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EXECUTIVE SUMMARY AND RECOMMENDATIONS 

The Councll of Mimsters of the Republic of Kazakhstan decided in 1994 to establish a comprehensive 
Nabonal Program for Energy Savings, covenng each sector of the economy Responsibility for developing 
the program was allocated jointly to the Ministry of Energy and Coal and the M~nistry of Economy At 
the request of the Government of Kazakhstan, the US Agency for International Development's (USAID) 
Office of Energy Infrastructure for the Newly Independent States agreed to assist in the development of 
the program through the provision of techca l  assistance in jointly selected areas 

IMPORTANCE AND POTENTIAL OF ENERGY SAVINGS 

Importance of Energy Savings 

Energy savings is important to the Republic of Kazakhstan because it can generate the following benefits 

Energy and capital savings and reducbon in the rate of energy demand growth 
Improved environmental condihons 
Increased technology transfers 
Greater foreign exchange earnings or savings 
Enhanced compebtiveness 
Job creahon and enhanced workers' s l l l s  
Potenhally lower inflation 
Lower productron costs and higher profits for large energy consuming enterpnses 
Enhanced capability for enterpnses to withstand future energy cost increases or curtsulments 

Kazakhstan is nchly endowed in raw materials, including large deposits of oli, natural gas, coal, copper 
and other nonferrous metals Energy and raw matenals were trahtionally exported to the other republics 
of the former Soviet Union Energy and metals are two of the most important sectors in the Republic 
Today, these two sectors remsun the most important to the economy in generabng foreign exchange. 
attracting foreign investment, restonng traditional trade patterns, integrating Kazakhstan into the global 
economy via the development of new trading and transport routes, and providing a compehtive advantage 
to exlshng or new energy- or rmneral-intensive industries 

Kazakhstan's energy intensity in 1992 measured as energy per capita was about 1 7 and 3 9 hmes greater 
than that of Poland and Turkey, respectrvely, whlie its electricity intensity was about 1 3 and 3 6 hmes 
greater than that of the same two countnes Over m e ,  with the successful implementahon of the Nahonal 
Program for Energy Savings, Kazakhstan's intensity levels will dechne towards the levels experienced in 
other countnes at a sirmlar stage of economic growth 

Potential of Energy Savings 

The rapidity of econormc change o c m n g  in Kazakhstan, combined with the lack of reliable detailed data, 
make it difficult to perform the analysls normally undertaken in OECD countnes to project long-term 
economc growth and energy demand Historical data provide limted mformabon about Kazakhstan's 
future as the country makes the transihon to a market-based economy There is great uncertanty 
surrounding macroeconomc and sectoral developments in both the short and longer term As a result, any 
projechon of energy demand and potenbal energy savings at this time is hfficult and potenbally 
dangerous A simple macromodel has been formulated to project energy demand and potenhal energy 
savings The basic framework is at top-down spreadsheet model which focuses on the overall rate of 
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growth of Gross Domesbc Product, the changes in the individual sector shares of GDP, and the changes 
in energy intensity of the individual sectors Different scenarios can be developed by assuming different 
values for each of these three elements 

Energy savings is the difference between energy consumed with and without the implementation of energy 
savings measures or policies Energy demand is a funcaon of economic growth and changes in energy 
Intensity Energy intensity is usually measured as the ratio of energy to economic output However, 
changes in energy intensity reflect the combined effects of structural changes in economies, real energy 
pnces and changes in energy efficiency Energy ~ntensity vanes across countnes depending on economic 
structures, histoncal pnce developments. the indgenous resource base, end-use patterns, climate and 
geography Reductions in energy intensity can be used as an indicator of the success of an energy savings 

program 

The potenhal for energy savings is immense in Kazakhstan. as has been demonstrated m countnes with 
similar command economes For example, Poland's energy intensity, measured as tons of oil equivalent 
per capita, was reduced from 2 21 in 1988 to 1 65 in 1992. a 25 percent reducbon over four years Based 
on research and on the assumption that the energy systems in Kazakhstan can be charactenzed as s~milar 
to the energy systems of the former USSR rnanufactunng fuel intensity can be reduced by 25 percent and 
manufactunng electricity intensity by 10 percent over the short to medium term and 40 percent and 20 
percent, respecbvely, over the longer term These short to medium term reduchons m intensity are 
achievable through a focused energy management effort. increasing energy pnces to world equvalent 
levels, and the introduction of Western practices and technologies Based on the evidence obtained on 
selected industrial plants in Kazakhstan and on pnor research work done on the former Soviet Union 
energy systems, implemenbng the short- to mehum-term measures presented in this study will result in 
energy savings between 15 to 25 percent of the energy consumed in Kazakhstan in 1994 This energy 
savings, assuming 1994 values, will be about 20 to 34 bilhon Tenge (US $588 milhon to $1 billion), 
which is estimated as about 32 to 54 percent of Kazakhstan's energy trade deficit in 1995 To ach~eve the 
longer term reduchons will requre the adoption of more advanced Western technologies and time for 
many of the government programs and pnce increases to have their full impact 

RECOMMENDED ENERGY SAVINGS MEASURES 

There are many types of energy savings policies and programs avalable to governments. however. not 
all of the mechanisms discussed are appropnate for every country Selechng the most smtable energy 
conservation polic~es depends on the uruque context of a particular country The energy sector in 
Kazakhstan is charactenzed by the following fundamental problems. which the nabonal energy savlngs 
program implemented by the Government must address 

Low, subsidized energy pnces 
Weak insbtubonal structure and legislabve framework 
Weak energy conservation "ethic," owing to low pnces and the histoncal perception of energy 
as a free good 
Inefficient practices, eqwpment, and technology 
Inadequate access to capital 

Furthermore, Kazakhstan 1s confronted with a severe economc cnsis which has dramatically limted the 
Government's financial capacity to address cnbcal problems in the energy sector Thus, Kazakhstan's 
Nabonal Program for Energy Savings must initially focus on those measures that yield immediate energy 
savings, are relabvely low in cost and place only a limted admmistrabve burden on the Government In 
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sum, the Government should develop energy savings pohcies and programs that can be implemented in 
a bmely. effectwe and cost-efficient manner 

The trahhon of central p l m g  in Kazakhstan is another charactensbc that should be taken into 
consideration when developing appropnate energy savings pohcies and programs The Government is well 
suted to implement and administer those programs that requre substanbal oversight, such as mandatory 
efficiency regulaoons However, the Government should be aware that the countries with the most success 
in improving energy efficiency are those that have a mixed institutional structure and rely heavily on 
markets rather than government bureaucracies Dunng the transibon penod, the Government needs to 
avoid programs and measures that are conducive to abuse and corruption and that promote growth of 
government bureaucracies in lieu of nongovernrnent enaQes 

Despite an lnihal focus on policies and programs that can be effective in the difficult transifion penod and 
are low cost. the Government of Kazakhstan should not eliminate consideration of longer-term or more 
costly achvities After the transition to a market-based economy is largely complete. economic growth has 
resumed and institubonal strengthening has occurred. the focus can turn to those policies and programs 
that yield savings m the longer term 

In developing zts National Program for Energy Savings, the Government of Kazakhstan should initial@ 
place a high priority on the recommendations listed below, each of which is discussed in detail on the 
following pages. 

1. Accelerate economic reform. 

2. Increase end-user energy prices according to the principles autllned in this study. 

3. Put in place incentives for the installation of equipment that measures energy consumption 

4. Establish the Energy Conservation Department w~thin the Ministry of Economy as the 
coordinator of the Government's energy savings pollcies and establish an independent Energy 
Conservation Agency to ~mplement the programs associated with these policies; involve a 
d~vers~ty of organizahons, especially the private sector, in the pursuit of energy efficiency, 

5 Assess vanous financing optlons, focusing In the short term on demonstration zones,energy 
savings fund, and multilateral bank funded projects. 

6 Focus initially on energy savings in the industrial sector, and on those energy savings 
investments whose costs are recoverable in fess than one year once the investments are 
operational, Ensure that industrial facilities scheduled for energy conservation investments can 
survive in their market sector and are economically viable in the long term. 

7. Focus initially on policies and programs achtevable in a timely and effective manner dunng the 
next three years as the country progresses to a market-baaed economy, and then consrdef 
policies and programs that will yreid energy savings in the longer term. 
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I .  Accelerating Economic Reform 

Sustaned progress on macroeconomc reform, especially on pnce and market hberalizatlon, wlll be cntlcal 
to obtaining energy savlngs throughout the Repubhc of Kazakhstan Economlc reform can be expected 
to lead to substantlal energy savlngs The Government must strengthen and accelerate its efforts in the 
following areas ' (a) pnce reform and market liberal~zat~on. (b) transfer of ownership to the pnvate sector. 
(c) legal and regulatory structural reform, and (d) enterprise restructuring The most effective means by 
whlch to increase energy efficiency is to ensure that the Republic of Kazakhstan makes the translt~on to 
a market-based economy fiom the tradihonal command economy which relied pnmanly on governmental 
regulabons and controls To change substantially the past behavior of energy producers and consumers 
fiom wasting energy to conservmg energy primarily reqwres opening up markets to compet~t~on and 
increasing energy pnces to levels that fully recover all costs, plus a resasonable rate of return for the 
capital Investment 

With the transihon to a market-based economy, the government's role m the economy. Including the 
energy sector, should be reduced substant~ally In 1992 government-sector jobs as a share of the total jobs 
in the Republic of Kazakhstan was about 86 percent m contrast to an average of 17 percent in the United 
States Overtime many of the current energy sector jobs belng performed by Government employees need 
to be either transferred to the pnvate sector or eliminated For example, the current governmental 
organizahons empowered to enforce the rahonal use of energy should eventually be replaced by market 
determined pnces allocating energy use 

2. Increasing Energy Prices 

Between 1992 and 1994, many of Kazakhstan's nomnal energy pnces increased by a factor of ten or 
more Despite these substanaal energy price increases, many domesac energy pnces remrun at only a 
fraction of world equrvalent levels and severe sectoral dlstoaons contmue to emst In general. Kazakhstan1 
energy pnces, as of November 1994 and measured m US dollar terms, were about 10 percent to 45 
percent of Turkey's first quarter 1994 pnces In November 1994, Kazakhstan's residenhal tmffs as a 
percent of the industnal tmffs ranged between 10 percent to 84 percent, compared to a January 1992 level 
of about 80 percent in Hungary 

hsing real energy pnces generally result m energy savlngs Based on studles by the International Energy 
Agency, Increases in real energy pnces, especially after 1978, were the most important single factor behlnd 
increases in energy efficiency in OECD countnes Compmng changes m real energy pnces to changes 
in energy lntenslty m many OECD countries Indicate that pnces can have a s~gnlficant impact on reduclng 
energy demand Based on studles covenng the expenences of the OECD countnes dunng 1973-82, the 
largest declines m energy intensity were experienced m the industnal and transportahon sectors A survey 
of fifty studles suggests that the pnce elasbcity2 m the developing world for energy demand can be 
expected to range between -0 05 to -0 65 

1 In malung the economc translbon to a more market-based economy, there are many reform measures that need to be 
Introduced and unplemented Most of these measures can be o r g m e d  under the followmg five categones macroeconomc 
stabduabon, pnce and market hberahzabon, pnvakzabon, construcbon of a soclal safety net., and mobhabon of 
mtemabonal financial ass~tance 

2 Pnce elasbcdy 1s an estunate of the responsiveness of the quanbty demanded of a good for a glven change m the pnce of 
the good 
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Energy Pricing Principles 

The Government of Kazakhstan needs to place a high pnollty on the adophon of the following energy 
pncing pnnciples as the economy evolves towards a more open, market-based economy 

Pnce levels must be set "X percent" higher than cost, with "X" represenhng the necessary return 
on investment needed to meet projected demands Cost must also take account of the need to 
internalize certan externalities, such as the costs associated with environmental protection 

Retail pnce levels also must be set "X percent" higher than costs and set to achieve 
governrnent/society's goals, including contnbuhng revenues needed to finance energy-sector related 
goals and shmulat~ng conservation measures 

Pnce levels must be set so that marg~nal costs of energy supply are fully recovered, in the short 
term to include all vanable operahng costs. and in the longer term to include fixed costs 

When traded in world markets. pnces of energy commodities should reflect full border equvalent 
pnces avmlable in export markets. fully accounting for transportation costs and quality 
differentrals, appropnately measured 

Tanffs should reflect cost of service to d~fferent classes of customers, e g households. agricultural 
and Industrial consumers 

Regional energy pnces should reflect different transportahon and d~stnbuhon costs and regional 
supply-demand pressures within Kazakhstan 

Proper weight should be given to energy policy objectives when considering tax pol~c~es 

Energy Pricing Guidelines3 

As a general rule, energy pnces should be increased to reflect real economic costs of supply, or when 
traded in world markets, the export value With sustsuned increases to world equivalent levels, most energy 
pnce subsidies will be eliminated resulting in energy savings Dunng this transition of reform and pnce 
liberalizahon, emphasis should be placed on adjusting relahve pnce relationships not just absolute pnce 
levels T h ~ s  is especially true dunng tlmes of extreme uncertanty surrounding exchange rates The 
perststence of extreme imbalances between economic costs and market values will create distorbng signals, 
eventually result~ng In inefficient resource development and use Regardless of the pace of reform chosen 
by the Government of Kazakhstan, the Government needs to place a high pnonty on the adophon of 
pncing guidelines which focus on restructurrng relattve energy pnces consistent with fiee market and 
Internal cost pnce relahonshlps 

For non-gnd fuels (crude 011, petroleum products, wellhead natural gas, and coal), pnces should be 
decontrolled rapldly Producer, wholesale and retad pnces of non-gnd fuels should be l l l y  hberahzed 

3 A spreadsheet model has been developed by whch to project pnce guldelmes or targets for the years 1998 and 2005 The 
pnce path between current levels and the projected 1998 levels represents the short to med~um term whlle the path from 
1998 to 2005 represents the longer term Thu model provldes the basic framework by whch to project future pnce 
guldelmes The spreadsheet model can be expanded to Include adhbonal prermses, such as dfferent domesbc h h o n  rates, 
different exchange rates and lfferent pnce and cost components underlying the baslc netback calcuhbons 
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Full price liberahzation is not expected to lead to world market pnces for all these fuels in the near term 
as some pnces in Kazakhstan will be constraned by the mter-republic linkages among other former Soviet 
Union repubhcs, pnmanly Uzbekistan, Turkmemstan, and Russia and by Kazakhstan's substantial 
dependence on the Russian transport system for access to world markets 

For p d  fuels, or natural monopolies (natural gas, heat. and electnclty transmission and distnbution), the 
Government will need to develop pnce and tmff structures for the regulation of these industnes In the 
intenm, pnor to estabhshing a regulatory fi-framework. natural gas. heat and electnclty pnces should be 
determined on cost plus pricing principles, and increased to reflect real import, transmission and 
distnbution costs Also, a program to eliminate the substantial cross-subsidization of households should 
also be adopted At a minimum the current differences (in absolute terms) between industrial and 
household pnces of electnclty, heat. and gas should not be allowed to increase The natural gas, electnclty 
and heat tar~ff approval process should be speeded up by creatlng a quarterly fuel adjustment procedure 
that passes on automabcally, up to an agreed upon percentage, increases m fuel costs 

Also. the Government of Kazakhstan should place a hlgh pnonty on enforcing the collection of payment 
that reflects both the market deterrmned or regulated end-use pnces and the volumes of usage Of course. 
end-use pnces include those taxes adopted by the Government of Kazakhstan In order to improve its 
record of collecbon and enforcement, the Government should consider vanous measures (a) impose severe 
penalbes for fraud or evasion, (b) provlde performance incent~ves for tax collectors. (c) provide incentives 
for prompt payment of outstandmg bills or taxes, and (d) provide incentives for the installation of metenng 
equipment Metenng eqwpment is cntical to measure energy usage and energy savings accurately and to 
ensure that nsing real energy pnces impact the behavior of the individual consumers 

3. Installing Energy Measuring Equipment 

Since energy savlngs can be thought of as the difference between energy consumed with and without the 
~mplementahon of energy savings measures or policies, measunng energy consumphon is cntical to any 
energy savings program This reqwres vmous types of meters and instruments Investing In metenng and 
other measunng systems so that hlgher energy pnces will begin to influence the consumptlon 
behaviorlpatterns of individuals and enterprises should be given a hlgh pnonty in Kazakhstan's NPES 
Measunng devices will more accurately account for end-use consumptlon vs processing and transportahon 
system loss or theft 

A governmental entity should work closely with energy producers and consumers to determine standards 
for the measurement of energy consumphon Metenng that accurately reflects actual usage together wlth 
the nght pncing policies will send signals to energy consumers and producers consistent wlth energy 
conservabon 

4. Establishing the Government's Role 

One of the cntlcal components of a successful energy savings program is a hlgh-level commtment of the 
Government Most countnes have learned that a commitment at the highest levels of government is 
necessary not only to develop policies and legal regulabons, but also to Implement and enforce legislabon 
once in place Leadership by example is crucial to influence or change the behavior of individuals and 
companies to realize the benefits of energy conservabon and the importance and value of energy in 
general 

Closely related to this is the need to state clearly in legrslation which government enbties will have 
responsibility and authonty for specific energy conservabon acbvtbes and to establish clear llnes of 
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reportmg This is requlred to ensure effecbve coordmahon of pohcy implementahon and to avoid overlap 
and duphcation of efforts 

Although governments are acbve in promohng energy conservation, part~cularly in the initial stages of a 
country's efforts to achieve energy savings, experience in other countries suggests that non-government 
organizahons should play an important role in promoting energy savings State or regional governments, 
non-profit enbbes, research organizahons, traning firms, pnvate energy service companies, and 
universihes should be actively supplementing and complemenhng the nabonal government's acbvities 
Gradually decentralinng energy conservation activities throughout the economy among vmous types of 
organizations places decision-making into the hands of individuals and individual companies. giving them 
the power to pursue energy savings activities The government can play a role in creating a legislahve 
framework that promotes these acbvities, but does not become the central arbiter of decisions 

The Government of Kazakhstan should establish by legislahon the Government's role m energy 
conservabon activities Specifically, Kazakhstan should consider establishing a two-tiered organizabonal 
framework, wlth a possible structure as specified below (see also Exhibit ES-1 on following page) 

First, an Energy Conservation Department (ECD) should be establzshed within the Ministry of Econom.y 
to provide overall direction and coordination to the development and implementatzon of a National 
Program for Energy Savings (NPES). The Department Chief of ECD should report directly to the Deputy 
Minister of Economy, whose portfolio includes energy conservation, and should have access to the 
Minister 

The reasons for placing the ECD under the Ministry of Economy rather than one of the other mnlstnes 
are (a) the NPES is intersectoral, (b) the Ministry of Economy has few vested interests in the energy 
sector, (c) the Ministry of Economy is best sulted to ensure market forces play a dominant role in 
promohng energy savings, and (d) the Ministry of Economy can ensure that the NPES has a balanced 
focus, both demand as well as supply 

ECD should be the principal organizahon for coordinahng the Government's role in energy savings 
activities It should establish clear linkages with each Ministry and research institute whlch should have 
input into the development of energy conservation policy It should achvely collaborate and consult with 
other Government organizabons in the process of conduchng its achvities This Department is the final 
authonty on developing a consensus on energy savlngs policies and broad guidelines Each ministry which 
has specific achvihes that can be tied to energy savlngs should set up a department to develop and 
coordinate all activibes associated with energy savrngs 

The Department Chief of the ECD will establish and be the head of the Energy Conservation Advisory 
Group consisbng of the heads of each of the energy conservahon departments from the other ministries 
and appropnate staff persons from other selected organizahons, such as research institutes The ECD will 
also coordmate the Government's iterachon with regional and local governments in developing their 
appropnate policies 

Listed below are some of the key issues which the ECD will need to incorporate in the NPES 

Establishing voluntary energy efficiency targets for large energy consuming facilities and 
power and distnct heating companies 
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Exhibit ES-I 
PROPOSED ORGANIZATIONAL STRUCTURE FOR ENERGY SAVINGS 

ACTIVITIES IN KAZAKHSTAN 

ENERGY 
CONSERVATION 

AGENCY 

Regional Energy 
Advisory Offices 

COUNCIL OF 
MINISTERS 

I 
MINISTRY OF 

ECONOMY 

Deputy Minister 

Energy Conservation 
Department 

Department Chief 

Executrve Drrector of ECA 
Executrve Dlrector of ECF 

CONSTRUCTION 
AGRICULTURE 

- Mlnlstry of industry & Trade 
- Mlnrstry of Energy & Coal 
- Mrn~stry of Scrence & Technology 
- Mlnrstry of Housrng 8. Construction 
- Mrnrstry of Transportation 
- Mrnlstry of Agrrculture 

Oversight to be 
Determined 

, 

Energy Savings 
\ \ ,  Fund 

b 

Members 

Charrman Deputy Mrnlster of Economy 
Energy Conservatron Dept Chrefs from 

- Mrnrstry of 011 & Gas 

ENERGY 
CONSERVATION 

ADVISORY GROUP 



Strengthening &dor establish~ng energy efficiency standards for residential and commercial 
bmldmgs and the transport sector 

Estabhshmg tax and other financial incentives for energy conservation investments '' 

Granting pnonty access to foreign exchange for energy conservation investments 

Reducing VAT and ~mport duhes on energy effic~ent eqcupment 

Also, the ECD should consider undertakmg immediately, or accelerate the work if already underway, the 
following studies which will provide cnt~cal information necessary to implement the proposed pncing 
guldehnes and government programs or to identify revenue from potential exports which can be used to 
assist in financing high-pnonty energy savings measures 

Survey of energy consumption stratified by each major consumer category in order to establish 
a database on which to base a number of energy policy decisions 

Detailed cost assessment of natural gas. electricity and heat sub-sectors and of transportation costs 
for rail, pipelines and trucks 

Detailed assessment of current and potenhal oil and natural gas export ophons and export potenhal 
for Ekibastuz and Karaganda coal 

Also, the ECD should coordinate 

Establishmg a basic database system for mon~tonng costs of production, distnbution and 
transportahon, pnces, margins over costs, and taxes The proposed rapid and substanhal pnce and 
tax changes in the energy sectors necessitate timely and consistent data to implement effective 
energy pnce and taxation policy Imposition of any tax regime will also require effective 
verification of volumes, costs and pnce levels if tax policy and rates are to be enforced 

Triuning the staff of the Energy Conservation Department as well as individuals from the energy 
conservabon departments within the other min~stnes In selected topics These topics should 
include energy surveys, energy demand forecasting, etc 

Second, a separate Energy Conservation Agency (ECA) should be established to implement the national 
energy savzngs programs. The ECA should operate on a daly basis independently of the ECD, but is 
repsonsible for implemenbng the policies and programs developed by the Mmlstry of Economy A senior 
indiv~dual commanQng respect within the energy sector should be appo~nted Executive Director of the 
ECA The ECA will be governed by a Council, composed of representabves from vanous organizations 
including the government, research institutes and pnvate enterprises 

The Agency would carry out the Government's energy savings objecbves and programs These activibes 
w~ll, of course, depend on the pol~cies to be Included in the Naaonal Plan for Energy Savmgs, however. 
a sample list of acbvihes would include 

4 Thw pohcy as well as the next two should be adopted only under the followmg conhbons (a) that the orgamzatron, to 
whch the preferentd treatment 1s granted, is undertakmg en tqnse  restructuring or pnvatuatron that 1s cons~stent w& 
the goal of becommg a market-based economy, and (b) that there 1s a spec~fic tme penod dunng whch these mcentrves 
can be exerclsed 
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Conduchng trruning programs 
Providing auhbng services 
Conduchng demonstration projects 
Coordmahng the establishment of energy efficiency targets, standards. and labelling 
Distributing informahon and educahonal matenals 
Conduchng market surveys of potenhal energy savings in vmous sectors 
Attrachng foreign Investors to set up energy efficiency eqwpment manufactunng joint ventures 
Encouraging the development of energy service companies (ESCOs) 

In its operations, the ECA should involve a diversity of organ~zations, includ~ng research inst~tutes and 
non-governmental entities For example, in establishing energy efficiency targets and standards, the ECA 
should obtain input from industry, consumers, and research inst~tutes not just from the staff of the 
ministnes Over hme, many of the programs and decisions associated with energy efficiency should be 
given to individuals and enterprises In fact, some of the activities which are initially In ECA's doman 
should gradually be shifted to the pnvate sector 

The ECA would inihally be funded pnmmly by the Government or through donor agency funding but 
should pursue the goal of eventually being self-financed The M~nistry of Flnance could allocate to the 
ECA1s budget a porbon of the funds raised from energy end user taxes and from fees and/or penalties 
levied in the energy sector Self-financing also can be achieved by eventuallv allowing the Agency to 
charge for the servlces ~t offers (for example, technology demonstrations. audits. and training seminars) 

In order to ensure effechve coordinahon in the formulation of energy savings policy, the Government 
should estabhsh an Energy Conservation Advisory Group This Group would be d~rected by the Deputy 
Minister who oversees energy savings activlhes in the Ministry of Economy, and consist of the Energy 
Conservahon Department Chiefs fiom the relevant line ministnes In addrtion, the Group's representation 
should include the Execubve Directors of the Energy Conservation Agency and Energy Conservahon 
Fund The Group is to be responsible for integrating technical input from the line ministnes and to 
oversee the acbvities of the Agency and Fund This latter role is not to be Implemented on a day-to-day 
basis, but rather to monitor penodically these enhbesl programs to guarantee that they are commensurate 
with broad, nabonal policy and goals, as well as to ensure that they are enacted efficiently 

5. Assessing Options to Finance Energy Savzngs 

The primary sources of funding for energy efficiency Investments over the next few years wlll be from 
the Government budget, a dedicated energy conservation fund, donor agencies or financial institutions, 
or some combinahon of these sources Based on the current financial market conditions In Kazakhstan, 
the Government should focus on the following efforts to develop fundmg for energy efficiency projects 

