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EXECUTIVE SUMMARY 

BACKGROUND 

Recognizing that lIenergy shortfalls are causing a serious constraint to development in 

over half of all AI.D.-assisted countries,1I the Committee on Appropriations of the U.S. 

House of Representatives requested a report from the U.S. Agency for International 

Development on the "magnitude of the :;risis, its implications for future economic and 

social development and the potential for U.S. technologies and services to address this 

problem", including an assessment of "appropriate incentives for private sector 

participation .... " 

The rapidly accelerating problem of electric power in developing countries is of critical 

importance to the United States. As <3: key prerequisite for economic development, 

electric power is vital to efforts to improve living standards in the Third World and to 

satisfy the demands of their citizens within a stable political context. Also, the electric 

power market in developing countries provides significant trade oppo'rtunities for U.S. 

businesses. 

PURPOSE AND REPORT ORGANIZATION 

In response to the Congressional request, this report highlights the dilemma faced by 

developing countries and seeks to initiate a discussion about potential solutions and the 

appropriate role of the United States foreign assistance program. The specific purpose 

of the report is to assess the magnitude and causes of the present and future power 

problems in developing countries (Chapter 1), to identify the impacts of inadequate 

power supply (Chapter 2), to consider the importance of power development to the 

United States and to U.S. suppliers of goods and services (Chapter 3), and finally to 

provide strategies for power supply improvement and identify the role of the U.S. 

Agency for International Development (Chapter 4). 
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1. ELEcrR.IC POWER DEMAND Al"lD SUPPLY OUTLOOK 

Unlike recent trends in the United States and some other developed countries, 

consumption of electricity by developing countries is still growi,lg faster than their 

overall economies. Between 1970 and 1982, electricity consum~'tion in developing 

countries increased at an annual growth rate of over 8.6 percent, while the Gross 

Domestic Product (GOP) grew at 4.6 percent to 5.7 per,cent per year over the same 

period. Over the past twenty years, the ratio of electricity consumption to income 

growth was 1.4 to 1.6. 

Although developing countries contain over 75 percent of the world's population, they 

consume only 18 percent of all electricity produced in the world and have only 19 

percent of all power generation capacity. By comparison, in 1984 the United States had 

an electric power generation capacity of over 630 OW (trillion or "giga" watts), 

compared with 445 GW for all developing countries. 

Per capita consumption of electricity in developing countries is far below that of 

industrialized countries. The, average of all developing countries is 500 kWh (kilowatt 

hours) per capita per year, an.d for the lower income, ALD.-assisted countries the 

average is only 300 k\VH per capita per year. In contrast, per capita electricity 

consumption is over 5,000 kWh per year in Western Europe and over 10,000 k\Vh in the 

United States. In general, over 80 percent of the rural population in developing 

countries does not have access to electricity. 

Causes of the Power Problem 

The fundamental causes of the power problems of developing countries relate to both 

the supply of and the demand for power. Briefly, these are the key issues: 

• Power d~illru. In most developing countries, current demand exceeds supply 

frequently resulting in unplanned power outages and the necessity for 

industries to devote their resources to installing redundant, onsite 

generating plants. 
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• Hi~ transmission and distribution losses. In many countries, transmission 

and distribution losses from technical inefficiencies and theft are 20 to 30 

percent, compared to 8 percent in developed countries. 

• Inefficient operation of power plants. Due to improper maintenance and 

operation, power plants in developing countries are available for operation 

only 50-60 percent of the time compared with over 80 percent in the United· 

States and other industrialized countries. 

• financial diffkulties of t;lectricity authorities. Although on average 

developing countries devote 25 percent of their public development budgets 

to electric power, electricity authorities in many countries are unable to 

raise, through electricity sales, cross subsidies or borrowing, sufficient capital 

to cover their investment needs. Uneconomic pricing requires substantial 

subsidies from the central governments for their operations. 

• Shorta~e of skilled manpower. Mo·t utilities in developing countries have 

been unable to attract and retain a .:.u.fficient number of good managers, 

engineers and technical personnel. 

I End-use inefficjencies and lack of cOnservation. Both the equipment using 

electricity in developing countries and the manner in which is used are 

highly inefficient. Also, techniques a.lld methods of conserving power have 

not been widely adopted. 

Future Demand for Electric Power: CUI":"-.!Ilt Trend ~cenario 
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If current trends in electric power consumption continue at the recent 8.6 percent 

:lnnual growth rate, electricity consumption over the next twenty years in developing 

countries would increase five-fold by the year 2008. This would require the investment 

of $4.79 trillion, or an average over $2JS billion per year, compared with the $50-60 

billIon being spent currently. Developing countries cannot sustain the financial and 

en10nmental impacts of such an expansion. . 
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Future Demand for Electric Power: Alternative Scenarios 

Recognizing the unsustainability of simply projecting current trends in electric power 

demand, the report analyzes three alternative scenarios of future demand growth. 

These alternative scenarios are intended to illustrate the potential range of future 

outcomes, giving the reader a general order of magnitude rather than a definitive 

estimate of future conditions. The alternative scenarios are based on the high and low 

projections for economic growth in developing countries by the World Bank and on 

rather dramatic reductions in the ratio of electricity consumption to income growth. 

These alternative scenarios assume (1) significant efficiency improvements in existing 

and future power facilities, (2) sharp reductions in transmission and distribution losses, 

and (3) considerable improvement in the end-use efficiency of electricity consuming 

equipment and devices. Under this approach, the ratio of electricity to income growth . 

is reduced in stages from its current level of 1.4 down to as low as 0.9 by the year 2000 

and beyond (0.9 is slightly less than the ratio being experienced in the United States 

today). 

These projections suggest that from an existing level of 44S GW of capacity in 

developing countries by the year 2008 generation capacity could increase to between 

1150 GW (an annual growth rate of3.71 percent) and 2008 GW (an annual growth rate 

of 5.8 percent). These projected growth rates are co:..tSiderably lower than the 7 percent 

per year rate projected by the World Bank for 1985 to 1995 or the 8.6 percent per year 

used in he current trend scenario .. 

Based on these scenarios, the projected financial cost or the new generating capacity 

and its related transmission and distribution facilities would be between $800 billion 

for the low growth scenario and $1.7 trillion for the high growth scenario. If, however, 

no improvements in end-use efficiency, transmission and distribution losses and 

generation plant utilization occurred (Le. tbe ratio of electricity consumption to income 

growth was 1.4 from 1988 to 2008, instead o~ declining to 0.9 ) the investments required 

would be $1.6 trillion for the low income grO\\ th scenario and $3.9 trillion for the high 

income growth scenario! 



2." TIlE IMPAcr'OFELF;CrRlC PO\VER SHORTAGES 

\Vhile not sufficient unto itself, the availability of reliable electric power is a key 

component of the infrastructure necessary for economic development in the Third 

\Vorld. Expansion of the agricultural and industrial sectors, in particular, depends 

heavily on electricity to perform productive functions. Currently in most developing 

countries, the industrial sector dominates electricity consumption, accounting for over 

60 percent of total electricity use. 
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As these nations modernize, electricity use in the commercial and residential sectors is 

rising sharply, and in some countries has outstripped industrial sector consumption. 

Electrical services in the form of lighting, heating, cooling, and labor saving devices add 

to the quality of life and the productivity of individuals and their families and, 

consequently, are in high demand in developing countries. 

Also, most developing countries have adopted aggressive plans for rural electrification 

in an effort to decentralize their populations and to distribute the benefits of economic 

growth and electric services. Electricity has direct benefits in rural areas on health 

through its us in refrigeration of vaccines and food. Electricity also permits the 

introduction of lighting and small-scale, labor saving devices for rural production and 

consumer convenience. These programs are endangered if developing countries cannot 

obtain the financial resources for decentralized, rural electrification. 

Electricity and Economic Development 

Even though power supply capacity in developing countries has increased significantly 

<,lver the past twO decades, the demand for electrical services has risen more rapidly. 

Consequently, many developing countries now face critical power shortages of over 10 

percent of their generation capability. In Pakistan, for example, over the past five 

years, power shortages have been over 25 percent of the peak demand. In India, power 

shortages of over 10 percent are common throughout the country with some states 

experiencing shortages of power of up to 40 percent. 

These power shortages and unmet demands for power result in significant economic 

problems. In Pakistan, for example, load shedding in the industrial sector alone has led 

to a 1.8 percent decrease in Gross Domestic Product and a 4.2 percent decrease in the " 
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country's foreign exchange earnings, In India, the current 10 percent average supply cut 

to the industrial sector is estimat~~d to cause an annual production loss of over $6 billion 

-- equivalent to 12 percent of the C0untry'S industrial output. Also, the unreliability of 

power supplies has caused serious losses of agricultural production, especially in those 

areas dependent upon electrical pumps for irrigation. 

Environmental Impacts of Electric Power Systems 

A massive expansion of electric power production in developing countries based on 

current trends threatens environmental damage to developed, as well as devt:loping 

countries. Projections of power supply expansion show enormous increases in 

hydropower and steam thermal (mainly coal) facilities. Large-scale hydropower plants 

often require the relocation of sizeable populations and permanent alteration of river . 

basin ecosystems. Coal-fired power generation has historically been associated with the 

emissions of particulate materials, sulfur dioxide, oxides of nitrogen and other 

pollutants from related mining, cleaning, generating and storage operations. The 

specter of global climatic cbange looms Q\'erany substantial expansion of coal burning _. 

plants. Shifts in climatic zones, a rise in atmo~pheric temperature, a rise in sea level 

and other disruptive impacts may result from groYling concentrations of carbon dioxide 

and other by products or fossil fuel use. 

Systematic planning, consen'ation and utilization or new technologi~s offer 

opportunities to significantly mitigate the massIve environmental impacts anticipated 

by follOwing the current trends that concentrate primarily on the expansion of 

generating capacity. 

Financial Dilemma 

Developing countries, due to inadequate economic growth rates and substantial debt 

burdens, clearly lack the ftnancial resources needed to satisfy the $4.79 trillion demand­

projected under the current trend scen&rio. 

To achieve the significant growth in their power sectors experienced to date, the 

developing countries have had to devote an average of 25 percent of their capital 

improvement budgets to the electrical power sector. Further proportional increases in . 
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the power-sector budget are unlikely since they are likely to cause negative impacts on 
other iinportant sectors, such as health care services, education, and transportation. 
Already the poorer developing countries spend $8 per capita annually on power for 
every dollar spent on education or health. 

Under the alternative scenarios, even with significant conservation measures, 
developing countries will require roughly $800 billion to $1.7 trillion in additional 
capital for power sector investment in new generating capacity and related transmission 
and distribution equipment over the next 20 years -- an. average of $40-85 billion per 
year. This does not include any expenditures on rehabilitating or replacing existing 
power plants or on conservation measures. 

The report projects that multilateral and bilateral development agencies can be 
expected to provide, by the year 2008, from 20 to 40 percent of the needed capital for 
the alternative scenarios. The report assumes that through pricing and operational 

reforms the electric utilities and central governments could raise an additional 20 

percent of th~ required capital from domestic revenues. Given the withdrawal of 

private finandaI in.stitutions from the international lending market and given. that their 

participation in power sector lending usually requires significant guarantees by the 

borrowing country or other third party, no projection was made for their future 
participation, although some level of participation can be expected on a c~e by case 

basis. 

Combming external and internal capital flows still leaves a substantial shortfall at 
funds -- $350 hmion ror the low growth scenario and $1,065 billion for the high growth 

scenario -- needed Cor new generating capacity. 

3. [MPORTAi'iCE OF THIRD WORLD POWER DEVELOPMENT TO THE. 
UNITED STATES 

The power situation in developing cOimtriesdirectly concerns the United States in 
.. 

several ways: 

• Foremost is a humanitarian concern for the living conditions of people in 
these countries, their employment opportunities, and prospects for achieving 

sustainable economic development. 
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• '.Asanessential ingredient for economic growth, sufficient supply and 

efficient use of electric power is critical in the efforts of the U.S. to 

encourage developing countries to shift from aid recipients to trading 

partners. 

• Power shortages that have induced public demonstrations and riots have 

sociopolitical implications affecting the stability of governments and their 

ability to respond to citizen needs. 

• The power market in developing countries provides a major opportunity for 

U.S.suppliers of equipment and services to increase their export sales. 

Importance for U.S. Trade 
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The Committee on Appropriations specifically asked for an analysis of the potential for 

U.S. technologies and services to address the power problems of developing countries. 

The report projects the total export market for power generation, transmission and 

distribution equipmen,t and related services to range from $367 to $908 billion over the 

next twenty years, depending on the growth scenario. The largest equipment 

submarkets will be for boilers, steam turbines, and hydroturbines; the largest service 

submarkets will be in construction and project management. 

The competitiveness of U.S. suppliers in the power industry, however, has dramatically 

declined in recent years. U.S. exports now represent less than 10 percent of the total 

power generation exports to developing countries, down tram 17 percent just 5 year ago 

and down from over 20 percent in the late 1970's. With the inclusion of transmission 

and distribution equipment, total U.S. power ipdustry exports to developing countries 

are currently below the $2 billion mark, compared with Japanese e~orts to developing 

countries of S3.7 billion. 

If current trends persist, the U.S. shan or developing country power market sales will 

be limited to about 5 percent or the estimated export potential through the end of the 

century. Reversing the trend is possible if incentives can be developed to assist U.S. 

suppliers. Also, because of a weakened dollar, U.S. products are becoming more 

competitive with equipment sold by European and Japanese manufz ~~rers. The 



restrict~d avail~bilityof export financing for u.s. companies,however, remains a 

problem . 
• J',' 
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The U.S. position could also be improved by targeting incentives toward those 
technologies and services where U.S. suppliers have a competitive edge, such as high­

temperature gas turbines, coal emission control, atmospheric fluidized-bed boiler 

systems, transmission and distribution equipment, conservation equipment and service~ 
and end-use efficient electrical equipment and devices. Furthermore, US. has an edge 
in project management services and in independent power production through 
renewable and cogeneration technologies due to our recent domestic experience with 
these under tbe Public Utility Reform and Pricing Act (PURPA). 

If the declining trend in market share is reversed, the report projects that U.S. 

suppliers could secure 8 percent or the export market through the year 2008, or from 

$46.4 to $62 billIon. 

4. STRATEGIES FOR POWER SUPPLY IMPROVEMENT 

Given tbat the traditional approach to electric power shortages, i.e. expansion of' 

generating capacity, is not sustainable, what strategies can developing countries pursue? 

Policy Approaches 

. 
Policy reforms can playa major role in improving the quality of electricity ~upply, 
increasing the efficiency of electricity use, and alleViating' adverse en~~nnJ~'ntal . 
impacts. 

• Pdcin~ Policy. Electricity prices in many developing countries are 

administered prices fixed by the government to achieve sociopolitical and 

equity, as well as,economic objectives. Consequently, anificially low 

electricity prices result in excessive and wasteful consumption patterns. 

Developing countries need to find politically acceptable approaches to 

raising prices to reflect the true capital,.and operational costs of supply. 

o Energy Conservation Policy. Few developing countries have adequately 

considered the substantial impact that enacting energy conservation policies 

77 



and strategies can have on providing additional power while reducing the 
need for expensive new generating capacity. Conservation policies on the 
generation, transmissio~ distribution and end-use of electricity should be 

developed and enacted. 

