Intensified energy 
technolo:igy co-operation among I-A Member countries and with non-Mcniher countries is an 
indisrnsable means to( accelerate technology advances and to enhance long-term energy 
security and environnental protection. 

Our co-operation on research and technology takes a nuiiber of forms. One :nvolves 
represen:atives of the Member Governments mneeting to review and discuss their policies mnd 

experieneC[s. A secoint involves conferences such Is this and its predecessor in Budapest. 
A third is through direct co-operation belween Governments (or participants nominated by 
them) to undertake specific projects. 

The largest and longest standing project of lEA technology collaboration is lEA Coal 
Research, originally established in 197.). With 14 countries and the Commission of the 
European Communities participating, it collates and disseminates information about coal, and 
undertakes technical and economic analyses. It provides easy low cost access to the most 
comprehensive information about coal available anywhcre in tle world, 

Five other IEA collaborative projects are also fbcused on coal, namely: Coal 
Combustion Sciences, Coal/Liquid Mixtures, Fluidisei lBed Combustion, Testing of ltigh-

Temnperaure Iligh-PressureFilters, and Mulliphase Flow Sciences. 1I 1991 we established 
a project on Technologies related to Greenhouse Gases derived from Fossil Fuel Use. 
investigating abatement and control of Greenhouse Gas emissions and related issues. This year 
we established GREENTIIE, a technology information exchange designed to facilitate access 
to information on cergy and environment related technologies to players both from lEA 
Member countries and from the rest of the world. And we arc currently setting up an Electric 
Power Technology Information Centre. 

hlese projects and agreements are open to all IEA Member countries. There is also 
the possibility of associate participation by non-IEA countries. If you are interested in more 
information about these projects and how to participate, whether you conte from an lEA 
Member country or not, many of tile officials responsible for their establishment and operation 
are here at this Conference and would be happy to discuss them with you. 

THE ROLE OF GOVERNMENTS 

The workshops at this conference have covered a wide range of issues, from the 
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financing of clean coal projects to environmental strategics for governments. I am particularly 
pleased that you have had inopportunity to discuss strategies for financing clean coal 
projects, as the capital costs are often a major hurdle in the deployment of these technologies. 

If one point is clear, itis that the role of government is to facilitate commercial 
activities, rather than replace them. Cornpanies, not goveinments, produce and tran.sport 
energy, and they do this mc e ficienly in markets where they face commercial pressures 
and rewards. Key aspects of governent policy should include IhR following points: 

Prices should not be held below costs and, to the extent necessary and 
practicable, the environmental costs of energy prodtoction and use should he 
reflected in prices. This will create an autoniatic balancC for decisions to invest 
in new supply against decisions on end use efficiency and conservation. 
Without proper pricing at all stages of the energy chain, new initiatives aire lcss 
attractive and project financing hecoies almost imfpossible. 

- Free and open trade and a secure framework for investment are needed to 
contribute to efficient energy markets and energy security. Barriers and 
distortions to energy trade and investment should be avoided. If there is a 
lesson for the rest of the world from the lEA experience, it is that such 
protection is rarely justified in the longer term, and merely prolongs the pain 
and cost of the inevitable adjust ment. 

- file environmentally sustainable provision and use of energy are central to the 
achievement of energy policy. Governments need to aii to minimise the 
adverse environmental impacts of energy activities, just as cnvironmental 
decisions should take account of ihcenergy consequences. 

Government support for research, development and market deployment of new 
and improved energy technologies can make it critical contribution to achieving 
energy and cnvironmni objectives. Energy technology policies should 
complement broader energy policies. International co-operation in the 
development and disseminatin iof energy tcchnologies, including induslry 
participation and co-operation with other governnients, should be encouraged. 

In sumaniiry, governments need to set the st age and, in some areas, set out the rules 
of the game for energy market participants, so that companies caii operate competitively and 
efficiently, and thus produce results which are satisfactory in terms of energy, environment 
and economic obj.ctives. 

CONCLUSION 

In concLusion, we at the IEA believe that coal and lignite will continue to play a vital 
role in national and international energy markets. Their use can aid energy security and 
economic development. Producing and using coal and lignite more cleanly and more 
efficiently will mitigate the cnvironmental impacts of increased energy demand, and will help 
lead to sustainable economic development. Deployment of new and improved coal related 
technologies will play a critical part in meeting the growing world demand for energy. And 
that is why we are here today and why this Conference has been so topical and important. 
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Closing Remarks of Jack Siegel
 

The conference was a great success for several reasons:
 

(1) 	It was very substantive as summarized by the Workshop iession
 
chairs and Sergio Garribba in his closing statement.
 

(2) 	Because itwas a collaborative effort with the UN, the World
 
Energy Council and individual countries which enabled
 

-	 a pooling of resources 
-	 a pooling of expertise, and 
- cross fertilization among organizations with common 

interests but different charters 

(3) 	Because of the conference planning process which reached out to
 
stakeholders Lhroughout the world to obtain ideas oa the context
 
and format of the conference.
 

(4) 	Becas,c of the opportunities, created by the conference design,
 
for informal discussions among participants.
 

However, the full value of the conference will not be realized without follow
up. Therefore, it is the intention of the lEA to develop a program for
 
follow-up. Your input is desired and needed.
 

Finally, the conference could not have succeeded without the hard work of a
 
lot of people and organizations. Of special note are:
 

* 	 The conference sponsors
 

- the United Nations
 
-
 the World Energy Council and its' U.S. affiliate the U.S. 

Energy Association 
- The U.S. AID and the U.S./Asia Environmental Partnership 
- and the Governments of the U.S, Japan and Australia. 

* 
 The Host country, Hong Kong and Mr. Gordon Siu, Secretary for
 

Economic Development.
 

* 
 Hong Kong Electric and China Light and Power Companies.
 

* 	 The session chairs, co-chairs, speakers and conferences
 
pc:'ticipants.
 

And, a special 
note of thanks to Barbara McKee, without whose attention to
 
details the conference would not have been as successful.
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KEY FINDINGS AND OPPORTUNITIES FOR ACTION
 

by Sergio F. Garribba 
Director 
Energy Technology and R&D 
International Energy Agency 

Ladies and gentlemen, distinguished speakers and guests, good afternoon. This has been, I 
believe, a great Conference. Most of the countries of South and East Asia with interests in coal 
use and activity were represented here as well as all the Member countries of the lEA which 
have significant coal technology expertise and programmes. We also had the six elements of the 
coal equation all present: governments, coal producers and users, constructors and technology 
developers, financing organisations, and regulators. 