Assess the feasibihty of establishing an energy efficiency demonstration zone which authonzes 
the repayment of western investments in energy effic~ent eqwpment and technologies in the 011 
sector by dehcahng up to half of the oil and petroleum products saved by installing the energy 
saving measure to an export escrow fund 

Seek assistance fiom one of the mulblateral banks, specifically the ADB, EBRD or the IBRD, in 
sethng up a dedicated energy conservation fund (ECF) and providing technical assistance in the 
operations of the fund d u n g  its start up phase The legislation that creates and empowers the 
ECF should also provide for supervision and control of the funds and ensure that the costs 
associated with operattng the ECF are mnimzed Overall day-to-day control of the Fund should 
be provided by a Board composed of representahves pnmmly from the Ministr~es of Finance and 
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Economy, as well as selected financial institubons such as the National Bank of Kazakhstan and 
the newly-created National Development Bank As hscussed. broad oversight of the Fund will 
be provided by the Energy Conservation Advlsory Group, but the Board will ultmately report to 
whichever organization it is attached The Fund will provide loans to enterpnses seeking to make 
energy conservabon improvement investments. including imported energy efficiency equipment 
The mulblateral banks involved in semng up the ECF should make recommendat~ons regarding 
the orgmzational structure, staffing issues. inclulng the shanng of certan ml~llstenal technical 
staff, and under whose authority the ECF should reside 

Develop energy projects that the ADB, EBRD, IBRD, or IFC either separately or jointly, would 
be willing to fund, and include energy efficiency components in these projects These energy 
efficiency components could include the technical assistance associated with a ded~cated energy 
conservabon fund. creation of energy semce companies, etc 

Assess pnvate sector alternatives to the ECF The lending functlon should eventually be performed 
by vanous sources, including domestic financial lending inst~tutions, major energy suppliers such 
as electnc utihbes, and suppliers of energy efficient technology and equipment 

6. Focusing Initially on the Industrial Sector 

Industry 1s Kazakhstan's largest energy consuming sector, accounting for 45 percent and 38 percent of end- 
use consurnpbon in 1990 and 1994, respectively Ev~dence in the OECD countries suggests that the largest 
and qwckest reducbon in energy Intensity can be achieved in the industnal sector Consequently, thls 
project chose to focus on the industnal sector, as well as the need to encourage the Government of 
Kazakhstan to consider potenbal energy savings as one way to make their industries more competitive In 
the former Soviet Union and in some global markets 

Facility-Level Energy Management and Savings 

Why 1s energy management important in the industnal sector? The answer 1s that it makes a firm more 
profitable By prachcing good energy management through a well structured and organized company plan, 
management and employees become more aware of how energy 1s being used, of the actual costs of 
energy and of the methods and eqwpment that can be used to control and reduce energy waste The 
underlying principle is cost effecbveness energy management measures must be justified in normal 
commercial and financial terms, like any other acbvity or investment A systematic and structured 
approach to energy management, includ~ng both technical and financial evaluations, is requlred to idenbfy 
and realize full potenbal savings 

The declsion of company management to control energy costs is a vital first step This must be clearly 
stated and understood by all within the company An important part of top management commitment is 
to establish a department responsible for implemenhng the energy management program This typically 
involves appointing an Energy Manager and establishng an Energy Committee Evidence of top 
management commitment will be demonstrated in the level of support given to the Manager and the 
Commttee, especially the resources authonzed and allocated for their function 

Measuring energy consumption at the plant is a cnhcal part of any energy savings program It is essential 
to measure energy inputs and outputs This requlres the use of vanous types of meters and instruments, 
either fixed in the plant or, in some cases, portable The terms "monitonng and targebng" are used to 
descnbe an organized approach to measuring energy consurnpbon, analyz~ng the data and using the results 
to develop energy-saving procedures as part of the plant energy management program Setting voluntary 
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targets is the key to moving Kazakhstan's industnal plants towards intemat~onally competitive levels 
Energy intensity or energy use data for different USA industnes has been provided in this study in order 
to develop voluntary targets for efficiency improvements over the longer term ' 

Selected Facilities and Industries 

Within the industnal sector, this study focuses on energy savlngs in electnc power, distnct heating, 
nonferrous metals-specifically copper, and ferhlizers These industnes were chosen based on the 
following criteria (a) large energy consumer, (b) viable hture and important to the long term economic 
development of Kazakhstan, and (c) potenbal for exports The analysis and recommendabons presented 
in thls study on these industnes were denved fiom ~nformabon and data compiled by the Mlnlstry of 
Economy, Ministry of Energy and Coal, Ministry of Industry and Trade. and technical staff at individual 
plants ' 
Based on the analysis completed in this study, the potential for energy savings in these industnes over the 
longer term is immense 

Apprommately 30-40 percent of the total electnc energy could be saved if a comprehensive energy 
savings program is implemented 

Of these savings, about 19 percent would be attnbutable to proper utilization of fuel. 32 percent to 
improvements in power production, 14 percent to lower transmission and dlstnbution losses, and the 
remander to improved efficiencies in end-use applications 

A total reduction of apprommately 50 percent in overall energy use in dismct heatlng systems is 
possible Conservation, whlch can be encouraged through the removal of energy subsidies and the 
institution of rational, individual bllling, has the potenbal to acheve energy savings of 30 percent 
among all end-users On the producbon and dlstnbution side, improvements in efficiency could 
achieve savings of almost 20 percent 

Based on the energy usage at the phosphate companies d u n g  1990, a year when the plants were 
at a high level of utihzation, the electncal consumptron per ton of phosphorus was about 16 
percent higher than the typical electncal consumption for US companies Similarly the total energy 
consumptron per ton of phosphorus was about 26 percent higher than for USA companies 

The Kazakhstan nonferrous industnes are uslng approximately twice the energy that similar 
operatrons use in the US For copper, the energy usage per ton is about 1 6 trmes that experienced 
in the US 

5 Energy standards must be mterpreted wlth care and mtermabonal compansons can be difficult to carry out wth preclslon 

6 Petroleum r e f m g  should also be considered one of the lndustnes that the Government of Kazakhstan mbally focuses on 
m the NPES Petroleum refitllng was not mcluded m tlus study smce it was previously assessed m another USAID 
sponsored study conducted by John Brown 

7 The follomg plants were vistted as part of th~s  study AImaty TES-2 Power Plant. AImaty Distnct Heatmg System 
Enterpnse, NODFOS and Superphosphate cornparues m Dzambul. and the copper complex m Dzhezkazgan The followg 
tasks were completed at each plant vis~ted (a) a revtew of the energy management process wth  selected semor staff, @) 
the dlstnbubon of a detaded "energy usage" queshonnaxe, and (c) the identtfcabon of qulck, payback energy savmgs 
measures or mvestments 
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In assessing the energy efficiency of these industnes and in order to establish "targets", this study attempts 
to compare energy consumption per unit of output at specific Kazakhstan1 plants wlth that of a well- 
operated plant using modern, energy-efficient technology In general. the comparative plants on which the 
targets would be based were m the USA The current energy consumpbon per unit of output is qwte high 
in Kazakhstan compared to these target plants The Kazakhstani plants must implement measures over 
tlme that will result in the plant's energy consurnphon per unit of output declining towards these targets 

In order to achieve these targets. several recommendat~ons for each industry are presented In thls study 
These recommendations were categonzed in terms of short. medium, and long term energy savings 
measures 

Short-Term Measures include no-cost or low-cost improvements in plant operation with minlmum 
eqwpment modifications It is expected that most of these measures will take a maxlmum of 2 5 years to 
complete the project preparabon and procurement and will have an average payout8 of about 0 5 years 

Medium-Term Measures will reqmre rnvestments up to several million dollars for eqmpment or plant 
modifications and probably the use of outslde engineennglcontractor services It is expected that most of 
these measures will take a maxlmurn of 5 years to complete project preparation and procurement and have 
an average payout of about 3 years 

Long-Term Measures include major investments in new or revamped facllitles to improve and increase 
the plant utihzatlon These type of investments would requlre justification based on significant potential 
for sale increases through market analyses and on a comprehensive economic analysis for each measure 
suggested for implementahon It is expected that most of these measures will take a maxlmum of 9 years 
to complete project preparation and procurement and have an average payout of about 6 years 

Unbl the overall macroeconomic condmons improve andlor financing can be more reahly arranged, 
industrial plants should focus on how to implement the short term measures identified in this study 
Llsted below are those short term measures which were commonly identified In each of the selected 
industnes 

Install low NOx burners to control the m i m g  of the fuel and air and reduce NOx emission 

Changelmodifi present instrumentation on vanous plant equipment to control/monitor boiler 
operabon and systems performance accurately 

Install microprocessors which will measure and monitor s~gnals of flow and heat rates of thermal 
producbon bollers, hot water distnbuhon lines and transportahon pumps, and automatic control 
and manage the supply to, and demand from, mxlng stabons 

Install flue gas oxygen analyzers to regulate the amount of excess a r  for opbmum combusbon 
efficiency of the hot water boilers 

8 Payout is the tune requlred to recover the costs of the Investment once the mvestment is operahonal 

9 Pursumg these short term measures wdl not hmder the efforts to pnvatue these plants Sometunes the qlementahon of 
the mechum and long term measures should be delayed untd the plant IS prrvatued A case by case assessment would be 
requlred to estabhsh whether the medun term and long term Investments should be delayed untd after the plant 1s 
pnvatued 

, I 
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Install non-contact type water flowmeter capable of monitonng water flow ranging from 5.000 to 
50.000 cublc meter per hour 

Install heat meters to measure and control the quantity of heat used in space heabng, ventilation. 
and utllity consumphon of indimdual customers 

Install or replace steam traps in steam lines going to industnal users or in boiler plants 

Improve combustion efficiency of furnaces and boilers by mstalhng flue gas oxygen/combustion 
analyzers 

Add. repm, and replace insulation as necessary based on a comprehensive inspection of heat 
losses from vanous eqmpment and piping 

Improve mruntenance program to assure conhnuous repair or replacement of leaky valves and 
pipes. damaged insulation, instrumentation, and eqwpment Develop a detailed mruntenance history 
and data logging program 

Implement training programs at all levels of plant personnel through seminars. courses, and 
education programs 

Manage the use of vehicles better 

7. Establishing Longer-Term Policies and Programs 

Like all governments worldwide that have established energy savings policies and programs. Kazakhstan 
will have to proceed in stages somewhat dependent upon the pace at which Kazakhstan ~mplements 
economic reform The Government should refine legislahon, eliminate some achvities, and consider 
implemenhng additronal programs as the energy sector and economic circumstances change 

After inibally focuslng on policies and programs that are achievable in a timely and effective manner 
dunng the transition to a market-based economy, the Government should then consider pol~cies and 
programs that will yeld energy savings in the longer term These types of programs have the benefit of 
providmg consistent, long-term signals promoting energy conservation even in times of low energy pnces 
Most governments have learned that the effectiveness of many energy savings programs is vitally related 
to the energy price environment generally, energy conservation pnonties diminish as energy pnces decline 
and businesses and households are less inclined to take advantage of government-sponsored incentives for 
investing in energy savings achvihes 

Three areas that the Government of Kazakhstan needs to conslder in addressing the Republic's potenhal 
for energy samngs in the longer term include demand-side managementlo, labelling, and the enforcement 
of standards in the budding and transport sectors Most of the DSM achvities requre the installation first 
of specific monitonng and control eqwpment Establishing labelling programs reqwres significant time 
in bmlding an industry consensus on labelling and labelhng eqwpment is one program that could be 
conducive to abuse in the current enmronment in Kazakhstan Establishing acceptable energy efficiency 
standards in the buddmg and transport sectors will take some hme Consequently, adequate enforcement 
is likely to be achieved only in the longer term 

10 DSM is the planrung, mplementahon and mo~utomg of u a t y  achvihes that encourage consumers to modfy theu patterns 
of usage, mcludmg the tmung and level of usage 
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Chapter I 
INTRODUCTION 

1.1 CONTEXT AND SCOPE OF STUDY 

The Councll of Mln~sters of the Republic of Kazakhstan decided in 1994 to establ~sh a Nahonal Program 
for Energy Savings Thls program is to be comprehensive m scope covenng each sector of the economy 
The responsibility to prepare recommendaOons for the development of a National Program for Energy 
Savings was given jointly to the Min~stry of Energy and Coal and the Ministry of Economy At the 
request of the Government of Kazakhstan, the US Agency for International Development's (USAID) Office 
of Energy Infrastructure for the Newly Independent States agreed to asslst in the development of such a 
program by providing technical assistance tn specific areas whlch were jointly selected 

This report is one of the deliverables requlred as part of the contract1 executed between USAID and Bums 
and Roe Enterprises to provide technology based services in support of USAID's NIS Energy Efficiency 
and Market Reform Project Thls report is based primarily on data and information collected as a result 
of mlssions taken to Kazakhstan In October-November 1994. January-February 1995 and Apnl 1995 
These mlssions included plant visits. plant seminars, and a semlnar conducted m Almaty In February 1995 

In executmg this study the major subtasks were divided into two major categones subtasks associated 
with economic and legislative energy savings measures and subtasks associated with technical energy 
savings measures Also, it was agreed to focus the work being conducted in the technical category only 
on the following sectors power, distnct heating, nonferrous metals and fertilizers These sectors were 
chosen because they are among the largest consumers of energy in Kazakhstan and because energy 
efficiency gains have been achieved rapidly In these mdustries in many other countnes 

The pnmary subtasks under the economic and legislative category were 

To discuss the role of market-determ~ned pncing as the pnmary economic incentive by which 
to encourage energy savings 
To develop future energy pncing and tar~ff guidelines 
To review and assess government energy savings programs and pollcles and organizational 
issues 
To discuss potential organizabond structures 

The pnmary subtasks under the technical category were 

To descnbe the pnnclpal functions of industrial energy management and recommend energy 
savlngs organlzatlons for ind~vidual plants 
To compare energy consumption in the industrial sector to the levels achieved in selected 
other countnes 

1 USAID Contract No CCN-0002-Q-00-3154-00 

2 Petroleum refirung e another large energy conswung lndustry See the prlor USAID study, Economzc and Technical Factors 
of the Kazakhstan Petroleum Re$nzng Industry, completed by John Brown 
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To identlfy quick. payback as well as longer term energy sav~ngs measures 
To estimate the energy savings potential associated with these measures 
To identify potential sources of funding for these measures 

1.2 BACKGROUND 

The Government of Kazakhstan has committed itself to creating a market-based economy Since 1991 it 
has adopted many policies and legislation consistent with moving towards this goal However the task 
of transform~ng Kazakhstan's economy is immense While a pnvate economy 1s beginning to emerge. the 
overall macroeconomic cond~t~ons over the past few years can be descnbed as a penod of economic 
contractlon. rapid inflation and a substantial loss of traditional trade with the other republics of the former 
Sovlet Union With the substantial decline m production. the Republic of Kazakhstan has fewer resources 
available to finance the economic restructuring or to provide a level of social protection dunng the penod 
of transition 

Kazakhstan is nchly endowed in raw materials. Including deposits of oil. natural gas. coal. copper and 
other nonferrous metals These deposits are large and were traditionally exported to the other former 
republics of the former Soviet Unlon These two sectors-energy and metals-are two of the most 
important sectors in the Republic These two sectors are cntical in generating foreign exchange. attracting 
foreign investment. restonng traditional trade patterns. integrating Kazakhstan into the global economy 
via the development of new trading and transport routes. and prov~ding a competitive advantage to either 
current or new energy lntenslve industries or manufacturers of metal intenslve products 

Exhibit 1 1 presents the projected energy balance for 1995 and the 1990 production of specific energy 
products With the exception of natural gas. each of the categones in Evhiblt 1 1 has declined substantially 
since 1990. with the decline ranging between 16 and 77 percent Kazakhstan's net imports of gas and 
electricity are more than offset by its exports of oil and coal 

Exhibit 1 2 compares Kazakhstan's energy and electricity intensit~es. measured as the ratio of energy or 
electricity consumed to the population. to those of Poland and Turkey Kazakhstan's energy Intensity in 
1992 was about 1 7 and 3 9 times greater than that of Poland's and Turkey's. respectively Similarly, 
Kazakhstan's electricity Intensity was about 1 3 and 3 6 times greater than that of Poland's and Turkey's 
respectively Over time. with the successful implementation of the National Program for Energy Savings, 
Kazakhstan's intensity levels will decline towards the levels experienced in comparable countries such as 
Poland and Turkey 

1.3 IMPORTANCE OF ENERGY SAVINGS 

Energy savings is important for many reasons Some of the more important reasons are listed below 

Energy and capital resources will be saved 

T h ~ s  becomes all the more critical as energy pnces are raised to world equivalent levels 

Environmental conditions will be improved 

3 At the b e g m g  of thls study, a jolnt decislon was made to attempt to provide cornparahve stahshcs, when possible and 
relevant. behveen Kazakhstan. Poland and Turkev 

INTERNATIONAL RESOURCES GROUP 1 -2 INTRODUCTION 



Exhibit 1.1 
ENERGY BALANCE FOR CERTAIN PRODUCTS 



Exhibit 1.2 
COMPARATIVE ENERGY INTENSITlES 

(1992 Unless Noted) 

Turkey 

Poland 

Kazakhstan 

Primary Energy Consumed Per 
Capita (Mil Btu's) 

46 

105 

180 

- 
Electricity Consumed 

Per Capita (kwh)  

1026 

2939 

3686 



In general. lower energy consumption has a positive impact on the environment. notably the global 
atmospheric conditions Energy production. transportation and consumption play major roles in the 
environmental problems existing in Kazakhstan Meeting growing domestic energy needs through 
conservation and efficiency measures rather than simply more production will contribute to an 
improvement in the environment 

Technology transfers will increase 

Technology transfer. a process of conveying information necessary to improve some capability to design 
or produce goods or services. \vil1 be promoted as a result of Kazakhstan's development of its National 
Program for Energy Savings Evamples of technology transfer include deslgn concepts for efficient 
bulldings. manufacturing capabilities for energy efficient products or energy savings products or training 
of energy auditors 

Additional foreign evchange will be generated or saved 

As mentioned above. Kazakhstan is a major producer of energy and additional foreign exchange earnings 
nould result from the increased exports that are freed up through the reduction of energ) used by 
domestic consumers Also. individual enterprises \v hich are purchasing energy imports and being required 
to pay in hard currency will save foreign exchange by reducing their consumption of these imports 
Additional hard currency earnings are likely to be essential in funding much of the economic restructuring 
and infrastructure rebuilding 

Competitiveness will be enhanced 

The competitiveness of an enterprise or firm operating in the world economy is dependent on many 
factors One of these factors can be categonzed as natural resources Specifically, from the supply-side 
perspective. an enterpnse operating in a country with abundant. inexpensive natural resources, especially 
energy. mi11 have a compehtive advantage compared to one in a country with less and/or more expensive 
natural resources Increased efficiency will free up more resources for export, thereby increasing revenues 
available to finance further efficiency measures From the demand-side perspective, an enterprise that 
utilizes raw materials. including energy, more efficiently mi11 be in a more competitive position than a 
firm that doesn't This is especially important to the industnal sector in Kazakhstan which h~storically has 
been accustomed to cheap energy As energy pnces continue to rise to world equivalent levels, the 
lndustrial firms, especially the energy-intensive ones, are going to have to become much more energy 
efficient if they are going to survive or to compete in world markets 

Exhibit 1 3 suggest the framework by whlch t h ~ s  study has attempted to address the issue of energy 
utilization and international competitiveness As indicated above. the energy intensity m Kazakhstan as 
a whole 1s qulte high As will be discussed in those chapters focusing on the Industrial sector, t h ~ s  1s true 
as well at the individual industnal plant The current energy consumption per unlt of output is quite h ~ g h  
In Kazakhstan compared to the same ~ndustry In other countnes which Kazakhstan currently or In the 
future will have to compete with This 1s represented by the " 1989 level" in Exhibit 1 3 The Kazakhstan1 

4 The 1990 World Compehbveness Report published bv The World Econormc Forum and IMD Internauonal m Sw~tzerland 
lists natural resource uthzabon as one of ten factors determlrung competitweness 

5 1989 was selected as a year when most plants were operatmg near thelr normal uhhation rates versus the current depressed 
rates 
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plant must implement measures that will result in the plant's energy consumption per unit of output 
dechning to the "intemahonal average level " Those measures identified in each of the indusmal chapters 
(Chapters 7 to 10) as short to mehum term measures are expected to assist the plant in achieving this 
target In order to reach the "ideal competibve level", the plant will have to pursue the longer term 
measures These measures generally requlre major capital investments in the latest technology 

1.4 POTENTIAL FOR ENERGY SAVINGS IN KAZAKHSTAN 

The potential for energy savings is immense in Kazakhstan, as has been demonstrated in countries with 
similar command economies For example, Poland's energy intensity, measured as tons of oil equlvalent 
per capita, was reduced from 2 21 in 1988 to 1 65 in 1992, or a 25 percent reduct~on over four years 

Based on research done by Lee Schpper and others at the Lawrence Berkeley Laboratory, and assuming 
that the energy systems in Kazakhstan can be charactenzed as sirmlar to the energy systems of the former 
USSR, then agan the potential for energy savings is large Manufacturing fuel intensity can be reduced 
by 25 percent and manufactunng electricity intensity by 10 percent over the short to medium term and 
40 percent to 20 percent, respectively, over the longer term These short- to medium-term reductions in 
intensity are achievable through a focused energy management effort (as discussed in Chapter 6), 
increasing energy pnces to world equlvalent levels (as discussed in Chapter 2), and the introduction of 
modem Western pracaces and technologes (as discussed in Chapters 7 to 10) To achieve the longer-term 
reductions would require more advanced technologies In contrast to these estimates of reduced energy 
intensities in manufactunng, a more moderate reduction would likely be achieved in the other sectors 

Exhibit 1 4 presents sectoral energy consumphon in 1994 and a column for eshmates of potential energy 
savings by sector The dramatic current and future changes in the Kazakhstan1 economy and energy 
systems over the next twenty years make any standard techniques of extrapolation of previous trends of 
little or no value Policies and behavior are in the process of substanhal change There is great uncertainty 
surrounding macroeconomic and sectoral developments in the short and longer term As a result, any 
projection of energy demand and potential energy savings at this hme would be one of many possible 
outcomes In order to eshmate the potential savlngs in the last column of Exhibit 1 4, both a top-down 
and a bottom-up approach should be utilized Based on the potential savings estimates suggested In the 
industrial chapters of this study and pnor research done in the USSR, a top-down estimate would be 15 
to 25 percent of the 1994 value of energy consumption, or about 20 to 34 billion Tenge The data in 
Exhibit 1 1 inQcates that Kazakhstan's energy trade deficit in 1995 is expected to be about 62 8 billion 
Tenge The potential energy savings is about 32 to 54 percent of this deficit To project the potenhal 
energy savings for each sector in Exhibit 1 4  would requlre a bottoms up approach, or a detaled 
assessment of the current condihons and projected changes in each sector This is beyond the scope of 
this study 

6 Lee Schlpper has mt ten  many artdes on energy consumphon m the former USSR The estmates presented here are 
discussed m "The Sovlet U~llon Energy Consemahon Dilemma," Energy Pohcy, May 1991 
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1.5 MACROECONOMIC REFORM AND ENERGY SAVINGS 

Western products and technologies can save energy but the problem 1s not simply inefficient equpment 
but inefficient practices and policies Sustaned progress on economic reform, especially on pnce and 
market liberalization, will be cnbcal in obtaining energy savings throughout the Repubhc of Kazakhstan 
Economlc reform can be expected to lead to substant~al energy savings The Government must strengthen 
its efforts in the following areas of economc reform (a) accelerate pnce reform and eliminate state 
orders, (b) transfer ownership to pnvate sector. (c) accelerate legal structure reform, and (d) promote 
enterpnse restructuring Enterpnse restructunng must place a high pnonty on educahon and training 
(marketing, accounhng, economic and financial analysis. management and strategic planning) and the 
transfer of social services 

Pnce liberalizabon will be a complex and politically sensitive task This task will pnmanly require reforms 
m pncing and taxabon as well as insbtutional reform These reforms cannot be accomplished rapidly for 
they all require a polibcal consensus Inst~tubonal reform in the energy sector is necessary to restructure 
energy enterpnses and enhance their economlc efficiency and development potential Enterpnse 
governance should be strengthened and budget constraints tightened Enterpnse reform should encourage 
competitive enterpnses that are dnven by the Incentive to make profits The elimination of protection by 
the state and the imposihon of financial discipline on these enterpnses will strengthen the linkage between 
hard budget constrants and pncing 

1.6 ORGANIZATION OF THE REPORT 

Chapter 2 discusses key principles of pncing and proposes pdelines for moving Kazakhstan1 pnces to 
world-equivalent levels Chapter 3 reviews the factors underlying energy demand and proposes a 
methodology by whlch to project energy demand and potenhal energy savings Chapter 4 reviews 
government energy savlngs programs adopted by several countries, focuslng on financial and tax 
incentives, regulabons and information programs, and assesses vanous organizational structures by which 
to separate mstitubonal responsibllihes Chapter 5 lists several potenbal sources of fundng for energy 
savings projects and discusses energy savlngs funds, project finance and performance contracbng via 
energy service companies Chapter 6 discusses energy management issues at the plant level focusing on 
measuring energy consumpbon and audit procedures Chapter 7 provides an overview of Kazakhstan's 
power sector, recommends vanous energy savings measures and esbmates the potential energy savings 
associated with these measures Chapter 8 discusses the distnct heahng system in Almaty and, based on 
the Almaty system, recommends vanous energy savings measures and eshmates the potential energy 
savings associated with these measures Chapter 9 presents an overview of the fertilizer plants located in 
Dzambul, Kazakhstan, recommends vanous energy savings measures and esbmates the potential energy 
savings associated with these measures Chapter 10 presents an overview of the nonferrous metals industry 
based on the copper complex at Dzhezkazgan, Kazakhstan, recommends vanous energy savings measures 
and eshmates the potential energy savlngs associated with these measures 