• Private-Sector Participation Policy. In almost all developing countries the 
private sector plays little or no role in the power sector. Policies to increase 

private-sector participation can inject much needed competition, 
appropriate pricing, efficient management, and private financial investment. 

• Environmental Policy. Developing countries will have to confront the 

critical issue of environmental degradation resulting from activities in the 

power sector. Explicit policies for environmental protection should be 
adopted that set forth goals for environmental protection and enhancement, 
and procedures for evaluating impact and weighing trade offs. 

Institutional Approaches 

Existing institutional structures in most developing countries are not well matched t( 
the present and future power situatio~ which will require innovative approaches, an 

emphasis on conservation, involvement of the private sector and more efficient 

operation. Approaches to institutional development in developing countries will be 

needed in the following areas: 

• Utility mana~ement improvements. System planning should recognize the 
importance of adequate training and staff development, and of rational 

. management objectives based on efficiency and productivity. 

• Privatization of parastatal utility functions. Privatization of existing and 
future generating, transmission and distribution activities offer opportunities . 

for significant improvements. 

• Research and development. The use of innovative, environmentally· ... 
acceptable technologies will requirea.n· indigenous capacity'f()r res'earch'and:: , 

development. 

x 



• Strenilhenin~ power-sector financin~ institutions. Given the shortage of 
capital, attention should be paid to developing specialized, domestic and 
foreign sources of financing for the power sector. 

•.. . .. Strenithenin2 institutions related to conservation and end-use efficiency. 
Within the context of a national energy conservation policy, developing 
countries need to establish an integrated approach combining ~ngineering, 
management and financial aspects of electricity conservation and eml-use 
efficiency. 

Technological Approaches 
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Increasing efficiency and power output can be achieved bytechnologica.! improvements.·· 
in the power sector, as discussed below: 

• Power plant performance improvement. Significant improvements in tbe 
order of magnitude of 10 percent in power plant performance can be 
accomplished through cost effective plant rehabilitation and improved 
operation. 

• Transmission and distribution loss reduction. Technical fixes, which do not 
require advanced technologies. and attention to the theft problem can 
significantly reduce transmission and distribution losses at relatively 
insignificant expense. 

• End-use efficiency improvement. The introduction of recent improvements 
in motors, lighting, air conditioning and refrigeration c~ it is estimated, 
reduce end use consumption of electricity by up to 30 percent. 

• load manageIMnl. In developing countries where peak demand grows at 
considerably faster rates than average load, load management -- reduction 
of peak loads, developm.:nt of off-peak loads and the transfer of loads from 
on-peak to off-peak periods -- presents an attractive opportunity for 
reducing the need for additional generating capacity. 

• Cogeneration. Combining the generation of thermal energy and electricity 
allows industrial and large commercial users to use the waste heat from 

1{ 



)()Vler generatio~ for process orother thermal needs and reduce their total 
. ellergy·/costs. 

• New ieneration technQIQ~es. There are a wide variety of conventional and 

nonconventional generation technologies that can be used in developing 

countries to reduce environmental impacts, to utilize indigenous fuel 

resources and to use renewable resources. 

Private-Sector Approaches 
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Directly involving the private sector in the power development of Third World 

countries offers promising solutions to solving the power problems. The private sector 

has greater incentive and ability than the public sector to manage and operate 

efficiently and productively. Also, the private sector has potential access to private 

sources of financing that are unavailable to the state-owned utilities. In the limited 

instances where private companies are generating and selling power in developing 

countries, there is clear evidence of their greater efficiency and reliability. 

Impact on Power Sector Expansion Requirements 

To assess the impact of nongeneration approaches to. the power:sector problem, the ..... 

report analyzes specific, achievable performance goals for electric utilities and 
electricity consumers in developing countries. It appears quite feasible to achieve the 

following: 

• 

• 

• 

10-20 percent ioprovement in plant capacity; 

R~ducing transmission md distributio'n lossesfro'm 25percenitOJ?~20, , 
, ' '. . . , . . . 

percent; and 

Improving the end-use efficiency of electrical equipment and;rleVices by20'; '. 

30 percent. 

[n contrast to the current trend projection discussed in earlier, the alternative scenarios 

:hat emphasize conservation can reduce the need for additional generation capacity to 

l,OOO to 1,760 GW. 
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Role of A. I.. D. In Alleviating Power Shortages 

The U.S. Agency for International Developme~t should playa pivotal role in assisting 

developing countries to alleviate their electric power problems. Building upon its 

extensive experience, the Agency can malel: substantial contributions in the following 

areas: 

• 

Policy Dialogue 

PriciDi policy. AlD. should focus its activities to induce pricing reform 

policies that reduce or eliminate uneconomic pricing and alleviate current 

and future demands for power. 

• Conservation PQlik)'. ALD. should assist developing countries to develop 

and implement national energy conservation plans that address generation, 

transmission and distribution, and end-use conc;umption of power. 

• Private-sector palik)'. ALD. should eXpand its current efforts to encourage 

the implementation of policies and practices that assist private-sector 

panicipation in the power sector. 

• Enyironmental policy. AlD. should assist developing countries to develop, 

adopt and implement systematic policies, standards and practices for 

environmental management for power-sector activities. 

Institutional Improvements 

A.LD., through the technical expertise it has available and the its proven ability to 

provide effective training, should focus particular attention to improving the electric 

utility institutions in developing countries. The Agency should concentrate its resources 

on the following: 

• Improving utility management 

• Assisting in privatization of parastatal utility ~nctions ... 
. ~ -. . 

• ... Supporting research and de'Velopment .... 



:Strengthening power-sector. finanCing iristitutions·· 
, '.' . , 

. Assisting institutions involved with cons~rvation~d end-~eeffidency. 
improvements 

Technology Transfer 

AlD. should take the lead in coordinating federal activities to promote technology 

options in which U.S. businesses have special capabilities, such as power plant 

rehabilitation, transmission and distribution loss reduction, load management, 

cogeneration, conservation and end-use efficiency improvement, and environmental 

controls. 

Private·Sector Development 

xiv 

ALD. should pursue various strategies to induce private-sector participation in the 

power sectors of developing countries. These are briefly outlined in this report and 

more fully discussed in the companion report on "Options to Increase Private 

Participation in Electric Power Development in Al.D.-Assisted Countries." Initially, 

A.LD. should focus on removing the policy and institutional barriers to private-sector 

participation in the power sector and on assisting the implementation of a limited 

number of potential projects to provide some actual experience with this innovative 

approach. 
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The Powell Group Headquarters, Lake Charles, Louisiana 

Some fatherly advice offered to his son in an 1890 letter marked the beginnings of great opportunities 
for some men of vision. The result of these visions, The Powell Group, through its family 
management and leadership, continues to thrive as it approaches its second century in business. 
From humble beginnings as a grocery and dry goods firm, The Powell Group has continued its 
growth and diversification to become the multifaceted operation it is today. 

Headquartered in Lake Charles, Louisiana, U.S.A., The Powell Group is composed of a 
number of related corporations and partnerships. Agrilectric Power is just one of several 
affiliated companies that make up The Powell Group. All of these entities work in a coordinated 
effort to maximize their achievements. 

• Farmers Rice Milling Company, Inc. is one of the five (5) largest white rice mills 
in the world on a throughput basis, and is capable of producing over 800,000,000 
pounds of rice a year. 

• Powell Lumber Company and its affiliated land-holding companies (W.G. Ragley 
Lumber Company, American Sulphur and Oil Company of Louisiana, Hayes 
Lumber Company, and Kelly, Weber & Company, Inc.) have continued to manage 
their timberlands, and have developed considerable rice and soybean farming 
activities on those lands where suitable. The Powell Group annually markets five (5) 
to ten (10) million board feet of pine sawtimber and several million feet of 
hardwood sawtimber, along with poles, piling, and pulpwood. 

• Farmers Land and Canal Company operates a rice, irrigation, soybean, and 
cattle farming operation on 14,000 acres ofland. 

• W .. K .. N Real Estate actively subdiviaes and develops urbanized land belonging to 
The Powell Group. 

As operations have expanded, The Powell Group has added to its management strength with 
a combination of advancement from within, attracting talented people from other organizations, 
and aggressive college recruiting. 
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Agrileclric. Lake Charles Facilily 
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Agrilectric Power, of La~~e Charles, Louisiana, U.S.A., an 
affiliate of The Powell Group, has designed and built an 11.5 
megawatt power plant that generates electricity from rice husks. 
The plant has successfully operated in conjunction with Farmers 
Rice Milling Compan y since 1984. Using onl y rice husks for 
fuel, this Southwest Louisiana facility is the first commercially 

operated rice husk fueled power plant of its kind. 
Agrilectric Power's experience and no,nonsense 

approach in turning husks,to,energy are bringing new life to 
the rice growing regions of the world. Through determination 

and innovative engineering, Agrilectric has taken a waste product 
and converted it to a usable energy source to supply low cost 
electricity to agricultural nations. 

In addition to supplying its own internal power needs, 
Agril~ctric sells the excess production (approximately 84%) to 
the public utility grid. This cost effective means of producing 

electricity can supply the needs of the most rural of the third world countries, or 
enhance the energy climate existing in the most advanced nations. 

The engineers at Agrilectric knew the potential of taking a waste product from 
the rice milling industry and converting it into saleable energy. The potential is now 

unlimited. With proven technology and operating experience, Agrilectric Power is 
seeking opportunities for joint ventures or turn key projects with progressive, aggressive 

partners, to build and operate rice husk fueled power plants in your area or country. 
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Enngy from Rice HUlr" 

Historically, rice husks have been a liability to the 
rice industry. Transportation, disposal, and handling of 
rice husks have plagued the industry for years. Added 
to these ever increasing costs and logistical problems are 
the environmental regulations regarding dumping and 
dust control. As these laws change, the problem of 
handling rice husks will only become more complex. 

The experts at Agrilectric Power were cognizant of 
what a rice husk,fueled power plant would mean to the 
rice growing regions of the worJd. By converting rice 
husks to energy, steam, or electricity, Agrilectric has 
now transformed a liability into an asset by taking a fuel 
source that is both available and renewable in almost 
every country in the world and transforming it into 
saleable energy ... energy that will be the engine for 
growth and economic development. 

By burning the waste husks, Agrilectric has cvercome an 
environmental nuisance often associated with rice 
processing. For its innovation in burning process wastes, 
Agrilectric earned Power Magazine's 1985 Environmental 
Protection Award. 
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Environmenrally Sound 

After the husks are 
burned, the resultant 
ash can be sold, 
thereby generating 
even more revenue. 
The export potential 
for the ash is 
unlimited. The ash, 
which is 94% silica, 
has value to the steel 
industry and 
refractory 
manufacturers for its ." , 
insulating properties. ' 
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State of the Art Computerited Control Center 

RELIABILITY 
Many people are amazed to learn that Agrilectric has proven plant reliability.that 

exceeds most generating stations ... 97% synchronization with the power company in 
1986 (See chart). This reliability translates into nard cash profits: 

• Efficient disposal of agricultural waste 
• Low cost power for in,plant consumption 
• Potentially lucrative steam contracts 
• Revenue from the electric utility 
• Domestic and/or export sales of ash 

FLEXIBILITY 
The flexibility of alternative fuels, such as rice straw, bagasse, sawdust, and various 

other biomass materials, assures not only a good return on investment, but also provides 
an investment in a country's future growth. 

You may prefer to have a small power plant at your mill. Several mills, cooperatives, 
or farms may prefer to pool husks and straw to fuel a large plant that will electrify whole 
regions of an area or nation. 

State,of,the,art automation permits a small plant staff. Conversely, should manpower 
be inexpensive, employment for many can be designed into operational programs. 

In addition to electricity and ':ish products, your plant can be designed to extract 
steam for process purposes. Food processing and parboil plants then become additional 
·)ptions for profit centers. 

Plants can range in size from 1 megawatt up to 29 megawatts ... enough power to 
electrifv a small citv. 
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Cogen plant bums rice hulls, 
avoids waste-disposal problem 
Agrilectric Power Partners eliminates the environmental nuisance of smoldering rice 

hulls in landfills. It operates year-round on its own supply and outside surplus 

Food prod ucers 
have a unique t:n­
vironmental prob­
lem when dealing 
with the disposal 
of agri~ultural 
wastes and process 

byproducts: Profitable, yet environmen­
tally sound methods are scarce. The ad­
vent of the Public Utility Regulatory Poli­
cies Act (Purpa) has dramatically changed 
disposal practices for many food proces­
sors by providing incentives to use the 
waste products 3S fuel for electricity pro­
duction-kilowatts that Purpa requires 
the loeal utility to purchase. 

The first small-power-production facil­
ity designed to operate on ricc hulls 
reportedly is the 10.6-MW plant owned 
by Agrilectric Power Partners Ltd, Lake 
Charles, La (Fig I). The limited partner­
ship (not a third-party tax shelter) was 

formed by the management of the Powell 
Group, a consortium with lumber, rice, 
soybean, and other business interests in 
the Louisianaffexas area. The Powell 
Group owr.s the Farmers Rice Milling 
Co, one of the 10 largest rice mills in the 
world on a throughput basis, and Agrilect­
ric's source of hulls. 

By burning the waste hulls, Agrilectric 
is confronting an environmental nuisance 
often associated with rice processing. The 
rice hulls that are not burned, which rep­
reseni 20% of the harvested rice by 
weight, normally are run through a ham­
mermill to increase their bulk density 
from 10 to 12 Ib/ftJ to 20 Ib/ftJ. Disposal 
in volves spreading or piling them on land 
adjacent to the mill. The hulls often 
smolder in the fields, like mine tailings 
from coal production, creating contin­
uous, uncontrolled burning. Installation 
of its rice-hull-burning, electric-generat-

ing plant has helped Agrilectric avoid the 
costs associated with landfilling and dis­
posal, as well as the environmental prob­
lems. For its innovation in burning pro­
cess wastes Agrilectrir earns POWER'S 
1985 Environmental PlOtection Award. 

Fuel quality, availability 
While the use of rice hulls for fuel is not 

a new idea, producing electridt:, from 
them is. Most prior experience with burn­
ing hulls has been limited to producing 
steam for parboiling rice (a process in 
which the unhulled rice is heated to mend 
grains broken during harvesting, thereby 
making a more saleable product). 

Hulls essentially are a mixture of cellu­
lose and silica; as they come from the 
mill, hulls contain about 8-10% moisture 
and have a heating value of about 6200 
Btullb (Table I). 