The Conference was timely and unique. In the announcement it was stated that the Conference 
had four main themes and klading objectives: first, to gain better understanding about the coal 
outlook towards the next century and the corresponding coal supply and demand trends; second, 
to assess the status of coal and lignite technologies and their development prospects; third, to 
analyse the conditions that may determine the adoption of efficient and environmentally clean 
coal technologies, with a view to the special needs of the countries of the Asia-Pacific region; 
and fourth, to identify means and opportunities for better government-industry interaction and 
enhanced international co-operation. 

I believe that all these objectives were met. With regard to the first objective, the coal outlook, 
it was clear from the presentations of the lEA, the World Energy Council, the World Coal 
Institute and others, that during the next 20 years or so the largest part of the incremental coal 
demand, let us say more or less three fourths of this demand, will concentrate in the countries 
of South and Fast Asia, and China. Clearly, the exact figure will depend upon a number 
exogenous variables that refer to trends in the world price of oil, economic growth and the 
possible impact of new enviror'-ienal policies. But the aspect which is worihy recalling is that 
the Asia-Pacific region will be the source of most of the new coal in the years in front of us. 
Different data and projections all indicate that by the year 2010 the new coal demand and 
supply in the Asia-Pacific region will be in the range of one billion tons per year. 
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Correspondingly, there will be an enormous investment in new power plants, coal production 

and transport infrastructures. We can make a rough guess and assume that the total investment, 

excluding coal plant operation, could vary between 0.5 and 1.0 trillion US dollars to be 

compared with much less money that will flow into the coal system of other regions of the 

world. We Know that two major driving forces in technology progress are investment and 

market, so it iseasy to predict a continuing and even more pronounced shift in coal technology 

innovation from OECD Europe and the Atlantic region towards the Pacific Basin. 

Coal 'reciology Prospects 

The second objective of the Conf",rence was to analyse coal technology status and its prospects 

for further evolution. Again, I think that this Conference (lid a tremendous job. Of course, it 

was not amongst the goals of a Conference like the one we had to reach consensus. There was 

agreement however, oil one important point: coal cannot be conceivedt as a physical commodity, 

rather it represents a service embodying a complCx technological chain and organisational 

network. Along this view, if countries are to benefit in the 'utulrc Ilroin the enorlous, low-cost 

coal reserves, a variety of efforts are necessary: to develop and demonstrate new "clean coal" 

technologies; to reduce uncertainty over environnental regulation and allow users maximum 

flexibility in their actions to complly with the goals of envi ron ment. I protection*, to provide 

regulatory incentives to offset financial risks in the commercial deployment of new clean coal 

technology; to reducc tile cost, investment risk, and environmental impact of converting coal 

into other fulels; and to confront head-on the need to reduce carbon dioxide emissions. 

In the electricity sector, clean coal technologies can substantially improve efficiency and contain 

emissions from power plants. In recent years the thrust toward utility applications of these 

systems has become much stronger. The new coal technologies are entering the large-scale 
demonstration phase of development and could be ready for commercial deployment by the end 

of the 1990s. Advanced technologies such as integrated gasification combined cycle, circulating 

and pressurised fluidised bed combustion, hybrid combined cycles have been under development 
for many years but there have been few applications to commercial utility power generation to 

date. Coal gasification is well established for commercial service in other industries, while 

fluidised combustion has been growing in importance for industrial boiler applications. 

However, it has been noted during the Conference that electric utilities of IEA countries have 
been hesitant to move away from the familiar I-ulverised coal-fired boil(cr and steam turbine 

combination, which has served the electric industry so well For many years. With the addition 

of flue gas desulphurisation and some form of NOx control, the pulverised coal-fired boiler has 
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maintained its position as the norm for utility undertakings in industrialiscd countries. Several 
utility representatives noted that the clean coal technologies still have to show their 
competitiveness in the absence of proven track records from which the operatiomal reliability 
and overall performance could be established. A number of Conference speakers also remarked 
that few baseload power plants of any kind are being built in lEA countries and such a 
construction gap -rovides a narrow window of opportunity for commercialising tilenew 
generation of coal technologies. 

As a result, I can say that a largely shared view inthis audience, was that tie coinmercial 
deployment of advanced coal technologies would require tilesLIstained coini litnilent by 
governinen ts ;and others to build lu rther dConstration flicilitics necessary to resolve tie 
remaining technical and econolmic issues faciig cach: of tileacw coal technologies. These 
conclusions paralllel ye+ry ituch tie resilts t treceni entq iry Coiducted b' tile GIobal Climate 
Committee of the Ii-A's ('oal Industry Advisorv IBoard. Most of the respondents believed thai 
clean coal technolog" is CurreltIv too eiliC, ,dll a vastly different type of' technology 
involvig chemical proce,,s.s nll R.,c't. technology systems were notubinesh Because clean coal 

yet comncrcially proven, it ,vas perceived thal the iivestinltni risk was just to high, particilarly 
ifno national or intcrnational support %uas ftorthcoming. This is a point which is also inclided 
in tilecolimliliqu issued by the ILA's hiuerg' Ministers oil4th JlietC 19)3 where Ministers 
'call tipon the I lEA to expa nd interntliional co-llerttiion, infori ontliliexchange and technology 
(Iisseinination to proyvite incentives for Mild eliinin atte barriers to ch.ean coal technology 

deploylent". 

The need to identify alnd differentiate a;nti1ng globil, regional and local environmcintal problems 
was mientioiied ii context lit gaining i better understandilig of the issues involved, astilet well 
as toriliuilalting and prioritising viable solutions Iostich irobleiis. The existence ol coiltrasting 

perceptions aid ririties of cluntries at different levels of" ecoiic and technologica l 
developnieint was highlighteld. Technologics trnisferred froL one country to another caln lot 

always be expected to lerforilf in lit(- samc way, it has been said. Performance would vary 
according to the local level of expertise ;int the Cduication of workers, as well as the type of 

infrastructure and other social tand cultural I,cttlrs. 