7 In makvlg the econormc transibon to a more market-based economy, there are many reform measures whch need to be 
mtroduced and Implemented Most of these measures can be o r g m e d  under the five followmg categories rnacroecononuc 
stabhabon, pnce and market h b e d a b o n ,  pnvabzabon, construcbon of a socml safety net, and mobhabon of 
111ternabonal financml assistance 
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Annexes A through F present additional detailed material related to various pncmg. economic and 
legislative lssues Annexes G through K contains additional detailed information on facil~ty level energy 
management and energy consumption questionnaires for individual power. distnct heating. nonferrous 
metal, and fertilizer plants Annex L reviews those key measures or Investments needed to significantly 
Improve the overall performance and achieve substant~al energy savings at the TES-2 power plant In 
Almaty Annex M descnbes the Russian Gas Dlstnbutlon Rehabilitation and Energy Efficiency Project 
(RGDREEP) 
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Chapter 2 
ENERGY PRICING PRINCIPLES and GUIDELINES 

2.1 PRICING PRINCIPLES 

The Government of Kazakhstan needs to place a high pnority on the adoptlon of the following basic 
energq prlcing pnnclples as the economy evolves towards a more open. market-based economy 

Pnce levels must be set "X%" hlgher than cost. with "Xu representing the necessq  return 
on investment needed to meet projected demands This will assure the energy sector can self- 
finance the investments needed to meet future demands 

Retail price levels also set "X%" higher than costs and set to achieve governmentlsociety's 
goals. including 

- Contributing revenues needed to finance select11 e energy-sector related subsidies 
- Contributing to the state budget 
- Establishing ~nter-fuel prlce relationships nhich encourage the development and use of 

indigenous resources 
- Encouraging fuel use patterns whlch reflect the full environmental costs of fuel 

consumption 
- Stimulating conservation measures 

Energy pnces must also take account of the need to internalize certain externalities. such as 
the costs associated with environmental protection 

Energy prices should be characterized by transparency so that consumers and producers can 
make economically efficient decisions 

Pnce levels must be set so that marginal costs of energy supply are fully recovered in the 
short term to include all 1 anable operating costs and in the longer term to include fived costs 

When traded in world markets. pnces of energy commodltles should reflect full border 
equivalent of available export markets. fully accounting for transportation costs and quality 
differentials, appropriately measured 

Tarlffs should reflect cost of service to different classes of customers, e g households. 
agricultural and industnal consumers 

Reglonal energy pnces should reflect different transportation and distribution costs and 
reglonal demand pressures 

Proper weight should be glven to energy pollcy objectives when considering tax policies 

Quantities of energy demanded and supplied must be permitted to vary in response to changes 
in pnce not allocated according to an annual plan developed by the Government 

All citizens should have the essential minimum supply of vltal fuels at an affordable pnce 
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Guidelines for determining the desired rate of full energy pnce and trade liberalization are presented 
below. specifically as potential constraints to the assumed liberaliza~on steps cited. but also as standards 
which might serve to establish a more acceptable path of price and trade liberalization 

Rapid pnce decontrol could so strain personal/household incomes as to create a major 
slowdown in economic activity and increase the risk of political turmoil discouraging badly 
needed foreign Investment One macro-policy guideline. therefore. is to evaluate the rate of 
energy pnce increases in terms of some acceptable percentage of household income spent on 
energy, and in the case of key economic sectors (e g agriculture) on the basis of some 
acceptable percent of total operating costs accounted for by energy These ratios could serve 
as guidelines for assessing the necessary degree and duration of subsidles to the household 
and key economic sectors, and suggest the necessary data to collect In order to make an 
informed assessment of energy subsidy pollcy and costs under alternative energy prlce 
decontrol paths Complete price decontrol should not out-pace the ability of Kazakhstan to 
measure, analyze and develop a reliable response strategy to the lncome and social effects ~t 
generates 

Internal price and trade liberalization should also not out-run the development of realistic free 
world export markets Thus. ~f pipeline capacity to reach free markets is not available for the 
short term, efforts to accelerate decontrol ahead of this schedule wlll be constrained by the 
lack of legitimate market opportunities or outlets On the other hand. a clear statement and 
reasonably reliable schedule of a price liberalization plan is needed to encourage much of the 
foreign investment and financial participation needed to develop the infrastructure projects 
which lncrease access to export markets 

In the process of decontrolling absolute pnce levels, it is important that a decontrol path for 
each major fuel be set which is compatible with the maintenance of realistic relative pnce 
levels among the fuels so distorting pnce signals which would mis-allocate resource 
Investments will not be sent on either an inter-fuel or mter-regional basis Such distortions 
affect the potential economic return on pipeline and transmlsslon line investments. site and 
fuel selection for major end-use plants. processing or resource development projects Price 
decontrol should not proceed without a better understanding of its Ilkell Impact on relatlve 
price levels, and the range of tax and tariff policies needed to correct perceived dlstortlons 

Pnce decontrol should not out-pace the ability of the key policy-makers to measure real 
production costs, so that the rule of pncing to recover long-run marginal costs can be pursued 
with some reliability, and so that pnce decontrol does not create a situation in which excess 
profits are created Excess profits result in a mls-allocation of precious resources and call to 
question the effectiveness of the tax system to capture and re-lnvest these profits in high 
pnonty Investments 

Pnce decontrol should not proceed so rapidly as to worsen the enerm payment and collection 
process, however, ~t must keep pace with Inflation Pnce increases can negatively lmpact the 
quantity and quality of service provlded by worsening cash flow and margln conditions for 
energy suppliers In short. pnce increases should not out-run and threaten the financial system 
which support the payment process, and ultimately the quallty and quantlty of energy service 
provided 
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2.2 LIMITATIONS T O  MARKET-BASED PRICES 

In theory. energy prices determined by free market forces should produce an optlmal allocation of energy 
resources Energy pnces set by free market forces should provide the broad signals for conservation 
measures to be undertaken There are. however. a number of factors which prevent the market for energy 
conservation from workmg with full efficiency As a result the free market must be supplemented with 
speclfic energy salings government programs and regulations. as discussed in Chapter 4 Some of the 
conditions under which the free market must be supplemented are discussed below 

Barrzers to Economic Pricing 

Energy pnces are often volatlle causing short-term market considerations to influence short-term marginal 
- 

cost estimates and distort long-term marginal cost Another barner is the energy sector's strong tendency 
towards monopoly During the last decade energy markets have become much more competitive as a result 
of increased inter-fuel competition and deregulation In the natural monopolies and the electricity and gas 
utility sectors Finally. government and other public authorities are prone to intervene in setting energy 

- prices This intervention has led to pnce distortions In many countnes. including general attempts to hold 
down energy prices in the interests of other policies. such as the promotion of industnal development. the 
reduction of inflation or to help the poor 

Externalities 

External costs and external benefits which are not fully reflected in market prices Include environmental, 
secunty and other social costs and benefits The market-place allocates resources on the basis of costs and 
benefits reflected in pnces It may not always take into account wider social costs and benefits to which 
economlc activity glves rise A number of such externalities are particularly relevant to energy 
conservation The more efficient use of energy on an economic basls is of pnmary importance for 
achieving the objectives of both energy and envlronmental policy Means to promote the efficient use of 
energy are, with very few exceptions, free of environmental disadvantages and the environmental problems 
associated with energy production and consumption are therefore reduced ~f less energy 1s used 

Heavy reliance on Imported fuels from insecure or unstable sources results in external costs to national 
economies that are also not fully reflected In market pnces Such costs may be reflected directly In the 
costs of mamtaining fuel stock or indirectly in national expenditures related to defense, but they are most 
often only clearly visible when those imported supplles are Interrupted or manipulated 

Speczflc Market Limitations 

- There are several specific market llmltations whlch prevent or hlnder pnces from belng reflected in the 
behavior of energy consumers Some of these l~mitatlons are presented below 

Lack of the information anct/or technical skills Small- and medmm- sized and even large 
companies in non-energy-intensive industries and consumers often lack suffic~ent information and 
probably cannot provide sufficient skllls themselves to accomplish potential energy savings 
Information can be confusing and sometimes conflicting Consequently, consumers will often do 
nothing 
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Invisibility of energy use, costs and conservatton. Many energy consuming systems and services 
do not. or inappropnately, measure energy consumption Thus. there is little feedback to 
encourage consumers to conserve For example. a central meter for an apartment building provldes 
poor feedback to the indlvldual consumer 

Separatzon of energy expenditures and the associated benefits. A consumer who uses energy 
often does not pay directly for hts consumption For example. a landlord can make an energy 
savlngs investment while the benefits denved can go to the tenant who pays the energy bills 

Obstacles to development and introduction of en ergv efficient technologies. Often many of the 
manufacturers of energy-conserving technologies cannot afford the resource commitment to the 
requlred research, development and demonstration efforts 

2.3 CURRENT STATUS OF ENERGY PRICING 

Price developments slnce 1991 are summarized in Evhibit 2 1 All of the price data in Exhibit 2 1 are 
denominated in US dollars (Exhibit A- 1 in Annex A presents the 1992 data in Rubles and the 1993/ 1994 
data in Tenge ) 

As shown in Exhibit 2 1. increases m energy pnces have varied substantially by fuel type and consumer 
class Between 1992 and 1994, with the exception of fuel oil and coal at the minemouth the energy prices 
increased by a factor of ten or greater In November 1993 Kazakhstan introduced its own currency, the 
Tenge Between November 1993 and November 1994, the Tenge~US dollar exchange rate rose from 5 
Tenge per US$ to 5 1 4 Tenge per US$ The majonty of the prices presented in Evhlbit 2 1 had increases 
between November 1993 and 1994 large enough to offset the depreciation of the Tenge However, the 
price increases of petroleum products, residential natural gas and minemouth coal were less than the 
depreciation, consequently. the pnces of petroleum products, residential natural gas and minemouth coal 
declined, when measured in US dollars Tmffs for natural gas, electncity and heat are differentiated by 
type of consumer The November 1994 pnces of natural gas, electncity and heat consumed by the 
population rose to levels that were 1 1%. 84%. and 56% of industnal levels. respectively In January 1992 
these residential tariffs. as a percent of the industrial tanffs, were 9%. 44% and 62%. respectively In 
companson. 1992 household tanffs for natural gas and electricity in Hungary were about 80% of industnal 
tanffs ' 

Despite these substantial energy pnce increases made since 1991, domest~c energy pnces remain at only 
a fraction of world equivalent levels and severe sectoral distortions continue to eu~st. as illustrated In 
Exhibit 2 2 With the exception of industnal natural gas, Kazakhstan1 energy pnces, as of November 1994 
and measured in US dollar terms, were about 10% to 45% of the first quarter 1994 Turkish pnces In 
contrast. Poland's prices as a percent of Turkey's pnces were 45% or greater In fact. with the exception 
of electricity tanffs, Poland's pnces were in general approaching Turkey's pnce levels 

1 In the market-based economes of the OECD countries. tanffs to households are typically 1 5 to 2 5 tlmes that of ~ndustnal 
consumers 

2 The data were suppkd by the W s t r y  of Energy and Coal These data. especially for natural gas. need to be confmed 
and more recent petroleum product pnces obtamed 
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Exhibit 2.1 
KAZAKHSTAN'S ENERGY PRICES (US DOLLARS)' 

1 Exchange rate premlses were as follows Jan '92 110 RublesRJSD 
Nov '93 5 TengeNSD, May '94 36 8 TengeRJSD, June '94 42 TengeNSD 
Sept '94 47 2 TengeNSD, Nov '94 5 1 4 TengeAJSD 

2 Petroleum ploducts dre lor May 1994, steam cod1 101 June I094 dnd hedt trmfjn for September 1994 

3 CM is Cublc Meters 

4 Heat tanffs for Almdty 

Crude 011 
Wellhead, pel Ton 

Refined Products 
Gasohne, per Ton 
Dlesel fuel per Ton 
Fuel 011 per Ton 

Natural Gas 
Wellhedd, per Thous CM3 
Industrial, per Thous C M  
Resldentidl, per Thous C M  

Eklbastus Steam Coal 
Minemouth, per Ton 
Power plant, per Ton 

Electnclty 
hdustrldl, per kwh 
Residential, per kwh 

Heat4 
Industridl, pel Gcal 
Residential, per Gcal 

Sources World Bank's 1993 Kazakhstan study, Muustry of Economy 

November 1994' 

31 13 

98 15 
105 24 
37 28 

78 13 
140 66 
14 70 

1 86 
4 12 

0 035 
0 029 

30 40 
16 91 

January 1992 

3 18 

9 61 
8 47 

26 18 

0 68 
7 91 
0 67 

0 29 
0 29 

0 002 
0 001 

133 
0 82 

November 1993 

20 00 

242 40 
149 00 
66 40 

36 00 

56 00 

2 20 

0 022 
0 008 

10 90 
5 06 





Although the Government of Kazakhstan endorses the reform of energy pncing and taxat~on. the data 
presented In Evhib~t 2 2 indicate it wishes to follon a gradual process of transformation Such a pace is 
thought to result m fewer social and economic disruptions Experience from other countries that have 
faced energy price shocks, such as the OECD countnes dunng the 1970s and the Central and Eastern 
European countries dunng the past few years. suggest that economic restructunng has been most 
successful when the full level of increased energ1 prices has been passed on to mdustq and final 
consumers as rapidly as possible 

International pnce comparisons require care in specifying not only a common reference point (1 e 
delivered vs minemouth. import vs domestic). but also tax vs ex-tau levels. and the date of price 
determination Also. converting the local currencies to a common currency requires careful considerat~on 
There is value In comparing and monitoring international and inter-fuel price compansons Any nominal 
companson of price lebels is subject to numerous qual~fying adjustments Nevertheless through diligent 
evamination of the underlying costs and perceived economic value attributed to vanous energy price and 
tax levels. such pnce relationships offer a useful guide for rationalizing pnce and tax levels internally and 
maintaining a competitive positlon In the ~nternational market Moreover, as the overall economy becomes 
more open and Integrated w ~ t h  the rest of the norld. many Kazakh price relationships will more closely 
reflect the price relat~onships of other nations This process will necessitate the development of timely and 
accurate price and cost data. including data needed for performing tariff studies. and for developing 
management information systems to document and mon~tor energy pnce and tauation levels Internall? and 
in the surrounding republics 

Through tauation, governments can affect consumer prices and hence. energy demand and efficiency 
However, tax policies generally reflect much broader concerns than energy objectives. in particular. fiscal 
and various macroeconomic, social, reg~onal and lndustnal considerations The need for governments to 
raise rebenue in a convenient and effective way is a pnmary consideration in virtually all countries There 
1s a w ~ d e  variation among countries and among energy commodities in the proportion of final energy 
prices represented by tavation In general. energy taxes In the OECD countries are heavily concentrated 
on petroleum products. particularly gasoline. where they are easy to collect and where there 1s an easily 
explained justificat~on, the need to construct and maintain roads End-use gasollne tax as a percentage of 
the retail gasoline price vanes between 33% In the USA and 67% in both Turkey and Nonvay. as shown 
in Exhibit 2 3. compared to only 5% in Kazakhstan Annex A presents additional comparative price and 
tax data In general. the tau component of end-use energy prices for coal, electricity and natural gas range 
between 5% to 17% 

2.4 FUTURE ENERGY PRICING GUIDELINES 

As a general rule, energy prices should be fully increased to reflect economic costs of supply. or when 
traded in world markets. the export value W ~ t h  sustained increases to world equivalent levels, most 
energy pnce subsidies will be eliminated resulting in energy savlngs Dur~ng this transition of reform and 
pnce liberalization, emphasis should be placed also on adjusting relative price relationships not just 
absolute price levels This is especially true dunng times of extreme uncertainty surrounding exchange 
rates The persistence of extreme imbalances behveen economlc costs and market values will create 
distorting signals. and eventually result m Inefficient resource development and use Regardless of the 
pace of reform chosen by the Government of Kazakhstan, the Government needs to place a hlgh prlority 
on the adoption of pnclng guidelines which focus on restructunng relative energy prices consistent with 
free market and Internal cost pnce relationships Sections 2 4 1 and 2 4 2 discuss pncing guidelines for 
non-grid fuels (crude oil. petroleum products, natural gas, and coal) and gnd energy (electricity and gas) 
consistent with the pnnciples discussed m Section 2 1 Section 2 4 3 then presents long term pnce 
projections consistent with the proposed guidelines 
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2.4.1 Non-Gr~d Fuels 

For non-gr~d fuels. prices should be decontrolled rapidly Producer. wholesale and retall prices of non-grid 
f ~ ~ e l s  should be full? l~beral~zed T h ~ s  should be done m parallel with abol~shing the system of state orders 
for these commodit~es Restructuring and commercialization of these sectors shouId be undertaken as 
rapidly as possible Full price l~berallzation is not expected to lead to world market pnces for all non-gnd 
fuels in the near term as some prices m Kazakhstan will be constrained by the inter-republic linkages 
between other former Sov~et Union repubhcs. primarily Uzbek~stan. Turkmenistan. and Russ~a 

The key factors affect~ng the speed of t h ~ s  translt~on for the pnmary projected export "growth" fuels 
(crude oil and natural gas) w111 be the complet~on of elport pipeline projects and the rate of energy pnce 
and market reform pursued bq Russia. as Kazahhstan w ~ l l  remaln highly dependent on Russia for access 
to world markets In the short term. critlcal short-term determinants of non-grid fuel pnces in Kazakhstan 
will be the domest~c prlces of these fuels in the key surround~ng republics, especially Russia. and the 
value of these fuels netted back to Kazakhstan from key n~orld market prlcing points 

Eshibit 2 4 prov~des a detailed analqs~s of representatibe "netback" 1 alues of key fuels to Kazakhstan 
based on hard currency border pnces at key world market priclng points. netted back by the cost of 
transport. related services. fees (e g storage. and export fees. where appropriate) loss and representative 
qual~ty d~fferentials between the "world" standard shown m column 2 of Evhibit 2 4 and the Kazakh fuel 
It should be noted that these are only "rough" est~mates at best. and substantial add~tional data 
comp~lat~on is required to establish accurate est~mates The prlmary purpose IS to ~iltroduce the 
methodology and concept slnce netback pncing 1s Important In developing future prlcing gu~delines for 
non-gr~d fuels This analysis requlres the development of informat~on systems to document and monltor 
t~mely price and cost data including all taxes and special fees, for Kazakhstan. surrounding republics and 
world market pnces 

Exh~bit 2.4 
COMPARISON OF WORLD NETBACK PRICES TO KAZAKH PRICES 

* These numbers are rounded 
** Exchange rate premise 5 1 4 Tenge/US$ 

Looking first at crude oil, the estimated $1081 ton crude 011 prrce FOB Novorossiysk is netted back to 
$78/ton ($10 6llbarrel) at Aktau and compared to the current official domest~c price of 1600 Tengelton 
to amve at the ratlo of domestic pnce to world market netback, as shown in Column 6 

Rahos (Percent) 

6 (514) 

40 

7 1 

7 

27 
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Energy Type 

I 

Crude 011 

D~esel Fuel 

Natural Gas 

Steam Coal 

Netback* * 
(TengeIMT or 

MCM) 

4 

4009 

5439 

5323 

694 

1994 Iiazakh 
Pr~ce (TengelMT 

or MCM) 

5 

1600 

3873 

4016 

190 

World Price 
Assumphon 

2 

FOB Black Sea 

Rotterdam Gas011 

Turkey Imports 

EEC Imports 

Netback* 
(USSlMT or 

MCILf) 

3 

78 

106 

104 

14 



A similar process was followed for diesel fuel In this case utihzlng a representative Rotterdam pnce 
netted back through the Balhc port of Ventspils and after deducting representative3 rall transport costs 

For natural gas, a delivered Turkish electnc power plant pnce of $153/mcm was util~zed and netted back 
for companson w ~ t h  the domeshc November 1994 wellhead pnce of 4016 Tenge per mcm This 
calculabon also includes a five percent pipehne loss factor 

The coal calculation was based on average EEC import pnces An approximate adjustment was made for 
the d~ffenng calorific and other quality levels between the EEC standard for steam coal and the typical 
Ezibastuz steam coal It should be noted that the per ton mile rail tanff utilized to net back to the mine 
mouth in Kazakhstan was the lowest long-haul rate avallable in the US Utilization of average rail rates 
would move the netbacks well below zero suggeshng that Europe is not a viable export market for 
Ekibastuz steam coal Currently about 30% of Ekibastuz coal is exported to Russia As discussed in Box 
2 1, Ekibastuz coal pncing should be tied to a reg~onal coal market not world markets 

2.4.2 Grid Energy 

For natural monopolies (natural gas, heat. and electncity transmission and distnbution) the Government 
will need to develop pnce and tanff structures for the regulahon of these industnes Comprehensive 
studies will be reqwred to assess costs and determine appropnate structures for pnce and tanff designs 
When this 1s completed, regulatory bodies wlll need to be established These studies should be init~ated 
as rapidly as possible In the intenm, pnor to establishing a regulatory framework, natural gas, heat and 
electncity pnces should be determined on cost plus pncing principles, and increased to fully reflect import, 
transmission and distnbution costs Also, a program to eliminate the substanhal cross-subsidization of 
households should also be adopted At a minimum the current differences (in absolute terms) between 
industrial and household prices of electncity, heat, and gas should not be allowed to increase 

Tarrff structures are usually designed in two parts to reflect the capital costs (the "capacity charge") and 
the fuel costs (the "energy charge") of making supply avalable to a consumer Tanffs m two parts like 
this are a useful way of passing separate pnce signals for the "lumpy" element of costs (mvestment In new 
capacity to meet expected peak needs) and for the more continuous energy element From the polnt of 
view of energy supply investments, such tanffs can offer a rational approach to cost recovery 

3 The rad tarlff estunates uthzed mcluded actual pubhshed data where avallable, and o t h m s e  mcorporated "low end" umt 
dlstance cost estmates representabve of Western rate structures By assurmng hlgher rad tariffs whlch exlst m some Western 
markets, then the netback pnce would have only been about $50/ton resultmg m the domestlc pnce already belng hlgher 
than the netback pnce 'Ilus mhcates the need for the construcbon of product plpehes whch should lead to lower 
transportabon costs 
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Box 2.1 Regional Export Market for Ekibastuz Steam Coal 

In 1994 production from Ekrbastuz deposlt, largely steam coal with a high (I e 40 -45 percent) ash 
content accounted for roughly 75 % of total coal output, with the Karaganda deposkt (60 percent 
coklng coal and 40 percent steam) accounting for most of the balance About 30% of Ektbastuz' 
productlon was exported to Russran power plants 

Coal's major market wortdwlde is the power generation sector On a global bass, the use of coal 
for power generat~on is expected to grow in absolute terms In the 21st century However, some 
market share may be lost due primanly to increased competition from natural gas Slmllarly, in 
Kazakhstan and Russia, coal's share of the power generatron, district heating and combined 
heating and power (CHP) sectors In the future will be influenced significantly by prices for natural 
gas deikvered to power plants, CHP and dlstrlct heatlng facilities A review of mtnlng costs In the 
world's major exporting countries lnd~cates that the world coal market is highly competltlve 

Ekibastuz's major regional competitors are the Kuznetsk (also referred to as Kuzbass) and Kansk- 
Achinsk baslns A major recent USAID study ind~cated that for Kuzbass coal, just like Kazakhstan 
coal, to penetrate world markets would requlre potentially operating the mines at a loss To sell to 
the Japanese coal market, Kuzbass FOB mlne costs would have to range from minus US$3 25lmt 
to US$ 6 75Jmt For the European market, it would requlre minus US$ 5 75lmt to $18 75lmt 
Consequently, Kuzbass and Ekibastuz will compete to suppty coal to power plants In the Uralsl 
West Siberra region of Russla 

As of April 1995, productlon costs for the steam coal at Ehbastuz were estimated to be 
approximately US$2 75/mt, among the lowest In the world, and about 40% of the product~on costs 
at Kuzbass Ekibastuz coal pncing and productlon levels will be largely constrained by Russian 
market utillty coal prlces, ut111ty demand for steam coal exports and rall tarlffs and ra~ l  access In 
general, the price of Kuzbass steam coal delivered to the power plants tn the UralsJWestern Siberia 
regton of Russ~a Imposes a cerllng on the price of Ekibastuz steam coal delivered to thls region 

The ~mmedlate need IS to set coal prices on a path which fully recoups transportation, productlon 
and upgrading Investment costs To finance such potenttal upgradtng projects as a major ash 
removal process at Ekrbastuz, the coal prlcing needs to be adjusted to allow for the recovery of 
the investment costs of such projects Such projects are l~kely to Improve substantially the export 
potentral of Ekibastuz. 