A major consideration in planning any 

1. Agrllectrlc's powerplant burns rice hulls from its own process and buys other producers' surplus for continuous operation 



4. Boiler plant controls represent the 
latest in industrial-grade technology 

Table 1: Proximate analysis 
of rice hilUs 

Con&Utuent 
Moisture, % 
Ash,% 
Volatile matter, % 
Fixed carbon, % 
Heating value, 

Btu/lb 

As·re­
ceived 

8.18 
18.44 
59.93 
13.45 

6202 

Dry bllsis 

20.09 
65.27 
14.64 

6755' 
• 8452 BtuJlb on a moisture- and ash·free basis 

Table 2: Typical analysis 
of rice-hull ash 

Constituent 
Silicon dioxide 
Magnesium oxide 
Manganese oxide 
lron oxide 
Calcium oxldo 
Barium oxide 
Potassium oxide 
Aluminum oxide 
Sodium oxide 
Copper oxide 
Nickel oxide 
Carbon (average) 
Moisture (maximum) 

Bulk denSity, Ib/fP 

ConcentrllUon, % 
92.0 

2.0 
0.2 
0.1 
0.1 
0.04 
0.02 
0.01 
0.01 

<0.01 
".(;'.01 

2.5 
3.0 
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2. Blower/venturi 
arran~ement (left) 
is being considered 
for moving hulls 
from bin to boiler 
because of fan 
wear problems 

3. Four burners on 
two elevations fire 
rice hulls. Work is 
ongoing to improve 
flame stability and 
carbon burnout 

power project, and particularly one firing 
rice hulls, is fuel availability. Farmers 
Rice, Agrilectric's fuel source, supplies 
the powerplant 250 tons/day of hulls, but 
what's more important is thc mill oper­
ates year-round and it is only '/4 mile 
away. Many mills work only until a par­
ticular harvest is processed and then shut 
down. Farmcrs Rice is able to run contin­
uously because it buys rice stored by pro­
ducers waiting for the market to improve 
and from government surplus. Bear in 
mind that rough rice dried after harvest­
ing can retain its food value in bins for up 
to several years. 

Building a powerplant close to the 
source of the hulls is extremely impor­
tant, too, because the low density of the 
fuel docs not permit economical trans­
portation over long distances. I'S rice 
production is concentrated in Arkansas, 
Louisiana, Texas, and California. The last 
is the possible location of another rice­
hull-fired plant being planned by Agrilec­
h;", producing upwards of25 MW. 

Farmers Rice grinds its hulls so that the 
particle size of the fuel going to Agrilectric 
essentially falls between 20 and 100 mesh. 
This is a slightly finer grind than would be 
specified for field disposal. The ground 
hulls are transported from the mill tl) the 
day silo by a medium-density pneumatic 
conveying system supplied by Fuller Co, 
Bethlehem, Pa. Suction fans move the 
lightweight fuel from the bin to the boil­
er's four burners (one fan per burner). 
However, erosion problems caused by the 
very abrasive hulls have engineers inves­
tigating the merits of a c1ean-air-blower/ 
venturi system as a replacement (Fig 2). 

Plant performance 
The boiler island-one of three fixed­

price construction packages-was erected 
by McBurney Corp, Atlanta, Ga. The 
burners, which create a cyclone effect, 
have been the source ofa few minor pr.Jb­
lems (Fig 3), but modifications have im­
proved flame stability and increased car­
bon burnout. The latter must be con-

trolled to produce an ash product high in 
silica for sale to steel producers (Table 2). 
They use it for ladle and tundish insula­
tion. The ash also has value as an absorb­
ent in cleaning up liquid-waste spills. 

Tube wear in the 112,000-Ib/hr (at 650 
psig/750F) Deltak Corp (Minneapolis, 
Minn) boiler, a primary concern of engi­
neers designi ng for rice-h ull firing, has 
not been noticeable in the first year of 
operation. One reason is the straight­
through design of the heat-transfer sec­
tions-screen tubes, superheater, evapo­
rator, and economizer. A feature of the 
boiler is its modular tube bundles which 
make for easy removal and replacement 
of any bundle. The last heat trap in the 
system before the fabric-filter dust collec­
tion is a tubular air heater. 

Plant controls represent the latest 
thinking for industrial facilities of this 
size. Boiler (Fig 4) and turbine/generator 
control modules are microprocessor­
based, with the latter package equipped 
with a sequence-of-cvents recorder. 

The synchronous generator, manufac­
tured by General Electric Co, Lynn, Mass, 
is mted at 12.5 MV A. When the turbine 
op!rates at 5% overpressure with valves 
wiJe open (which is normal at Agrilec­
tric), output ranges from 11.2 to 11.8 
MW. Power is produced at 13.8 kV and 
stepped up to 69 kV in Agrilectric's 
switchyard. The firm upgraded Gulf 
States Power Co's recommendations for 
relay protection when designing this sub­
station. Note that Gulf States buys all the 
electricity Agrilcctric does not use inter­
nally, at an average price of 3¢/kWh. 
Negotiations aimed at securing a capacity 
credit and a more favorable avoided-cost 
rate are ongoing with the utility. The tur­
bine/generator and the substation were 
erected under separate fixed-price con­
tracts by two diff"~nt GE divisions. 

A 22,000-gal/r. \ condenser with a di­
vided watc.rbox serves the turbine/gener­
ator. It gets its cooling water from an arti­
ficial lake supplied by deep wells, more 
economical than cooling towers. -
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Food 

Rice-hull-fired powerplant burns a 
nuisance waste, sells elfectricHy, ash 
Incentives offered by the Public Utility 
Regulatory Policies Act, better known as 
Purpa, give many food producers the 
opportunity to dispose of agricultural 
wastes and process byproducts in an envi­
rO:lmentally sound manner-profitably. 

Consider, for example, the wastes re­
sulting from rice production. After har­
vesting, rice is transported to a mill where 
a so-called sheller removes the huils and a 
purler prepares it for market by removing 
the thin layer of brown bran coating the 
grains. Hulls, which represent 20% of the 
harvested rice by weight, normally are 

1. Rice hulls are delivered pneumatically 
to day bin at Agrllectric plant (line at right 
cornor of bin) from mill 

4. Plant controls, including a 
sequElnce-of-events recorder, represent 
the latest In industrial-grade technology 

run through a hammermill to increase 
their bulk density from 10 to 12 Ib/ft J to 
20 Ib/t'tJ and then are disposed of by 
spreading or piling them on land adjacent 
to the mill. A problem with this method 
of disposlil is that the hulls often smoul­
der in the fields, like mine tailings from 
coal prwur.tion, making them an envi­
ronmental nuisance. 

In certain .m:as, millers are able to sell 
some of their hulls to chicken farmers for 
bedding and to cattle ranch,!rs who make 
a winter feed by mixing ground hulls witl.' 
the protein-rich bran in about a 2: I ratio. 

2. Blower/venturi arrangement Is being 
considered for moving tlulls from bin to 
boiler bflcause of fan wear problems 

Table 1: Proximate analysis 
, of rice hulls 

Conlltltuont 
Moisture, % 
Ash,% 
Volatile matter, % 
Fixed carbon, % 
Heating value, 
Btu/lb 

As-re­
celvoll 

B.18 
18.44 
59.93 
13.45 

6202 

Dry ba.l. 

20.09 
65.27 
14.64 

6755· 
• 8452 Btuflb on a moisture- and Ish-free basil 

However, neither of these markets de­
mands much of the byproduct hulls and 
profits from their sale are slim. 

Perhaps the best way to dispose of rice 
hulls is to use them as a fuel. Hulls essen­
tially are a mixture of cellulose and silica; 
as they come from the mill, hulls contain 
about 8-10% moisture and have a hea,ing 
value of about 6200 Btu/lb (Table I). 
Using rice hulls for fuel is not a new idea. 
In thc Far East, they have been used for 
cooking and heating homes for centuries; 
here they have bern burned in at least two 
mills to produce steam for parboiling of 
rice (a process in which t:~e unshelled rice 
is heated to mend grains hroken during 
harvesting and handling, thereby making 
a more saleable product). 

But the idea of producing electricity 
from the combustion of rice hulls is new 
and offers large mills that do not parboil 

3. Four burners on two elevations fire rice 
hulls. Work Is ongoi:lg to improve flame 
stability and carbon burnout 

Table 2: Typical analysis 
of rice-hull ash 

Con.tituent 
Silicon dioxide 
Maglteslum oxide 
\ lIanganese oxide 
' .. ")noxlde 
C,\lclum oxllje 
Ballum oxide 
PotlGslum oxide 
Alun\num oxldo 
SodlL.1n oxide 
Copper oxide 
Nickell\dde 
Carbon \'werage) 
Moisture ~,llaxlmum) 
Bulk dens!.\,. Ib/ft3 

ConcentraUon. '% 
92.0 

2.0 
0.2 
0.1 
0.1 
0.04 
0.02 
0.01 
0.01 

<0.01 
<0.01 

2.5 
3.0 
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INDUSTRY NOTES -continued 

their product a way to improve their bal­
ance sheets. Purpa makes such generation 
viable by requiring the local utility to buy 
excess power from the producer. 

The first smalllJower-production faeili­
ty designed to operate on rice hulls report­
edly is a 10.6-MW plant owned by Agri­
lectric Power Partners Ltd, Lake Charles, 
La. The limited partnership (not a third­
party tax shelter) was formed by the man­
agement of the Powell Group, a consor­
tium with lumber, rice, soybean, and oth­
er business interests in the Louisiana/ 
Texas area. The Powell Group flwns the 
Farmers Rice Milling Co, one of the 10 
largest rice mills in the world on a 
throughput basis, and Agrilectric's source 
of hulls. 

A major consideration in planning 
any power project, and particular).;, one 
firing rice hulls, is fuel availability. Farm­
ers Rice supplies Agrikctric 250 tons/day 
of hulls, but what's more important is 
that the mill operates year-round and it is 
only 1/4 mile from the plant. Many mills 
work only until a particular harvest is 
processed and then shut down. Farmers 
Rice is able to run continuously berause it 
buys rice stored by producers waiting for 
the market to improve and from govern­
ment surplus. Hear in mind that rough 
rice dried after harvesting can retain Its 
food value in bins for up to several 
years. 

Building a powerplant close to the 
source of the hulls is extremely impor­
tant, too, because the low bulk density of 
the fuel does not permit economical 
transportation over long distances. US 
rice production is concentrated in Arkan­
sas, Louisiana, Texas, and California. 
The last is the possible 10Catinn of another 
rice-hull-fired plant being planned by 
Agrilectric; it would produce upwards of 
25MW. 

Fuel preparation. Farmers Rice grinds 
its hulls so that the particle size of the fuel 
going to Agrilectric essentially falls be­
tween 20 and 100 mesh. This is a slightly 

finer grind than would be specified for 
field disposal. The ground hulls are trans­
ported from the mill to the day silo (Fig I) 
by a medium-density pneumatic convey­
ing system supplied by Fuller Co, Bethle­
hem, Pa. Suction fans move the fuel from 
the bin to the boiler's four burners (one 
fan per burner). However, erosion prob­
lems caused by the very abrasive hulls 
~.ave engineers investigating the merits of 
a clean-air-blower/venturi system as a 
possible replacement (Fig 2). 

The boiler island-one of three fixed­
price construction packages-was erected 
by McBurney Corp, Atlanta, Ga. The 
company was selected for its experience 
in the combustion of rice hulls; it pre­
viously supplied rice-hull-fired hailers to 
Uncle Ben's Ine, Houston, Tex, for two 
mills. Burners designed by McBurney for 
those units essentially were the same ones 
installed at Agrilectric. 

The burners, which create a cyclone 
elTect, have been the source of a few 
minor problems (Fig 3), but modifica­
tions have improved flame stability and 
increased carbon burnout. The latter 
must be controlled to produce an ash 
product high in silica for sale to steel pro­
ducers (Table 2). They usc it for ladle and 
tundish insulation. The ash also has value 
as an absorbent in cleaning up liquid­
waste spills. What Uncle Ben's experience 
has been with its burners is unknown 
because the company will not discuss its 
business with outside parties. 

Tube wear in the 112,OOO-lb/hr (at 650 
f,'sig/750F) Deltak Corp (Minneapolis, 
Minn) boiler, a primary concern of engi­
neers designing for rice-hull firing, has 
not been noticeable in the first nine 
months of operation. One reason is the 
straight-through design of the heat-trans­
fer sections-screen tubes, superheater, 
evaporator and economizer. A feature of 
the boiler is its modular ti.lbe bundles 
which make for easy removal;- .ld replace-

! ment of any bundle. Tt.~' dr 3ign is based 
on one for an Olin Corp Unit (POWER, 
July .. 1982, p 82). The last heat trap in the 
system before the fabric-filter dust collec­
tor is a tubular air heater. 

5-6. Two-stage 
closed heat ex­
changer alongside 
condenser dis­
charges fRedwater 
to deaer:. 'or (left). 
Pond aissipates 
heat in cooling wa­
ter (right). Dis­
charge is at left in 
photo, inlet at right 

Plant controls represent the latest 
thinking for industrial facildes of this 
size. noiler (Fig 4) and turbine/generator 
control modules arc microprocessor­
based, with the latter paekage equipped 
with a sequence-of-events recorder. 

The synchronous generator, manufac­
tured by General Electric Co, Lynn, Mass, 
is rated at 12.5 MVA. When the turbine 
operates at 5% overpressure with valves 
wide open (which is normal at Agrilec­
tric), output ranges from 11.2 to 11.8 
MW. Power is produced at 13.8 kV and 
stepped up to 69 kV in Agrilectric's swit­
chyard. The firm upgraded Gulf States 
Power Co's recommendations for relay 
protection when designing this substa­
tion. Note that Gulf States buys all the 
electricity Agrilectric docs not usc inter­
nally at an average price of 3¢/kWh. 
NegC'tiations aimed at securing a capacity 
credit and a more f.1Vorable avoided-cost 
rate arc ongoing with the utility. The tur­
bine/generator and the substation were 
erected under separate fixed-price con­
tracts hy two diOcrent GE divisions. 

A 22,OOO-gal/min condenser with a di­
vided waterbox serves the turbine/gener­
ator (Fig 5). It gets its cooling water from 
the artificial lake shown in Fig 6. Supplied 
by deep wells, the cooling lake was a more 
economical alternative than cooling tow­
ers. BOB ScHWIEGER 
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rice PreBident- Lakr Charles DiIoiB;im 

Agrilectric Power Partners, Ltd. 
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Lake Charles 
Louisiana 70602 

Gentlemen: 

April 27, 1987 

On behalf of Gulf States Utilities Company, I would like to express 
our congratulations to you as you approach the anniversary of your third 
year of operations. 

Our records indicate that you were synchronized with and supplied 
electric power to the GSU Grid beginning in 1984. The first full year's 
operation the plant reliability was 94%. During 1986 you achieved the 
exceptional level of performance in excess of 97%. 

This enviable, demonstrated record of reliability is particularly 
noteworthy considering that your fuel is a reproducible, biomass product 
and the plant is based on a unique technology that you developed. 

You have without question achieved an ~utstandin8 record as a supplie 
of reliable electric power, while at the same time enhancing the economic 
stability of our agriculture industry. You have continued to play an 
important role in the economic development of Southwest Louisiana and we 
are pleased to be team members of that effort. 

-



DATA 

1. Rice husks heat value is based upon 6,200 BTU's per pound at 
approximately 8% rooistur~ curit~nt. 

2 •. Power plants in the 1-5 MW rang~ require about 1.55 ST (1.~1 
MT) of husks per MWH. 

3. A test of the Lake Charles Plant revealed that it takes 
about 288 ST per day to produce 11.12 MW. Therefore, a 
figure of roughly 1.1 ST per MWH is required for our 
mid-sized plants. Larger plants, up to about 28 M~T, require 
something less than one ton of fuel per MWH. 

4. Our popular Power Pak 1500 model generates about 2.0 MW at 
the generator terminals and yields roughly a 1.7 net MW 
output on approximately 25,668 ST of rice husks per year. 