Compared with IFA cOliiltries., die developing countries of the Asia-Pacitic region show 
significant differences intlie use of coal intie tyc oCfitnviroinientat coincerns they have to face 
and in tie local conditions. It has been said fllr instance, that in China about two thirds of coal 
deinaid are in tile Coal fires were recalled as a major problem in one of thenoni-power sector. 

inland provinces. There is ainappareint plaradox here, the geiieral trend is towards the 
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globalisation of tile few local situations require tiletechnologies and the markets, yet quite a 

development of site-specific and context-specilic solutions such aisnore efficient ovens, burners 
and small boilers, technologies for coal briquetting and beneficiation. Partictlarly, there is the 
need to attach high priority to technology anld management systems that use cleaner production 

approaches to environmental protection and management practices such as coal beefication, as 

opposed to end-of-pipe solutions, such as SO, and NO, removal firon stack gas. (leaner and 
more ef'icie'it coal plroduc tion and use technologies reduce both the utilisatitm of'material and 

energy and the production of waste aid en virontentally tartnful releases. 

Barriers alnd Incentives to Effective Coal Technology 

With regard to the conduct of and the barriers to lieldeployment of effective coal technology, 
tileattention of Conriterence participarts f cussed oilthe general context and on probleiis thiat 

mav affect and letermiiie the developing andcapacity of' absorb technologies in tile newly 

ind ustrialisinrg countries. Ill post-lRio ct text renewed efforts aretile being made with a ',iew 

totov inrg beyorid broad political statements artd towards ftrmulating effective policy responses 
it the area o1 teCtrlogy that will avoid further ecological degradation , particuIarly ir tlie 

developing countries arid iln countries undergoing the process of transition to mtarket ecoroiliy. 
Fl vironniertal concerns shtould be art initegral part of' coal technolhgy traisactions, proceeding 

froii tie development ard adaptation of'the coal tecnology, through its acquisition, use, and 
operation aid nliiaintenranice. 

The necessity to identify specific envirirtiital needs was reiterated numerous tiiies. It was 
agreed that many of these needs vary frotm country to country. Moreover, distinct domestic 
cotitions are likely to lead to differing emplasis oil reguhlting environmental impacts. The 
potential for conflict between environmenital concerns and international trade is increasing it has 
beeri said, its issue ill cutrrert Uruguay Rounid of the General Agreencit oiiit becarite all tile 

Tariffs arid Trade. The conflict also rellects the sharp contrast between developed and 

(evelopirig countries over the responsibilities towards regional and global environment. 

Although rio country wishes to be seen itstpolltion haven, rtlaulydeveloping countries seem 

reluctant tot take tile lead ini raising their environiier tal standards aind adopt en vironmentally 

clean coal tecltologies for fear of jeopardising what might provide a compatrative econoniic 
advantage or attraclion for new iinvest iicilt. However, itsnumertms experts highlighted during 

the C'mference, there is the emerginug recgnitionl iii developing nations that envirortental aid 
development objectives must becotme more cotpatible if a sustaitable future is to be forged. 
Speakers reported oil tile Technical Semitar of the APEC Experts' Group on Clean Coal 
Technology which was held in Chiang Mai, Thailand on 6th- I0th September and expressed the 
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view that the Asia Pacific Economic Co-operation Forum can perhaps become the best platform 
to debate and possibly resolve these conflicts at a regional level. 

It was argued that liberalised trade and investment will produce the financial resources that 
developing countries and countries in tran:6stion towards market economy might use for 
environmental improvements. Quite a few Conference participants said that this will not happen 
unless a country has incei, ives and a supportive infrastructure in place for an effective 
enrironnmental management. 

Governments of developing countries and countries in transition towards market economy are 
increasingly showing the desire to attract foreign direct investments for environmentally sound 
technologies through a inumler of policy instruments, such as tax holidays, grants, subsidising 
a portion of pollution control expenses and assisting inwaste disposal. Yet, foreign direct 
investments are purely commercial vejtures and are therefore undertaKen only when the 
political, econolic and technical climates are considered suitable for long-term profitability. 
I believe this Conferen cc made clear that open markets, itstahle and trasparent econoiic 
climate, including lredictablc cnvironme-nttl regulation, constitute ie best enabling conditions 
for fruitful co;il technology co-toperation and involvement. As a con-'equence, modernising 
gocrument structures provides an impIortant starting point froin which to enhan ce 
environmental performance. These reform measures should extend to the important area of 
government R&I) activities, where a refocus on iinproving the commercialisation of clean coal 
technologies is essential. Other important factors that n ay facilitate coal technology co
operation would be full cost pricing, the availability of skilled personnel and good governance. 
In cases involving several llayers, co-ordination would also improve the process. 

Oppoltumities ,in(I Mtains foi International Co-operation 

Regarding international collaboration on clean coal and lignite technology with developing 
countries and countries intransition towards market economy, it has been said by several 
experts in the course of the (,onfCrence that successful .xperiences of coal technology adoption 
and adaptation show that there is no mechanical transfer of "'chnology, rather there should be 
tco-operative reiation that may develop into a fully-flcdged joint venture and partnership. Any 
coal technology "transpiant" %otuld failbe ho und to unless there is a parallel and joint work 
between the parties on a number Of pruconditions relating to tile context, sticIi as: public and 
private instztUtiomw:j capalcity building; policy and fiscal regulatory reform; and strengthening of 
the financial framework. 
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Conference participants remarked that this co-operative approacch may receive added momentum 

because of the implementation process of the UN Framework Convention on Climate Change. 

Although no concrete targets with timetables for greenhouse gas emissions stabilisation were 

included in the Framework Convention, OECI) countries agreed in essence to adopt national 

policies and take measures consistent with tie objective of returning their anthropogenic 

einissions of carbon dioxide and other greenhouse gases to tile 1990 levels by the end of this 

decade. But a few countries, in analysing their forecasted emissions vis-,t-vis their announced 

targets have acknowledged that neeting thein might be hardcr (or more costly) than originally 

expected. Policy makers are finding attractive the idea of investing in emissions reduction 

projects in other countries where such projects would bc inure cost-effective than trying to 

i,chieve an equivalent reductiotn within their own countries. This is a derivative tf the idea of 

emissioiis trading which is beii, variolsly called "clearinghousc for projects", "joint 

implementation" or "compens,ition iCasures", ;ald which night greatly affect tichnology co

operation in the coal area. 

Very ul)ify SlggestiOl ilsalld tprol)O5 Is have.eIPlt putforward during this (onftere nce oil iow to 

adapt coal technologies to speciftic coin texts and ises, oil how to coipe witI civironinental 

conicerns and requiremnents of good perforlanilce and econoiiic eft-iency while integrating the 

cnvironmntal concerns. Quite a few of these suggestions aiid proposals appear to ask for 

enhanced or new interation alI co-operatilon iec han isins and inthis respect. the IE-A iitends to 

do its part. 