For the largest gas and electricity consumers it IS possible, using complex metering, to charge separately 
for the capaclty and the energy elements i n  the tanff In pract~ce, more approximate tanffs are designed 
for medium-sized and smaller consumers in the domestic, commercial and industrial sectors using simpler 
meters, based on two-part or multl-part tanffs These tanffs are usually based on the tlme-profiles (load 
curve) o f  consumption for average consumers in each class Typically, the average pnce o f  electricity or 
gas falls as consumption nses slnce the capacity used 1s spread among a greater number o f  units 
consumed 

Over the longer term, as Kazakhstan becomes more integrated Into the world economy, the costs of 
electricity supply will nse towards international cost levels Exhibit 2 5 presents representative 
international costs o f  electricity supply Coal-based generation costs vary, in general. between 2 5 cents 
per kilowatt hour to 4 5 cents per kllowatt hour depending on individual plant operating costs and 
diffenng levels o f  pollut~on control equipment Hydro-based generation cost range between 1 95 cents to 
3 5 cents per kilowatt hour The 1 95 cents per kilowatt hour i s  based on Hydro Quebec's generation cost, 
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some of the lowest m the world It can be antlclpated that Kazakhstan's coal-based plants' major 
competitors for the long term wlll be hydro-based generation plants Exhlbit 2 5 also suggests 
representatlve lnternatlonal transmlsslon and distnbutlon costs Based on a world-wide representatlve 
sample and assumlng coal-based plants. the low end of the range of the total cost to high loltage 
customers will be about 4 50 cents compared to 7 50 cents for low koltage customers As of November 
1994 electrlc tanffs for industrial and resldentlal consumers in Kazakhstan had risen to 3 5 cents and 2 9 
cents. respectively 

Exhibit 2.5 
REPRESENTATIVE COSTS OF ELECTRICITY SUPPLY* 

(US cents/Kwh) 
> 

Generation Cost (coal-based) 2 50 4 50 
Transmission 2 00 3 00 
Cost to HV customer 4 50 7 50 

Distribution & Connection 3 00 5 00 
Cost to LV customer 7 50 12 50 

Generation Cost (hydro-based) 1 95 3 50 

Note *Assum~ng effic~ent operations and low loss levels 
Source Hydro Quebec reports and de Lucla & Associates' estimates as presented In bneiing report for 

The World Bank 

2.4.3 Future Price Guidelines 

Preliminary prlce guidelines through 2005 are shown in Evhiblt 2 6 These prolectlons are based on 
November 1994 real pnces at a fixed exchange rate of 5 1 4 Tenge per US dollar It 1s also premised that 
there is no real Increase In the norld prices shown in Ed ib i t  2 4 Edubit 2 6 has been developed to 
provide the baslc framework by which to project future price guidelines The slmple spreadsheet model 
underlying Ed ib i t  2 6 can be expanded to include additional premises, such as different domestlc lnflatlon 
rates and different premises on exchange rates and each of the pnce and cost components underlying the 
basic netback pnces shown m Evhlblt 2 4 

Future export pnces for hydrocarbons wlll contlnue to be determined pnmanly by the rate at which Russla 
and nelghbonng republics increase their domestlc pnces towards world levels and by the tlme required 
to complete an export plpellne In general. the objective is to achieve panty with world prices first for 
crude oil, as Kazakhstan's growth In energy product~on and export potential is llkely to be led by crude 
oil The rate of movement to the world equivalent goal 1s necessarily dependent on Russlan pnclng policy 
and access to the Russian transport systems, at least untll major export plpellne systems have been 
completed Glven the uncertanty surrounding the completion of the proposed Casplan plpellne 
consortium's proposed line to Novorros~ysk or any other plpellne and the tlme required to construct a new 
llne or expand substantially the current Russlan system. increasing oil pnces to free world prices by mid- 
1998 is a realistic target As shown in Exhibit 2 6, real crude oil prices, measured in US dollar terms. need 
to nse about 25% per year in order to reach the netback level of US$ 78MT by 1998 Post 1998, a 
Caspian crude oil plpellne project is likely to be completed, and numerous small development and 
transportation projects should be underway to supplement this major export line, allowing greater access 
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to world markets and higher netback pnce levels The proposed longer term gmdelines in Exhibit 2 6 
assume real netback pnces. measured in US dollars. Increase by $7/MT by 2005 

Pr~ce levels for petroleum products should be flexibly set to allow refinery production operations to be 
optimized both in the short term with respect to obtaning mammum product value relative to operating 
costs for a given barrel of crude, and the longer-tern to allow a reasonable degree of cost recovery for 
Investment needs On an absolute basis, refined product pnce should be set to loosely correlate to the 
overall "ramp" established for crude oil. with sufficient latitude provided to reflect the range of relative 
product values among the products The latest available data would suggest that petroleum product prices, 
excluding excise taxes, are approaching world equivalent levels For example, retal gasoline prices. 
excluding excise or end-user taxes at the pump nere about US$ 0 191 liter compared to US$ 0 20 and 
US$ 0 23 in the United States and Australia. respectively Also. May 1994 wholesale diesel ftlel pnces 
were about 71% of the netback price, as shown In Evhibit 2 4 Real dlesel fuel pnces, measured in US 
dollar terms, should be increased to the netback level of US$ 106lMT by 1998 The proposed longer term 
gudelines in Exhibit 2 6 assume real wholesale diesel prices. measured in US dollars. Increase an 
additional $8/MT by 2005 to allow for the additional costs associated with stncter product quality 
standards 

I11 the case of natural gas, the rate of movement to free world pnce equivalents will also be influenced 
pnmanly by Russian, Uzbekistan and Turkmenistan domestic pncing policies, and access to plpellnes In 
the short term. pnce policy should focus on rationalizing internal price and transportation tariff 
relationships, creating price and tax incentives for investments in gas processing, pipeline transm~ssion. 
distnbution and gas storage, and related infrastructure, coupled with an overall gas resource development 
plan This development plan should include an assessment of likely regional export gas pipelines and 
likely export markets In calculating the netback pnces in Exhibit 2 4, Turkey was chosen as the end use 
market rather than Western Europe because the potential for Kazakhstan to export substantla1 gas to 
Turkey seems more likely than to Western Europe November 1994 wellhead natural gas prices were about 
75% of the netback pnce, as shown in Exhibit 2 4 Real natural gas pnces, measured in US dollar terms, 
are assumed to nse to 80% of the netback level of US$ 1041 MCM by 1998 The proposed longer term 
guidelines in Exhibit 2 6 assume real gas pnces, measured m US dollars, reach the netback level by 2005 
assuming an alternative export route from the current trans-Russia alternative is available 

Coal prices are effectively decontrolled Any effort to raise Kazakh export pnces above Russlan levels 
would be constrained by both the allowable electricity tanffs in Russia, and by the comparative delivered 
cost of Russian coal As discussed in Box 2 1, long term coal pncing guidelines need to be tled to the 
Uralsl Western Sibena export market Real Ekibastuz steam coal delivered to power plants4, measured in 
US dollar terms, are assumed to nse to US$ 8/MT and to US$ 141MT in 1998 and 2005, respectively 

These projected gurdelines assume r ~ l  transport charges increasing from US$002/MT/KM m 1995 to 
US$007, a charge s~milar to long hauls of Powder b v e r  Basin coal in Wyoming and Montana The real 
minemouth pnce is premised to increase from a 1994 level of about $1 86IMT to a level In 2005 of 
$7/MT, simllar to the costs associated with Wyoming coal m 1992 * This minemouth pnce is based on 
the principle of full cost recovery, including all operating costs and a capital recovery charge on 
~nvestrnents, including mme-mouth washing and ash removal investments 

4 The gmdehes  shown m Exhlbit 2 6 assume a distance of 1000 km. or the approvrmate dlstance to both Alrnaty and 
Sverdlovsk 

5 IEA documents present data that suggests $7 50 for Wyomlng surface coal 
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Exhibit 2.6 
KAZAKHSTAN ENERGY PRICE GUIDELINES 

(la) Based on Latest available 1994 prlce data and the market exchange rate exlstrng at that tlme 
(lb) Assumes a fixed exchange rate oi 5 1 4 Tengel$ 

(2) Prrces rrse to the netback prlce as shown In Exhlblt 2 4 

(3) Reflects h~gher crude netbach prlce once export plpel~ne from Kazakhstan IS built 

(4) Pr~ces rlse to the netback price as shown In Exh~blt 2 4 

(5) Reflects prlmarlly str~cter product qual~ty requ~rements bv 2005 

(6) P r ~ ~ e s  rlse to 80% oi the netbach pnce as shown In E x h ~ b ~ t  2 4 

(7) Pr~ces rlse to the netback prlce as shown In Exhlblt 2 4 once an export p~pellne 1s bullt 

(8) Assumes an Eh~bastuz mlnemouth prlce oi $3IMT and a rall transport charge oi S 0051 mvhm 

(9) Assumes an Ehlbastuz mrnemouth prrce oi $7/MT to reflect ash removal and some ~leanlng and a rarl transport 
~ha rge  of: $007/mt/km 

(10) Assumes electnc~ty prlces Increase commensurately w ~ t h  the Increase In coal prlces 

The cost structure for electnc power generation, its transmission and distribution in Kazakhstan will 
converge towards international costs in the longer term A practical, simple approach to projecting average 
costs of electric power is to assume that electncity pnces rise in parallel fashlon with steam coal prices 
Coal prices are selected as the appropriate link to future electricity pnces slnce 80 percent of electnc 
generation is coal-based Assurnlng electncity tariffs increase proportionately with steam coal pnces as 
shown In Exhibit 2 6. the real electrlclty tanff. measured in US dollars, for household consumers IS 

projected to rise from US$ 0 029/ kwh to US$ 0 07 in 1998 and US$ 0 099 In 2005 This would result 
in household tanffs reaching the low end of the range of international costs, as presented in Eshiblt 2 6. 
by 1998 and reach~ng the middle of the range by 2005 Such substantial increases in household tanffs 
should result in the ellmination of cross subsidies to households by the industrial consumer 

2005 ( lb)  

85 (3) 
4369 

114 (5) 
5860 

104 (7) 
5346 

14 (9) 
720 

0985 (10) 
5 06 

Crude Oi1,wellhead 
USDIMT 
TIMT 

Dlesel Fuel.  refiner^^ 
USDMT 
TIMT 

Natural Gas-wellhead 
USD/MCM 
TMCM 

Coal power plant 
USD/MT 
T M T  

Electricity, households 
USDkWh 
TkWh 

Votes 

Annex B presents pncing pnnciples by which to develop long term guidelines for regional electncity 
tanffs 
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1994 ( la)  

3 1 
1600 

105 
3873 

78 
4016 

4 
173 

029 
1 5 0  

1998 (lb) 

78 (2) 
4009 

106 (4) 
5448 

83 (6) 
4266 

8 (8) 
5 14 

0704 (10) 
3 62 



Chapter 3 
ENERGY DEMAND, ENERGY PRICING AND ENERGY SAVINGS 

3.1 DEFINITION OF ENERGY SAVINGS AND FACTORS DETERMINING ENERGY 
DEMAND 

Energy savings is the difference between energy consumed with and wlthout the implementation of energy 
savings measures or policies A countq's energy demand. or the total amount of energj consumed in the 
country is determined by many factors Evhibit 3 1 provides a framework for assessing the factors that 
contribute to changes in energy demand over time in a particular country 

Exh~blt 3.1 
FACTORS DETERMINING ENERGY DEMAND 

I 

As presented in Ed ib i t  3 1 energy demand is a function of economlc growth and changes In energ) 
intensit) Energj intensity 1s usually measured as the ratlo of energy to economic output However 
changes in energy Intensity reflect the combined effects of structural changes in economies. real energy 
prices and changes in energy efficiency Structural change 1s the change In the types of goods and services 
produced by an economy Improvements in energy efficiency are observed as reductions in the energy 
required to produce a particular good or service Changes in energy efficiency can be operational or 
technological Energy efficiency can be measured in many d~fferent ways and often depends on the end 
use Usually. an approximation of changes in energy efficiency is obtaned by estimating the energy 
~ntensity Energy Intensity across several countries varies depending on economic structures. historical 
pnce developments. indigenous resource bases. end-use patterns, climate and geography For example. a 
country that has a colder climate. more heavy ~ndustries. or more abundant resources wlll tend to have 
a higher energy intensity when compared to a second country which has slmilar overall energy efficiency 
In general, the rate of change in energy intensity of a country is a good indicator of a country's progress 
towards achieving energy savings 

ECONOMIC GROWTH 
Increase (or decline) in total 
products and services (GDP) 

EFFICIENCY IMPROVEMENTS 
Reductton ~n energy requlred to 
produce cetfaln goods or servlces 

3.2 PRICE AND INCOME ELASTICITIES 

ENERGY INTENSITY CHANGES 
Changes tn the ratto of energy to 
econom~c output (e g energy/$) 

STRUCTURAL CHANGE 
Changes ln the types of 
products or services 

Analyzing the effects of economlc growth. structural changes in the economy, real energy pnces and 
changes in energy efficiency on energy demand is quite difficult Frequently, analysis begins with the 
estimation of pnce and income elast~clties Pnce elast~city refers to the responsiveness of the quantlty 

t t 
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demanded of a good for a given change in the price of the good Simply measured. it is the percentage 
change in quantity divided by the percentage change in pnce Similarly. income elastic it^, is the percentage 
change in quantity demanded of a good for a giten change In income 

3.2.1 Developing Country Elast~city Estimates 

Evhibit 3 2 presents information on pnce and income elasticities in the developing world' for total energy 
demand Most of the short-term pnce and income elasticity estimates lie between -0 05 to -0 16 and 
between 0 2 to 0 9 respectively In general. the medium-term and long-term elasticities for both price and 
Income have h~gher values The range for medium-term price elasticity is betb~een -0 1 and -0 5 compared 
to 0 3 and 1 5 for medium-term income elasticit~ The bulk of the long-term prlce and income elasticities 
fall between -0 1 and -0 65 and between 0 8 to 1 7. respectively 

The estimates shown in Eshibit 3 2 consider on11 total energy demand As discussed later in this chapter 
structural changes m an economy can be important in determin~ng energy demand In fact. with the 
potential for rapid structural change in the Kazakhstan1 economy during its transition to a market-based 
economy. estimates of pnce and income elasticities on a sector basis will be cr~tlcal to long range 
forecasting 

3.2.2 OECD Prlce Elasticity Estimates 

Based on studies by the International Energy Agency. increases In real energy prices. especially after 
1978, were the most important single factor behind increases In energy efficiency Rising real energy 
prices encourage the adopt~on of energy efficient technologies and equipment and structural shifts away 
from energy intensive industnes The responsiveness to rising prices vaned b) end-use sector and by 
d~fferent OECD regions Based on a period of rising energy prices. the long-term prlce elasticity for 
energy demand in OECD countnes was about -0 5, or at the h~gher end of the range of developing country 
pnce elasticities shown in Exhibit 3 2 A price elasticity of -0 5 means that-on average. a 10% lilcrease 
In end-use prlces will result in a 5% decrease in demand Also. it is important to point out that similar 
analysis during a penod of falling energy prices indicated the price elasticity was substantially smaller 
than -0 5 Or. a 10% decrease In energy prlces will result in a long-term increase In demand of less than 
5% 

3.2.3 Recent Developments in Poland and Kazakhstan 

The reforms ~ntroduced in Poland since 1990 have been rapid and broad-based, and are often cited as a 
model for reforms throughout the former Soviet Union As post-1990 data on Poland's energy prices and 
demand are available, some analysis can also be conducted 

During 1987-92, real energy pnces increased on average about 15% per year However, as indicated in 
Exhibit 3 3, there was a wide vanat~on among the d~fferent categories of end-users W ~ t h  the exception 
of industrial natural gas, average annual pnce increases varied between 5 and 38 % During 1988-91. there 
was significant output declines with industrial production decl~ning 15% per year Over the same time 
penod, total final energy consumption declined about 9% per year 

1 Tlus mformahon appears m " A Survey of Energy Demand Elashcihes for the Developmg World," Carol Dahl. The Journal 
of Energy and Development, Vol 18, No 1 The elashcity eshmates presented reflect a Survey of 50 studies from different 
regions, tune penods and models The models ranged from slrnple ordmary least squares to sophishcdted nonhear  three 
stage least squares 
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The critical question regarding energy pnces and savings is this after economic growth resumes m the 
countries undergoing transition to a market-based economy will energy consumption return to rts 
histoncal growth pattern. decline, or grow at a substantially slower rate'? If rising real energy prices do 
matter. then energy consumption should follow one of the latter two variants During 1992. industrial 
production increased 4% while total final energy consumption declined 1 5% Based on these data. we 
can see that prices do matter The largest decline in energy consumed in 199 1-92 occurred in the industrial 
sector. consistent with the 1973-82 evpenence m most OECD countries Natural gas consumed by 
industnal users declined 16 5% or over twice the decline observed in residential electricity 

Edibi t  3 4 presents energy consumption In Kazakhstan for the first nine months of 1993 and 1994 This 
nas  a period of substantial pnce increases and declining output. as shown in Exhibit 2 1 The expected 
decline in real GDP for 1994. as estimated by the Research Institute of Economic and Market Relations. 
was about 25% Under these conditions. one would normally expect a decline in energy consumption 
However. as shown in Evhibit 3 4. six of the categones indicate increases rather than decreases The 
reliability of the data 1s a malor concern at this time ' 

The development of reliable price and income elasticities for Kazakhstan will provide valuable information 
for preparing forecasts of energy consumed and estimates of potential energy savings However. thls will 
take time It is premature to estimate elasticit~es for the Kazakhstan1 economy, as there are many problems 
to overcome. including insufficient availability of data 

It is useful to examine the experience in Poland and other East European countries slnce 1989 and longer- 
term trends in other countries whose economic structure. policies and economic environment are similar 
to the future Kazakhstan For example, the long run price and Income elasticities for electricity consumed 
by the industnal sector In Turkey are estimated to be -0 19 and 1 23. respectively Turkey's price 
elasticity is at the low end of the long-term pnce elasticities shown in Evhibit 3 2 and Turkey's income 
elasticity is near the middle of the long-term income elasticities in Exhibit 3 2 Comparative analysis of 
this type will support p r e l l m i n ~  estimates of Kazahhstan's longer-run price and income elasticities Over 
tlme. as additional data become available. economic growth resumes. and the transition to a market 
economy is completed. the initial estimates can be revised 

3.3 THE FRAMEWORK FOR PROJECTING ENERGY DEMAND IN KAZAKHSTAN 

The dramatic current and future changes in the Kazakhstan1 economy and energy systems over the next 
twenty years make any standard techniques of extrapolation of previous trends of little or no value 
Policies and behavior are In the process of substantial change Thus. the analytical methodologies 
presented in this chapter provide the Initial framework by which to begin to estimate energy demand 
assuming different key premises, including the rate of increase in energy pnces 

2 The reliability of the pnce and output data is an issue of major concern For example, do the official pnces bemg reported 
really reflect a~tua l  transa~hon pnces Also, the official output and GDP statlsbcs are probably not accurately capturing the 
nsmg acbvity m the newly emergmg non-state sectors If this is true, then the official stabshcs are overestmatmg the declme 
m GDP Also. the natural gas consumption data m Exhibit 3 4 are only for sales by Alaygas and the petroleum products are 
sales by Munay Onemdery only 

3 These estimates were denved usmg ordmary least squares regression over the penod 1982-1 990 
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Exhibit 3.4 
KAZAKHSTAN ENERGY CONSUMPTION 

1 Sales by Alaygds 

Electricity (Bll kwh) 
Industry 
Households 

Heat (MII GlgaCalor~es) 
Industry 
Households 

Coal   MI^ Tons) 
Industry 
Households 
Power Statlons 

Natural Gas' ( B I ~  cublc meters) 
Industry 
Households 
Power Stations 

Petroleum Products2 (M11 Tons) 
Gasol~ne 
Mazut 
Dlesel Fuel 

2 Sales by Mundy Onemdery 

1993 
(9 months) 

35 1 
6 3 

17 8 
13 3 

16 1 
3 1 

32 8 

1 7  
0 8 
2 1 

2 5 
3 4 
4 2  

1994 
(9 months) 

28 3 
6 9 

18 3 
9 1 

16 5 
2 5 

33 6 

4 0 
1 2  
1 1  

1 2  
1 8  
2 3 



Current rapid changes occurring In Kazakhstan and the lack of reliable detailed data make it difficult to 
perform the kind of analysls normally undertaken In OECD countnes to project long-term economic 
growth and energy demand Trends based on historical data provide limited lnformatlon about 
Kazakhstan's future as Kazakhstan makes the transntion to a market-based economy There 1s great 
uncertainty surrounding macroeconomic and sectoral developments in the short and longer term As a 
result. any projectlon of energy demand and potential energy savings at this time would be one of inany 
poss~ble outcomes Consequently. projecting a range of outcomes \ ersus one path is recommended 

The baslc framework is a top-down simple spreadsheet model which focuses on the overall rate of growth 
of Gross Domestlc Product. the secular changes in the individual sector shares of Gross Domestic Product. 
and the changes in energq intensity of the lndlvidual sectors As suggested m Exhibit 3 5. energy demand 
by sector results by simply multiplying the tnformatlon in each of the blocks shown below Summing up 
the mdiwidual sector demands results in total energq demand Different scenarios can be deteloped b! 
assumlng different values for each of these three elements 

Exhibit 3.5 
SECTOR ENERGY DEMAND 

Domestic 
Product 

Share 
of GDP 

Energy Energy 
Demand 

Comparative analysis based on selectlve countnes should prove useful in choosing the different values 
for this slmple model For example assuming the cont~nuation of market reforms and increases In energy 
prices such that they approach OECD levels. then Kazakhstan's economic and energy structures should 
begin to move towards those 111 OECD countries The pace at which t h ~ s  1s likely to happen is unknown 
However changes that have already occurred in Central and Eastern Europe can serve as a gulde to some 
degree 

There have been massive decllnes in output In all of these countnes How much of the decllne is 
attributable to the general macroeconomic decline versus structural change 1s unknown There 1s a major 
concern that the offictal data are not accurately capturing the nsing activity in the non-state sectors As 
a consequence. current available data could present a biased view of the current economlc structure All 
of these issues significantly impact the ability to assess and project future energy demand If structural 
change dunng the past few years and future structural change are not adequately accounted for, then 
projections of energy demand are likely to be biased 

3.3.1 Gross Domestic Product 

A projectlon of economic growth is required In order to project future energy demand A forecast of 
economlc growth up to 2000, has been prepared by the Republlc of Kazakhstan 's Research Institute of 
Econom~cs and Market Relations and is shown below 

4 In general, thls wll lead to an overestmahon of energy demand or at least an overestnnahon of the mdustnal share of total 
energy demand, slnce the tradihonal heavy mdustnes wlll be glven too much welght relative to service and light mdustnal 
sectors 
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Real Gross Domest~c Product 
Year (Bill~on Tenge 1994) 

Although the forecast has supporting details. especially about individual sectors. a structured model is 
needed A structured. slmple macromodel of the Kazakhstan1 economy would prove useful to the 
Government of Kazakhstan on many Issues Such issues n ould include not only projecting energ! demand 
and potential savings but also revenues generated b! the energ! sector In the remainder of this sectlon. 
a slmple macromodel that would be used initially for projecting Gross Domestic Product is described This 
model could be expanded for other uses 

A recurslve macroeconomic (spreadsheet) model should be developed to project gross domestic product 
in the Republlc of Kazakhstan Such a model would be separated into tno  major elements populat~onl 
employment and productivity per employee Key ~nputs will Include (a) population. (b) emplo! ment. (c) 
sectoral employment shares, and (d) productlvlty per employeeS in each sector The major outputs \\auld 
be GDP by sector and total GDP 

Assumptions would be derived for (a) population projections based on recent histoncal trends or slightly 
different rates, (b) projected changes in the sectoral shares of ernp1o)ment based on the e\pectations of 
future growth in the industrial and servlce sectors, and (c) productivity per employee Assumptions (b) 
and (c) would be linked to key macroeconomic premises which reflect how well Kazakhstan makes the 
transition to a market based economy and the extent to which Kazakhstan's economy integrates into the 
world economy These macroeconomic premises include pnvat~zation of state enterprises. attract11 eness 
of forelgn investment. including joint ventures. barrlers to international trade, liberal~zation of domestlc 
prices and markets. and sound fiscal and monetary policies 

3.3.2 Sectoral Shares of GDP 

One of the key features of the Kazakhstan1 economy is the very large share of industry and agriculture 
In the overall economy This is due to the political emphasis on heavy industry during the centrally 
planned era Recent World Bank economlc reports indlcate that agnculture and Industry shares of 
employment in 1992 were about 24% and 30%, respectively These are about the same shares as reported 
for 1980 The percentages of net materlal product onginatlng in the agricultural and industnal sectors m 
1993 were about 31 and 51. respectively Gross domestic product and GDP by onginlsector are baslc 
accounts compiled regularly by the governments who are members of the IMF Over time. Kazakhstan 
will begln to report economlc growth in terms of GDP 

5 ProductIv~ty per employee is defined as gross domesbc product per emplovee 

6 In the latest World Bank economic report, GDP by ongin is presented It suggests the percentages of GDP dttnbutable to 
agnculture and lndustn in 1992 were about 8 and 45, respectIvelv 
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Exhibit 3 6 presents the 1991 shares of GDP in Central and Eastern Europe as well as how these shares 
are expected to change by 2010 As shown. considerable structural change is projected Over time. the 
structure of these economies are assumed to resemble increasingly the structures of OECD Europe The 
assumed growth rates of individual sectors will differ from the growth of total GDP The service sector 
is evpected to grow faster than that of GDP while mdustrq and agnculture are evpected to grow slower 
than that of GDP 

Exhibit 3.6 
SHARES OF GDP IN CENTRAL AND EASTERN EUROPE 

(Percent) 

Source IEA 

A similar trend can be expected in Kazakhstan. but the rate at which the service sector share increases 
is uncerta~n Different scenarios should be developed assuming different rates of change 

Agriculture 

Services 

Industry 

Exhibit 3 7 presents such an approach for China In the reference case the share of agriculture declines 
to 20% by 2000 and 16% by 2010 Industry is assumed to grow slightly slower than the overall economy 
and its share declines from 46% in 1991 to 42% in 2010 The service sector is assumed to continue to 
expand much faster than the overall economy and its share rises steadily to 42% by 2010 These changes 
In the overall structure are quite dramatic for a penod of 20 years but are feasible assuming fast economic 
growth In the low growth scenario the underlying cond~tions are assumed to lead to an economic 
structure by 2010 that is not significantly different from that in 2000 under the reference case 

2010 

10 0 

50 0 

40 0 

1991 

15 5 

33 5 

51  0 

Exhibit 3.7 
SHARES IN CROSS DOMESTIC PRODUCT IN CHINA 

1989 OECD Europe 

3 7 

62 6 

33 7 

Source IEA 

Agriculture 

Industry 

Services 
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3.3.3 Energy Intensity7 