(2.0 MW X 1.55 ST X 24 Hrs X 345 Days = 25,668 ST) 

5. The rice husk ash (not flyash), which contains a high 
percentage of nonhazardous silica, has several ready markets 
which yield additional income. 

6. The mid-sized Lake Charles Plant was constructed within one 
year. The Power Pak 1500 is shipped from the Port of New 
Orleans as 13 completed modules which can be fitted together 
on site in a relatively short period of time. 

7. Smaller plants, down to 250 KW, can b,' built. They tend to 
be less cost efficient on a comparison of cost per unit of\ 
electrical energy production basis than the 2.0 MW and 
larger systems. 

8. Currently, plant costs for the Power Pak 1500 are·inthe 
vicinity of $3,500,000 FAS U.s. Erection, depending uponth~ 

", ", 

local situation, may cost up to $750,000 USD. 

9. Manpower requirements depend upon the plant size and local 
situation. Moder~ control systems can reduce requirements 
greatly, or if the preference is to employ many people, then 
either method can be included in plant design. 

10. Agrilectric Plants are environmentally sound. The soon to 
be constructed California Plant has met or exceeded all Qf 
that state's stringent requirements. Likewise, the Lake 
Charles Plant passes all of Louisiana's requirements. 

* All information concerning fuel is based on utilizing ri'~ e.'· 
husks. "If a proposal is made for other biomass fuels, specif:i'c" 
calculations will be made for that material(s). 
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'CEES APPROACH TO TECHNOLOGY ASSESSMENT 

o . IDENTIFY PROMISING NEAR TERM TECHNOLOGIES WI~: 

o ARE PRESENTLY UNEXPLOITED 
OR UNDEREXPLOITED 

o COULD HAVE LARGE IMPACT IF 
SUCCESSFULLY DEVELOPED 

o CARRY uu~ l~-D~~~H ~~~~L~aLD ~~u~un~~D ~u 
INSTITUTIONAL ANALYSIS 

o OUTREACH TO POTENTIAL PRODUCERS AND POTENTIAL USERS 



,CENTER': FOR ENERGY AND ENVIRONMENTAL STUDIES 
"d'~~':;·:T.ECHNOLOGY ASSESSMENT ACTIVrrIES'" . ' 

"0 . STEAM· USING TECHNOLOGIES FOR; SUGAR FACTORIES' 
".:,',' , 

. " , '., 

·0· . NEV ELECTRIC ·HOTORTECHNOLOGIE.S: 

o ADVANCED GAS TURBINES FOR 

o CENTRAL-STATION BASELOAD POWER (GAS FIRED) 

o CENTRAL-STATION BASELOAD POWER (COAL-FIRED) 

o INDUSTRIAL COGENERATION (GAS FIRED) 

-~~ 0 INDUSTRIAL COGENERATION (BIOMASS· FIRED) 

o COMMERCIAL/RESIDENTIAL COGENERATION (GASFIREDJ 

1()3 



I EXISTING} 

INDUSTRIAL PLANT,. ", ,", ... 

PROCESS ___ __ 

STEAM 

UTILITY 

n 
COOLING TOWER 

STEAM 

_FU_E_L==~~_ BOILER =-LE_L __ BOILER 

ELECTRIC 
J--J" POWER .', ,,' 

"\' , 

I BETTER I COGENERATION AT INDUS;-RIAL PLANT VIA STEAM TURBINE 

PROCESS ..-.-ST---EAM----

, , 

STEAM 

FUEL BOILER 

ELECTRIC' 
POWER 

.... ·.1"··(_·._--
I EVEN BETTERI " COGENERATION AT INDUSTRIAL Pt..A~T;'."iWX~J.\s:~:"URBINE 

. ,,' . :,' \ .' ' ~:,: 

PROCESS .... ~ST~E~AM-..... 

HOT EXSHAUST WASTE HEAT 
GASE ,.o--~ BOILER 

FUEL. ---:)1-<., )------J~ ELECTRIC 
POWER 



---=> ,LOWER UNIT CAPITAL COSTS 
THAN STEAM TURBINES 

~-> WEAKER SCALE ECONOMIES 
THAN STEAM TURBINES 

c====> HIGHER THERMODYNAMIC EFFICIENCv 
THAN STE~lI TURBINES 

, !,' " ~.? UNDER ACTIVE DEVELOPMENT FOR 
FIRING WITH SOLID FUELS 

. . :. ~ ; 

, ====->, ',ONGOING 'TECHNOLOGICALREV()LtJTi6N":~:DUlf TO:' 
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'$'400 MILLION/YR DoD R&D INVESTMENTS 

,':1,'::'> MARKET DEMANDS OF COMMERCIAL AIRLINES 
, " 

~.' < :.; , .. 

a::=> PURPA AND THE COGENERATION BOOM 
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ELECTRICITY GENERATION IN THE. US 
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steam-electric 
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gas turbines 
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Best Simple-Cycle. Gas Turbine, 1985 (35"'MWr 
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WORKSHOP ON BIOMASS-GASIFIER STEAM-INJECTED 
. GAS TURBINES FOR THE CANE SUGAR INDUSTRY 

(JUNE 19, 1987. WASHINGTON, DC) 

. Sugar Industry Repre§entatives 

SUGAR INDUSTRY RESEARCH INSTITUTE, JAMAICA· 
HAWAIIAN SUGAR PLANTERS' ASSOCIATION 
HAMAKUA SUGAR COMPANY, HAWAI I 
COPERSUCAR, BRAZIL 

Electric Utility IndustIY Representatives 

NAT'L DEPT OF WATER AND ELECTRIC ENERGY, BRAZIl 
HAWAIIAN ELECTRIC LIGHT COMPANY 

kending/Funding A~encies 

WORLD BANK 
INTERP~ERICAN DEVELOPMENT BANK 
US AGENCY FOR INTERNATIONAL DEVELOPMENt 
US TRADE AND DEVELOPMENT PROGRAM 
US DEPARTMENT OF ENERGY 
ROCKEFELLER BROTHERS' ~UND 

Vendors and A&Es 

GENERAL ELECTRIC.COMPANY 
BECHTEL NATIONAL, INC. 

Others 

UNIVERSITY OF SAO PAULO, BRAZIL 
INT'L. INST. FOB~ ENERGY CONSERVATION, WASHINGTON 
IT POWER. INC.. WASHINGTON; 
ORT INTERNATIONAL COOPERA'l'ION. WASHINGTON 
RONCO CONSULTING CORP., WASHINGTON 
SYLVATEX, INC., WASHINGTON 

lOr 



'. 
BIOMASS-GASIFIER STEAK-INJECTED GAS TURBINE 

o SPIN-OFF FROM WORK ON COAL-GASIFIER 
GAS TURBINE SYSTEMS _. NO SULFUR REMOVAL. 

0' HIGH EFFICIENCY DUE TO HIGH TURBINE 
INLET TEMPERATURES 

o FUTURE IMPROVEMENTS IN PERFORMANCE. LIKELY 
.DUE TO STRONG R&D SUPPORT 

-
o ENGINEERING DEVELOPMENT WITHIN 1 YEAR 

. . 

- BIOMASS FEED TO PRESSURIZED VESSEL 
- PARTICLE CAPTURE IN CYCLONES 
- LOW-BTU GAS COMBUSTOR 

.. 0 PILOT DEMONSTllATION PROJECT WITHIN3·~ 
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, '-' .. the darkened areas on this map. From (I. Sangster, Sugar and 
Jamaica, Thomas Nelson & Sons, London, 1973). 

Table I. Estimated potential worldwide gas turbine generating capacity 
at sugar factories with the 1985 level of sugar cane production. a 

--
Region 

SOUTH A.M.ERICA 
ASIA 
CENTRAL AMERICA 
AFRICA 
OCEANIA 
UNITED STATES 
EUROPE 

TOTAL 

Potential Electrical Capacity (MY) 
• 

17,800 
14,000 
10,100 
4,900 
2,700 
1,900 

200 
--

51,600 

--------------~------------'--~ ____ ---------------------------------------------
a See Table 17 in text for sources and exp1anatorv notes. 
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NUMBER OF RICE'MILLS IN THAILAND BY REGION AND ~lZ~ U~· ~UW~KtlUU~~.~ 

= 

POWERPLfu~T SIZE 
RANGE (KW) ====> 

REGION 

NORTH 

NORTHEAST 

CENTRAL 

SOUTH 
=== 

TOTAL 

(PERCENT) 

o .. 22.5 
-

··.·7,256.· 

.. ·15,684 

4,329:····. 
r 

30,768 

(93) 
= 

22.5 .. 45 
• 

.. ~ :360 

627: 

75 

1,450 

(4) 

• 
> 60 

.-:. ',. 

·1"81 
-,.' . 

409.>· 

'-< .• :ig·' 

'948 

(3) 
= = : = 

(a) For 1978, from N. Pitakarnnop and C. Boonrowd, "Conversion of 
Rice Husks to Pyrolytic Gas for Rice Mill Application in Thailan<;J.," 
in Second Expert Consultation on Producer Gas Development in Asia 
and the Pacific Region, FAD, Bangkok, November 1983. 
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ESTIMATED POTENTIAL WORLDWIDE GAS TURBINE GENERATIG CAPACITY THAT 
COULD BE SUPPORTED BY THE 1983 PRODUCTION OF RICE HUSKS. 8 

REGION 
==========- -==:I 

ASIA 

SOUTH AMERICA .... 

AFRICA 
~ , . 