1 do not need to repeat thait in tile coal aid clean coal teItnology area there :!re strong p1layers 

aiid the predoimiiait work takes place in inudustry and utilities. Bit governntts have a long

slill dilrig corllititllnt. to clat.l coal tchintology developtcnt, amid the Iprubleiis encountered in 

the developing countrics should be in the fti'roit. (iovernimcits can atffect the direction of' 

invcstmenits, technical leadership, emvromimicital standards atnd regulatiOlts, an1d tile adoption of 

an inlegrated citergy , economic and crivironi lliclt tI1licy al~p ro ach. 

Tie Cxisiting intcilitiOlital co-Opuratioh oii nciLergy ',cclit,!ogy aitotgst IFA Member countries 

appears to ffter firmn ground to furthcr inii,i'cs. The IEA's lniplcemnting Agreemnts are 

niultilateral contracts drawin tit to suit the rte.qurclnts of iidividial participanils or contracting 

parties representiming governlmmenlt interests. As it has been exltlained in the course of the 

,oncretce, itse ltheshnplenciiniig Agreeilnts t down the commtitmenits of tile contracting 

parties ard establish a mail.eagein enst sriltire te groltind tlie international co-ope rationl. Private 

organisatiLs and industrial entities iay be willing to becominc contracting parties bccause they 

cail ease the financial risk and take advaitage Of iteUres involving several countries, or 
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produce more effective results with wider commercial applications than can be achieved by one
 
industrial entity going it alone. Non-Member countries may also wish to participate as associate
 
contr,,, 'ig parties and share the benefits of the international co-operation on allequitable
 
ground.
 

I would like to invite the representatives of those countries which are not a contracting party 
to the iEA's Implementing Agreements in the coal technology area to consider joining. The 
scope and interest of the lEA Coal Rese,!rch centre has been variously recalled. lEA Coal 
Research is an international collaborative pr ject for the exchange of technical, economic and 
environmental infformation about the coal and related industries. Review and assessment reports 
are prepared and specialised data bases which are unique in their detail and breadth of coverage. 
The II-A Coal Research centre was establi,.hcd in 1975 ald is supported by tilegovernlments ot 
fourteen IEA Member contries and the !-uropcan Conmission. The participation of contries 
froin Sout, and l-ast Asia, all i .rn. ,i1orld organ isatio;ns and nalitional coal producers and users 
groups is encouraged. 

I will then quote a few amo several mears whiicli have been suggested and discussed forllist t! ' 

ficilitating international co-operation on envsironmentally sonrd coal and lignite technology. Five
 
inter-related means arc as initt'
following. 

First. C'onfterence participants said th at dcimnstra lion projects are needed to show tile 
effectiveness and appropriateness of' cleal .al technologies to specific country applications. 

.eonstrations be ;o individual, can designed to display technique or technology and 
disseoi iate systemis where know-how is shaed, so that users can miake an educated decision 
on tile type of eltipnCr t to o or large-scale coal technologyptrchw. "ls'IT three advanced 
deiioistttion plants were described during this (onference, as they are being proposed for 
construction inthe Asia-lPaci1P regioni. I assumrie that practical ways to excrange information 
aiiil hetter co-ordinale the initiatives may le worthy consideration and some debate. 

Second, is coal technology training. ('onfeence participants stressed the Ict that many 
Ichnology skills could iot ie Casily traniferrCd hut oust he developed through hands-on 
expericnce. ("os qucnily, the imliotal:c of skill tforuition arid know-how a.cciliilatioi appear 
to he nccessary conditiois for succstiul adoption and tdaptation of clean coal technology. 
Training should It,provided to ;111 l technicaldall plo\ C.s at all m iatiagerial levels, aiming at 
'onlinuotusly enhancing anvironn\cni;,ita Particular attentionarencss. \woutd be needed at the 

tnnanagenent level, where policies arc set, as well tsin the coal plant, where the activity takes 

place. To this prpose, coal tcchnology suIpI1)ly coitracts should include relevant result-oriented 
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skill development and training programmes. These would, in turn, increase absorptive capacities 
in developing countries and countries in transition towards market economy. 

Third, the establishment of interutility centres or other mechanisms has been advocated to 
disseminate and share information about successful applications and adaptation of 
environmentally sound coal technologies. The interutility centres should appraise the needs of 
potential users, evaluate technology options and projects, promote joint coal and lignite R&D 
programmes. Teaming could also be considered between electric utilities to exchange 
operational experience and technology. 

Fourth, developing countries may wish to consider the creation of "one-stop shops" which could 
assist potential coal investors obtain all required information on investment conditions from one 
source. These "shops" would centralise the information available within the country on all 
aspects of national conditions related to the transfer of technology. They would act as a referral 
mechanism to provide data, assistance on regulatory and institutional aspects, consulting and 
other services relevant to coal technology deployment. 

Fifth, is the new financial means to promote the diffusion of environmentally sound coal 
technologies. Overseas development aid, although desirable, is not enough it was said. Rather, 
a more entrepreneurial approach is required in searching for future projects with environmental 
and economic pay-offs. One possible suggestion for consideration by national and 
intergovernmental bodies, has been the creation of an "environmentally sound technology rights 
bank" as an intermediary that would acquire patent rights to clean coal technologies and make 
them available to developing countries under favourable terms. Other suggestions referred to 
joint venture coal technology development and commercialisation involving enterprises from 
developed and developing countries. A hallmark of this apparoch is that developing countries 
participate directly in the preparation and adaptation of innovative coal technologies, and thus 
are able to influence the outcome. Next, there would be the build-operate-transfer arrangements, 
especially for the construction and operation of big coal facilities and infrastructures. In these 
arrangements a private company would build the coal project, operate it long enough to pay 
back its debt and to achieve a return on equity, and then transfer the project to the host country. 