As shown in E x h ~ b ~ t  1 2. Kazakhstan's energy intensity historically has been quite high It has been 
comparatively high for a multitude of factors the share of industry in the economy is quite high compared 
with other countnes . wasteful use of materials as well as the presence of old technologies result in the 
Inefficient use of energy. the fuel mlx in Kazakhstan is heavily weighted towards coal which tends to be 
less efficient as a fuel8 in end-use applications. low energy prices provide few Incentives for saving 
energy, and finally. energy is, to a large extent. inefficiently produced Projecting future long-term energy 
Intensity in Kazakhstan requires both a bottoms up and a top down approach The bottoms up approach 
reqwres a detailed assessment of each factor and an assessment of how these factors are likely to change 
This is a major undertaking beyond the scope of this study However. the top down approach is to conduct 
comparative analysis of several countnes over many years and of particular energy intensive sectors This 
information wlll provide a range of values t th~ch  will capture the likely future long-term trend in 
Kazakhstan Projecting m which part of the range Kazakhstan is likely to fall requlres a careful assessment 
of many structural and macroeconomic issues 

Comparing changes in real energy pnces to changes in energ) Intensity over the same period in many 
countnes ind~cates that pnces can have a significant impact on reducing energy demand Ed ib i t  3 8 
depicts changes In real energy pnces to changes m energy intensity dunng 1978-82 for the United States 
Germany. Canada. and the total OECD 

The last column In Exhibit 3 8 reveals that there are no s~mple generalizations, other than the decline in 
Intensity 1s partially attributable to real pnce increases The largest sector impact as measured by the ratlo 
of intensity changes to price changes, when considering the entire sample of OECD countries. \\as in the 
transportation sector The industrial sector was a close second Howeber. the results within individual 
countries are more relevant In Germany, the largest impact was in the industrial sector w ~ t h  almost no 
impact in the transportation sector Canada expenenced the largest absolute changes In real energy prices 
in each of the three sectors However, with the exception of transportation. Canada evper~enced the 
smallest Impact As expected. the impacts in the USA were simllar to the overall OECD average 

7 There are many defhihonal and measurement problems m estmatmg energy Intensity which IS the rabo of energy to 
economlc output Usmg phys~cal or natural units m both the numerator and denommator avolds many problems associated 
with value calcula~ons, especially across countnes 

8 Coal m terms of Btu efficiency 1s typically lower than petroleum products. natural gas and electnclty m end-use. whether 
m lntermedlate heat and power plant operabons or end-use comrnerclal and residenhal apphcatlons 

9 1978-82 was chosen because ~t was a penod dunng whlch real energy pnce mcreases exceeded 30% m each of the three 
sectors residenhaYcommercla1, Industry and transportation 
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Exhibit 3.8 
REAL ENERGY PRICES AND ENERGY INTENSITY 

(Cumulat~ve Percentage Change) 

Change In end-use prlces 
Change In the Index of final energ\ demand dlc~ded bv the change In the Index of real GDP 
Includes publlc and agricultural use 

' Includes non-energy use 

Res~den~allCommerc~ai' 
Unlted States 
Germanv 
Canada 
Total OECD 

Indust1 y" 
Unlted States 
Germanv 
Canada 
Total OECD 

TI ansportahon 
Unlted States 
Germanv 
Canada 
Total OECD 

Source IEA Energy Prlce Data and Energy Balances of OECD Countnes 

In order to understand why the impacts vary across countnes within an individual sector requires a closer 
evarnination of the different policies. technologies and capital stock in each country However, based on 
the data in Evhibit 3 8, the largest changes in intensity. nith the exception of the German transport sector. 
occurred in industry and transportation If the tlme period is extended to 1973-82, then the following 
results are evident (1) that the largest changes in intensity were experienced in the industrial sector 
regardless of whether the time frame is short or long. and (2) in the longer term, the largest impact. as 
measured by the ratio of intensity changes to price changes. occurred in the transportation sector 

Comparing long-term energy intensity trends in selected countries over a period of both rising and 
declining energy pnces is an instructive exercise to better appreciate the potentially different paths that 
might develop in Kazakhstan Also, it 1s important to examine the long-term trends of fuels in cornpanson 
to electricity Exh~bit 3 9 depicts long-term Intensity trends in Turkey and Australia from 1970 to 1992 

Raho of Intensity 
Changes to Price Changes 

1978-82 

- 28 
- 17 
- 1 1  
- 31 

- 56 
- 78 
- 38 
- 50 

- 57 
- 08 
- 68 
- 59 

Changes m Real 
Energy Pr~ces' 

1978-82 

40 6 
23 5 
78 9 
46 2 

42 1 
32 0 
77 7 
49 9 

32 8 
34 5 
34 9 
30 8 
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Changes m Energy 
Intenslty2 
1978-82 

-11 4 
-4 0 
-9 0 

-14 1 

-23 4 
-24 8 
-29 5 
-24 9 

-18 6 
-2 8 

-23 6 
-18 3 





Energy intens~ty in Australia in 1992 was about 11% below its 1970 level Most of thls decline occurred 
during 1982-1985 In general. the long-term trend of energy intensitv in the most advanced industrialized 
OECD countnes is best descr~bed as declining through the mid 1980's followed by a relatively constant 
period for the last several years Energy intensity In Turkey in 1992 was about 7% below its 1973 level '" 
But tvlth the decline in energy pnces since the mid 1980's. there has been no further declines since 1987. 
similar to the trend in Australia 

The long-term trend of electncity intensity is different In general. electncity intensity has been nsing 
since 1970 in most countnes However, over the longer term the rate of increase becomes smaller as the 
penetration of electricity Into an economy matures For example. in Turkey. the average annual rate of 
increase in electncity intensity was about 5 4% in the 1970's followed by about 3 2% in the 1980's and 
early 1990's Over this time frame. the average annual rates in Australia were about 3 1% in the 1970's 
followed by 1 7% in the subsequent years 

Taking into account both the declining trend of energy intensity and the nsing trend of electricity intensity 
~ndicates that the long-term trend for fuels intens~ty has been a sharper decline than total energy at least 
In the advanced. ~ndustrial~zed countries In general. the long-term intensity trend of a specific fuel 
requires indiv~dual analysis for specific countries 

Industry is Kazakhstan's largest consumer of energy Evidence in the OECD countries suggests that the 
largest change in energy intensity occurs in the ~ndustnal sector Consequently. it 1s constructive to 
examme the intensity issue m the context of industnal intensity trends As ment~oned in section 1 1, t h ~ s  
project chose to focus on the industnal sector in Kazakhstan for these reasons as well as the need to 
encourage the Government of Kazakhstan to consider potential energy savings as one way to make them 
industries more competitive in the former Sovlet Union as well as in some global markets 

Exhzhzt I 3 In Chapter 1 emphasizes moving selected industnes in Kazakhstan towards international 
competitive levels in terms of energy consumption per unit of output E x h ~ b ~ t  3 10 provides energy 
Intensity or energy use data for eight different ~ndustry groups in the USA as of 1991 

These data can be used by plant energy managers or energy analysts to assess the efficiency of a plant 
relative to one in the USA. or to detelop targets for efficiency improvements over the longer term Energj 
standards must be interpreted with care and ~nternat~onal comparisons can be d~fficult to carry out with 
precision " 

10 As md~cated, between 1970 to 1973, energy mtensitv grew about 18% per year Smce the large mcrease m energy price? 

m 1973, m general there has been a small dechmg trend 

11 An attempt is bemg made to show some of the standards m Exhibit 3 9 m terms of Btu's per physical units rather than m 
terms of 1991 US $ The physical units avoid many problems associated with value calculahons that are especially difficult 
now m Kazakhstan 
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Exhibit 3.10 
1991 MANUFACTURING ENERGY INTENSITY IN THE USA 

Note ' Source for shipments is Annual Survey of Manufactures The source for the energy and electncltv consumption 1s 

the Manufactunng Energy Consumption Survey 

Kazkhstan needs to develop an extensive energy consumphon database by each major consumer category 
It should start wlth the industrial sector beginning with those plants that are economically tiable over the 
longer term The inihal data should be collected on plants for the penod when they were operating at 
uhlizabon rates closer to 90% rather than the current extremely low rates l2 With thls information, the 
plant energy managers and, in cooperation with government staff, can set energy use targets For example, 
Exhibit 3 11 presents recent histoncal energy usage as well as potent~al targets for specific mdustnes m 
China As shown below, pure efficiency gmns averaged about 1 to 2% per year between 1980 to 1990 in 
the steel, cement, and ammonia industnes The last column of Exhibit 3 11 gives some idea of the scope 
for improvement in new plants Thls column reflects the compehtive level that China or Kazakhstan needs 
to pursue in the longer term Technological leapfrogging is qwte possible but in practice is difficult due 
to the scarcity of capital 

Industry Group 

Exhibit 3.1 1 
INDUSTRIAL ENERGY INTENSITY 

(TEC/ton)13 

(2') 
Total 

Ef ectr~city 
Consumed 

0 1  
Total 

Energy 
Consumed 

Meat Packing Plants 
Textde Mlll Products 
Plastic Matenals & Reslns 
Phosphatic Ferhlizers 
Petroleum Refinlng 
Cement, Hydrauhc 
Blast Furnaces & Steel Mills 
Prlmary Copper 

12 D w g  thls project an effort was made to uubate h s  process The englneermg teams prepared, translated and dlstnbuted 
the deMed quesbonnsures shown m Annexes I, J and K to the plants whlch the teams vlsited Also, substantd t r a m g  was 
provided to Mr Alexander Homyakov m order to contmue h s  effort 

13 TCE 1s one ton of coal equivalent, wluch equals 0 7 ton of 011 equvalent 

f a  
Tab1 

Shipments1 

1 
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Intensty 
(1143) 

Trillion Btu's 

Intensty 
(ZYf3) 

Bilhon 1991 US% 

48 25 
65 17 
31 72 
4 57 

138 32 
3 70 

40 69 
4 55 

49 
274 
633 
6 5 

5762 
3 12 
1673 
2 1 

Steel 

Cement 

Ammonia 

12 
101 
50 
6 

9 9 
32 
130 
4 

1990 

1 0  

0 188 

1 3 6  

1980 

1 2  

0 207 

1 53 

Btu's per 1991 US% 

10 16 
4204 
19956 
14223 
4 1657 
84324 
41116 
4615 

(%p.a.) 

-1 8 

-1 1 

-1 5 

249 
1550 
1576 
1313 
716 

8649 
3 195 
879 

Developed 
Countries 

0 6 5  - 0 8 5  

0 12 - 0 13 

1 0 -  115 



3 3.4 Sector Energy Demand 

As discussed at the beginning of this section. energy demand by sector results by slmply multiplying the 
information in each of the blocks shown in Evhibit 3 5 Summing up the individual sector demands results 
in total energy demand Then the shares of energy consumption by sector can be calculated 

Evhibit 3 12 presents the shares of end-use energj consumption in Turkey. Poland and Kazakhstan over 
the period 1973-2010 As indicated by Turkey. shares of end-use energy consumption can change 
dramaticall! In the case of Turkey. the industnal share rose significantly from 23% 111 1973 to 37% In 
1990. reflecting the overall rapid industr~ali~ation which took place dunng this period In the case of 
Kazakhstan. the industrial sector IS expected to be consolidated and grow in the longer term at a rate less 
than the overall economy The most rapid sector of growth IS expected to be services Beyond 2000. the 
industrial share should continue to decline. probably at a rate more rapidly than that projected for the 
penod 1990 to 2000 The prolected trends as shown for Poland should serve as a guide for projecting the 
longer term in Kazakhstan 

Exhib~t 3.12 
SHARES O F  END-USE ENERGY CONSUMPTION 

' 1991 data 
* Other lncludes 
Source Kazahhstan's Mlnlstry ot Energy and Coal IEA and Poland's Mln~stry of Industry and Trade 

3.4 LONG-TERM POTENTIAL ENERGY SAVINGS 

- 

Policy mechanisms and behavior by indiv~duals and enterprise managers and employees are m the process 
of substantial change The overall conclusion 1s that the potential for energy savings in Kazakhstan is quite 
large but to estimate it accurately is quite difficult The model presented in this chapter provides a simple 
framework by which estimates of energy savings can be denved based on assumed economic activity 
levels, changes in the relatlve shares of the basic sectors contributing to economic growth, and efficiency 
trends 

TUI key 
Industrial 
Transport 
Othe? 

Poland 
lndustnal 
Transport 
Other 

Kazahhstan 
Industr~al 
Transport 
Other 

3.4.1 Energy Savings Resulting from Rapid P r ~ c e  Reform 

1973 

23 
22 
55 

-- 
-- 
-- 

-- 
-- 
-- 

If increases in real energy prices do matter, then one can expect energy savings if the Government of 
Kazakhstan pursues a rapid implementation of complete pnce liberalization versus a slower pace of 

2010 

49 
18 
3 3 

58 
9 

33 

-- 
-- 
-- 

1990 

37l 
22' 
42' 

63 
9 

2 8 

45 
10 
45 
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reform A simple variant of the methodology presented in section 3 3 above can be used to estimate 
potential energy savings resulting from rapid price reform In a more rapid scenario norld equivalent 
energy prices are achieved within three years compared to a slow scenario in which six years are required 
to reach world equivalent energy price levels If one assumes the forecasted real levels of GDP as 
presented in 3 3 1 and assumes that in the rapid scenario energy intensity declines 33% over the three 
tears from the 1994 level compared to a 15% decline in the slow scenano, then energj demand in the 
rapid scenario is estimated to be about 6 million tons of fuel equivalent (MTFE) lower in 2000 compared 
to energ), demand in the slow scenario This potential energy savings of 6 MTFE is about 7% of the 1994 
total energy consumption in Kazakhstan 
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Chapter 4 
GOVERNMENT POLICIES AND PROGRAMS 

In the penod of rising energy prices in the 1970s. the Governments of the industrialized countries of the 
Organization of Economic Cooperation and Development (OECD) implemented a wide array of energy 
conservation policies and legislation in an effort to achieve energy savlngs In addition. many developing 
countries. some heavily dependent on oil imports and suffering from rising oil pnces. also began 
implementing energy savings regulations Thus. throughout the world government actlon has been deemed 
necessary to build awareness of the Importance of energq and send strong signals to individuals and 
businesses to utilize energy more efficiently 

The following section reviews specific government programs and policies that have been utilized. and 
evaluates the most appropnate for the Government of Kazakhstan (GOK) This Chapter concludes with 
recommendations on legislation that the GOK should consider for immediate incorporation into the draft 
energ! leg~slation to be submitted to Parllarnent 

4.1.1 Energy Management Regulations for End-Users and Supply Companies 

Many governments have instituted requirements for facilities whose energy consumption is above a fixed 
threshold For plants that consume above the established level. a government can require that the facllity 
meet certan regulations such as 

Appoznr an energy manager (who has the authority to overrule product~on managers to ensure 
good energy practices) 
Set energy eflczency and consumptzon targets and perzodzcally report progresr to the 
government (e g once per year. or every two years) 
Perzodzcally conduct a complete energy audzt 
Develop an energy conservatzon plan for the plant zncorporatzng recommendatzonr from the 
audzt and report on the progres r oJ zmplementatlon 

In Tunisla for example. industrial plants consuming above 2.000 tons of oil equivalent and commercial 
enterprises consuming at least 500 tons of oil equivalent must conduct an energy audit every three years 
In South Korea. firms consuming more than 500 tons of coal equivalent per year must report on energy 
consumption and conservation activities annually and employ an energy manager These types of 
regulations also are employed in the Philippines. Italy. Japan. and other countries 

For energy supply companies such as power. gas and distnct heating utilities. governments can require 
not only the types of regulations descnbed above for their productlon, transmission and distribution 
facilities, but also mandate the ~nstallation of end-use controls and instrumentat~on, especially m residential 
and commercial buildings Equally important. however, is that governments can require that these energy 

1 l k s  secbon draws on a large body of previous analyses, mcludrng A Revlew of Electncl@ Consentahon Programs for 
Developing Countries, Amencan Council tor an Energy Efficient Economv (1 991). and Accelerahng Pnvate Investment 
m Energy Consentahon IdenhJcahon and Analyses of Key Bawers and Pohcy Tools, USAlD Offce o f  Energy. 
prepared by Hagler Baillv (1 987) These are subsequently referred to as "ACE3 1991" and "USAID 1987," respecbvelv, 
m this chapter 
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supply utllibes. by law, must Incorporate energy conservation actlvibes into their budgets and long-term 
planning (See the discussion later in this Chapter on Demand Side Management) 

An addlbonal feature of mandatory regulabons is that they can be accompanied by a system of penalties 
levied by the government for falure to comply These can be based on the level of consumption of the 
facillty in question. the profit levels of the enterpnse, or could be linked to the current market pnce/value 
of the fuel wasted 

Advantages Estabhshing mandatory energy savings requirements and regulations for large energy 
consuming fac~libes and energy supply uthtles can be very effective m directly Influencing consumphon 
patterns and efficiency levels If vigorously and 
effectively enforced these regulatrons can yeld 
energy savings in the short-term (1-3 years) In 
addbon, if a penalty system forms part of the 
regulat~ons, the fines levied can result in revenues 
for the government whlch. in turn. can be ut~lized 
to support the government's expenditures incurred 
in adminlstenng the regulations or for other 
energy savlngs programs These requlrements also 
tend to function more effectrvely in countnes w~ th  
a government command and control or 
interventronlst tradition Finally, programs of this 
nature. owing to the reporbng reqwrements and 
data tracklng features, provide the government 
with invaluable informahon necessary to monitor 
the nabon's energy use patterns 

Energy Management 
Regufatians in Portugat 

Firms consuming over ?,000 tons of o~t 
equ~valent per year must: 

Implement & faatitate energy management 
program 

Have energy use patterns rev~ewed every 
5 years. 

Develop 5-year plans for the rat~onal use of 
energy to be approved by the Government 

Source: USAID 1987 

Disadvantages The man  disadvantage in this type of government energy savings legislation is the 
admin~strative burden imposed on the government In order to yeld the greatest results, these regulations 
require facillty inspections, data collection and monitonng, the establlshrnent and maintenance of an 
energy use data base, established reporhng mechanisms, and a system for detemning, implementing, and 
following-up penalties levled This system, therefore. requires administrative resources which will be a 
cost to the government In addition. these reqwrements need to be reviewed penodlcally for their 
effectiveness and necessity Over time, as an energy conservahon ethlc becomes more ingrained 
throughout the economy, specifically in the mentalrty of businesses and individuals, many enterpnses will, 
in the normal course of operatrons, instrtute some of the reqwrements which the government has reqwred 
Another disadvantage 1s that the system reqwred to implement these regulahons must be enforceable and 
free from abuses, and this is often d~fficult to ach~eve 

4.1.2 Information and Education Programs 

All governments around the world that have implemented energy savings legislation have Included some 
form of informatron and educatlon activibes Spreadmg the word on the benefits of energy savings and 
the importance of energy in general is a key part of all energy conservation programs These are 
part~cularly cruc~al at the outset of a government's efforts, but most countnes continue efforts in this area 
long after a soclety and economy have developed a mature energy conservation ethic One reason why 
these programs must be mantaned over a long penod of time is the very nature of the actrvity itself the 
goal of energy informahon and educatlon programs is to change the energy use behavior of businesses 
and individuals By definition, t h ~ s  is a long-term process Actrvibes in this area can include 
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Conducbng plant and bmlding audits 
Carryrng out technology demonstration 
Providmg informabon dissemnabon and pubhc outreach (e g publicity campaigns. 
advertisements, brochures) 
Providmg advisory services 
Estabhshing regional informabon centers 
Developing and dissemnating technical handbooks 
Establishmg an energy labelling system 

Governments have learned that their information and education acbvities are more effective if 
supplemented and complemented by other organizations These other entiles can include state and/or 
regional governments, ublit~es. universities, research insbtutes businesses, community organizations, and 
non-profit inst~tutions Several governments have legislated that energy management or energy audihng 
be required courses for certan engineenng degrees at universihes Surveys conducted recently in the US 
have indicated that for information and educabon programs to be effective they need to be highly focussed 
on a particular type of consumer (e g a commercial enterpnse household, or industry sector) General 
awareness campagns or broad-based appeals to energy savings are usually not successful In addition. 
efforts in this area must be part of an overall. comprehensive government energy conservation program 
or strategy2 

Despite these caveats. OECD governments continue to utilize energy information and education programs 
as part of their overall energy savings pollcy As a result of budgetary constraints, however. governments 
have attempted to re-focus these activihes and leverage non-government financial sources For example, 
in recent years several governments including Norway, Finland, Australia. and Bntain have revitalized the 
use of energy information centers Some of these centers are jointly funded by industry groups or utilities 
The US Nahonal Energy Policy Act of 1992 calls for the Department of Energy (DOE) to "make grants 
to nonprofit insbtuhons, state and local governments, universities, and uhlihes to establish or enhance one 
regional bmlding energy efficiency center in each of the 10 regions served by a DOE regional support 
office " The achvitles of these centers will include 

Providing information, triuning, and technical assistance to bmlding professionals 
Operating an outreach program to inform building professionals of the benefits and 
opportunities of energy efficiency and of the services of the center 
Providmg displays demonstrabng bmlding energy efficiency methods and technologies 
Coordinating acbvities and programs with other inshtutions within the region 
Serving as a clemnghouse to ensure that informabon about new building energy efficiency 
technologies is dissem~nated to end-users 
Studylng the bmlding energy needs of the region and make avalable region-specific energy 
efficiency informabon to facihtate the adophon of cost-effectwe energy efficiency 
improvements 
Asslshng educational inst~tutions in establlshlng bulldmg energy efficiency engineenng and 
technical programs and cumcula 

Labelling of appliances and eqmpment, providing buyers with comparahve informabon on the energy 
efficiency of the item they are purchasing, has been an important element in the energy savlngs policies 
of OECD countnes for many years Column No 1 of Exhibit 4 1 indicates the countnes that have adopted 
labelling As shown, it is clear that most countnes have implemented this type of program in the 

2 Mov~ng Consumers to Choose Energy Eflclency, The A h c e  to Save Energy (1991) 
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residential sector. while it is less common in other sectors Currently this activity is being actively 
extended to homes several countries have enacted programs to rate the energy efficiency of homes. 
information which can be used by consumers to assess the energy requirements of the residence and 
estimate energy bills In addition, the rating information can be utilized by lenders when determining the 
loan amount for the purchase of the home For example. the US Energy Pol~cy Act of 1992 established 
voluntary, uniform home energy guidelines, as well as an energy efficient mortgage pilot program in five 
states. which grants higher loan amounts for the purchase of homes that meet certain energy efficiency 
requirements 

Advantages The prlnclple advantage to government-sponsored information and education programs IS that. 
if properly Implemented and maintained. attitudes and behavior toward the use of energy w ~ l l  Improve 
over time 

Dzsadvantages The results of information and education programs are more qualitative and difficult to 
measure it is usually not feaslble to assess the results In terms of actual energy savings In add~tion. these 
programs can be expensive for a government to implement. with attendant administrative burdens 

4.1.3 Energy Efficiency Standards 

Developing and strengthening minimum energy efficiency standards and codes for industnal equipment 
and facilities. commercial and residential buildings and household appliances has been an important part 
of government energy savings programs throughout the world 

Significant efforts have been conducted in the last decade to establish minimum efficiency standards for 
major electricity consuming equipment, espec~ally in the residential and commercial sectors Column Nos 
2 and 3 of Exhibit 4 1 highlight those countnes and sectors with standards For example. In 1987 the US 
established standards for household appliances such as refrigerators. window air conditioners. water 
heaters, gas furnaces and boilers These codes are expected to reduce peak summer electricity demand by 
a cumulative of 29,000 MW from 1987-2000 Similar standards were implemented in the 1980s In Taiwan 
and resulted in a cumulative savlngs of 795 MW of generating capacity in the years 198 1-198S3 In 
addition. many states in the US have implemented minimum efficiency standards for commercial 
equipment including electric motors. lighting systems and central air conditioning systems 

Residential and commercial buildings standards are used worldwide to achieve energy sakings As 
ind~cated in Column No 3 of Exhibit 4 1, standards for residential and commercial buildings are common 
in the OECD countnes These standards can incorporate many mechanisms including 

Stncter bmlding construction codes (more efficient materials) 
Requlnng installation of high efficiency heating, air conditioning and ventilation systems 
Mandating higher levels and better quality of insulation 
Requinng minimum thermal efficiency levels for windows 
Establishing efficiency requirements for lighting fixtures and systems 
Requinng installation of metering and other control instrumentation (for monitoring heat. 
electricity, and gas usage) 
Sethng penalties for failing to meet the minimum standards (which can be added to the 
electricity bill) 

-- - 

3 ACE31991 
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Mandating that these building codes be required for all new residential and commercial 
buildings, andlor require the gradual efficiency improvement of ex~sting structures 

Singapore. where commercial buildings account for 30 percent of electricity consumption. implemented 
building codes in 1979 that have reduced electricity use in buildings 6-10 percent These codes are 
accompanied by penalties for non-compliance" 

Many governments also have instituted minimum efficiency standards in the transportation sector These 
codes generally incorporate mechanisms such as fuel consumption standards (measured in miles per gallon 
or kilometers per liter) for vanous classes of vehicles. fuel consumption ratings' for vehicles to provide 
consumers with comparative efficiency information. emission standards. gasoline taxes. and taxes on 
vehicles (see Exhibit 4 2 and Annex C) 

The pnmary goals of these policies are to reduce dependence on oil in the transportation sector and to 
enhance environmental protection The importance of the former objective is highlighted b\ the fact that 
In a sample year of 1988. over half of the petroleum products consumed in the US UK. and Canada were 
for transportation. and gasoline alone accounted for at least 50 percent of all transportation petroleum 
consumption 

The link between the transportation energy consumption and the environment is indisputable in the same 
sample year of 1988, the transportation sector accounted for 67 percent of all carbon monoxide emissions. 
41 percent of all nitrogen oxide emissions. and 34 percent of all lead emissions For this reason. within 
the OECD countnes emission standards are among the most common transportation efficiency regulations 
One of the most important of such standards ~mplemented by the US is the Clean Air Act of 1990 
regulating the emissions of automobiles and trucks (See Annex C) 