UNITED STATES!' 
. ,,,,, 

EUROPE 

CENTRAL AMERICA 

OCEANIA 
===-== , :=r 

TOTAL 

=== 

POTENTIAL ELECTRICAL CAPACITY (MY) 
~~~=========:==============~ 

-

16,800 

500 

190 

:laO 

;i'SO> 

• ". < .' '.~ • 

-2.0 
", :'.' 

18,000 

;.: 
'. ~~ . - .. 

(a) Assuming 0.25 tonnes of husks from each tonne of rice, an 
energy content of 14.8 GJ/tonne of husk, and a husk-electricity 
conversion efficiency of 33%. 



---- ----- -- - --- ---- - - -- --------------- -~----------------------ii-iii-iii_iiiiii- === _~ == === - ----~~-..--.-----
---.~ -- .. Ii';;y •• a ;;;;; ;;r;l ... ;e .... 
____ __________ --."l 

~----- - --- -~ -------~ - ------ -.... _ .... - -.,._ ..... 
Energy Savings Through Ecolog!l 

INC. 

WHY THE THERMAL BURNER? 

waste' Conversion Systems, Inc. as its name indicates, 
converts most types of combustible waste products into 
economically and ecologically safe energy. 

Waste Conversion Systems, Inc. is able to create energy from 
waste because of it's unique Thermal Burner. The patented 
Thermal Burner is a High-Tech burner which is capable of 
burning common waste products and can be retrofitted to most 
existing industrial boilers to create the energy requirements 
of industry. This means the Thermal Burner can create steam, 
heat, air conditioning and electricity. 

An important feature of the burner is that it burns waste 
products at very high temperatures in excess of 2,500 degrees 
Farenheit. This allows the fuel to be burned completely 
producing very little ash while conforming well within the 
limits of a1r quality standards imposed by regulatory 
agencies of all States. 

The Thermal Burner is a major breakthrough in the energy 
industry because it reduces dependency on fossil fuels and 
decreases the impact of the huge tonnage of waste products 
that is rapidly filling up our unpopular and fast 
disappearing landfills. 

The Thermal Burner's efficiency allows its entrance into the 
field of hazardous waste incineration. 

There are several types of hazardous wastes which 
burned safely and economically in the Thermal Burner. 
allows generators of hazardous waste to destroy 
combustible waste on site or at an approved collection 

can be 
This 

their 
point. 

The Thermal Burner can solve many of today's industrial 
energy problems easily and safely. Waste Conversion Systems, 
Inc. has its own extensive mobile testing laboratory known as 
AMOLAB to provide the necessary documentation of its 
capabilities. This unique van is equipped with state-of-the­
art testing equipment. A National Bureau of Standards 
library of mass spectra for 42,000 chemical compounds is 
contained in a computer for identification of the components 

/'fO 



of flue gases. Burner ash is monitored by an Atomic 
Absorption . Spectrophotometer. This demonstrates to 
regulatory authorities and other organizations, the Thermal 
Burner's ability to burn a wide variety of waste products in 

, a completely safe and clean manner. 

Waste Conversion Systems, Inc. has developed an exciting 
program for suhstantial fuel consumers. The B.T.U. program 
allows the user to save a major percentage of his current 
fuel bill with no capital investment. Thus, the user can 
reduce his operating costs and significantly increase his 
bottom line profits. 

Any industry which generates substantial amounts of waste 
products can install a Thermal Burner and create energy from 
its own waste, while significantly reducing its waste 
disposal expenses. 

Because the Thermal Burner's design allows 
retrofitting to most existing boilers it leaves a 
back-up system of the users' original equipment. 

complete . 
complete 

Its multi-fuel capability combined with a wide range of 
burner sizes creates an exciting and inexpensive source of 
energy, which is the heart of industry. Thus, it severs our 
dependence on fossil fuels and the constantly rising cost of 
fossil fuel derived energy. 
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MAIN FEATURES AND ADVANTAGES 
OF THE THERMAL BURNER 

........................................... ~ ••• m ........ 

* MULTI-FUEL CAPABILITIES 

* FULLY COMPUTERIZED <WITH OPTIONAL COMPUTER) 

* STANDARD MANUAL CONTROLLER WITH MOTOR STARTERS' 

, * REMOTE MONITORING <WITH ENHANCED COMPUTER) 

* ULTRA HEAVY CONSTRUCTION 
. _:c o, " 

* UNIQUE PATENTED AIR COOLED GRATE SYSTEM 

* AUTOMATIC FEED SYSTEM 

* AUTOMATIC ASH REMOVAL SYSTEM 

* HIGH EFFICIENCY 

. : .... '," ,,":; 

.' , 

. ". ' 

* NON-POLLUTING <BURNING TEMPERATURES IN THE 
2000 F. TO 3000 F. DEGREE RANGE) 

.. '. 

* RETROFITTABLE TO MOST GAS AND OIL FIRED BOILERS~ 
<BOTH FIRE BOX AND SCOTCH MARINE BOILERS) . ' . . . 

, " ~ . 

* FUEL SAVINGS CAN YIELD 40% TO 100% ANNUAL RETti~~ 
ON INVESTMENT .' •. ;.\ '," 
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BURNER 

Thermal 100 UP 
BTU 3,348,000 per hr. 
steam 3,450 Lbs. I hr. 

Thermal If,oUP 
BTU 5,022,000 per hr. 
steam 5,175 Lbs. I hr. 

Thermal 200 UP 
BTU 6,696,000 per hr. 
stearn 6,900 Lbs. I hr. 

Thermal 250 UP 
BTU 8,370,000 per hr. 
steam 8,625 Lbs. I hr. 

Thermal 300 UP 
BTU 10,044,000 per hr. 
steam 10,350 Lbs. I hr. 

Thermal 100 UP 
BTU 13,392,000 per hr. 
steam 13,800 Lbs. I hr. 

Thermal 500 UP 
BTU 16,740,000 per hr. 

steam 17,250 Lbs. I hr. 

Thermal 550 UP 
BTU 18,414,000 per hr. 
stenm 18,975 Lbs. I hr. 

Thermal 600 UP 
BTU 20,088,000 per hr. 
steam 20,700 Lbs. I hr. 

Thermal 700 UP 
BTU 23,436,000 per hr. 
steam 24,150 Lbs. I hr. 

Thermal 800 UP 
BTU 26,784,000 per hr. 
steam 27,600 Lbs. I hr. 

Thermal 1000 UP 
BTU 33,480,000 per hr. 
steam 34,500 Lbs. I hr. 

S 61,000.00 

S 76,000.00 . 

S 9O~000.00' 

. S110,ooo.00 

• SI58,oOO.00 . 

SI96,ooo.OO 

S215,ooo.00 

, 5234;000.00 ' 

S270,Ooo.00',:. ' 
: . ~ :.' ~ .' . 

$360,000.00 

Prices are subject to change without notice. 
Prices listed above include the THERMAL burner 
and manual controller. Feed systems are optional. 
Price are FOB Sterling, Colorado. 

OPTIONAL EQUIPMENT 

Item 1# 1. Automatic Draft Control 

2. Stack Draft .Control Shutters 

3. Cycl~ne-C~Uector .' 

4. 4" Dia. x IS' Long Cyclone Ash Auger 
w I motor and drive unassembled 

5.6" Dia. x 15' Long Main Dish Ash w/inotor·' 
and drive un assembled . 

6. Induced Draft Stack Fan w / motor . 

7. One lot of misc. material~St~ck Fari Elbow, 
Stack Fan Piping, Auger Transitions; Flanges, 
etc.·",· ' .. ,' . :: .... ::,,' .. ' 

8. Custom Designed Storage Bins and Fuel: 
Handling Systems .,. 

. ':. 
" '-

9. Computerized. Controller; ", ' , . ~" < 

11. Printer on controller 
« ~ •• " '. 't 
.- ','" ,,t.:, i 

For prices on Optional Equipment please contact Waste 
Conversion Systems, Inc. or Authorized Representative. 

6848 S. Revere Pkwy. 1# 220 
Englewood, CO 80112 
(303) 790-8300 l:Jj 

http:360,000.00
http:307,000.00
http:270,000.00
http:234,000.00
http:215,000.00
http:196,000.00
http:158,000.00
http:110,000.00
http:90,000.00
http:76,000.00
http:61,000.00
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THE BURNER IN BRIEF 

'rhe Waste Conversion Thermal Burner (the "Burner") has 
been developed to produce heating, cooling and power by using 
alternate fuels other than oil and gas. The ability to burn 
inexpensive alternate fuels efficiently and cleanly reduces 
cost and pollutants. The Burner is designed to be 
retrofittable to most boilers now burning gas or oil. 

The Burner is unique in several ways. First, a patented 
burning process allows the entrained fUE!1 supply to be 
brought up to ignition temperature in a reduced atmosphere. 
After the proper temperature is achieved, the burning chamber 
is injected with air to cause a secondary burn, which creates 
a blow torch effect and projects a flame into the Morrison 
tube of the boiler to heat the water. 

Second, there are very few moving parts. The ash grate, 
which removes the by-products of the burning process, is the 
only component of the Burner which uses moving parts. Thus, 
the Burner is simple to operate in either a manual or 
automatic mode, and can even be monitored from a remote 
location. 

Third, most components of the Burner can be easily 
repaired. The durable and "over-built" quality of the Burner 
means low maintenance costs. F'or example, the inner lining 
is a cast refractory material which is ingrained with 
stainless steel needles to prevent cracking, and will 
wi thstallQ about twice the normal heat produced in the 
burning chamber. All liners can be replaced quickly and 
easily. 

'Fourth, the operati0n of the Burner is very simple. A 
small oil gun is used to start the Burner, which usually 
takes from 20-120 seconds. Because of the special insulation 
process used in the Burner, the external jacket is normally 
only about 15 degrees Farenheit above the ambient air 
temperature. To achieve maximum reliability, all fans, 
mntors and gear boxes are of the highest quality and are 
oversized so that they will not be used beyond their 
capacity. 

The heart of the Burner is the secondary burning 
chamber. A specially designed grate is used to supply air to 
the gases produced in the primary burning chamber, which then 
ignites the gases to project a flame into the Morrison tube 
of the boiler. The spacing of the tubes and the angle 0f the 
grate controls the burning process. By varying the size of 
the grate and th€ volume of air introduced into the chamber, 
the Burner can produce the required levels of horsepower to 
meet the design requirements of most package boilers. 

1 



The basic controller used to operate the Burner is a 
state-of-the-art product with simultaneous remote controlling 
and monitoring. A more elaborate controller will allow the 
operator to easily recognized any improper function, and will 
automatically shut down the systems if a failure or 
malfunction should occur. The fuel handling and feeder 
systems are also operated by a controller, which 
automatically feeds fuel to the Burner. 

The Burner can be operated with a wide variety of fuels, 
including refuse derived fuel (R.D.F.), sawdust, wood chips, 
rice hulls and practically any carbonaceous material. These 
fuels can have a moisture content of as much as 25%; however, 
the most efficient burn occurs at a moisture content of about 
15% or less. 

The Thermal Burner has proven to be an environmentally 
safe system. Since the 1000 HP unit produces 33 million 
B.T.U. per hour, it is exempt under current Federal EPA 
regulations, which cover solid fuel burners producing over 
300 million B.T.U. per hour. However, the ability to 
satisfy all local and state safety standards can easily be 
demonstrated on-site by AMOLAB the 24-foot Analytical 
MObile LABoratory designed and built by Waste Conversion 
Systems-,--Inc. with its state-of-the-art capability of 
analyzing and testing over 42,000 compounds. 

·2 
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GENERAL SPECIFICATIONS 

The Waste Conversion THERMAL BURNER (the "Burner") is a 
close-coupled, two-stage combustor which is rugged and simple 
in design, and capable of being operated by low or moderately 
skilled labor. The Burner operates by using a unigue and 
patented controlled air principle of combustion. It has a 
continual feed loading system to allow uninterrupted, twenty­
four hour operation with continuous ash removal. Fuel is 
loaded into a holding or storage bin and is automatically 
conveyed into a metering bin which then automatically feeds 
the fuel into the Burner at a continuous and regulated rate. 

The pyrolysis process of the Burner has two basic 
stages: initial combustion and secondary combustion. The 
initial combustion takes place in a reduced, oxygen-starved 
atmosphere and occurs within a highly insulated refractory­
lined pyrolytic chamber. This process gasifies the 
carbonaceous wastes in the presence of a reducing flame. The 
heat generated by this initial burn serves to superheat the 
secondary air, which is flowing through a patented stainless 
steel heat exchanger located in the primary burning chamber. 

In the second stage of combustion, the superheated 
secondary air is mixed with the produced gases by use of a 
set of venturies to produce a projected flame in a controlled 
manner. This burning of gases, as well as any unburned 
particles from the primary chamber, takes place in a four 
foot long fire tube which, in the case of waste burning, 
flanges to a highly insulated refractory-lined secondary 
chamber. This secondary chamber is lined with two inches of 
first class castable refractory material and two inches of 
hardboard thermal insulation. The flame temperatures 
produced in the secondary fire tube can reach 1,800 to ~800 
degrees Farenheit, depending upon the type of fuel being 
used. 

The close-couple capability of the Burner give~ it a 
distinct advantage over other systems. When the user de. ires 
to use the heat generated by the Burner, the secondary fire 
tube can be flange connected to any type of package or 
firebox boiler. The Burner then becomes an extremely 
efficient power source for the generation of steam or hot 
water, for absorption chillers in air conditioning and 
refrigerators and for the cogeneration of electricity. 
Another advantage of the Burner is that it is not merely an 
incinerator. It has been designed as a multi-fuel burner, 
which can ?cceE!. a wide variety of Ylaste products such as 
refuse derived fuel processed from municipal solid waste 
(R.D.F.), low level toxic waste, wood chips, sawdust, rubber, 
plastic, rice hulls and peanut hulls as well as practically 
any carbonaceous materials. 
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CONSTRUCTION 

Three things are of foremost importance in the design 
and construction of the Burner: quality, ruggedness and 
simplicity of operation. There is an inherent "over-built" 
concept of construction which results in very low maintenance 
and very high safety. ---

The main shell of the Burner is one-quarter inch steel 
plate which, in turn, is inner lined wi tl" two inch hardboard 
insulation capable of withstanding temperatures of 2,000 
degrees Farenheit. The hardboard insulation is lined with a 
two to four inc~ monolithic refractory capable of 
withstanding temperatures of 3,000 degrees Farenheit, which 
results in an approximate fifty percent higher temperature 
range than is required. 

The castable refractory used in the Burner is not 
constructed from a single form as in most systems, but, 
rather, is cast from molds into easily replaceable and 
interlocking parts. Thus, any portion of the refractory 
liner can be quickly replaced by low or moderately skilled 
labor with a minimum of downtime. These cast replacement 
parts are inventoried at warehouse facilities for quick 
delivery. No special equipment is necessary to effect 
replacements. 

Unlike other systems, the Burner does not use firebrick. 
Liners made of firebrick require hundreds of mortar joints, 
each of which is subject to failure. In addition, firebrick 
is much m~re difficult to replace, especially in the field. 

It must be noted, however, that any type of refractory 
liner material is subject to wear and tear with time and use. 
For this reason, Waste Conversion engineers chose to use 
easily replaceable, pre-cured refractory cast plates. A"ld, 
in a final effort to ensure the longest life possible, type 
310 stainless steel needles have been added to the refractory 
liner for added strength against cracking and thermal shock. 

The primary burning chamber is enclosed in a heavy gauge 
metal, air cooled cabinet, which has two advantages: First, 
the air space between the primary combustion chamber and the 
cabinet will become slightly heated from the convection heat 
generated by the reducing flame in the chamber. The Burner 
is designed to draw off this preheated air and inject it into 
the secondary burning chamber to create greater efficiency. 
Second, it keeps the outer skin at a relatively low 
temperature so that any portion of the Burner can be safely 
touched or handled. As an additional precaution, a 
thermocouple probe is positioned in the cavity of the cabinet 
to automatically shut down the system if the temperature in 
the air space reaches a predetermined level. 
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The Burner has very few moving parts so that little can 
go wrong with the system. All bearings are self-sealed and 
designed to withstand temperatures of 900 degrees Farenheit, 
even though normal operation would not exceed 300 degrees. 
All fans and blowers are presently made by Cincinnati Blower 
from high quality cast aluminum. All electric motors are 
presently made by Baldor Motor and are three-phase, totally 
enclosed and fan-cooled. 

Gear reducers, instead of a hydraulic system, are used 
throughout the Burner system. Experience has demonstrated 
that any contamination in a hydraulic system can easily cause 
system failure and expensive repairs and maintenance costs. 
However, the replacement of a gear reducer system has proven 
to be much faster, less expensive and the maintenance simpler 
than for a hydraulic system. All gear reducers are presently 
made by Browning Corporation. 

Most components of the Burner are bolted together with 
one-half inch #6 hardness bolts on six inch or less spacing. 
Oth~r systems use welded construction, which is less 
expensive but can result in high maintenance and repair 
costs. For the few parts on the Burner which are welded, mig 
welding techniques of the highest quality are used. All 
joints and seams are thermal sealed with a hi~h temperature 
fibre gasket. No asbestos m~terial is used in the Burner. 

AUTOMATIC ASH REMOVAL 

The ash removal system is a simple, rugged and safe 
design. As fuel is fed from the metering bin into the 
Burner, it drops onto a specially designed stainless steel 
belt located at the base of the primary combustion chamber. 
This belt travels at a low speed and carries the burning 
waste from the back to the front of the primary burning 
chamber. The rate of travel of the belt depends upon the 
type of fuel being burned and the residence time required to 
complete the burn. As the burned material moves to the end 
of the belt, it drops off onto a thick, refractory liner U­
shaped trough through which travels a heavy duty auger. This 
auger is constructed with one-quarter inch flighting on a two 
inch shaft designed to withstand high temperatures. The ash 
material is carried out of the primary chamber, through a 
cooling water bath and then emptied into a container designed 
for easy handling and removal. Should a jam occur, the 
entire system will automatically shut down. An access door 
permits easy and safe entry to the ash auger at the front 
base of the Burner. If a jam occurs beyond the primary 
combustion chamber, access is easily made by the removal of 
the cover plates. 

SAFETY FEATURES 

The operator of the Burner system can rely on several 
3 



built-in safety features which result in reliable and safe 
operati(n. A standard control panel is equipped with 
interlocks and visual and audio alarms which will alert the 