Final Remark 

Finally, on behalf of the IEA, I would like to thank once more, those organisations that 
contributed to the success of this Conference and wanted to sponsor or co-sponsor this event. 
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I should mention the Conference Steering and Organising Committees and their individual 
members who defined the goals of the Conference. The concept which was originally 
formulated in the IEA's Committee on Energy Research and Technology and the Working Party 
on Fossil Fuels, was eventually provided with structure, programme and action. In particular, 
our thanks should go to Dr. Jack Siegel, Chairman of the Working Party on Fossil Fuels who 
contributed with support, enthusiasm and thrust. It was an extraordinary experience to share 
views and engagements with him. Then there is the commitment and extraordinary work 
performed by Dr. John Tilley, IEA's Head for Energy Technology Collaboration, by Mr Henry 
Bottomley, IEA's Principal Administrator, by Mrs Barbara Mc Kee, Director for International 
Programme Co-ordination, Office of Coal Technology of the US Department of Energy, and 
by Dr Roger Le Gassie, Chairman of the Committed on Technology Collaboration of the US 
Energy Association. I believe they deserve a warm applause. But the success of the Confeence 
is mostly due to the continuing work of those who followed its oganisation day by day, and to 
the Chairmen, Co-Chairmen, Rapporteurs, speakers and participants, who gave ideas, activated 
discussion and presented new and practical proposals for future action. I think that some of us 
will have the opportunity to meet again mind share our accumulated experience. 

It is the intention of the IEA to keep the Conferences that we organise or co-organise as 
practical as we can and to provide these Conferences with adequate follow-up. Proceedings will 
be published and the proposals for internationo& collaboration that you made, or quite a few of 
them, will be brought to the attention of governments and policy-makers through the IEA 
Working Party and Committee system. I hope we will be able to tell policy and decision 
makers, and the general public that clean coal technology is plenty of options for coping with 
the three big "ecs" and challenges that were mentioned so many times during these three days, 
,.-nergy security, economic development towards sustainability and environmental protection. 
Perhaps we will recall this event in Hong Kong as the begnning of a new thinking and course 
of action. Let us therefore say that we will continue to work in our respective countries and 
erganisations and together towards achieving a common agenda for coal and lignite technology 
progress in this region of the world. 

Thank you ladies and gentlemen for your attention, have a safe return to your respective 
homelands and countries. 

- 1145



CONFERENCE PROGRAMME
 
AND COMMITTEES
 

- 1147



CONFERENCE PROGRAMME
 

MONDAY
 
29 NOVEMBER
 
REGISTRATION 

6:0t0 - 1:10 

TUESDAY 
30 NOVEMBER 
REGISTRATION 

7:30 a.m. - 10:00 a.m. 
4:00 p.m. - 8:0) p.m. 
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P. Jezek, Private Power Advisor, Inistrv of Min",and Fnergy, "Project
 
Financial Strategies and I'rivat i ioil," IlndOneisia
 

R. Sargent, Ahbitror evelopuei Corp., "Financ inlg of l'rivatized Power
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Technology Options Evaluation Process," U.S. 
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Coal Utilisatin l'cintigies, India 
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3:30 p.m. - 4:00 p.m. - -CI'c Pi,wa 
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TECHNOLOGY OPTIONS/EMISSIONS CONTROL, COAL
 

PREPARATION AND CLM FUELS
 
Co- Chairs 

.oal a, Ill. ( o'll I'll/ I ill r1). Cai, Al,,r., t~I' tm t Ci Pmh w tr, lia 

Al.Nor, t.)ir. G it., l Apt. of I/,', tit ith Stt,'l. Alitin> 'volt I.,'toi/, Ahilay*,ia 
Riipiiorli'urs: ,Al. hiii,t'rii ITlzkiht AFi'., iiic t out itl,jittm iC,tal 

Strah'gics, I.hetil xrtl i ),c, l , it Co,,,ln R. Stuat, IInd,III Cold !4 
t.Iraint it l)l,l_, ,'1thi,wn~t 't 1, \'(ttttl Ic;oun 'l' contotntits, 

'i,halia
 

1:45 p.m.- 3:30 p.m. 
OPENING REMARKS OF THE CO-CHAIRS 
WORKSHOP PAPERS 
I. Webster, (I 1; I)irori'toctor, ;rteihiiouS' (as R& I) 'r gram,irirn IEACR 
"Carbion DioiIxide (ptiri idIispisa l is a ( ;renhotlse (ias Ahlin'ment 
Option" U.K. 

V. A. Iyengar, I)ir., NI.S. Iyt ngi r & Aso., "Ci'leait aid lilt ii'iit US' (i Coal 
and lignite Through (0, Slabili/atiin," India 
K. Sullivan, ( ;Iolal Clij ate (' itititi', ('IAB, "hl livitd ('oal Utiliatiin 
Technoiogy: l'otntial toROeduce Ca',rbon l)Iiih I'ilisions" 
II. F iibii, A.l st u0i' (i 1ittt'e, (II:Chair, lEA/C ' -' An Integrating 
Approach 0to I'r LaI tiii Il,rnspolinid i , of ( itl," U.S. 

D. Dullhp I'res. Fl ts %II, genIt I, ,I 'C t ,(-it ipetitive oal WaterII 
Fuels," U.S. 

3:30 p.m. - 4:00 p.m.-- Co lea,k 
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4:00 p.m. - 5:30 p.m.
 
WORKSHOP PAPERS (continued)
 
1. Yanada, (en. N1 r., chnohog'/li'rgv I)e'lc1opinint I)ipt., ldi'inittsuKosan, "Clean ,ind I lli i l ( oil I liimdliig Sys',hi-.: I'v",elopieni ot Coal! 

Cartridge Systeii (CI "), Japaii 

1'. Ling, Senior Preparation lngineer, Ministry ot ( ol Inldustry, "New 
Developnieint of rocm'ing or Coal e'ni'iiciation," IP14 

D. Yang, 'res., Nil, "Adai ned Flotalioin: l'akid Column Frolh Si'paration 
for Fine Coal (leaning," U.S. 

T. Iamich, h'ofessor in Pylisical Chemislry, CNS, "Significance of Recent 
SCI Advances to Future of Coal Iq.iuid Mixtures," France 

,of 
of the Liqvids from Coal (LFC) Technology to Coals in the 'acific Rim," U.S. 
S. van l ten, SCI International, "Low Grade Coal Upgrading: Application 

WORKSHOP A(4) 
REGIONAL NEEDS 

Co-Chairs 
r. Re, liondiio, .r,Noth , ,'- a )f/i,,, Il ii 
K. Sridhar, I),'G. ln'r.,National ThritalPower Coyj., India 
RaIporteurs:L.Petrak is, " aolCh, of Atj'pliit 51Iei'C, hi okA11weiNalional 

Lbioral, ,i', (15.; ,Al. Tsang, Al,'t., hiti'natioalAffairs, China light& Power
Co., ilht..Ih', Koh" 

1:45 p.m. - 3:30 p.m.
 