The US also has had great success improving transportation efficiency with the implementation of 
Corporate Average Fuel Economy (CAFE) Standards, initially established in 1978 CAFE standards 
mandate that automobile manufacturers meet an established minimum fuel efficiency (measured in miles 
per gallon or MPG) Exhibit 4 3 presents these standards for various classes of vehicles If a manufacturer 
fails to meet the minimum fuel efficiency standard of 27 5 MPG for cars (or 8 G liters per 100 Kin) a fine 
1s levied $5 for each 0 1 mile per gallon by which the manufacturer falls short, multiplied by the number 
of cars in violation 

Taxes are also an effective and common mechanism to achieve greater transportation sector efficiency 
As illustrated In Column Nos 4 and 5 of Exhibit 4 2. all of the OECD countnes incorporate taxes into 
the retail price of gasoline and, in most cases. the percentage of taxes account for at least 60 percent of 
the final pnce In addition, taxlng the purchase of vehicles based on weight, engine size, horsepower, 
number of cylinders. or some other cnteria 1s common Vehicle taxes are also levied based on fuel 
efficiency and are called "gas guzzler" taxes automobiles with poor MPG rabngs are subject to penalties 
levied on the purchaser The guzzler tax depends on how far below the mlnlmum standard a vehicle 1s 
As of 199 1, the tax in the US ranges from $1.000 to $7,700 per vehicle Conversely, a "gas sipper" rebate 
can be offered to the purchaser if the vehicle has a high fuel efficiency rahng 

5 The term "standards" is used m this report to refer to formal regulabons or laws "Ratmgs" refers to the requirement that 
manufacturers place mformabon on the product lnformlng the consumer of its energy efficiency 
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Exhibit 4.1 
GOVERNMENT ACTIVITIES TO IMPROVE END USE 

EFFICIENCY IN OECD COUNTRIES 

R = Resldentlal C = Commer~ial I = Industrial 
Source IEA 1994 
Notes 

1 Includes activities ot the iederal and provlnc~al governments and util~tles 
2 Introduction or expansion under cons~deration 
3 Voluntary and applied to some domestic appl~ances only 
4 Voluntary application of electnc hot water cylinder standard onlv 

(3) 
Bmldmg 

Standards 

R C 
R C 

R C' 
R C  
R C' 

R 
R 
R C  
R C 
R 
R C 
I R 
R C  
R C  
R4 c4 
R,C 
R C  
R C  
R C  
R 
R 
R C  
I R C  

(2) 
Equipmentl 
Appl~ance 
Standards 

Country 

5 Under preparation 

(1) 
Equipmentl 
Apphance 
Labellrng 

6 Loan programme for publlc sector 
7 Prov~ded by the Government on a commerc~al basls 

(4) 
Financ~al 
Incenhves 

I R C  
I R C  

R2 
I,R C 
6 

I R,C 
I R C  
I R,C 
I R C  
I R C  
I R C  

R 
I,R C 
I R C 
I R C  
I,R cI4 
I C 
I R C  
I,R,C 
R 
I 
I R 

Canada' 
United States 

Australla 
Japan 
New Zealand 

Austna 
Belglum 
Denmark 
F~nland 
France 
Germany 
Greece 
Ireland 
Italy 
Luxembourg 
Netherlands 
Nonvav 
Portugal 
Spaln 
Sweden 
Sw~tzerland 
Turkey 
United K~ngdom 

8 In preparation In accordance wlth EU regulation. energy consumption of some larger electr~c household appliances 

(5 )  
A u d ~ t s  

I R C  
I R C  

I C 
I R C  
I C' 

I,R C 
I C 
I R C  
I C 
I 

I C 
I 
I R" C" 
I R,C 

LC 
I R C  
I 

I 
I 

(e g retngerators), treezers, televls~ons, washing machines) has to be shown In a user guide according to Federal Law 
No 120/1980 

R 
I R C  

12 R2 c2 
R C  
R' 

8 

R 
R'O 

5 

I R 
R 
R 

~ 1 2  ~ 1 2  

R 
R" 

R 
R 
I 

R 

9 In accordance wlth CENELEC (European Committee tor Electrotechn~cal Standard~sat~on) standards 
10 Introduced In 1993 
11 For electnc water heaters 

I,R,C 
I R C  

I~ R~ C2 
I R,C 
R4 

R~ 

R" 
R 
R C  

R' c2 
R 
1,R.C 

R 
R,C 

R 

R C 

12 Regulations that have ex~sted for several years are to be updated accord~ng to EU rules by the end of 1994 
13 From 1 January 1994 
14 For lntroductlon and d~sseminatlon of new energy technology 
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Exhibit 4.2 
PUBLIC SECTOR ACTIVITY TO IMPROVE END-USE EFFICIENCY, 

TRANSPORT SECTOR 

Source IEA 1994 
X = Mandatorv V = Voluntarv 
Votes 1 IEA Energy Przces and Tuxes Fourth Quarter 1992 (Pans OECD 1993) or as provlded bv Member countnes Includes VAT 

and other taxes unless otherw~se specliied 
2 W = behicle we~ght, HP = horsepower CC = cyllnder Lapacitv 
3 Fuel ~onsumptlon standards tor Ilght-duty vehlcles of less than 8 500 Ibs (3 850 kg) One provtnce Ontano has a "gas guzzler" 

tadrebate programme that revlew a C$ 75 tau on about 89% of new car sales, whlle about 9% of new car sales quallfv for 
a rebate of C$ 100 per vehlcle Canada's light-duty vehlcle emlsston standard5 are expected to be harmonrsed w ~ t h  US standards 
(excludtng those in Callfornla) bv the 1996 model vear 
Percentage of taxes In gasollne prlces is based on equal we~ghlng of sales In each grade 

4 B a s ~ s  for reglstratlon fee vanes by state or provlnce 
5 Voluntary resumpt~on of Natlonal Average Fuel Consumpt~on targets b e ~ n g  negotiated Mandatory targets remaln an optlon 
6 Sales we~ghted across states 
7 Stnce May 1993 taxat~on has been based on JP (kW) 
8 Reglstrat~on tax on value, annual tax on welght 
9 Vehlcle tax IS defined by the iollowlng lormula 1 02 .i Import value - Mk 4 600 1 e the tax depends only on the Import prlLe 

of the vehlcle 
10 Unleaded excludlng VAT 
11 Annual tax vanes according to vehlcle age, cvllnder capacity and fuel used 

Country 

CanadaJ 
Unlted States 

Austraha 
Japan 
New Zealand 

Austna 
Belgium 
Denmark 
Finland 
France 
Gennanv 
Greece 
Ireland 
Italv 
Luxembourg 
Netherlands 
Norwav 
Portugal 
Spain 
Sweden 
Switzerland 
Turkev 
U Klngdom 
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(1) 
Fuel 

Consumphon 
Rahngs 

V 
X 

V 
V 

bv lmporter 

bc manufacturer 

bv manuiacturer 

X 

by lmporter 
by lmporter 
by lmporter 

X 
X 

by importer 

X 

(2) 
Fuel 

Consumphon 
Standards 

V 
X 

V< 
V 

(5 )  
Vehcle 

Taxa~on' 

X4 
X4 

x4 
CC W 
Flxed Rate 

CC' 
C C H P  
WY 

HP 
CC 
CC HP 
CC 
CC HP 
CC 
W + tuel type 
W Flxed rate 
CC X" 
C C , H P  
W 
W 
W CC 
Flred rate 

(3) 
Light Duty Vehcle 
Ermsslon Standards 

US Standards 
US Standards 

Australian Standards 
Japanese Standards 

US Standards 
EU Dtrectlve 
US Standards 
US Standards 
EU Dlrect~ve 
EU D ~ r e ~ t ~ v e  
EU D~rec t~ve  
EU D~rect~ve 
EU D~rec t~ve  
EU Dlrect~ve 
EU D~rec t~ve  
US Standards 
EU D~rective 
EU Dtrect~ve 
US Standards 
US Standards 
X (for b ~ g  cltles) 
EU D~rectlve 

(4) 
Percentage of 

Taxes1 ~n Gasol~ne 
Prices (1992) 

4 5 9  
3 3 9  

45 Y6 
4 6 7  
45 1 

64 8 
7 0 1  
6 2 0  
6 8 0  
77 1 
7 2 4  
69 1 
6 6 6  
75 7 
6 2 8  
73 1 
60 7'' 
75 4 
6 9 8  
6 9 2  
62 5 
6 3 7  
69 3 



Some countnes have coupled these specific standards with stnct requirements governing the quality of fuels in 
order to reduce the environmental impact of transportation sector energ), use For example the US has banned 
the sale of leaded gasoline and has instituted strict production requirements for refiners on the content of benzene. 
aromatics. oxygen sulfur and nltrogen oxide in gasoline and other transportation fuels However. complying with 
these codes to produce "reformulated gasoline" in the US does not come m ithout a cost refinery industn officials 
have estimated that the reconfiguration of refineries will require capital in\ estrnents in the range of $20-30 billion 
to reformulate all gasoline by the year 2000 

In Europe. the European Community's Dlrectlve No 851210lEEC mandated that by October 1989 all member 
states should have unleaded gasoline ava~lable. the lead content of gasoline cannot be greater than 0 40 glliter 
and the level should be reduced to 0 15 glliter as soon as member states judge it appropnate to attain this standard 
EC Directive 871219EEC provides that after January 1989 the sulfur content of diesel fuel and heating 011 may 
not exceed 0 3 percent by weight However. member states are empowered to impose a lower level of 0 2 percent 
by weight 

Exhibit 4.3 
CORPORATE AVERAGE FUEL ECONOMY (CAFE) 

STANDARDS FOR AUTOMOBILES AND LIGHT TRUCKS IN THE US, 1978-1993' 
(miles per gallon) 

Soulce US Department ot Transportation, NHTSA, "Summary ot Fuel Economv Performance " Washington DC September 1993 

Model Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
199 1 
1992 
1993 

a Onlv vehlcles w ~ t h  at least 75 percent domestlc content can be counted In the average domestlc fuel economy tor a manuiacturer 
Represents two- and four-wheel d r~ve  trucks comb~ned Gross veh~cle welght ot 0-6,000 pounds tor model year 1979 and 0-8 500 pounds 

for subsequent years 
Standards were set for two-wheel drlve and four-wheel drlve l~gh t  trucks separately but no comblned standard was set In t h ~ s  year 

Min~mum efficiency standards in all sectors are an evample of a government regulation which must be 
periodically reviewed and updated Once standards are promulgated, they should be evaluated for 

Automob~les 

CAFE 
Standards 

18 0 
19 0 
20 0 
22 0 
24 0 
26 0 
27 0 
27 5 
26 0 
26 0 
26 0 
26 5 
27 5 
27 5 
27 5 
27 5 
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L~ght TI ucksb 

CAFE 
Standards 

c 
17 2 

c 
c 

17 5 
190 
20 0 
19 5 
20 0 
20 5 
20 5 
20 5 
20 0 
20 2 
20 2 
20 2 - 



effectiveness. impact. and compliance If the market has adapted to codes. then developing stricter 
standards should be considered 

Many OECD countries are moving toward more cooperative and voluntary arrangements with industry 
and manufacturers as a way of gradually raising the mlnlmum efficiency levels of speclfic products Thls 
represents an overall trend of governments focussing thelr actlvlties on the "upstream." I e working 
directly with producers, rather than evclusivelp on the "downstream," or wlth consumers The benefit of 
thls approach IS the abillty of a government to leverage a smaller amount of financial assistance to 
stimulate significant activity by focussing on a specific target (1 e a particular industry, or manufacturer) 

Rather than forcing the establishment of stncter standards governments are settlng targets for 
manufacturers to ach~eve. and rely on the industp to meet that goal voluntanly For example the US has 
no national bullding codes. evcept for minimum efficiency requirements for federally-financed housing 
and Government bulldlngs Individual states in the US have voluntanly implemented their own buildlng 
standards based on the model codes developed bv the American Society of Heatmg. Refngerating. and 
Air Conditioning Engineers (ASHRAE) and the Council of Amencan Building Officials (CABO) 

Desplte the lack of a unlform national building standard in the US the National Energy Pollcy Act of 
1992 emphasized the strengthening of voluntmly meeting codes developed by ASHRAE and CABO In 
preparing thls legislation. the US Government 
consulted not only ASHRAE and CABO. but 
also other industry organlzat~ons Including the 
National Association of Home Builders. the 
Illuminating Engineenng Society. the Amencan 
Institute of Architects. and the National 
Conference of the States on Building Codes 
and Standards Thus. the US Government is 
using a vmety of institutions in the building 
energy efficiency ~ndustry to establish a 
consensus minimum efficiency standard. and 
then requlre the gradual strengthening of these 
codes on a voluntary basis 

Finally. it is important to note that standards 
vary across countnes. as Evhlbits 4 1 and 4 2 
illustrate Kazakhstan should develop standards 
appropnate for ~ t s  local cond~tions and phase-in 
over time those standards which the economy 
cannot presently absorb 

Advantages As indicated above, government- 
mandated minimum energy efficiency standards 
can achieve significant energy savings In 
addition, standards are an effective device to provide consistent and strong signals to meet energy 
efficiency goals even in penods of low energy pnces, when energy savings pnorlties are diminished 

Selected Build~ng Energy Efficiency 
Legislation in the US National Energy 

Policy Act of 1992 

Section 271. "The Secretary of Energy shall 
Issue voluntary gu~del~nes that may be used by 
state and local governments, ut~l~t~es, builders, real 
estate agents and others to enable and 
encourage the assrgnment of energy effic~ency 
rat~ngs to resldentlal bu~ldlngs " 
Section 304. "Each state shall certify to the 
Secretary of Energy that ~t has revlewed and 
updated the provlslons of its commerc~al bullding 
code regarding energy effic~ency Such cert~ficat~on 
shall include a demonstration that such state's 
code provlslons meet or exceed the requ~rements 
of ASHRAE Standard 90 1-1989 " 

Sectron 307. "The Secretary of Energy shall 
support the upgrading of voluntary bulIdlng energy 
codes for new res~dent~al and commerc~al 
bu~ldrngs " 

6 These orgmat lons  are all non-profit mshtubons whlch represent theu mdusby's mterests and provide forums and 
pubhcat~ons for exchange of mformabon 
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Dzsadvantages Amving at agreed upon. acceptable minimum energj efficiency standards may take some 
time Many players may be involved. and not all will have the same interests The Government 
manufacturers. consumer groups. research institutes. and industry representatives all may participate 
Moreover. there may be a lag from the time a law becomes effective to the time when the equipment 
meetlng the standard penetrates the market to a sufficient enough degree to achiete noticeable energy 
savings (See discussion in Section 2 of this chapter on this question) 

4.1.4 Institut~onalizat~on of Government Energy Sav~ngs Activities 

All of the OECD countnes have found the need to establish within the government an entlty responsible 
for developing energy pollcy Moreover. legislation clearly establishes where energy savings actlvities will 
be conducted in the government and the specific responsibilities However. different structures or 
approaches for lmplementation are utilized Most OECD countries have established the authority for pollcy 
formulation under existing Ministries which have broader economic policy responsibilities - These 
organizations usually have a separate division for energj and/or a deputy minister responsible for energy 
matters Howel er. seven countries have established a separate Department or Ministq of Energy 

Some countnes have organizations which are outside the typical government. departmental structure and 
operate more lndependentl? The delegation of responsibilltv for energy conservation to non-ministerial 
entities depends in large part on the tradition of a country and/or the size of the central government For 
example, France has the French Agency for Energy Management n hich operates as a quasi-go\ ernmental 
agency The Netherlands also has three separate non-ministerial organizations the Dutch Energy 
Conservation Information Agency. the Dutch Energy Development Company (for demonstration). and the 
Management Office for Energy Research. each with different responsibilities 

It is also Important to note that typically there are other organizations withln a government that deal with 
energy-related issues For example. Ministries of Environment. Housing, Transportat~on. Agriculture. and 
Industry are other entitles which may have ~nput  into energy pollcy development or some jurisdiction or 
~mplementation authonty In energy matters The crltical point IS to ensure effective coordlnat~on among 
these entities and to establish clear llnes of authonty and reporting Fragmenting responsibilities for energy 
savlngs actlvities across numerous ministries will result In weak. ineffective lmplementatlon and 
duplication of activities 

Legislative bodies, such as a parliament or congress. also play a role in adoptlng and passing energy 
conservation legislation The process differs in each country, wlth some ministries assuming ultimate 
responslbllity for the development of the laws, while in other countries the leglslative body plays a more 
actlve role In addition. many countnes utilize advisory bodies to assist in the leglslative process 
(consistmg of other government agencies, the pnvate sector, or academia) The degree to which these 
outside advisory entities are used or are successfhl depends on the tradition of government-industrq 
cooperation in the country 

7 Austna, Belgmm, Fmland. France, Germany, Greece, Italy. Japan, Netherlands. New Zealand, Portugal, Spam, Sweden 

8 Canada. Denmark, Ireland, Luxembourg, Norway, Turkey. and the US In Australia responsibility for energy IS placed 
with respons~b~llty for other pnmary mdustnes. mcludlng agriculture. m the Department of Pnmarv mdustnes and 
Energy In Swtzerland there 1s a Federal Department for Transport. Communlcahon and Energy In the U111ted 
Kmgdom most energy responslbil~hes rest wlth the Department of Trade and Indusw Responsibilltv for the efficient 
use of energy rests with the Department of the Environment 
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All OECD governments issue energy policy documents or statements periodically Furthermore, promohng 
the more efficient use of energy has been the man  objecbve of all of these pohcies The effectiveness of 
these documents vanes, but an attempt is made to state clearly the government's goals and plan to achieve 
them 

Experience in other countnes also suggests that non-government organizations can play an important role 
in promoting energy savlngs As discussed in the section on information and educat~on programs, in the 
OECD countnes a very mixed structure of energy conservahon acbvit~es has evolved and worked 
successfully There are numerous types of organizahons involved in developing and implementing energy 
savings activities national governments. state or regional governments, non-profit entitles. research 
organizations, traning firms. pnvate energy service companles. and universities are all very active and 
supplement and complement the national government's activities 

Thus. although governments are acbve in promohng energy conservat~on. part~cularly in the initial stages 
of a country's efforts to achieve energy savings, gradually decentralivng activibes throughout the economy 
into vanous types of organizations has proved successful The ulhmate goal of many countnes' energy 
conservabon activltles is to place decision making into the hands of indlv~duals and individual companles 
givlng them the power to pursue energy savings achvltles The government can play a role in creating a 
leglslatlve framework that promotes these achvities. but does not become the central arbiter of decisions 
The following presents a comparative overview of the institutional structure and experience m three 
countnes Poland. Korea and Turkey 

Poland has proposed a structure which concentrates energy policy making within the exlsting Ministry 
of Industry and Trade9 A separate Energy Department withm this Ministry will be responsible for a broad 
array of issues, as illustrated in Exhibit 4 4, including establishing gwdelines for energy savings policies 
as well as program design to carry out the Government's objechves The Government has proposed, 
however, the establ~shment of a separate, quasi-independent National Energy Conservation Agency 
designed to be the implementing organizabon for Government energy savings activities As the man 
Government organizabon which sets energy pohcy, the Ministry of Industry and Trade will evert Influence 
on the Agency However, the latter has been established to operate as a joint stock company, and its day- 
to-day operations and funding are independent of the Ministry The Agency does not set policy. but can 
provide expertise to the Government on policy matters The Polish Energy Efficiency Center was 
established in 1991 with US donor funding and, although it still receives the bulk of its funds from this 
source, it was designed to operate ulbmately as a for-profit and self-financing organizabon through 
revenues generated by services rendered As ind~cated in Exhibit 4 4, some of the proposed activibes of 
the Agency will overlap wlth those of the Efficiency Center (e g traning and education) This will not 
necessarily be a problem it has been discussed throughout this Chapter that the diversificabon of energy 
savings activibes among different types of organizahons has proved to be beneficial in achieving energy 
savlngs across a broad spectrum of society 

9 T ~ I S  secbon based on dormahon m Energv Policy of Poland and the Draj4 Programme to the Year 2010, Pohsh 
Muustry of Industry and Trade (1992) 
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Exhibit 4.4 
PROPOSED STRUCTURE OF ENERGY CONSERVATION ACTIVITIES IN POLAND 

Ministry of Industry 
and Trade 

Energy Department - - - - - - - - - 

National Energy Policy Guidelines 

- Energy secunty 
- Long-term plannlng and demand forecasting 
- Investment requirements to meet demand 
- Licenclng 
- International cooperation 
- Proposals for R&D policy 
- Level of strategic stocks and reserves 
- Regulatory policy and gu~dellnes 
- Energy sector ownership policy 
- Pncing pollcy 
- Coordlnatlon w ~ t h  other Min~stnes 

National Energy 
Conservation Agency 

Quasi Governmental Institution 

- Jo111t stock company 
- Government as shareholder 
- Funding from Pol~sh Treasury 
- Standards development 
- Tra~nlng & demonstration 
- Audits 
- Mandate to borrow 
- Collection of fi~nds froni all sources 

Other Ministries 
- Mlnistry o f  Environmental Protect~on, 

Natural Resources and Forestry 
- Mlnlstry o f  F ~ n a n c e  
- Mlnlstry o f  Local Government 
- Mln~s t ry  o f  Privatlzatlon 
- Antimonopoly Office 

i 

Polish Energy Efficiency 
Center 

independent Non-Profit 

- High level pollcy support 
- Train~ng & demonstration 
- Public education 
- Assisting finns in financ~al arrangements 
- Assisting in JV development 
- Market analyses for EC potentla1 



It must be noted. however. that Exhibit 4 4 represents a proposed organizational structure for Poland and 
many facets of how it will actually work cannot be determined until put into practice For example. it is 
not clear exactl? how much independence the Agenc! will have as a joint stock compan) v+ith the 
Government as a share-holder and significant funding initially coming from another arm of the 
Government Furthermore. it is not clear if the Agency will become. (or will be allowed to become) a for- 
profit organization These questions illustrate that it will be necessary to define more clearly the mandate, 
lines of reporting. and modalities of operation of this proposed structure. and in particular those of the 
National Energy Conservation Agency 

The proposed structure in Poland is similar in se~eral  \\a!s to the structure that has been functioning in 
Korea for more than a decade. but with some important differences" As illustrated in Exhibit 4 5.  the 
Ministry of Trade. Industry and Energy has an Energy Conservation Policy Office. and belon this an 
Energy Conservation Policy Dlvision Similar to Poland. the Ministry's role in Korea is limited to the 
development of broad energy policy guidelines This includes the drafting of a National Energy 
Conservation Plan. creating a blueprint for the Gokernment's objectives in achieving energy savings The 
Korean Energy Management Company (KEMCO) was established in 1980 as the entity des~gned to 
implement the Government's policies and programs KEMCO does report to the Minist? (through the 
Energy Conservation Policy Division) and receives 5 0  percent of its funding from the Ministry Thus 
although it has considerable day-to-day operational ~ndependence. KEMCO. unlike the proposed National 
Energy Conservation Agency in Poland. is under more direct authonty of the Min~stry 

The Korean structure also varies from the Polish model in the evtent of its responsibilities within the 
mandate of KEMCO is the operation and admrnistration of Energy Service Centers and an Energy 
Rationalization Fund This Fund operates in a fashion similar to that descnbed In Section 1 of this 
Chapter it provides loans and grants for energy conservation activities and obtains its funding from a tax 
levied by the Government on energy imports Therefore. the majonty of energy savings zmplementation 
activities in Korea is concentrated in KEMCO Poland on the other hand, in addition to the proposed 
National Energy Conservation Agency, has an independent Energy Efficiency Center contnbuting to 
energy savings activities Although Korea has not evolved a structure with a wide variety of organizations. 
instead concentrating the principal responsibilities in one m a n  entity. this structure has worked well 
Owing to the ability of KEMCO to generate 5 0  percent of its revenue from services offered. as well as 
~ t s  large and \\ell qualified staff. it has been successful in achieling energy savings 

Turke-v has a more complex structure of energy consenration activities, as indicated in Exhibit 4 6" The 
energy policy-making authority lies primmly with the State Planning Office (SPO), the entity responsible 
for coordinating and developing overall economic policy and planning in the Government Thus. the 
Turkish Ministry of Energy and Natural Resources through its Department of Energy's subordinate bodies. 
develops national energy policy guidelines to recommend to the SPO which, in turn. must review, edit, 
alter. and approve these proposals The SPO is the final authonty determining all economic policy and 
planning, including energy savings programs 

10 Thls sectlon based on mformabon m Survey of the Reptrbhc of Korea's Energy Polzczes, IEA (1994) 

11 Thls secbon base on dormahon m Energy Consewahon Polzczes and Programmes m Turkey, BCEOM. Pans. France 
(1989) 
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Exhibit 4.5 
STRUCTURE OF ENERGY CONSERVATION ACTIVITIES IN KOREA 

Other Organizations in EC Activities 

, 

Ministry of Trade, Industry 
and Energy 

- Korean Energy Economics Inst. 
- Korean Institute for Energy Research 

Energy Rationalization Fund Energy Conservation Policy 

Korean Energy Management 
Corporation 

Office 

Energy Conservation Policy - Energy audits 

- 

14 Energy Saving Service 
Division 

- Technical guidance 
- Technology info dissemination 

Centers 

- Technical guidance 
- Free consultation service - Policy Development 

- Program Development 
- Creatlon of Comprehensive 

National Energy Conservation Plan 

- Education & public info 
- Research development demonstration 
- Government agency (50% fundlng 

from Min , rest from services) 
- Staff of 700. budget of $25 Mlllion 

of which 
- 25% salanes 
- 20% technical assistance & audlts 
- 15% public info 
- 10% inspection servlces 
- 5% tranlng 
- 25% miscelaneous 



Exhibit 4.6 
STRUCTURE OF ENERGY CONSERVATION ACTIVITIES IN TURKEY 

Other Mlnlstnes involved m 
energy conservation activities 

I Energy Conservation - - 

Coordination Board 1 

State Planning 
Office 

- Prepares national economlc plans 
- Flnal authonty on Energy 

Conservation ~ n o n t i e s  

Only advisory role 
Coord~nates Government's 1 

I 

- 

Awareness Campagns 
Revlews & recommends draft 

I I - Industry & Colnmerce I 

I I - Recommends budget & policy I 

- Intenor 
- Reconstruction & Resettlements 
- Public Education 
- Transportation 
- Turklsh Scientific and Technical 