operator in the event of any failure or malfunction in the 
entire system. The following is an explanation of the 
individual systems, includiny safety features: 

1. Ignition Bu' The ignition burners are 
used in the start sequence a. partially in any restarts, and 
can be operated with #2 fuel. ,kerosene, natural gas or 
propane. A fire eye, loca~~d in the ignition system, 
monitors the flame and conveys a signal to the control panel 
which will alert the operator if there is any failure or 
malfunction in the ignition burner sequence and will 
automatically shut down the system. 

2. Induced Draft Fan. The induced draft fan, or 
stack fan, provides a purging system for the Burner. The 
initial sequence in the start-up of the Burner requires that 
the draft fan run for a period of time. This control feature 
is automatic and allows the draft fan to run for about 60 
seconds, which purges the entire system and evacuates any 
gases which may have accumulated in the system during non­
operating periods. The operation of the draft fan is 
monitored by a high temperature sail switch which will inform 
the operator when the draft fan is opecational. An interlock 
is installed in the control system to prevent a manual or 
automatic start-up until the draft fan is operational. 

3. Control Interlocks. The control panel of the 
Burner has a complete system of interlock switches to ensure 
a proper and safe start-up sequence in either the manual or 
automatic mode. 

4. Primary Air Fan. An air switch is located on 
the pressure side of the primary air fan which monitors the 
operational status of the primary air fan and signals the 
controller to automatically shut down the system in the event 
of a failure or malfunction. The fan also has an interlock 
switch so that it comes on line in the proper sequence during 
start-up. 

5. Secondary Air Fan. An air switch is located 
on the pressure side of the secondary air fan which 
monitors the operational status of the secondary air fan and 
signals the controller to automatically shut down the·system 
in the event of a failure or malfunction. The fan also has 
an interlock switch so that it comes on line in the proper 
sequence during start-up. 

6. Ash Removal System. The automatic ash 
removal system is equipped with an alarm in the controller to 
alert the operator in the event of a jam. The ash auger has 
an auto-reverse feature which will clear most obstructions 
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without any action by the operator. If a jam persists, easy 
access to the auger is achieved by either opening a hinged 
door at the front base of the primary combustion chamber or 
removing the cover plates outside of the primary combustion 
chamber. The ash removal system also uses a water misting 
bath to cool the hot ash as it passes out of the system. 

7. Access/Observation Doors. The Burner has 
three access doors which provide the operator with an easy 
and safe method to inspect the entire interior of the Burner 
during operation. Each door has an air purged peep sight. 
The front access door allows entry to the ash auger and 
observation of the front area of the fire belt, is covered 
with a five inch refractory cast plate and is held shut by 
two quick locks with a heat dissipating handle. The rear 
access door allows entry to, and observation of the fire 
belt, is covered with a five inch refractory cast plate and 
is held shut by three quick locks with a heat dissipating 
handle. The top access door allows observation of the 
incoming fuel, the fire belt and a portion of the stainless 
steel secondary air heat exchanger, is covered with a two 
inch refractory cast plate and is held shut by two quick 
locks with a heat dissipating handle. 

8. Control Panel. The control panel uses an NEMA 
4 standard enclosure for outdoor app~ication and an NEMA-12 
standard enclosure for indoor application. The system is 
started by a keyed "start" switch and can be stopped by a 
single push button. All functions are color coded -- green 
indicates functional or on-line and red indicates 
malfunctional or off-line. All automatic functions have 
manual override and interlock switches where applicable. An 
access door of the control panel also incorporates two 
temperature controllers which monitor the primary and 
secondary combustion chambers. Each controller reads to 
2,500 degrees Farenheit and automatically controls he firing 
rate of each chamber to prevent excessive operating 
temperatures. When the Burner is flange connected to either 
a package or firebox boiler, the controls of such boiler 
interface with the controls of the Burner. The boiler 
controls normally consist of a pressure-trol or aquastat and 
a water level indicator. In the event of low water in the 
boiler, the Burner will automatically shut down, and both an 
audio and visual alarm will activate. 

9. Air Jacket. The air jacket surrounds the 
primary combustion chamber. Due to the high temperatures 
generated in the primary combustion chamber, some heat will 
radiate through the refractory liner and the insulating 
hardboard to the steel shell. The air space between the air 
jacket and the steel shell is connected by duct to the 
secondary fan, which cools the steel shell and provides 
preheated air to the secondary fan. This results in an 
increased efficiency and generally keeps the surface of the 
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air ., jacket, 'at 'about fifteen' 'degrees' • Farerihedt above the' 
ambient air temperature • '. ' " 

RETROFITING THE BURNER TO EXISTING BOILERS 

The Burner is basically designed to replace the oil or 
gas guns on existing boilers in order to burn a wide variety 
of waste and carbonaceous fuels. The Burner will interface 
with existing or standard boiler operating controls, which 
normally include a pressure-trol or aquas tat and a water 
level indicator. 

The pressure-trol has two adjustable functions which 
control the steam pressure in the boiler. The first function 
controls the high limit pressure setting and turns the boiler 
off. The second function controls the low limit pressure 
and turns the boiler on. For example, consider a steam 
boiler with a modulating valve set at 100 pounds pressure to 
match the requirements of a steam powered turbine designed to 
operate at the same pressure. The low limit function would 
be set at 125 pounds and the high limit function at 150 
pounds. There would thus always be sufficient steam pressure 
to supply the turbine. An aquastat serves the same function 
as a pressure-trol except that it is used to control water 
temperature instead of steam pressure. 

The water level indicator is also a two function 
control. It maintains the water level in the boiler between 
two preset functions, high and low, by turning the boiler 
feed pump on and off. It will also shut down the boiler if 
the water level falls below the predetermined level. 

lo( 
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THE BURNER: AN OVERVIEW 

The Waste Conversion Systems Inc. THERMAL BURNER (the "Burner") is a state·of·the·art staged combustion burner capable of using a wide variety of solid 
fuels in a highly efficient mode of operation. The design basis for the Burner is the age.old gasification process; however. this process has been uniquely rnodified. 
and is imrnediately followed by a very turbulent rnixing and com busting process. The result is a controllable. radiant projected flame for application in boilers. 
kilns. heat exchangers and other devices which typically usc an oil or gas gun. A flame temperature of up to 2.800 degrees Fahrenheit is typical with the use of 
most solid fuels. 

The uniqueness of the Burner is achieved by using a hybrid gasification process which incorporates a falling fuel. entrained·bed zone in the burner chamber 
above a moving grate which holds a more conventional fixed·bed. The Burner is designed to handle fuels of varying reactivity characteristics; however. the less 
reactive the fuel. such as some grades of coal. the smaller the particle size that must be fed into the Burner to take full advantage of the entrained·bed reactions. 
The entrained·bed zone leads to a shallow bed moving grate zone that provides the temperature and flame stability necessary to ensure operational safety and 
provide for ash removal. The shallow bed moving grate zone can be maintained at a temperature of up to 1.800 degrees Fahrenheit. depending on the reactivity 
of the fuel being consumed. The temperature control is achieved by usc of initial start·up oil burners and by variation of the grate speed and primary air damper 
position during normal operation. 

The shallow bed characteristic of the grate. combined with the falling fuel entrained·bed. results in a relatively small fuel inventory in the Burner at any given 
time. Thus. the Burner quickly responds to load swings in either direction without loss of operational safety. 

The key to achieving clean. efficient flame generation and combustion is the unique pre.heating of the secondary combustion air in the entrained·bed zone. 
and the resulting mixture of the pre.heated air at temperatures that can exceed 300 degrees I:ahrenheit. with combustible gases being generated. The mixing zone 
is very turbulent. and a flame is prOjected that can easily fill the longest of combustion chambers or furnaces to take full advantage of the highly efficient radianl 
heat transfer process. 

The Burner is equipped with light oil burners which arc used for cold start·ups and to process trim heat. if necessary. These oil burners are used to bring 
the moving grate zone up to a temperature where stable combustion of the primary fuel Gin be achieved in the grate zone without the need for a secondary 
heat source. after which the gasification process can commence safely. Thermal sen~ors provide signals which can automatically restart the oil burners if 
needed to guarantee operational safety; however. it has been demonstrated that only a fractional percent of the monthly fuel requirements will come from 
the oil burners in a typical installation. 

The Burner is operated by simple computerized controls that provide state·of·the·art eJ!'e and reliable safety protection. The control system is equipped 
with manual/automatic selection controls so that special requirements can always be met. The Burner can operate in either the on/off mode or the true full 
load following mode. as the application requires. 

The Burner is today's best answer in selecting a user·friendly. highly efficient solid ruel burner for installation in a wide variety of commercial. institutional 
and industrial applications. It is compatible with a wide variety of boilers. kilns and heat exchangers. and can be used in most cases to convert existing 
hardware to solid fuels even if the existing fuels are oil or natural gas. It represents a major technological step forward in the burning of abundant. cheap fuels 
that heretofore were not economically or efficiently usable. 

NOTE: Due to the uniqueness of the burning process and the high operational temperatures. the Burner has been able to meet or exceed all local and state air 
quality standards. 
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WOOD WASTES 

Sawdust 

FUEL 
Wood Chips 
Planer Shavings 

SOURCES Hogged Wood 
(Logs/Branches) 
Wood Pellets 

. COMMERCIAL 

APPLICATIONS Warehouses 
Greenhouses 

HEATING 
Office Buildings 
Hotels/Resorts 

CO·GENERATION Airplane Hangars 

AIR CONDITIONING 
Shopping Centers 
Auto Dealerships 

r 

-MUNICIPAL WASTES AGRICULTURAL/ 
Pellets Derived From: POULTRY WASTES 

RDF (refuse derived fuel) Sugarcane Bagasse 
Garbage Pellets Coconut Shells/Husks 
Sewer Sludge* * Rice Hulls 

* * (under development) Coffee Hulls 
Rubber Tires Alfalfa Pellets 

Sugar Beet Pulp 
Turkey/Chicken Manure 
Animal Manure 

. 

INDUSTRIAL MUNICIPAL RESIDENTIAL 

Processing Housing Authorities Apartment Houses 
Distilleries Schools Condominiums 
Bottling Plants Hospitals Swimming Pools 
Laundries Government Buildings Spas 
Food Processors Prisons Driveways/Walks 
Tire Recapping Civic Centers 
Brick Kilns Recreational Facilities 
Desalinization Plants 
Lumber Kilns 
Agricultural Drying 
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45' MobUe Unit 

Mobile Demonstration System 
'Ma& A 

WASTE CONVERSION MOBILE DEMONSTRATION SYSTEM 

The Thermal Burner Mobile Demonstration System represents an investment in excess of $150,000. It provides 
potmtial users with a working demonstration of how cleanly and efficiently it converts R.D.F. (refuse derived 
fuel) or any of the other industrial or agricultural waste products readily available - into an economical source 
of energy that can produce steam, air conditioning and electric power. 

The demonstration system contains a 150 HP Thermal Burner, Scotch Marine Boiler, computerized controller, 
fuel feed and ash removal systems. 

It is a valuable on-site sales tool for our distributors. At various trade shows and expositions, it demonstrates the 
substantial reduction in gas and oil energy costs that can be achieved by potential users while helping to solve 
the local community waste problem. 

1;::=::-____ ' 
.~-- ::";;::;::­~ -.... ~ .... - .... 

View of Observation Deck and Computerized ControUer View of Thermal Burner and Boller 
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AMOLAB 

AMOLAB 
(ANALYTICAL MOBILE LABORATORY) 

Waste Conversion Systems, Inc. has designed and built a unique state-of-the-art mobile analytical and development 
laboratory for on-site testing of solids, liquids and gases. When burners are monitored stack gases are separated in a 
Gas Chromatograph into the component parts, which are introduced automatically into an Ion Trap Detector (mass-spec) 
for "finger printing." The "finger prints" are automatically transferred to a computer for identification. The computer 
compares the "finger prints" in its library of over 42,000 compounds and when two "finger prints" match, the name 
of the matching compound is gi'/en. This process is repeated for each of the compounds present in the stack samples. 
Thus, we are constantly aware of the content of stack emissions and can optimize burning conditions to eliminate 
any unwanted emissions, if present. 

Minerals present in the ash are determined using an Atomic Absorption Spectrophotometer. The types of minerals 
present determine where the ash can be sold. A few of the many uses for ash are: 

fertilizer concrete cinder block roofing paper asphalt drainage 
carbon paper $~eel mills wall boards shingles icy roads ceramics 

AMOLAB can analyze gram quantities of any type of fuel including toxic and hazardous materials allowing for 
the burning of these fuels under safe conditions. 

AMOLAB is used internally to monitor newly installed burners and for demonstrations of the use of alternate 
fuels. It is also rented on a service basis to perform any analysis within the capacity of the instrumentation. Rates can 
be figured on the following basis: per assay, per hour, per day, or per week . 
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BACKGROUND 

Recognizing that "energy shortfalls are causing a serious constraint to development in 

over half of all AI.D.-assisted countries," the Committee on Appropriations of the U.S. 

House of Representatives requested a report from the U.S. Agency for International 

Development on the "magnitude of the crisis, its implications for future economic and 

social development and the potential for U.S. technologies and services to address this 

problem", including an assessment of "appropriate incentives for private sector 

participation .... " 

The rapidly accelerating problem of electric power in developing countries is of critical 

importan,;e to the United States. A.s a key prerequisite for economic development , 

electric power is vital to efforts to iluprove living standards in the Third World and to 

satisfy the demands of their citizens within a stable political context. Also, the electric 

power market in developing countries provides significant trade oppo"rtunities for U.S. 

businesses. 

PURPOSE AND REPORT ORGANIZATION 

In response to the Congressional request, this report highlights the dilemma faced by 

developing countries and seeks to initiate a discussion about potential solutions and the 

appropriate role of the United States foreign assistance program. The specific purpose 

of the report is to assess the magnitude and causes of the present and future power 

problems in developing countries (Chapter 1), to identify the impacts of inadequate 

power supply (Chapter 2), to consider the importance of power development co the 

United States and to U.S. suppliers of good.s and services (Chapter 3), and finally to 

provide strategies for power supply improvement and identify the role of the U.S. 

Agency for International Development (Chapter 4). 



1.. ELECI'RIC POWER DEMAND AND SUPPLY OUTLOOK 

Unlike recent trends in the United States and some other developed countries, 

consumption of electricity by developing countries is still growing faster than their 

overall economies. Between 1970 and 1982, electricity consumption in developing 

countries increased at an annual growth rate of over 8.6 percent, while the Gross 

Domestic Product (GOP) grew at 4.6 percent to 5.7 percent per year over the same 

period. Over the past twenty years, the ratio of electricity consumption to income 

growth was 1.4 to 1.0. 

ii 

Although deve:iaping countries contain over 7S percent of the world's population, they 

consume only 18 percent oC all electricity produced in the world and have only 19 

percent oC all power generation capacity. By comparison, in 1984 the United States had 

an electric power generation capacity of over 630 GW (trillion or "giga" watts), 

compared with 445 GW for all developing countries. 

Per capita consumption of electricity in developing countries is far below that of 

industrialized countries. The average of all developing countries is 500 kWh (kilowatt 

hours) per capita per year, and for the lower income, ALD.-assisted countries the 

average is only 300 kWH per capita per year. In contrast, per capita electricity 

consumption is over 5,000 kVlh per year in Western Europe and over 10,000 k\Vh in the 

United States. In general, over 80 percent of the rural population in developing 

countries does not have access to electricity. 

Ca uses oC the Power Problem 

The fundamental causes of the power problems of developing countries relate to both. 

the supply of and the demand for power. Briefly, these are the key issues: 

It Power deficit. In most developing countries, current demand exceeds supply 

frequently resulting in unplanned power outages and the necessity fo 

industries to devote their resources to installing redundant, onsite 

generating plants. 
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• Hi~h transmission and distribution losses. In many countries, transmission 