OPENING REMARKS OF THE CO-CHAIRS
 
WORKSHOP PAPERS
 
11.BoYd, El-'c. ('n 1gr., Coal & Allied lndi, iries, Ltd., "Integrating

Inmproved (oil Tcchiil<igv in0o ltiiiil 'rgy S',tenis,'" Australia
 
NI. Daniel, I id Otf upply ianspoi iad Nlarkets, Il'ACR, "Asia-'acific 
anid tEuropc,; Con ,irioii o (ol P'ros ,e,/Oportunities," U.K. 
W. ouS',.,enirVieI 're'.., NIll] RE, "Regioama AnyIsis and Architecture of 
the Whole InrgyI,"5tI'ihl,'' 

T. Kashiwag, I 'rot,>>or, lokco Clni'itr\' of ..\A icLtore and Tcliulogi',

' 
'Efficient lJe in liiltcr,itd Rclgioil I icg yli,'tn,,' lapain 

R. NI. Sultll, Chiiet Ilspector of Minc', )epl. ot Labour and Manpower,
 
"The Role of ( oal in [he riel,pnieiit of I P'aki'.hi
l'akistan 

3:30 p.m.- 4:00 p.m. Cotic iMa' 

4:00 p.m. - 5:30 p.m.
 
WORKSHOP PAPERS (continued)
 

F. von Iisimarck, I leald Of ligniel'lanning Section, Ministry for 
Environmentlanild RigionalI 'lin iii, Ira ndenburg, "Changes inGerman 
Lignit. NIin ilng: Just fiie Fthlts of Reunification," Girmany 
M. Nlouliraki, EIngin-evr, Niihtr\' of Energy,and Mines, "Sonme 
Considerations On Inported (',l nlld the Einiionienl in Morocco," 
Morocco 

M. Novak, TE-T( L.,"lndloiii',iii (ol for I'ivironiental Valui' ill .lovenia 
Cogen'iltion l'lauits,',Sl ienm 

W. Willson, Senior Iw',,uaci Ad vior, tImg'' Rearch Ceniter, "1 ow-Rank 
Coal Water Fuel (I.I'('W's,): Coinwi(i,ilI )emoniralion," U.S,. 
R. Gruntyl, l'uIIpi' MiIm ity S1till, U.S. 1,1ti' Cinlllille On Ent'rgy ania 
Natural ReSOurces, U.S. 
1'.Sichoni., NIchI./]ni'gy 'ionsi'rvalion "ig'Coal Use: Al Overview of 
Southern Airican Countries,with Zambia in I'articular,'' Z mbia 

- 1159

http:P'aki'.hi


WORKSHOP A(5)
 
ENVIRONMENTAL STRATEGIES
 

Co-Chairs 
B. WortlinVto, iLT. Dir., SI -'A, Wordl11lt ('" 111til, U_.S. 

S.Tridech, ep. Sec. G,'n., Alinit ilof Scie'n,,e, ",chnohNi I ll LIiloltni'nt, 
Thailand 

Rapport'rur:R. CricA,, .AA. Coal liat I1h, ctTl. of 1'1iniir/ IIIIIts rs Ies 
Eyl rii,.4ustralii 

1:45 p.m. - 3:30 p.m.
 
OPENING REMARKS OF THE CO-CHAIRS
 
WORKSHOPPAPERS
 

G.Schramm, Advisor, \\Vorld lt nk, "Environmental Manual for Power 
De\,ehlpilnt," U.S. 

A. Tesfai, l'rtject Ivtipnion, Mgr., A-S Cor,., 'RclopingGreenfield 
CVan Coal TchIItotgv 1l1t,1 ,-ad Rehabilitating Old Coal Plants with 
Clean Tech hnoltgv,U.S. 
C. Nair,,Manng;g I)ir., 1l1\%I. "hinvitonntntofl Iipact:,," 

Iliong Ktorg 

Y. Y1, Chiet, C M , , Instii to, "Overview of Coal'entra (it N in n RO.earch 
Use and i:icitent EIt luclt tthtlogV," 1'I\(' 

3:30 p.m. - 4:00 p.m. Cof!c /ic k 

4:00 p.m. - 5:30 p.m. 
WORKSHOP PAPERS (contintuo)
 

\. lhiet, wvattak te, .;r. Ft ttotoit, I)t-pt. ot iierv I)evt nt and
 
l'ri mmn,"J't't lt I, ill\i~ l l'HI hn 1:it011l U ,illg C'0,11,11d Lignite 

in Thailand" "Ihtilan.d 

.. 1\1iltr, Dep. A-,I. wS lor htin (oil, U10)F ")'i ,td, '. Fuel, 
ttiLv'S Co'tncvrtt.nLIl11tIti \V"tSttliit At-hieiti I'ithvironinental 
Acceptabilit1. with C ( o" l littihnthttit",, U.%. 

K. Comintr, Sr. Asst'c., I) ,e ili 1:tt l,II AIuIilnissiol, Frolw Coal-Fired' 
[htwter Plank: hdtne,,od(p~~tntt, 

I ltog Kong 
R. Ka iiinski, Raiytheon hnginoering & Corstruii tor,, U.S. 
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WORKSHOP B(1)
 
COOPERATION AND PARTNERSHIP
 

Lo-Chairs 
B.McKee, Dir., International Proa,,nCoordination, Offic'of Coal Teclhology, 

USDOE, U.S. 
C.Wang, ires., China Ilumeng Group, I'RC
 
Rapporteurs: j. Wilcox, Deputy Chairnan of ACTT, Australia
 

A. R. Jack, Scientific Services Officer, China Light & Power Co., Ltd., Ilong
Kong 

8:00 a.m. -9:45 a.m. 
OPENING REMARKS OF THE CO-CHAIRS
 
WORKSHOP PAPERS
 
R. Lo.i;assie,Chair, Committee on Technology Collaboration, USEA; S'n.
 
Vice Pres., Technology & Management Services, Inc., "New Approach to
 
"'echnhology Col lahora tion," U.S.
 
J.Topper, Commercial Dir., Coal Research E-stablishment, "Improving Coal 
U,e in Developing Countries Through Technology Transfer," U.K. 
S. Schweitzer, Chief, Energy Innovation and Private Sector Division, 
USAID, "USAIID Experience in Co'operation and IPartnership,'' U.S. 
J.Lin, Engineer, Nanjing Coal Mining Machinery Factory, "'Promoting
International Cooperation olCoal 'atent Tech nogy l)eveloprnent," I'RC 
L. 1'.Reade, Dir. General, US-"'\I', "'low US-AEI' l'ngrais are 
Supporting Energy, EnOvii'inen taid Iconolic Development," U.S. 