I 

pnonties for Energy 
Conservation to SPO 

Ministry of Energy and Natural 
Resources 

- Energy aud~ts Research Council 

- Tra~ning Turk~sh Standards Inst~tute 
- - - - -  

Electric Power Resources 
Survey & Development 

Administration 

Department of Energy 

I 

- Advlsory role only 
- Coord~nates investments wlth 

I 

- Industry consumption data base 

- 

- 

Research, Planning & 
Coordination Board 

Energy Conservation D~v~s ion  

other ~nst~tutlons 
- Plans, coordinates & evaluates 

enelgy R&D 

- 

- Energy Technology and R&D 
D~vision 



Energy savings polic? formulation and implementation is fragmented. with considerable overlap in 
responsibilities For example. as mentioned the Ministry formulates policies and programs but the SPO. 
a non-energ1 entity. has the right to override the Ministry's authority and expertise Moreover. there is an 
Energy Conservation Coordination Board (ECCB) comprising members from various ministries and othe~ 
Government groups involved with energy conservation The ECCB is only an advisoq body. meets only 
sporadically. and works with a Ministry which does not have the final authority in establishing the 
Government's energy conservation guidelines Two bodies. the Research. Planning & Coordination Board 
and the Energy Technology and R&D Division (both within the Min~stry) appear to have responsibilit~es 
for R&D. and three groups. the ECCB the Turklsh Scientific and Technical Research Counc~l and the 
Turkish Standards Institute all have a role in standards development The Electric Power Resources Survey 
& Development Administration is the primary energy savings implementation entity. but suffers from a 
lack of resources and a poor record of coordination with the Ministry Thus. the energy savings 
institutional structure is not well focussed and responsibilities are 111-defined 

Advantages The advantages to centralizing a government's energ! conservation activities are a greater 
level of coordination. effectiveness in implementation. and a higher le1 el of v~sibilitv of energ1 issues 

Dzsadvantages There are also difficulties with centraliz~ng energ], conservation acti\ities B! focusing 
all the national energy savings programs in one organization. the energy activities of other government 
entities or Ministnes may not receive sufficient attention or resources For example. building codes mav 
need to be developed and/or implemented with the Housing & Construction Ministry Furthermore. if the 
principle government organization responsible for energy consen ation programs is not granted sufficient 
resources to operate effectively, or if it does not receive high-level. committed leadership. then the entire 
government energy savings program will be weakened An additional danger with centralization. 
particularl? in countries initiating comprehensive government energy savings legislation for the first time 
is that energy conservation activities are placed in an existing Mlnistry (e g Energ) or Indust?) which 
traditionally has been responsible for energy suppZv functions Energy conservation programs. u hich focus 
on improving energy consumptlon and end-use efficiency may not receive the attention and resources 
required in an organization historically dedicated to providing absolute quantities of energy supplies and 
concerned more with sales, revenues. and supply logistics 

4.1.5 Research and Development 

Most governments are actively involved in supporting the research and development (R&D) of energy 
efficient technologies However. this support can take different forms depending on the philosoph! of the 
government and the industry and economic structure of the country Two areas of differing approaches 
are 

Long-range development of advanced or non-commerczal technolog~es vs demon stratlon and 
market penetratzon of existing technologzes Some governments support longer range R&D 
programs geared toward achieving state-of-the-art advances on basic technologies and moving 
into the next generation Others provide financial support whlch focusses on the demonstration 
and introduction of exlsting technologies which have not become sufficiently commercialized 
or achieved a high degree of market penetration 

Level of government and industry cooperahon Some governments take the lead in R&D 
actmties and leave demonstration and technology transfer to the respective industries The 
US, for example has traditionally followed this pattern Others form a closer alliance with 
industnes to engage in a wide range of R&D and demonstration programs, for example. 
focussing on either the R&D or technology transfer approach Britain has worked more 
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closely with industry assisting in the technology transfer or market penetration equipment The 
approach utilized by a government mostly depends on how active the respective ~ndustnes. 
such as transportation. manufactunng or buildings. in that country are In R&D and 
technology transfer activities 

Government support of R&D is also provided to national laboratories. research institutes. and state. local 
or regional governments for their own programs Overall. energy efficiency R&D expenditures can form 
a large part of a government's total energy savings program 
budget In the US, R&D accounted for approximately 30 
percent of total energy conservation program expenditures 
(or about $120 million) in 1992'' However. energy 
conservation R&D represents a relatively small share of 
total energy R&D expenditures in 1993. energy 
conservation R&D accounted for 6 3 percent of total energy 
sector R&D activities in the OECD countries Nevertheless. 
the expense of R&D activities has prompted most OECD 
governments to mote toward more cooperative reiationships 
w ~ t h  industry and manufacturers to stimulate R&D 
activltles 

Government R&D activities need to be period~cally 
evaluated for their effectiveness and progress In order to be effective and have the greatest impact 
Moreover. in order to be successful, R&D activities require up-to-date and reliable data and lnformat~on 
on energy trends. particularly consumption 

US Government R&D 

In the US, Government R&D support 
and cooperation wlth the pr~vate 
sector has asststed In the 
cornmerc~al~zat~on of 24 technolog~es 
since 1978, resulting In energy 
savings of 372 quadrlll~on BTUs 
through 1991 

Source IEA 

Advantages Government support of R&D activities. technology demonstration and transfer can leverage 
public funds for significant advances in energy efficient technology that the market alone may not 
stimulate In addition, governments can provide valuable support to the private sector in assisting their 
efforts to develop and commercialize effic~ent equipment and appliances 

Dtsadvantages Go\ernment R&D activities can require substantial expenditures For t h ~ s  reason more 
governments are moving toward greater collaboration w ~ t h  manufacturers and utilities in order to leverage 
limited resources 

4.1.6 Financial and Tax Incent~ves 

Perhaps the most beneficial financial incentive is a Government's implementation of overall fiscal and 
monetary policies which permit reduction of nominal interest rates to reasonable levels and, on a 
controlled basis, creation of suffic~ent liquidity In the financial system to permit long-term lending to 
borrowers based on enterprises' credit-worthiness and prospective returns from the proposed funds 
borrowed However, sign~ficant barriers to financing energy savings investments exst  m Kazakhstan 
Essentially, a hnct~oning domestic financing market does not exist owing to 

Expensive and restrictive bank credit 
Deteriorating balance sheets of State enterprises and banks that support them 
Non-competitive product pnces on world markets adversely affecting balance of trade 
An overvalued and non-convertible (or only partially convertible) currency 

12 DOE2 Efforts to Promote Energy Conservahon and EJJiclenq, US General Accountmg Office (1992) 
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Lack of pnvatlzation in the manufactunng industry 

Thus, financing support for energy savings investments has to be undenvntten by the government which 
has, m turn, ~ t s  man  source of money fiom forelgn institut~ons in the form of grants, transfers, and loan 
forgiveness schemes Nevertheless, certaln specific policies can be helpful. and governments have 
considered some of the following pohcies and programs (Exhibit 4 7 summmzes the advantages and 
d~sadvantages of all of the financial incenbves discussed in this Sect~on ) 

Reduction or elimination of the VAT and duties on imports of energy efficiency equipment 
This will encourage the ~mportabon of much needed equlpment not found in the domestic market 

Priority access to foreign exchange for industries making energy efficiency investments 
Imporbng speciahzed energy effic~ency equipment and services has a high foreign exchange 
component Facilitating access to foreign exchange can increase access to these services and 
equlpment 

Grantsmo-Risk loans for audits and preliminary engineering studles. In order to enhance 
knowledge of the potentla1 benefits of energy efficiencv and to alleviate some of the nsk and 
uncertainty attendant w~th  first bme investments. governments can establish grants or no-nsk loans 
for prehm~nary engineenng work or audits The enterpnse would be obligated to repay the loan 
only ~f the audidengineenng work idenhfies energy efficiency opportunities 

Subsidized-interest loans Under this type of program. the government can make credit available 
to energy users for energy efficiency investments at a lower cost of capital than could be obtaned 
fiom financial inst~tutions at market rates 

Loan guarantees Financial insbtuhons may 
not be prepared to make loans to enterpnses 
for energy effic~ency investments owing to the 
perceived nsk and uncertanty of such projects 
or concern about the stability of the borrower 
A mechanism to address this problem is for 
the government to guarantee qualifying loans, 
often 80-90 percent of a loan 

Preferential export treatment for 
enterprises making energy conservation 
investments In order to provide Incentives to 
enterpnses with export earnings generahon 
potential, the Government should cons~der 
offenng preferenbal export treatment to 
enterpnses that make energy conservatlon 
improvements at their facihbes This 
preferenhal treatment can include loosening 
export quota restncbons and easing licensing 
procedures In addition, these incentives can be applied to foreign companies that establish jolnt 
ventures with local companies, if the forelgn company (and the local enterpnse) invest in 
improving the energy efficiency of the facllit~es 

Tax Incentives 
for Energy Efficiency 

* Japan allows a 7 percent tax credit on 
energy savlng investments plus a special 
depreciation allowance equivalent to 18 
percent of the acqu~sifion pnce of energy 
savlng measures. 
The Indian government affers a 25 
percent investment tax credit for 
cogeneration, depreciation over one year 
of 100 percent of capital investments in 
energy cansenration, and a reduction In 
the carporate income tax. 

Source. USAID 1987. 
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Exhibit 4.7 
FINANCIAL INCENTIVES TO PROMOTE ENERGY SAVINGS 

Source Internat~onal Resources Group, Ltd , and USAID 1987 

POLICY 

1 Reducelehm~nate VAT & import dutles 

2 Pnonty access to foreign exchange 

3 Grantslno nsk loans 

4 Subsidized interest loans 

5 Loan guarantees 

6 Energy conservahon fund 

7 Tax related incenhves 

ADYANTA GES 

Encourages importabon of equipment & 
technologies 

Increases access to ~mports  of  equtpment & 
technologies 

Small amount of government funds can result In 
significant energy and capital savlngs 
Introduces new technologles 

Credit made available at  lower cost of capital than 
from financial inshtutxons at market rates 

Projects implemented at  low cost to government 

Functions as revolving credit faclllty - ultimately 
self-financing 
Findnclal resources in fund dedicated only tor 
energy savings acbvities 

Provldes direct stimulus to discrete energy 
conservation investments 

Leaves enterprises with more capttal to Invest In 
energy savlngs activities 
Creates awareness 
Easlly implemented 

DISADVANTAGES 

- 
Reduces revenue to government 

Could crowd-out foreign exchange for other 
sectors 

In~reased admlnlstrative burden 

Actual capital cost not lowered, only financing 
cost 
Capital expenditure by government 

Does not reduce cost to borrowers, rather reduces 
nsk of lender 

Adminlstrat~ve burden 
Usually requlres ~nltlal capltal from donors 

Malnly used by enhties wlth extshng high tax 
burden and hlgher income households 



Dedicated energy conservation fund Energy Conservation Funds are used throughout the world 
providing a dedicated reserve for energy savings financlng that cannot be used for other purposes 
Typically the inltlal financlng or start-up money comes from a donor organization (bilateral. 
multilateral. or a combination) andlor from the government Supplemental fundlng can come from 
energy taxes or surcharges (for example on imports). penalties levied elsewhere in the energq 
sector (for example from failing to meet energy standards. or the minimum facility efficiency 
requirements), or from other services that the fund may offer (such as conducting energq. trammg, 
or demonstration programs) 

The fund prov~des loans to enterprises seeking financial assistance for energy conservation Investments 
The fund usually establishes an application process for the loans and the investment must meet certain 
requirements. such as investing in specific energy efficient equipment. setting a minimum amount of 
energy saved resulting from the ~nvestment. or requiring a certain payback penod Loans are made at 
interest rates below the prevailing market rates and w ~ t h  favorable repavment schemes in order to attract 
investors and provide another source of fundlng other than the commercial sector As loans are repald. 
or other funds are made available. additional loans can be made Funds can be operated and inoney loaned 
directly by the government or through financial ~ilstitutions 

The success of such dedicated funds depends on properly promoting its existence. aboiding complicated 
application procedures, conducting evaluations of project proposals in a timelv fashion. and ensurlng 
Interest rates on the loans at below market rates 

Governments have also established tax incentives to promote energy savings. providing benefits for 
enterprises maklng energy conservation Investments or for manufacturers produc~ng energ! efficiency 
equipment (See Exhibit 4 7) These incentlves can include 

Tax credits An enterpnse would be able to claim a certain of percentage of a qual~fying energy 
savings investment and reduce the enterprise's overall tax liability by this amount The percentages 
can vary according to the complexity of the investment. for example. 10 percent for process 
improvements and 25 percent for cogeneration 

Lower tax rates on corporate profits This incentive 1s appl~ed to firms implementing energy 
conservation programs 

Tax hol~days For an enterpnse implementing energy consenration projects. a certaln period of 
tlme would be granted durlng which lt would not be required to pay taxes either ail or a fixed 
percentage 

Accelerated depreciation Allow an enterpnse to accelerate the wnting-off of investments in 
energy conservat~on projects, lncludlng cogeneration, thus reducing tax liablllty 

It is important to note that tax-related incentives are only as effective as the general tax code itself Slnce 
energy conservation tax incentlves form part of the broader tau code, they will only be effectlve ~f the 
general tax code of the country is enforced In addition, the process of cla~ming the tax benefits needs to 
be user-friendly, and the overall program of tax incentives needs to be promoted and publicized so that 
potential beneficlanes are aware of the law These problems have led to the failure of these tax programs 
in many develop~ng countries In addition. tax credits tend to benefit (and thus are used to a greater 
degree) by enterprises that already have a significant tax burden 

INTERNATIONAL RESOURCES GROUP 4-20 GOVERNMENT POLICIES AND PROGRAMS 



The US evpenmented with energy conservation tau credits from 1978-1 982 The Residential Energy Tau 
Credit allowed a credit of 15 percent for up to a limit of $2.000 worth of conservation-related 
expenditures Thus, the maxmum credit that could be claimed 1% as $300 Conservation investments that 
qualified were items such as insulation. weatherstnpping. and replacement burners for furnaces There was 
also a Renewable Energy Tax Credit which allowed a tax credit of 40 percent for up to $10 000 of 
expenditures related to the use of renewable energy sources. for a maximum of $4,000 Qualifying prolects 
included solar. nind and some geothermal technologies In this penod there was also a Business Energy 
Tau Credit. allowing for a 10 percent credit for specially defined energy property and cogeneration 
equipment 

The tau credit law in the US was allowed to expire owing to several reasons which were revealed in a 
number of survevs conducted of the program 

Households and businesses that used the credits indicated that they would have made the 
Investments even without the incentive of the credits 
Man: households or businesses that would likely benefit from the incentives already made 
investments 
Many consumers and businesses did not knon about the incentives 
Many claimed that it was too much trouble to file the necessary forms 
Some stated that the amount of the credit was too small to claim 

4.2 ENERGY SAVINGS LEGISLATION AND THE TIME FACTOR 

It is important to emphasize that energy conservation legislation and policy development/implementation 
is very time-sensitive in several critical ways First, as discussed earlier most countries have learned that 
the effectiveness of energy savings legislation constantly needs to be reviewed and updated on a periodic 
basis as economic and social circumstances change over time Second, penods of high or rapidly 
escalating energy prices and/or perceived threats to a nation's energy secunty, such as energy shortages. 
generally lead to a more a c t i ~ e  penod of energy conservation legislation development and implementation 
Law-makers are more often rallied to action dunng these periods of cnsis than may otherwise be the case 
Finally there may be a lag between the tlme energy savings legislation becomes law and when actual 
savlngs are realized This will depend on several factors. primanly on the type of energy consenration 
program enacted and the effectneness of government promotion and/or enforcement of the regulations 

As an example of the relationship between time and the type of energy conservation program, note the 
diffenng implementation environment surrounding energy conservation R&D programs and a policy to 
reduce import duties on energy efficient equipment Research and development activities are long-term. 
taking time not only to implement, but also to yield results In contrast, lowering import duties is a 
relatively standard administrative task whlch. if properly promoted, can have a substant~al Immediate 
impact 

To illustrate this relationship, Evhibit 4 8 presents a selected llst of US energy savings legislation enacted 
since the early 1970s This list is not comprehensive there have been many more energy sector laws 
promulgated Those presented below are only those most relevant to energy conservation Exhibit 4 9 
illustrates the trend in US energy intensity (measured as energy consumption per dollar of Gross Domestic 
Product) in the penod 1970-1990, approximately the penod in which the pnmary US energy savlngs laws 
were enacted andlor amended There are two important revelations in these exhibits 

There was a flurry of energy conservation legislative activity d m n g  the 1970s and again in 
the late 1980s The 1973 oil embargo, the fall of the Shah in 1979 and the attendant dramatic 
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Increase in energy pnces throughout 
most of the decade prompted the US 
Government to take action to 
Intervene in the market and adopt 
policies to promote greater energy 
efficiency The crisis atmosphere 
surrounding much of the legislation 
enacted in the 1970s is particularly 
evident in the title of Public Law 96- 
102. Emergency Energy Consewatzon 
Act of 1979 The legislation enacted 
In the late 1980s and early 1990s. a 
penod of substantially lower real 
energy prices. was a result of growing 
environmental awareness and the 
perceived need to address the 
linkages between energy and 
environment 

There has been a steady declrne in 
energy zntenszty Rlsing energy pnces 
and  i n c r e a s e d  g o v e r n m e n t  
intervention in the form of energy 
conservation legislation has been 
responsible. in large part. for 
stimulating the steady decllne in 
energy intensity in the US m the 
penod 1970 to 1990 Conversely. the 
collapse of 011 prlce prices in 1985- 
1987 lessened the urgency to improve 
the efficiency of energy use. 
leglslat~ve activity dimlnlshed. and 
the pace of the decline in energy 
Intensity slowed or flattened out 

Exhib~t 4.8: Comprlation of Selected 
Energy Conservation-Related 

Legislation in the US 

Automotive Fuel Efficiency (T~tle V of the 
Motor Vehrcle Information and Cost Savings 
(Public Law 92-51 3) of 1971 
Energy Pol~cy and Conservatron Act (Publ~c 
Law 94-163) of 1975 

Energy Conservat~on and Product~on Act 
(Public Law 94-385) of 1975 

National Energy Conservation Polrcy Act 
(Public Law 95-619) of 1977 
Public Utility Regulatory Polrc~es Act of 1978 

Emergency Energy Conservation Act (Public 
Law 96-1 02) of 1979 
Low-Income Home Energy Assistance Act of 
1981 
Natronal Appliance Energy Conservatron Act 
of 1987 - Clean Air Act of 1990 
National Energy Policy Act of 1992 

Compilation of Energy Organ~zation- 
Related Legislation in the US 

Federal Energy Admrnistratron Act of 1974 
Energy Reorganization Act of 1974 

Department of Energy Organization Act 
(Publrc Law 95-91) of 1977 

Moreover, Exhibit 4 9 illustrates the lag between the time legislation is enacted and when lts impact is 
achieved Although most of the energy efficiency legislation in the US became law in the period 1971- 
1979. the sharpest decreases in energy intensity were realized in the penod 1979- 1987 The reason for this 
IS that it takes time for individuals and businesses to absorb and react to the signals sent from the 
government For businesses, incorporating energy savings legislation incentives can involve significant 
operational changes In addition, much of the legislation enacted in the 1970s was intended to stimulate 
substantial Industry and sector-wide changes whlch, by defin~tion. are achieved In the long-term 

An additional salient feature of this legislation is that each of these laws contains some sections that 
amend, repeal, supersede, or expand previous laws For example, there are sections of the Energy 
Conservatzon and Product~on Act of 1975 which are amended In the Natzonal Energy Conservation Policy 
Act of 1977 Furthermore. the Natronal Energy Polrcy Act of 1992 also amends sections of the 1977 law 
as well as the Public Utilzty Regulatory Pollczes Act of 19-8 Thus, energy conservation legislation in the 
US has been revised or amended. at differing time intervals, over the past 25 years 
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4.3 DEMAND SIDE MANAGEMENT (DSM)13 

Since the mid-1980s. electric utilities. especially 111 the US. have assumed an actite and aggressive role 
in promoting end-use efficiency among their customers These activities are broadly called demand-side 
management (DSM) programs 

DSM 1s tlze planning, ~rnplernentation, and monitorzng of utzlitv actzvitles deszgned to encourage 
consumers to mod@ their patterns of electrzczt_t, usage, zncludzng both the tzrnzng and level of electrzczty 
demand DSM 1s cost effective whenever ~t 1s less expenslve to conserve a kwh than to generate a kwh 
The economlc value is derived from the savings that result when the marginal cost of generation IS greater 
than the marginal cost of the DSM activity DSM could help utilities reduce the cost of providing 
electricity. making them more competitive. without the need to take the financial risks of large-scale 
construction programs DSM is typically categonzed as follows 

Achvltzes that lower or shrft peak load 

Direct Load Control Consumer load that can be intermpted dunng the annual s~,stem peak load 
by direct control of the utility system operator Usually invol~es residential consumers 

Interruptible Load Consumer load that is intermpted by direct control of the utilit!, system 
operator, or by the consumer at the request of the sjstem operator and ~mpleinented in 
accordance wlth previous contractual arrangements Large lolume commercial and industrlal 
consumers obtain intenuptible rates. a discount in return for the consumer's agreement to cut loads 
upon request from the utllity 

Programs that reduce energy consumphon in all penods, across all conJumer c las~e ,  

Conservat~on and other Programs Incorporates most DSM programs 

Weatherization retrofits 
Efficient budding construction 
Appliance and llghting efficiencies 
HVAC efficiencies 
Energy management services 
Electric and thermal energy storage 
Rate incentives 
Fuel substitution 
Self-generation 

The principle objectives of DSM are improved efficiency. reduced consumption. and/or reduced 
consumption in a specific time period Since utilities' costs of producing power generally differ by time 
of day and season, most DSM programs target electncity demand reductions in specific time periods. 
primarily peak penods Utilit~es can provide (a) direct installation of improved equipment and more 
efficient technologies. (b) rebates or subsidies (including zero or low interest loans for the purchase or 
installation costs of efficient technologies), and (c) information about opportunltles and benefits of uslng 

13 Thls sectlon 1s based on mformahon m Electnc Utzhtv Demand-Szde Management, US Energy Informahon 
Adrmn~stratlon Feature b c l e  (1 992) 
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electricity more efficiently. including on-site inspection of the 
customer faclllty to identify cost effective options 

Rebate programs in the US entail the utility offering the customer 
a cash incentive for the installat~on of energy efficient equipment 
or appliances For euarnple. rebates can range from $20-$100 for 
more efficient refrigerators or water heaters Flor~da Power and 
Light utillty offers from $63-$400 to households installing central 
air conditioning systems whlch meet certain energy efficienc~ 
crlteria This particular program reduced summer peak demand 
by a cumulative 63 MW m lts inltial three years" 

Another important area of DSM activities are rate incentives to 
stimulate end-use efficiency of electr~city It should be noted that 
In order for these Incentives to be implemented success full^ 
appropnate metering and instrumentation controls need to be available and installed Rate incentives can 
~ilclude 

US National Energy Pol~cy 
Act of 1992 

Section 111. "The rates allowed 
to be charged by a State- 
regulated electric utll~ty shall be 
such that the utll~ty's ~nvestment 
In energy conservation and 
other DSM measures are at 
least as profitable a s  ~ t s  
investments Ln the construction 
of new generation, transmrsslon, 
and d~str~but~on equipment " 

Inverted rates Rates that rise as consumption increases 

Discount rates Lower rates that are offered to facilities meeting certain conservation 
requirements 

Time-of-use rates Rates that are higher during the utility's pead demand hour or season 
Demand charges Charges based on a customer's highest peak demand in a billing penod 
Interruptible rates Rates that require customers to reduce their use when so requested by the 

utllity 

These rate Incentives are common in the US and most OECD countries However, many lower Income 
countries are also ~mplementing rate reforms to promote energy efficiency Time-of-use rates were 
instituted for high- and medlum voltage industrial consumers In Brazil in 1982 For euample. the tariff 
for high voltage customers dunng the peak period 1s two to five times the non-peak tanff This program 
1s est~mated to have shlfted 2.100 MW from peak to non-peak hours in the per~od 1982-1987'' 

The US regulatory system at both the state and federal levels actively promotes or requires electric utilities 
to ~ncorporate DSM programs Many states in the US have regulatory requirements mandating the 
incorporation DSM for utilities, ensuring that end-use efficiency measures receive full and equal 
consideration along with investment in full-scale construction of new generation capacity However. many 
utilities now routinely utillze DSM programs voluntmly as DSM has proven successful As Exhibit 4 10 
highlights. In 1990 in the US, the DSM activltles of electnc utilities saved approx~mately 17 bllllon kwh 
Moreoker, 25 US electric utilities spent three tlmes more money on DSM programs in 1991 than the US 
Government spent on its energy efficiency activit~es 

14 ACE' 1991 
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Exhibit 4.10 
Actual Demand-Side Management Energy Savings 

for Electric Utilities, 1990 

Energy Savings (Million kwh) 

Investor-Owned Publicly Owned Cooperative Federal 
- - - - - . . . . - -- . .. --- - - 

Energy Savings 
TOM Enerf;~ Samgs 

- - -. - - - - . -- - 
17,029 Million kWh 

-- - - 

Source- US Department of Energy 



4.4 RECOMMENDATIONS FOR KAZAKHSTAN 

The precedmg analysis reveals that there are many different types of energy savings programs available 
to governments However, not all of the mechanisms discussed are appropnate for every country selechng 
the most swtable energy conservation pohcies depends on the unique context of a particular country The 
energy sector in Kazakhstan is charactenzed by five fundamental problems which any energy savings 
legislahon implemented by the Government must address 

Low/subsidized pnces 
High energy intensity 
Inefficient technology 
Inadequate access to capital 

fl Weak insbtubonal and legslabve framework 
Weak energy conservabon "ethic" 

Furthermore, Kazakhstan is confronted with a severe economic cnsis whch has dramatically limited the 
Government's financial capacity to address cnbcal problems in the energy sector Thus, in order to achieve 
the greatest impact, Kazakhstan's energy efficiency program must yleld immediate energy savrngs 
(preferably within 3 years), and be relabvely low cost and of a limted admmistrahve burden to the 
Government to implement In sum, the Government should develop energy savings legislation which can 
be implemented in a timely, effective, and cost-beneficial manner. 