and distribution losses from technical inefficiencies and theft are 20 to 30 

percent, compared to 8 percent in developed countries. 

• Inefficient operation of power plants. Due to improper maintenance and 
operation, power plants in developing countlies are available for operation 

only 50-60 percent of the time compared with over 80 percent in the United 
States and other industrialized countries. 

• Financial difficulties of electricity authorities. Although on average 
developing countries devote 25 percent of their public development budgets 

to electric power, electricity authorities in many countries are unable to 

raise, through electricity sales, cross subsidies or borrowing, sufficient capital 
to cover their investment needs. Uneconomic pricing requires substantial 
subsidies from the central governments for their operations. 

• . Shorta~e of skilled manpower. Most utilities in developing countries have 
been unable to attract and retain a sufficient number of good managers, 
engineers and technical personnel. 

• End-use inefficiencies and lack of cOnservation. Both the equipment using 
electricity in developing countries and the manner in which is used are 
highly inefficient. Also, techniques and methods of conserving power have 

not been widely adopted. 

Future Demand ror Electric Power: Current Trend Scenario 

iii 

If current trends in electric power consumption continue at the recent 8.6 percent 

annual growth rate, electricity consumption over the next tv.1enty years in developing 

countries would increase five-fold by the year 2008. This would require the investment 

of $4.79 trillion, or an average over $235 billion per year, compared with the $50·60 

billion being spent currently. Developing countries cannot sustain the financial and 

environmental impacts of such an expansion. 
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Future Demand for Electric Power: Alternative Scenarios 

Recognizing the unsustainability of simply projecting current trends in electric power 

demand, the report analyzes three alternative scenarios of future demand growth. 

These alternative scenarios are intended to illustrate the potential range of future 

outcomes, giving the reader a general order of magnitude rather than a definitive 

estimate of future conditions. The alternative scenarios are based on the high and low 

projections for economic growth in developing countries by the World Bank and on 

rather dramatic reductions in the ratio of electricity consumption to income growth. 

These alternative scenarios assume (1) significant efficiency improvements in existing 

and future power facilities, (2) sharp reductions in transmission and distribution losses, 

and (3) considerable improvement in the end-use efficiency of electricitY co~uming 

equipment and devices. Under this approach, the ratio of electricity to income growth ' 

is reduced in stages from its current level of 1.4 down to as low as 0.9 by the year 2000 

and beyond (0.9 is slightly less than the ratio being experienced in the United States 

today). 

These projei:tions suggest that trom an existing level oC 44S GW oC capacity in 

developing countries by the year 2008 generation capacity could increase to between 

1150 G\V (an annual growth rate of3.71 percent) and 2008 GW (an annual ~~rowth rate 

of 5.8 percent). These projected growth rates are considerably lower than the 7 percent 

per year rate projected by the World Bank for 1985 to 1995 or the 8.6 percent per year 

used in he current trend scenario .. 

Based on these scenarios, the projected ttnancial cost or the new generating capacity 

and its related transmission and distribution facilities would be between $800 billion 

for the low growth scenario and $1.7 trillion for the high growth scenario. If, however, 

no improvements in end-use efficiency, transmission and distribution losses and 

generation plant utilization occurred (i.e. the ratio of electricity consumption to income .. 

growth was 1.4 from 1988 to 2008, instead of declining to 0.9 ) the investments required 

would be S 1.6 trillion for the low income growth scenario and $3.9 trillion for thehighi <. 

income growth scenario! 



2. 'THE IMPAcr OF EL~crR.IC POWERSHORTAGES ... 

\Vhile not sufficient unto itself, the availability of reliable electric power is a key 

component of the infrastructure necessary for economic development in the Third 

World. Expansion of the agricultural and industrial sectors, in particular, depends 

heavily on electricity to perform productive functions. Currently in most developing 

countries, the industrial sector dominates electricity consumption, accounting for over 

60 percent of total electricity use. 

As these nations modernize, electricity use in the commercial and residential sectors is 

rising sharply, and in some countries has outstripped industrial sector consumption. 

Electrical services in the form of lighting, heating, cooling, and labor saving devices add 

to the quality of life and the productivity of individuals and their families and, 

consequently, are in high demand in developing countries. 

Also, most developing countries have adopted aggressive plans for rural electrification 

in an effort to decentralize their populations and to distribute the benefits of economic 

growth and electric services. Electricity has direct benefits in rural areas on health 

through its us in refrigeration of vaccines and food. Electricity also permits the 

introduction of lighting and small-scale, labor saving devices for rural production and 

consumer convenience. These programs are endangered if developing countries cannot 

obtain the financial resources for decentralized, rural electrification. 

Electricity and Economic Development 

Even though power supply capacity in developing countries has increased significantly 

~}Ver the past two decades, the demand for electrical services has risen more rapidly. 

Consequently, many developing countries DOW face critical power shortages of over 10 

percent of their generation capability. In Pakistan. for example, over tbe past five 

years, power shortages have been over 25 peicent of tbe peak demand. In India, power 

shortages of over 10 percent are common throughout the country with some states 

experiencing shortages of power of up to 40 percent. 

These power shortages and unmet demands for power result in significant economic 

problems. In Pakistan, for example, load shedding hi (~Je.: industrial sector alone has led 

to a 1.8 percent decrease in Gross Domestic Product am( a ,1.2 percent decrease in ~he 
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country's foreign exchange earnings. In India, the current 10 percent average supply cut 

to the industrial sector is estimated to cause an annual production loss of over $6 billion 

-- equivalent to 12 percent of the country's industrial output. Also, the unreliability of 

power supplies has caused serious losses of agricultural production, especially in those 

areas dependent upon electrical pumps for irrigation. 

Environmental Impacts of Electric Power Systems 

A massive expansion of electric power production in developing countries based on 

current trends threatens environmental damage to developed, as well as developing 

countries. Projections of power supply expansion show enormous increases in 

hydropower and steam thermal (mainly coal) facilities. Large-scale hydropower plants 

often require the relocation of sizeable populations and permanent alteration of river . 

basin ecosystems. Coal-fired power generation has historically been associated with the 

emissions of particulate materials, sulfur dioxide, oxides of nitrogen and other 

pollutants from related mining, cleaning, generating and storage operations. The 

specter of global climatic change looms over'any substantial expansion of coal burning 

plants. Shifts in climatic zones, a rise in atmospheric temperature, a rise in sea level 

and other disruptive impacts may result from growing concentrations of carbon dioxide 

and other by products of fossil fuel use. 

Systematic planning, conservation and utilization or new technologies offer 

opportunities to Significantly mitigate the massive environmental impacts anticipated: 

by follOwing the current trends that concentrate primarily on the expansion of 

generating capacity. 

Financial Dilemma 

Developing countries, due to inadequate economic growth rates and substantial debt 

.·burdens, clearly lack the flnancial resources needed to satisfy the $4.79 trillion demand 

projected under the current trend scenario. 

To achieve the significant growth in their power sectors experienced to date, the 

developing countries have had to devote an average of 25 percent of their capital 

improvement budge~ to the electrical power sector. Further proportional increases in .. 
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the power-sector budget are unlikely since they are likely to cause negative impacts on 

other important sectors, such as health care services, education, and transportation. 

Already the poorer developing countries spend $8 per capita annually on power for . 

every dollar spent on education or health. 

Under the alternative scenarios, even with significant conservation measures, 

developing countries will require roughly $800 billion to $1.7 trillion in additional 

capital for power sector investment in new generating capacity and related transmission 

and distribution equipment over the next 20 years -- an average of $40-85 billion per 

year. This does not include any expenditures on rehabilitating or replacing'existing 

power plants or on conservation measures. 

The report projects that multilateral and bilateral development agencies can be 

expected to provide, by the year 2008, from 20 to 40 percent of the needed capital for 

the alternative scenarios. The report assumes that through pricing and operational 

reforms the electric utilities and central governments could raise an additional 20 

percent of the required capital from domestic revenues. Given the with~rawal of 

private financial institutions from the international lending market and given. that their 

participation in power sector lending usually requires significant guarantees by the 

borrowing country or other third party, no projett)n was made for their future 

participation, although some level of participation can be expected on a case by case 

basis. 

Combining external and internal capital flows still leaves a substantial shortrall or 

funds -. $350 million for the low growth scenario and $1,065 billion for the high growth 

scenario _. needed for new generating capacity. 

3. IMPORTANCE OF THIRD WORLD POWER DEVELOPl\tIENT TO THE 
UNITED STATES 

The power situation in developing countries dire,ctly. concerns the U mted' Statesi~ 
several ways: 

• Foremost is a humanitarian concern for thelivingconditionsofpeople in 

these countries, their employment·oppOrt¥titi·e~,.~d:pr6spects for achieving. 

sustainable economic deyelopmeJlt~ 



• 
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',As an essential ingredient for economic growth, sufficient supply and 

" efficient use of electric power is critical in the efforts of the U.S. to 

encourage developing countries to shift from aid recipients to trading 

,partners. 

Power shortages that have induced public demonstrations and rio~shave 
'. '. ' 

sociopolitical implications affecting the. stability of governments arid their 

ability to respond to citizen needs. 

. 'viii 

• The power market in developing countries provides a major opportunity for 

U.S.suppliers of equipment and services to increase their export sales. 

Importance for U.S. Trade 

The Committee on Appropriations specifically asked for an analysis of the potential for 

U.S. technologies and services to address the power problems of developing countries. 

The report projects the total export market for power generation, transmission and 

distribution equipmen,t and related services to range from $367 to $908 billion over the 

next twenty years, depending on the growth scenario. The largest equipment 

submarkets will be for boilers, steam turbines, and hydroturbines; the largest seIVice . 

submarkets will be in construction and project management. 

The competitiveness of U.S. suppliers in the power industry, however, has dramatically 

declined in recent years. U.S. exports now repn~sent less than 10 percent of the total 

power generation exports to developing countries, down from 17 percent just 5 year ago 

and down from over 20 percent in the late 1970's. With the inclusion of transmission 

and distribution equipment, total U.S. power ~dllStry exports to developing countries 

are currently below the 52 billion mark, compared with Japanese exports to developing 

countries of S3.7 billion. 

If current trends persist, the U.S. share of developing countl'Y power market sales will 

be limited to about S percent of the estimated export potential through the end of the 

century. Reversing the trend is possible if incentives can be developed to assist U.S. 

suppliers. Also, because of a weakened dollar, U.S. products are becoming more 

competitive with equipment sold by European and Japanese manufacturers. The 



restrict~d availab~ty,()fexportfinancing fo'r U.S. '~orri~arues, how~ver, remairis a 
problem.' 

The U.S. position could also be improved by targeting incentives toward those 
technologies and services where U.S. suppliers have a competitive edge, such as high­
temperature gas turbines, coal emission control, atmospheric fluidized-bed boiler 
systems, transmission and distribution equipment, conservation equipment and services, 
and end-use efficient electrical equipment and devices. Furthermore, US. has an edge 
in project management services and in independent power production through 
renewable and cogeneration technologies due to our recent domestic experience with 
these under the Public Utility Reform and Pricing Act (PURPA). 

If the declining trend in market share is reversed, the report projects that U.S. 

suppliers could secure 8 percent orthe export market through the year 2008, oetrom 

$46.4 to S62 billion. 

4. STRATEGIES FOR POWER SUPPLY IMPROVEMENT 

Given that the traditional approach to electric power shortages, i.e.expansion'()f 
- < -', ". .' ',-, -t -' -, 1; 

generating capacity, is not sustainable, what strategiesdlIldevelopingcol,lntriesp~rsue? 
:' < .. 

Policy Approaches 

Policy reforms can play a majo~ role in improvingtbe quality of electricity);upp,ly, 
increasing the efficiency of electricity·use~arid3.J.Ieviating adverse enVironment~.L 
impacts. 

, <~"'<.. ,: .. 

• Pricin~ Policy. Electricity prices in many developing countries are 
administered prices fixed by the government to achieve sociopolitical and 
equity, as well as,economic objectives. Consequently, anificially low 
electricity prices result in excessive and wasteful consumption patterns. 
Developing countries need to find politically acceptable approaches to 
raising prices to reflect the true capital .. and operational costs of supply. 

Ener~ Conservation Policy. Few developing countries have adequately 
considered the substantial impact that enacting energy conservation policies 



"andstrategies can have on providing additional power while reducing the 

. need' for expensive new generating capacity. Conservation policies on the 

'. '.' generation, transmissio~ distribution and end-use of electricity should be 

developed and enacted. 

• Private-Sector Participation Poli~. In almost all developing countries the 

private sector plays little or no role in the power sector. Policies to increase 

private-sector participation can inject much needed competition, 

appropriate pricing, efficient management, and private financial investment. 

• Environmental Poli~. Developing countries will have to confront the 

critical issue of environmental degradation resulting from activities in the 

power sector. Explicit policies for environmental protection should be 

adopted that set forth goals for environmental protection and enhancement, 

and procedures for evaluating impact and weighing trade off's. 

Institutional Approaches 

Existing institutional structures in most developing countries are not well matched to 

the present and future power situatio~ which will require innovative approaches, an 

emphasis on conservation, involvement of the private sector and more efficient 

operation. Approaches to institutional development in developing countries will be . 

needed in the following areas: 

Utility management improvemerus. System planning should recognize the 

importance of adequate training and staff development, and of rational 

management objectives based on efficiency and productivity. 

Privatization of parastatal utility functions. Privatization of existing and 

future generating, transmission and distribution activities offer opportunities 

for significant improvements. 

Research and development. The use of innovative, environmentally 

acceptable technologies will require an'indigenous capacity for research.cUid. ..... 

development. 

x 
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. Strens :henini 90wer-sector financiDi institutions. Giventhe'shOrtage of 

". capital, attention should be paid to developing specialized, domestic and 

foreign sources of financing for the power sector. 

Strenilhenin~ institutions related to conservation and end-use efficien£Y. 

Within the context of a national energy conservation policy, developing 

countries need to establish an integrated approach combining engineering, 

management and financial aspects of electricity conservation and end-use 

efficiency. 

Technological Approaches 

Increasing efficiency and power output can be achieved by tecIiriological improvemen 

in the power sector, as discussed below: 

• Power plant performance im9rovement. Significant improvements in the 

order of magnitude of 10 percent in pqwer plant performance can be 

accomplished through cost effective plant rehabilitation and improved 

operation. 

• Transmission and distribution loss reduction. Technical fixes, which do not 

require advanced technologies, and attention to the theft problem can 

significantly reduce transmission and distribution losses at relatively 

insignificant expense. 

o . End-use efficiency improvement. The introduction of recent improvements 

in motors, lighting, air conditioning and refrigeration can, it is estimated, 

reduce end use consumption of electriCity by up to 30 percent. 

• Load man~gement. In developing countries where peak demand grows at 

considerably faster rates than average load, load management -- reduction 

of peak loads, development of off-peak loads and the transfer of loads from 

on-peak to off-peak periods -- presents an attractive opportunity for 

reducing the need for additional generating capacity. 

• Co~enerati~n. Combining the generation of thermal energy and electricity 