9:45 a.m. - 10:15 a.m.-- Ifc',vtiN, 

10:15 a.m.- 11:45 a.m. 
WORKSHOP PAPERS (continued) 
K.Ranakrishnan, Corp. l)ir., Itharat I leavy Electricals, Ltd., "Technology 
Transter and "l'ecInuogyOptions - An Intfian IndiaExperience,' 
B.Worthington, Esec. Dir., USIA, "International Utility Partnership 
Prograin," U.S. 
J. I'ilh,', le.ad, o.ergy Technology Collaboration )iv., IEA, "Role of 
Multilateral Cmiperatiii inTechnology' I)evelmpient and l)epl,,yment -
Tie IILA Experience." lILA - Paris 
Z. L', Assoc. Research Prof., Energy Research Institute, "Coal Technology 
in China: Optimns, Interl ational Cooperation and 'artnership," I'RC 
T. Abe, Senior Staff, International Cooperation Dept., Center for Coal 
Utilization, "Comprehensive Promotion of Coal Use Technology and 
International Cooperation for Transfer of Appropriate Technology," Japan 
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WORKSHOP B(2)
 
TECHNOLOGY OPTIONSIDESULFURISATION AND INTEGRATED
 

GASIFICATION COMBINED CYCLE
 
Co-Chairs 
11. Feibus, hair,IEA/CI.A I E Culive Co1mithee, II.S. 

Al. Zhang, Chicf EI'nii'erof Boihr 'e.m'ich /)1t-t'ht real Power R's'arch 
Institute,PRC 

Rapport,'ur:At. ",/insi,, Ad 's'o, ii1illin.ghai,IEr. .u!liEnrioni,'nt, 
LIN 

8:00 a.m.- 9:45 a.m. 
OPENING REMARKS OF THE CO-CHAIRS 
WORKSHOP PAPERS 
J. Klingspor, Dir., Technology Development, A13BEnvironmental Systems, 
"Advanced 'Stealth' Wet Ill-e Gas Desulfurization," U.S. 

I.Smith, Ii-ad of Environmental Group, IIEACR, "Flue Gas Desulfurisation 
for Coal-Fired I'ower Genelhtil in the Asia-lailiC Regiorn Ai Overview 
of Best Available Options," U.K. 
R.Meyers, Mgr., Cliem icalTecinologv, IRW, Inc., "Graviimelt Process for 
Coal l)e'ulfuri/altion and Il)emintralihation," U.S. 

R.1. Batvko, Nlgr., Environmiental Pr 'jet , lIi bock &Wilcox, "Available 
Technologies for Fhlt (C;a' l)uilfii/.itionl i lliermal Power Plants," U.S. 

9:45 a.m. -10:15 a.m.-- C,teca. 

10:15 a.m.- 11:45 a.m. 
WORKSHOP PAPERS (continued) 

N. Nagasaki, Senior EIhginver, I litlchi, lAd., "Total Energy Systems 
Centering on IIF ," Japan 

0. I'. Rio, Sciv'iti"t, ( ouiliil of k.eiit-nitft" & lIndou.Slrial Re earch, "'.chno 
Economic Feasibilitv A-r\,,','el1.it OfInteg)rated G,.ification Combine'd 
Cycle (IGCC) l, er (;erLT,ratinTeehnoligy i;'ii igh Ash Indian Coals," 
India 

S. Tam, Ngr., Advanced Proess, lhrhIlel Corp., "lIndiro'ct Coal I iqlefaction 
Via Fiscier-Tropsch l ehinolog,y for liaeload 1(;C 'Itant," L.S. 

S. Li, Ileijing ReeIarch hntitue o (oal Ch,'mi'trv, l'RC 

WORKSHOP B(3)
 
TECHNOLOGY OPTIONS/PYROLYSIS AND
 

FLUID BED COMBUSTION
 
Co-Chairs 
D. Ding, D,p. Chil /n,in,'r, ITC, /'RC 
Y. lia, Vice Chainii, Amin. Cmnuitteu', WIC, I'1R
 

Rapporteur: J.Forr,'r,Groi/ lmtI,,.,"l'i.o/,, & All iaennlI Services, Inc.,
 
U.S. 

8:00 a.m. - 9:45 a.m. 

OPENING REMARKS OF THE CO-CHAIRS 

WORKSHOP PAPERS 
T. Kawa mura, Senior R,,earceir, Nippon Steel Corp., "Coal Complex 
Centering on Coal I'yrolvsis," Japan 
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E.Someus, Dir., Product Control, "Cleaning of Sulphur Contaminated Coal 
with Product Control Indirect Flash Pyrolysis Technology," U.K. 
B.Ion, Head, Mech.Equip. Fng. Dept., Energy Research and Modernization 
Institute, "Solid Fuels Energy 'echnology and Environment," Romania 
P. Rozelle, Vice Pres., IFI I Coal Co., "Meeting Needs of Regional Systems
 
Through Coal Preparation Circuit Design for Multiple Markets," U.S.
 

9:45 a.m. - 10:15 a.m. --Cof[cc lrcak 

10:15 a.m.- 11:45 a.m.
 
WORKSHOP PAPERS (continued)
 
Y.Li, Dir., and D. Qiu, Professor, INET/ITEESA, "Circulating Fluidized Bed 
Gas-Steam Cogeneration and Its Environmental Assessments," PRC 
R.Skowyra, Engineering Mgr., Fluidized Bed Steam Generation, ABB
 
Combustion System, "Design Considirations for Utility Size CFB Steim
 
Generators," U.S.
 
S. Jansson, Mgr., Science and Technology, AB13 Carbon AB, "Pressurized
 
Fluidized Bed Combustion-Efficient, Clean and Compact Power
 
Generation," Sweden
 
T. Ogava, Asst. Gen. Mgr., EPI)C, "Technology Integration in Efficient and
 
Clean Coal Use for Utilities," Japan
 

WORKSHOP B(4)

REGIONAL NEEDS AND PUBLIC OUTREACH
 

Co-Chairs 
K.S'd i. i ald Social jor ,,'ss Rescach Institute, Japian. D.Dir., Glob:l hnlusIt 
K. Mak, fli'r,-in.(ha,'W,bi'er'i of l:couoi and SocialIes,,uirc'sRBanch, D,'i,. 