allows industrial and large commercial users to use the waste heat from 
,,',. 

I!fJ-
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"power generation for process or otherthermal,'nee'ds,and reduce ,their ',total , 

energy costs. 

• New ieneration technolo~es. There are a wide variety of conventional and 

nonconventional generation technologies that can be used in developing 

countries to reduce environmental impacts, to utilize indigenous fuel 

resources and to use renewable resources. 

Private-Sector Approaches 

xii 

Directly involving the private sector in the power developm~nt of Third World 

countries offers promising solutions to solving the power problems. The private sector 

has greater incentive and ability than the public sector to manage and operate 

efficiently and productively. Also, the private sector has potential access to private 

sources of financing that are unavailable to the state-owned utilities. In the limited 

instances where private companies are generating and selling power in developing 

countries, there is clear evidence of their greater efficiency and reliability. 

Impact on Power Sector Expansion Requirements 

To assess the impact of nongeneration approaches to the power-sector problem, the 

repol L analyzes specific, achievable performance goals for electric utilities and 

electricity consumers in developing countries. It appears quite feasible to achieve'the 

following: 

• 

• 

10-20 percent icprovement in plant capacity;, ' 

, ~educing transmission and distributio'n losses from 25 percent t~ ..l5~20' ~:, 
. percent;, and 

• Improving the end-use efficiency of electrical'equipment and devices by 20-
30 percent. 

In contrast to the current trend projection discussed in earlier, the alternative scenarios 

that emphasize conservation can reduce the need for additional generation capacity to 

1,000 to 1,760 GW. 
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Role of A.I.D. In Alleviating Power Shortages 

The U.S. Agency for International Development should playa pivotal role in assisting 

developing countries to alleviate their electric power problems. Building upon its 

extensive experience, the Agency can make substantial contributions in the following 

areas: 

Policy Dialogue 

• PriciDl~ poli~. AI.D. should focus its activities to induce pricing reform 

policies that reduce or eliminate uneconomic pricing and alleviate current 

and future demands for power. 

• ConselYation policy. ALD. should assist developing countries to develop 

and implement national energy cor::.:ervation plans that address generatio~ 

transmission and distributio~ and ;nd-use consumption of power. 

• Private-sector poli~. ALD. should eXpand its current efforts to encourage 

the implementation of polici::.s and practices that assist private-sector 

participation in the power sector. 

• Environmental policy. AI.D. should assist developing countries to develop, 

adopt and implement systematic policies, standards and practices for 

environmental management for power-sector activities. 

Institutional Improvements 

ALD., through the technical expertise it has available and the its proven ability to 

provide effective training, should focus particular attention to improving the electric 

utility institutions in developing countries. The Agency should concentrate its resources 

on the following: 

• Improving utility management 

• Assisting in privatization of parastatal utility functions . 

• Supporting research and development 



, , 

• '"Strengthening power-sector financing institutions 

•. '.Assisting institutions involved with conservation and end-use:6~cie'rio/:" 
, improvements 

Technology Transfer 

A.LD. should take the lead in coordinating federal activities to promote technology 
options in which U.S. businesses have special capabilities, such as power plant 
rehabilitation, transmission and distribution loss reduction, load management, 
cogeneration, conservation and end-use efficiency improvement, and environmental 

controls. 

Private-Sector Development 

xiv 

ALD. should pursue various strategies to induce private-sector participation in the 
power sectors'of developing countries. These are briefly outlined in this report and 
more fully discussed in the companion report on "Options to Increase Private 
Participation in Electric Power Development in ALD.-Assisted Countries." Initially, 

:\.I.D. should focus on removing the policy and institutional barriers to private-sector 
participation in the power sector and on assisting the implementation of a limited 
number of pt)tential projec.:ts to provide some actual experience with this innovative 
approach. 
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vest operations, to reduce I(,~ses, and improve quality 
of their crops. The structured training and research are 
tailored to specific needs of participants so that they 
may better solve postharvest problems in developing 
COUJ1~ties • 

The faculty includes full-time scientists in the area 
of processing, with emphasis on rice and forages, and 
several cooperating specialists from various depart­
ments and research stations. The Division draws upon 
the ..:xperience of personnel in the LSU Agricultural 
Center and oiners with bro::d international experience 
for its short- and long-term training programs. 

Facilities for research and training in postharvest 
technology are available at the Department of Agri­
cultural Engineering and other units of the LSU Ag­
ricultural Center. A complete laboratory for grain 
quality work is available. This laboratory is equipped 
with rice grading equipment recommended by the U.S. 
Department of Agriculture; various types of moisture 
evaluation systems; typical grain processing equip­
ment; precision apparatus for testing mechanical prop­
erties; and apparatus for cooking, texture evaluation, 
and color analysis. Special equipment for processing 
oriented research applications such as parboiling, con­
tinuous steaming of grain, and grain drying are also 
available for use by trainees of the Division. 

Several items of equipment such as a microwa'.·~ 
moisture determination system, a color sorter for 
grains, and a complete integrated small scale rice mill 
are included for procurement by the Division. 
Research 

Research activities, recently completed and on­
going, include: 
* On-farm rice drying energy evaluation studies. 
* Parboiled rice drying, utilizing microwave energy. 
* Rice drying-a generalized drying model develop-

ment and deep-bed simulation. 
* High temperature drying and tempering effects on 

parboiled rice quality. 
* Laboratory evaluation of rice parboiling methods for 

developing countries. 
* Study of rice bran removal and color relationships. 
* Mechanical and chemical conditioning treatments to 

accelerate drying of forages. 
* Evaluation of changes in storage in mechanically 

formed hay packages. 
* Evaluation of chemical treatment of low quality for­

age for quality enhancement. 
* Chemical preservation of high moisture forages. 
Training 

Training programs at the Division include: 
* Short-term training programs in all postharvest 

phases of grain crops; cleaning and sorting; grain 
drying; storage and pest control; grain pretreatments; 
milling; grading and quality control; handling; post­
harvest phases of forages such as mechanical and 
chemical conditioning; drying; and preservation. 

* Long-term degree programs in the Department of 
Agricultural Engineering (MS and Interdisciplinary 
PhD). The areas of research that students may work 
in include: engineering aspects of processing; ma­
terials handling; crop drying; storage of grain crops; 
processing equipment; by-product utilization; grain 
properties; computer application/simulation; and 
rice/grain technology. In the area of forages, stu­
dents/trainees may be involved in chemical/mechan­
ical conditioning of forages; mechanical drying; 
quality enhancement of low quality forages; and 
preservation of high moisture forages. 
The training programs, both short- and long-term, 

are specifically designed for host country applicability 
in order to provide the highest level of competence to 
trainees relative to problems likely to be encountered 
in developing countries. Research projects and prob­
lem areas from host country situations are the guide 
in formulating graduate study programs in the long­
term categorj. 

For training costs, assistance. and other relevant 
details, please request information from: 

Postharvest Technology Division 
International Program'i 
Louisiana Slate University Agricultural Center 
P.O. Box 16090 
Baton Rouge. Louisiana 70893 
USA 

International Programs 
Macon D. Faulkner. Director 

Louisiana State University Agricullural Center 
H. Rouse Caffey. Chancellor 

The Louisiana State Univusity Agricultural Center follows a 
nondiscriminatory policy in programs and employment. 

Postharvest 
Technology 
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Postharvest Technology Division 
louisiana State University 
Agricultural Center 

Thl! importance of rice and other cereal grains to 
the peopl\! of Ihe world is well I!stablished. but in­
creasing populations. especially in developing nations, 
placl! a grl!at burden on thl! farming community. Im­
proved postharvest tl!chniques deployed along with im­
proved quality and yields of crops will greatly alleviate 
hunger and food shortagl!s. bl:causl: controlling post­
harvest losses incrl:ases food availability. Rice has 
been singkd out as thl: crop that would bcndit most 
from progmms 10 reducl: postharvest losses. Based on 
estimates made by the International Rice Resl!arch In­
stitute (IRRI). 1.3 billion people get morl: than half 
their food enl:rgy from ricl:. 

Louisiana State University (LSU). during the last 
seveml decades, has been involved in worldwide ag­
ricultural research, tmining. and extension programs 
associated with rice and other subtropical crops. To 
strengthen this ongoing commitment the LSU Agri­
cultural Center established the Postharvest Technology 
Division of International Progra'ms to develop insti­
tutional and human resource skills in the area of rice 
and other subtropical crops. This division will com­
plement well established programs in production of 
these crops by concentnlling its activities on the post­
harvest aspects of rice, cereal grains and fomges, crops 
common to Louisiana and many developing nations. 

The louisiana State University System 
and the LSU Agricultural Center 

Louisiana State University System. a comprehen· 
sive university. is the land-grant university in Loui­
siana. The System is comprisl:d of dght campuses 
locatl:d throughout the statl:. Thl: campus entrusted 
with development of agricultural programs in the state, 
in conjunction with the U.S. Departml:nt of Agricul­
ture and other agencil:s, is the LSU Agricultural Cen­
ter. situated in 3aton Rougl:. 

The LSU Agricultural Center is responsible for 
statewide research and extension functions of the LSU 
System. International Programs is one of the principal 
units of the Center, along with the Louisiana Agri-

cultural Expl:rillll:nt Station and the Louisiana Coop­
erativl: Extl:nsion Sl:rvice. Sincl: the College of 
Agriculture. a uni! of LSU in Baton Rouge, and the 
LSU Agricultural Center occupy the same' campus, 
many of the Center's scientists hold joint appointments 
from both. 

lSU Agricultural Center 
and International Proqrams 

The University has more than 30 years experience 
in international programs. International programs im­
plemented by the LSU Agricultural Center relate to 
many tl:chnical s[X!cialties. The Center has been in­
volved internationally in institution building, partici­
pant training. and technical consultations in areas such 
as agricultural engineering. agricultural economics. 
management. agronolllY. animal science, entomology. 
and hOiliculture. 

The Centcr's scientists have served several coun­
tries. including Malaysia. VenaucIa. Nicaragua. In­
donesia. India. and Guyana. Many short-term 
programs have been completed in the Philippines. 
Thailand. Burma. Bangladesh. 1::1 Salvador. and Bra­
zil. Some of the more recent work has been undertaken 
in Liberia. Sierra Ll:one. and Bdize. The Center has 
committed a large qualified stalT to sl!rvice programs 
aimed at international agricultural dl!velopment. 

Louisiana has bl:en a Il!ading rice r:.:gion of the 
Unitl!d States for almost 100 years. Thl! LSU Agri­
cultural Center operatl!s the largest and oldest rice re­
sl!arch station in thl! Unitl!d Statl!s. The Louisiana Rice 
Research Station. headquartered at Crowley, serves as 
a major source of research information for rice growers 
throughout the world. The international rice tmining 
programs at Crowley provide training to participants 
from many rice growing countries. The Agricultliral 
Engineering DLilartment of the LSU Agricultural Cen­
ter. situated in Baton Rouge. is actively involved in 
rice postharvest research. The "LSU Dryer" or con­
tinuous flow rice dryer. developed in this department, 
is now in use all over the world. The Center has es­
tablished the Postharvest Technology Division to de­
vdop expertise in similar technology through research 
and structured training. 

The primary objectives of the Division are tmining 
and research in postharvest technology of rice, cereal 
grains. and forages; more specifically the specialized 
training of country personnel. assisting the faculty in 
solving postharvest problems, and conducting adaptive 
and applied research in postharvest technology of 
grains and fomges. The Division also augments the 
current grain and forage postharvest technology pro­
grams of the Department of Agricultural Engineering 
and other departments of the Center. The main thrust 

of the Division's programs and activities is to 
strengthen the capability of personnel from develo( ng 
nations who arc involved in grain and forage po~ Jr-
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AGENDA 

Thursday, January 28 
Morning Session: "U.S. technologies and the scenario in developing nations" (session moderator: 

Dr. Lakshman Ve]upillai, L.S.U.), 

8:30 Welcome Address 

8:45 "The university role in integrating residue 
utilization into postharvest systems" 

9:00 "How does the U.S. private sector interact 
with the goals of the US. foreign assistance 
program?" 

9:30 ~The potential of agricultural residue 
utilization technology in improving economies" 

10:00 "Rice Residue Utilization - The U.s. commercial 
offerings and new resources" - a video 
presentation. 

- Dr. H. Rouse Caffey, Chancellor, 
L.S.U. Agricultural Center 

- Mr. Macon D. Faulkner, Vice­
Chancellor arid Director, 
International Programs, 
L.S.U. Agricultural Center 

- Dr. James Sullivan, Director, Office of 
Energy, Science & Technology Bureau, 
U.SA.I.D., Washington D.C. 

- Mr. John Shields, Manager, 
Office of Agricultural & Chemical 
Development, Tennessee Valley 
Authority, Muscle Shoals, AL 

- Postharvest Technology Division, 
L.S.U. Agricultural Center, Baton 
Rouge, LA 

10:30 COFFEE BREAK •• Displays by participating companies/il'lstitutions •• 

10:45 Technologies in the making - new possibilities 
(a) Rice bran as a potential source of higher 
value chemicals. 

(b) Gas turbine cogeneration with agricultural 
residues 

(c) Gasification of rice hul1s 

11:15 ."The developing countly environment',' 
-risks and constraints", ' , 

__ 11:45 .• ' ,Discussion 

-12:15 '-LUNCH'-
,7,". . . ' 

- Dr. Robert Sayre, ReseaJ'ch Chemist, 
Food Quality Research Unit WRRC, ARS 
USDA, Albany, CA. 

- Dr. Eric Larson, Princeton University, NJ 

- Dr. John Goss, University of 
California, Davis, CA 

- Dr. Marcia Gowen, Bioenergy Systems & 
Technology Project, Office of Energy, 
cocience & Technology Bureau, U.S.A.I.D., 
~ashington D.C. 



Thursday, January 28th 
Afternoon Session: "TiJe dynamics of creating consortia/joint ventures" (session moderators: Dr. Joseph 
ROftheli, 1VA & Ms. BetsyAmin-Arsala, U.S.A.I.D.) 

" . 
1:30 Group discussion 
Consortium group: Spokesperson - Mr. Willis Noland, Facilitator - Dr. Lalit Verma 
Joint venture group: Spokesperson - Mr. Keith Lanneau, Facilitator - Dr. John Nye . 

The two groups will participate separately, one as a consortium and the other as a joint venture, 
addressing the fonowing issues: 

(a) What the U.S. industry has to offer in terms of technology. 
(b) What is promising in the research areas? 
(c) What are the international markets? 
(d) What are the risks and constraints? 
(e) How do we finance 8:. support international ventures? 

4:30 Preparation of summary o/findings by group spokesperson and the/acilitator 

5:00 Reception - L.S. U. Agricultural Center 

Friday, January 29 
Morning Session: "Group session findings, next steps?" 

8:30 Presentation of ·consortium" group summary· Mr. Willis Noland, PTesident,A8r;lectricpower 
Partners, Ltd., Lake Charles, Louisiana. 

8:50 Presentation of 'joim venture" group summary - Mr. ~ith Lanneau"President, Helix Intemiitional, 
Baton Rouge, Louisiana. ' .,' . .,,' " 

9:10 General discussion: 
I. Summary of risks & constraints 
II. What are the next steps? 

10:15 COFFEE BREAK 

10:30 Summary Comments 

10:50 Summiuy comments' 

11:15 ,"oPtiO~S /o~ furureuse 0/PL480 funds" 
1,< ':':, 

, , 

12:00 ., : Conclusion 

• Mr. Jack Williamson, 
U.S. Trade and Development 
Program, International Development 
Cooperation Agency, Washington D.C. 
• Mr. John Aldonas, Office of 
Deputy Director for Government 
Affairs & Business Development, 
Overseas Private Investment Corp., 
Washington D.C. 
• Mr. Robert Bostick, International 
Affairs Specialist, PL480 Program, 
Office of Management and Budget, 
Washington D.C. 
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Dr. H. Rouse Cafft)~ Mr. Maco" D. Faulkner, Dr. James Sullivan, }fro John Shields, Dr. Roben 
Sayer, Dr. Eric Larson, Dr. !o.'!~ G~!!, J).r. Marcia G~!·.'e .. !. Mr. T"'!!!i! .M!,!!!."!!!, D.r L!!!!! V!'"",a, Mr. 
Keith Lanneau, Dr. John ."lye, Mr. Jack Williamson, Mr. John AIL'oTlas, Mr. Roben Bosrick, Dr. 
Cha.r!es Schexnayder, Ms .. ~!a.'Oa ... e! E!ackwe!!. Ms. Ma.r:; Margate! Ea},"n, .\ls. Ann Evans, Ms. Mary 
Ann Heben, Ms. Danielle Bayham, Ms. Gayle Gaurreau, Ms. Ganelle Bullock, Ms. Koy Suggs, Mr. 
Ted Eaiwin, Mr. Ereer cjl)~ ur. Harlon [raYlor, .~'~. Bees)' Amin-ATsaia. Dr. Joseph Roeeneii, Afs. 
Jacqueliile Bivdc:;, M;: mi}71e Ba";'e,, Di. M",.djm Bec;';' Di. Ric:/lard Siricklalld, Mr. Russel Lam­
bert, Mr. Ronald Bailt)· and all others who ;;;;isred in ;:~merous ways f:: this project. 

Sponsored by 

Posthan'i:st Ti:chnGlvgy Dh'ision 
International Programs 

Louisiana Statl~ Unil'ersity Ag:-:c:!!~:!:-::! C~nter 

'. 
National Fertilizer Development Center 

Tennessee Vallev Authoritv .. .. 

. Bioenergy Systems and Technology Project 
Uflice of Energy 

Sden~e 2m! Technology Bureau 
lJnitedStates Agency for International D~,:'~lopment 
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