Dh';,c,,piwut. UN
 
Ralpiorteur:11.I't rs.L.SAll) Co,dinator for Inlia, 11lC. LISDOE, U.S.
 
8:00 a.m. - 9:45 a.m. 
OPENING REMARKS OF THE CO-CHAiRS 
WCRKSHOP PAPERS 
M.Su and S. Gu,Asst. Prof., INET/IIEESA, "Case Study: Integrating 
Improved CoAllechn. logies into Energy Syst'n' of Changshu in China," PRC 
I..Z.Min, Chief,Shanxi Protvince Energy Economics Inst., "A Case Study oil 
Inproving tile Efficiency of Coal Utilization - Case Stud' in Taiyuan," PIC 
S.Xia, Professoir, 'singlia University, "Fnergy-Entironmental Issues in 
Shani rovince' arid Taiyuan City," PRC 
R.I hui, Assoc. Profe-ssor, Shan\i I'rovince Planning Committee, "'Coal-Fired
 
Power Station' aid Their Effect on tile
Environment in Shanxi, China," PRC 
Z.Ma, Central Coal Mine Research Institute, "The Way of Utilization of 
Lignite in Yunnan l'rovince of China," PRC 
A. Razzaque, Chief G(.xelogist, Pakistan Mineral Developnuent Corp., "Lignite 
Coal of Sindli," Pakistan 
I'.Sulabutr, Sec. General, National Energy Administration, "Forest 
Conservation anid Briquette," Thailand 

9:45 a.m. - 10:15 a.m.---Cofjt,' Blak 

10:15 a.m.- 11:45 a.m. 
WORKSHOP PAPERS (continued) 
N. I lashimoto, Ntgr., CWM l'roject Operalions Dept., JGC Corp., "Clean Coal 
Transport System CWM Chain Between China and Japan," Japan 
G. Stiedji, Superintending Engineer, Maharashtra State Electricity Board, 
"Coal Use: Itblic Perceptions," India 
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J. M. Biddison, Commissioner, Public Utilities Commission of Ohio,"The 
AffLcts of Environmental Compliance on Coal Use in the Midwestern 
United States: I low Regulators Balance thi' Corpeting Interests," U.S. 

Y. Dia, Assoc. l'rohc"sor, inergy R's'amchIln'.,titute of State Strategic 
, '("Plann11ing Colli ..,.ion, "Public l'r. c Iv [\ 

F:Won~g, Pwres., F I:\'thi 1c, IIm.. L L 

WORKSHOP B(5) 
ENVIRONMENTAL STRATEGIES 

Co-Chairs 
K. Sainadikutn,Pai., G.,'nclalPhIu:n ,. /ITN', bnd,,pwia 

I. Steingass.I'itr'ylhhi'i n, A~tani I n,lu, Is ,111), U.. 
Rapport'trs: S. Itirano, it.,,f pt 'P, olnotn, NI D)O, ,1iano; 

K. Thompson, 3,'1€tY )ir., Offic' ,,f I ,o l ,sithlnlcc, UlOL, U.S. 

8:00 a.m. - 9:45 a.m.
 
OPENING REMARKS OF THE CO-CHAIRS
 
WORKSHOP PAPERS
 

J. IDong, Protesor, Shai Ac,.,'v t Social Scien,.':eS, "On the Use and 
Economization if Energy in China,' 'RC 

1'. Nathusa, 'rogrin IPir., N,-%,Yoik State lnitrcv research and 
Development ,\uthirit, "Inei i, I:titi,.nt Air 'ollution Control for Fossil 
Fu,eled Plants," U.S. 

Z. Ii, Committee ot lierg'v and Fivirononnt of (hila, lergy 
Environmlental ('otnii'. ln "F itonnitlitl Dcision M.,king,'" PI'KC 

NI. tHolden, Ih'otvo's,,r, Uni,.',ilsv t Vir,,itil, "Re .tlat ry 'olicies and 
RegtlIlatory liplse'tits'ttaliol: ] e l tis'tr ll (io (.tttertt'tttal altd 
Corporate U.S.peri,'no.,,"U. 

'. Yusgiamtoro, le''. ir, It1,11 ,1Cta11 Io tijtilt ' it [mtIel'gv Ecoionlics,
"lnd,,:,ne'-,ia' ( 0,1 )"\ "ht'u'Mn tmand I.tili/ali~n: I'aj.t, resent and Future," 

Indonesia 
J.Rosa, Advior to l[ep. 'ritte %itm., (1itk Lot I'ritne Min., "litironntent 
Managenent inl"]ransitiot Itonotmi'," h I''pubhic.'/e, 

9:45a.m . -10:15a.m. - ,,'t,.,.c ,it 

10:15 a.m. - 11:45 a.m. 
WORKSHOP PAPERS (continued, 

R. Patil, Chietl'Itgiroer, tr,.htra State Ilectricity Iloard, "Coal 
Tech ,ilopIsic]I'lnviri 'lict," India 

X. Song, (hina Universitv tit Mining and lech., "'Ihe Role ot Clean and 
Efficient U,, it oal in ti Ilutiire Energy and Etnvironimennt ot China," PRC 

W. Cavnaugh, Ogden EIn'irointst aitd Ei'orgv Servi e,"Envirotmental 
Sound Facilities Mainageeitit," U.S. 

I I. NI. Chen, Senior 'cotniwt.t, China Energy Reeartt S0iety, "The Cleai 
and E-fficient Use of Coal in China," I'RC 

K. Sullivan, Technical Advi,.or, Coal & Allied Idustries, "Reducing 
Enviroimlei tt Inpacts 'lit tgh Icreaed I'ertormance l:ticiency," 
Australia 

S.Stallard, Project Manager, atck &, VeatcI, "' QI: Irtngiitg New 
I)imensiins to Fiet I 'Ic.i-.olls," U.S. 
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CONFERENCE STEERING COMMITTEE
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International Energy Agency, Paris 


John Cameron 

Department of Primary Industries and 
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ABB Carbon AB. Sweden 


John Trubshaw 
lEA Coal Research, United Kingdom 
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Department of Energy, United States
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International Energy Agency, Paris 
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Brisbane, QLI)40(11 


Russell I liggins 
Executive Director 
Minerals and Fisheries Group 
l)epartment of' Primary Industries and Energy 
GPO Box 858 
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