Despite h s  focus on programs that address short-term needs and low cost measures, the Government of 
Kazakhstan should not ehminate considerahon of longer-tern or more costly acbvihes These types of 
programs have the benefit of providing consistent, long-term signals promobng energy conservation even 
in bmes of low energy pnces Most governments have learned that the effechveness of many energy 
savlngs programs are closely related to the energy pnce environment generally, energy conservabon 
pnonbes dimnish as energy pnces dechne and businesses and households are less inchned to take 
advantage of government-sponsored incenbves for investmg in energy savings achvibes For example, tax 
incenbves are more likely to be effecbve in penods of hgh  energy pnces, and interest in utdizing their 
advantages wane in penods of pnce dechnes On the other hand, estabhshing stncter mnimum efficiency 
codes in the res~denbal and commercial bddings sector and provlding fundlng for R&D of more efficient 
technologies provide a consistent sbmulus for energy savlngs and long-term insulahon aganst energy pnce 
fluctuabons 

The tradition of central planning in Kazakhstan is another charactensbc whch should be taken into 
conslderabon when developing appropnate energy savings legslabon The Government will hkely be well 
swted to implement and admnister those programs that requlre substanbal oversight, such as mandatory 
efficiency regulations However, the Government should be aware that the countries with the most success 
in improwng energy efficiency (especially in reducing energy intensity and consumphon levels) are those 
that have a rmxed inshtuixonal structure Eventually, Kazakhstan should move toward the promotion and 
development of organizations and achvihes that comphment Government programs As discussed, this 
~nvolves the pmcipabon of the pnvate sector, umversibes, independent or non-profit centers, state-run 
or private research insbtutions, and many others 

In the long-term, Kazakhstan should move toward more cooperahve programs with pnvate industry and 
manufacturers As rllscussed above, the OECD governments, facing their own budget constrants, are 
pkswng more voluntary and cooperabve arrangements wlth pnvate industry, ubhbes and others in order 
to leverage increasingly scarce government funds 
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Exhibit 4.1 1 
ENERGY SAVINGS LEGISLATION: PRIORITY RECOMMENDATIONS FOR KAZAKHSTAN(") 

Source IRG, Ltd 

I 
PoIicyfPragrant 

- 
1. Energy Management Regulations 

2 Infomahon & Educahon Programs 
- Brochures 
- Publlc~ty campagns 
- Tra~lmg and seminars 
- Audlts 
- Demonstrahon 

3 Muurnurn Energy Efficiency Standards 
- Bulldings 
- Transportatton 

4. Finannal Incenhves 
- Energy savlngs fund 
- Tax programs 
- Pnonty access to forelgn exchange 
- Reduce VAT & lmport duhes 

5 Inshtuhon B d h g  
- Energy Conservaaon Department wlth~n 

Exlstlng Minlstry 
- Energy Conservation Agency 

Notes a) Other programs may be developed, some at a later stage These represent pnonty recommendahons for immediate incorporat~on into the NPES 
b) The burden to the Government is based on a survey of country expenence worldwide, exishng capabllit~es of the Government, and relafive to all the programs considered 
c) Eshmahons are based on a survey of country expenence worldwide, short-term = 0-3 years, medium-term = 3-5 years, and long-term = greater than 5 years 

2 
Problem Addressed 

K g h  Energy Intenssty 
Weak energy conservation 
ethic 

Weak energy conservabon 
ethlc 

High energy Intensity 
Inefficient technology 

Inadequate access to capltal 
Inefficient technology 

Inadequate organizahonal 
structure 
Weak legislation 

3 
CrtsffAdmin Burden 

to Go~~nunent!' 

Hlgh 

H ~ g h  

Low 
Low 

Med-hlgh 
Low 
Low 

Low 

Low 

Medlum-hlgh 

4 
The Frame to 

Achieve Impact' 

Short-term 

Long-term 

Medium-term 
Short-medlum 

Medium 
Short-term 
Short-term 

Short-term 

Short-term 

Medium-term 

5 
hplementation Environment. 

Effectwe at early stages of energy savlngs 
achvlties 
Easler to implement ln economy wlth central 
control tradlhon 
Must be enforceable and guard against abuses 

Impact difficult t o  measure 
Must be part of broader program 
Usually introduced ln penod of lnihal pnce 
increases 

Provlde long-term signals 
Easy to adapt to reglonal condihons 

Tax incenhves must be well-integrated with 
general tax code and frequently revlewed 
All financial lncenhves need to be publicized 
Effechve at targeting speclfic groups, e g 
mdustnal sector 
Must be strongly coordinated w~th  Mlnlstry of 
Finance policy - Necessary to establish strong mshtutions wlth 
clear responsibil~hes 
Authonty must be  cod~fied in law 
Strong, high profile leadership requ~red 



Like all governments worldwide that have estabhshed energy savings legislation, Kazakhstan wlll have 
to proceed in stages Inihally, the programs developed will have to address the immediate problems 
confkonmg the energy sector dmng this transihonal economic phase and take into considerahon the other 
charactenshcs descnbed above Gradually, however, as economc reform progresses the Government can 
refine that leg~slabon, ehrmnate some activihes, and implement additional programs as the energy sector 
and economc circumstances change This is parhcularly important for Kazakhstan the ultmate goal of 
the reform process is to develop a free market and a pnvate sector which promote energy efficiency, 
obviating the need for specific Government-sponsored energy efficiency legislahon 

The Recommendahons below begin with some general conclusions based on 20 years of experience 

around the world, there are a core of key ingredients which most governments have found necessary for 
the successful implementahon of energy savings policy This is followed by specific pnonty 
recommendations for the Government of Kazakhstan to include in its National Program for Energy 
Savings which address the unique problems descnbed above Exhlbit 4 11 highlights the pnonty 
recommendahons for the Government 

4.5 GENERAL RECOMMENDATIONS 

Develop high level and sustained government commitment and leadership 

Most countries have learned that a comrmtment at the highest levels of government is necessary not only 
to develop policies and legal regulahons, but also to implement and enforce legislation once in place 
Leadership by example is crucial to influence or change the behavior of in&viduals and companies to 
realize the benefits of energy conservahon and the importance and value of energy in general 

Establish energy as a high priority at all relevant Government entities 

Government leadership and c o m m e n t  must be demonstrated at all levels of the government, and in all 
organizahons whch have responsibilities for the development, implementation and administration of 
energy savlngs legislation Since energy conservahon policies span an array of disciphnes, such as 
technical, financial, orgamzational, legal, and social, ~t is necessary to ensure that the vanous agencies with 
implementation and oversight responsibilihes share a common and vlgorous commitment to the success 
of the overall pohcy 

Delineate clear institutional responsibilities 

Closely linked to the above, is the need to state clearly in legislabon which government enhhes will have 
responsibhty and authority for specific energy conservahon achvihes and to estabhsh clear lines of 
reportmg This is requred to ensure effectxve coordmahon of policy implementahon, avoid overlap and 
duplicabon of efforts, and to acheve a level of centrahzabon If a new government energy conservatxon 
enhty 1s to be estabhshed, its charter and responsibfihes must be enshrined in legslahon 

Implement energy savings programs and regulations comprehenszvely 

Since energy savings policies and achvibes attempt to affect the way in which indmduals, households, 
and businesses use energy, legslahon must be comprehensive and complementary in order to achieve the 
greatest impact 
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Conduct information und education activities 

In the aftermath of nsing energy pnces in the 1970s, the governments of the Western industnalized 
countnes developed mformahon outreach and dssemnahon achvlhes to educate consumers and businesses 
on the need for, and benefits of, energy savings These programs conhnue to form an important part of 
government-sponsored energy savlngs programs 

Evaluate periodically the effectiveness of energy savings legislation. 

Nahonal economic circumstances and policy priorities change over tune, necessitating the reevaluation of 
the effechveness and desirab&ty of programs in place Governments have found that legislahon needs to 
be revised, updated, strengthened, or e h a t e d  to reflect changing circumstances 

4.6 PRIORITY RECOMMENDATIONS 

This section presents 7 pnonty recommendations to the Government of Kazakhstan for incorporation into 
the National Program for Energy Savlngs Although many programs were reviewed in this Chapter and 
the Government may certanly develop and implement others for the NPES, the following are this report's 
pnonty achons that the Government should consider Exhibit 4 1 1 summmzes these recommendahons and 
provides a visual framework and qwck reference for analyzing how these recommendations were 
determined First, each recommendabon (Column No 1) addresses at least one of the principal problems 
or obstacles which confront the Government in achieving energy savlngs (Column No 2) Column No 
3 of Exhibit 4 11 estmates the burden to the Government of implemenhng the proposed pohcy, measured 
in terms of financial cost and administrahve complexity This burden is assessed based on a survey of 
other countnes experience around the world, and the exlshng human resource capabilities of the 
Government Column No 4 evaluates the length of hme it will take the pollcy to achieve an energy 
savings impact This measure is arrived at pmanly by evaluahng the experience of other countnes, as 
well as reviewing the admnlstrabve complexity of implemenhng the program Finally, Column No 5 
provides several key factors andlor charactenshcs surroundmg the implementahon of the 
policies/programs 

I .  Strengthen or establish energy efficiency standards for residenhal and commerctal buzldings 
and the transport sector. 

As discussed, residenhal and commercial buildmgs standards can achieve sigmficant energy savings One 
of the most severe energy problems m Kazakhstan is the lack of energy metenng few residences 
(apartment burldings) or commercial estabhshments such as schools, hospitals or hotels have the 
instrumentahon requred to control and momtor heat, gas or electncity usage For example, individual 
apartments do not have thermostats customers are charged a fixed rate based on the area to be heated 
rather than the amount used 

The Government should consider strengthening exlshng codes or developing new mmmum efficiency 
standards, specifically 

Mandating that all new residenhal and commercial buddings are equlpped with metenng and other 
control instrumentat~on (for monitonng heat, electncity, and gas usage) 
Setting penalties for fading to meet mmum standards 
Stncter buildmg construchon codes (more efficient materials) 
Reqmng installahon of high efficiency heating, AC and ventdabon systems 
Mandahng higher levels and better quality of insulabon 
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Requinng minimum thermal efficiency levels for windows 
Requiring the gradual efficiency improvement of exlsting structures (through installation of 
metenng and other control instrumentation for monitonng heat. electncity. and gas usage 

In the transportation sector, the Government should consider developing the following initiatives 
immediately as part of the NPES to improve efficiency 

High vehicle purchase taxes, based on engine size or horsepower 
* Higher vehicle import duties, especially for larger engine sized cars 

High annual ownership, licensing. and registration taxes 
Higher gasoline taxes 
Stncter speed limits (and enforcement) 

In the long-term, the Government should develop fuel specification standards, vehicle emissions standards. 
and a range of other programs that are premature at this stage (see Annex C) 

Developing standards for appliances should be undertaken by the Government in the future. but this 
process wlll take tlme and should be planned in subsequent revisions of the NPES 

2. Reduce VAT and import dutzes on energy efficient equzpment. 

Kazakhstan needs to improve/change the capital stock of exlsting equipment in industnal facilities, power 
companies, distnct heating plants. and buildings This will require access to foreign technology and 
equipment One mechanism to increase access to more efficient foreign technology is to reduce the import 
duties on a broad array of energy efficient equipment, making it more financially attractive to companies 

which want to make energy conservation investments This has been effective in some developing 
countnes Kazakhstan should delineate a list of specific equipment and technologies that qualify, creating 
different duty categones with more sophisticated items receiving the lower duties This incentive will be 
most applicable dunng the initial economic transition phase since energy is one of the most important 
economic sectors m the economy and in the near-term will be the engine generating foreign exchange, 
attrachng foreign investment, and Integrating the country into the global economy However. this incentive 
mechanism should not be used for an extended penod once the free market and the pnvate sector actively 
begin to uhlize such efficient equipment routinely 

3. Establish b-y legislatzon the Government's role in energy conservation activities. 

The energy savings legislation developed by Kazakhstan should consider establishing a two-tired 
organizational framework, with a possible structure as specified below (see also Exhibit 4 12) 

a) An exutzng Mlnzstry to be granted the authorzty for developing nafional energy pohcy An Energy 
Conservation Department (ECD) should be established within the Ministry of Economy, specifically 
to address energy savings issues This ECD will develop broad policy gmdelines. set goals, and 
establish a plan (with timetables) for achieving objeckves The Chief of the ECD should report 
directly to a Deputy Minister to elevate the importance of energy efficiency activities within the 
government The Deputy Minister should have direct access to the Minister and ultimately to the 
Council of Ministers 
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Exhibit 4.1 2 
PROPOSED ORGANIZATIONAL STRUCTURE FOR ENERGY SAVINGS 

ACTIVITIES IN KAZAKHSTAN 
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The ECD has responsibility for planning, developing policy. and establishing energy savings programs 
to meet the goals and achieve the policy it sets broad guidelines, then establishes specific programs This 
entity does not have implementation responsibility Since energy savings activities will span many 
economic subsectors. the Ministry of Economy is well-smted to coordinate energy conservation activities 
and policies Furthermore. ~t does not have vested interests in the energy sector. nor is it a supply-onented 
or technical/operational organizabon These charactenstics make the Ministry of Economy the best eushng 
government body to undertake the responsibility for coordinating national energy savings policy 

Although the ECD of the Ministry of Economy should be the pnnciple group within the Government 
responsible for energy conservation policy-making, it should establish clear linkages with other Ministries 
and research institutes which will have input into the development of energy conservation policy The 
ECD should actively collaborate and consult with other Government organizations in the process of 
conducting its activities Other relevant Ministnes, such as the Ministnes of Industry and Trade, Energy 
and Coal, Science and New Technology, and Housing and Construction should also establish small 
Departments of Energy Conservation which would serve as the in-house expertise on national energy 
savings matters in their respective economlc subsectors. as well as the contact point for the ECD 
However, it is vital that these other Government agencies recognize that the ECD is the final authority 
on developing policy and setting broad guidelines 

Research institutes in Kazakhstan also have a cntical role to play in concert with the ECD These entities 
should be utilized by the Government in developing and refining new and stncter standards in the 
industrial, commercial and residential, and transportation sectors, as well as undertaking research and 
development (R&D) on energy efficient technologies Although policy will be decided in the ECD. the 
expertise of the var~ous inst~tutes should be consulted in the areas of R&D and standards development to 
ach~eve broader energy savings goals Finally, an important role of the ECD will be to work with regional 
and local governments in developing appropnate policies 

The ECD in the Ministry of Economy would be responsible for the following types of activit~es (this list 
is not comprehensive, but rather an example of responsibilities) 

Prepare a National Energy Savings Strategy or Plan 

Work with the power generation and distnct heating companies to identify conservation and 
demand-side management (DSM) programs (eg off-peak electncity tanff pncing incentives, load 
management schemes) which encourage the companies to promote energy conservation among thelr 
consumers, have the greatest potential to reduce energy intensity and consumption, and that are 
economically and technically feasible Establish pnonties and allocation of resources 

Develop demand forecasts and periodically review nahonal energy demand in the residenhal, 
commercial and ~ndustnal sectors to identify short-term and long-term trends in consumption 
patterns 

Maintain an awareness of conservation technology belng developed in the world of particular use 
in Kazakhstan, e g cogeneration technologies, advanced lighhng and rehgeration technology, 
automotive standards. etc 

Monitor conservation programs (once established) to determine the degree to which they have 
achieved the results expected and if not, why not? 
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Identify what component of total electricity production can be met through co-generation (peak 
load supplements, stand-by capacity, etc ), and tanffs that will be required to make cogeneration 
economically feasible to large-scale industry 

Coordinate with the Ministry of Transportation in developing long-term program (non-fuel based) 
for reducing mobile source emissions (1 e car and truck) 

a Work with other government entities and research institutes to identify renewable energy (e g 
wind, solar) programs that have the highest probability for successful application in Kazakhstan 
and that are economically and technically feasible 

Coordinate activities with the Energy Savings Fund 

In order to conduct these and other activities, the ECD will require staff capabilities in vmous disciplines 

Energy Conservation Department: Disc~plines Requlred 

Educatzon a1 Background Skills Required 

Finance 
Economics 

Investment requirements analysis, payback analysis. market analysis 
Project feasibility analysis. statistics. pncing 

Engineenngl Indusmal, electncal, mechanical, transportation, process auditing and 
engineenng, DSM, environmental auditing, cogeneration, state-of-the-art 
combustion equipment 

b) A separate Energy Consewatzon Agency to be establzshed to rmplement the natzonal energy savrngs 
programs This Agency would report to the ECD in the Ministry of Economy since the Agency 1s 
to implement the policies and programs developed by this Ministry and since it will receive funding 
from the Government However, the Agency should operate on a daily basis relatively independently 
of the ECD A senior individual commanding respect within the energy sector should be appointed 
Executive Director of the Agency The Agency will be governed by a Council composed of 
representatives from vanous government organizations. research institutes, and pnvate enterprises 

The Agency would carry out the Government's energy savings objectives and programs These activities 
will, of course, depend on the policies to be included In the Natzonal Program for Energy Savzngs, 
however, a sample list of activities is provided below 

Training programs 
Audihng 
Demonstration projects 
Assist in developing energy efficiency standards and labeling 
Informahon, education and publicity programs 
Market surveys of potential for energy savings in vanous sectors 

16 Although the Muustry of Economy should have personnel w t h  these englneenng slulls, it IS mportant to emphasize that 
t h s  Muustry will not have mplementahon or operational responsibllihes regardmg energy savmgs ackvikes Rather, it wlll 
be a policy-malung and coordmahon body 
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Policy and legislation input to the Government (pnncipally to the ECD but also to other Ministries 
as needed) 
Working with regional and local (municipal) governments 
Promoting the development and assisting in the formation of Energy Service Companies (ESCOs) 
and joint manufactunng ventures 

This Agency will inihdly be funded by the Government and/or international donors but ultimately could 
become self-financing This could be ach~eved by eventually allowing the Agency to charge for the 
services it offers (for example, technology demonstrations, audits. trainmg seminars) thus reducing the 
hnding burden on the Government The Korean Energy Management Corporation operates in this fashion 
However, the Kazakh Energy Conservation Agency should not have the responsibility of operating and 
adminlstenng a Fund 

The Energy Conservation Agency should assume a leading role in promoting the development of pnvate 
sector activity in energy efficiency Specifically, the Agency can assist domestic and foreign pnvate firms 
in their efforts to establish joint ventures by providing market information, advice on government 
regulations. and facilitating the application process to obta~n financing from the Energy Savings Fund 
This assistance also can be provided to ESCOs. which carry out energy effic~ency services such as plant 
audits or technology demonstrations in exchange for compensation based on a percentage of the energy 
saved as a result of these services (Performance contracting and ESCOs are discussed more in depth in 
Chapter 5) 

While the Ministry of Economy will coordinate national energy savings policy with local and regional 
governments, the Agency should be granted the authonty to operate Regional Energy Efficiency Advisory 
Offices designed to implement energy conservation programs and activities country-wide (e g on-site 
audits, presentations made to industry groups, and targeted wntten matenals and other information) These 
Offices will work with consumers, retail enterpnses, and industry to promote energy saving awareness 
and, through public information campaigns, stress conservation through savings and the use of more 
energy efficient machines, appliances, insulation, off-peak production. etc 

In order to ensure effectlve coordination in the formulation of energy savings policy. the Government 
should establish an Energy Conservation Advisory Group This Group would be directed by the Deputy 
Minister who oversees energy savings activities in the Ministry of Economy, and consist of the Energy 
Conservation Department Chiefs from the relevant line rninistnes In addikon, the Group's representabon 
should include the Executive Directors of the Energy Conservation Agency and Energy Conservahon 
Fund The Group is to be responsible for integrating technical input from the llne ministnes and to oversee 
the activities of the Agency and Fund This latter role is not to be implemented on a day-to-day basis, but 
rather to monitor periodically these entihes' programs to guarantee that they are commensurate wlth broad, 
nabonal policy and goals, as well as to ensure that they are enacted effic~ently 

The European Commun~ty is currently sponsonng the Kazakhstan-EC Energy Centre. based In Almaty 
The Centre was opened in 1994 and is equipped w ~ t h  a modem range of energy measunng instruments 
and a technical library Local experts have been recruited to staff the Centre, which will focus on activibes 
in training, statistics, information dissemination and audits/surveys The Kazakh government should assess 
the mission, current roles, and effectiveness of this Centre to ensure that the Agency will not duplicate 
its activ~ties If it is determined that each organizahon can provide complimentary activities, then the 
benefits of expanding/fostenng this zndependent, energy efficiency Kazakhstan-EC Centre center, to 
operate simllar to those that have been developed in Poland, the Czech Republic, and Russia, should be 
considered These centers have been established with international donor funds and are staffed by local 
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engineers. economists, and scienbsts The Centers are designed to become financially self-sufficient over 
time from revenues generated from services they provide 

An independent center would operate separately from the Energy Conservation Agency and the Ministry 
of Economy An independent center would offer a non-government alternative to energy conservation 
programs Broadly, this center could carry out some of the following functions which supplement and/or 
compliment Government acbvmes 

Prov~de h ~ g h  level policy support to the Government 
Trsllning and demonstrabon 
Public education 
Assisting firms in financial arrangements 
Assisting in JV development 
Conducting market analyses for energy conservahon in vanous sectors 
Assisting in the development of standards (especially for residential appliances) 

4 Establish voluntary energv efficienqv targets and regulations for large energv consuming 
facilities and power and district heating companies. 

The Government should consider establishing certain voluntary targets for facilities whose energy 
consumption is above a fixed threshold In order to alleviate the high energy intensity and wasteful 
consumption practices of enterpnses in the industnal sector, the government should propose that these 
facilities voluntmly 

Set energy eflciency and consumptron targets and perlodrcally report progress to the government 
(e g once per year, or every two years) 
Periodically conduct a complete a complete energy audlt (inihally, once every two years) 
Develop an energy consewatron plan for the plant 

Because this type of energy efficiency program can become burdensome not only for the Government to 
operate. but also for the industries regulated. ~t should be implemented inihally on a voluntary basis, 
especially d w n g  the difficult economic transition penod The Government of Kazakhstan should review 
these efforts carefully and frequently after implementation As discussed, enterpnses will, over time, 
routinely incorporate many of the regulahons established by the Government, thus making the program 
unnecessary 

Preliminary DSM Requirements It is too soon for the Government to consider mandating most of the 
DSM activities common in the US, such as rebate or information programs, and rate incentives These 
sophisticated efforts require technical and informational links between the consumer and the supplier of 
energy that currently do not exlst The first step in developing DSM activities, therefore, is improving the 
technical monitonng and control of supplyrng and consuming energy, which will provide information on 
energy use both to the utility and the consumer Once this 1s established, specific and appropnate 
mechanisms can be implemented 

Thus, in the inibal energy savings legislation drafted by the Government, special consideration should be 
given to the energy supply companies, particularly power and dlstnct heating, to incorporate requirements 
for the incremental upgrade and mstallahon of controls and instrumentation Although this requirement 
will apply to production and delivery facilities, regulations should also focus on end-use This latter 
requirement will compliment Recommendatlon # 1, which emphasizes increasing the energy efficiency of 
the residential and commercial bulldings sector 
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The benefits of such a program will yield immediate and significant benefits For example, a residential 
energy efficiency demonstrahon project in Poland involved the installation of controls (such as regulated 
heat exchangers and thermostats) and weathenzahon (such as weather stripping of windows and doors. 
insulation. and window caulking) at a block of apartment bmldings Preliminary results have yielded 
energy savings of over 20 percent What is most interesting about these results. is that the cost of the 
controls and weathenzation is about commensurate with the annual per apartment subsidy the government 
was spending to prov~de distnct heat m 1992-1993 

Thus, the Government should conslder establishing a program wh~ch requires the energy supply utilities 
to incrementally improve energy metenng at the production and end-use levels Indeed, owing to the 
positive cost-benefit results of the program in Poland, the Government of Kazakhstan should consider 
providing financial assistance to the utilities to undertake such a program initially 

5. Establish a dedicated energy conservatzon fund 

The fund should operate by providing loans for energy conservation projects and investments. and initially 
should be focussed on the industnal sector The success of such dedicated funds depends on properly 
promoting its existence. avoiding complicated application procedures, conducting evaluations of project 
proposals in a timely fashion, and providing loans at interest rates which recover the fund's cost of money 
and administrative expenses The Government should begin discussions with donor agencies. such as the 
IBRD and EBRD. on their programs and resources to finance such funds Additional financing for the 
fund could be furnished by fines or end-use energy taxes 

The Fund will provide loans to enterpnses seeking to make energy conservation improvement investments 
The Fund should establish an application process and specific cntena for obtaining financing At a 
minimum these critena should include (a) demonstrated energy savings estimates above a minimum 
threshold as a result of the investment, and (b) an estimated short-term payback penod. i e , 1-3 years 

Overall day-to-day control of the Fund should be provided by a Board composed of representat~ves 
primmly from the Ministnes of Finance and Economy, as well as selected financial institutions such as 
the National Bank of Kazakhstan and the newly-created National Development Bank As discussed. broad 
oversight of the Fund will be provided by the Energy Conservation Advisory Group, but the Board will 
ulhmately report to whichever organization it is attached, e g the National Development Bank As 
discussed in Chapter 5, several countnes manage similar funds through a national bank (Also, see Annex 
E for a discussion of the Russian Energy Savings Fund) 

The fund will be particularly effective dunng the first phases of the economic transition when access to 
pnvate sector financing wlll be especially limited However, once the pnvate sector emerges to provide 
financing for simrlar investments, the utility of the fund will be diminished Thus, the Government should 
closely and penodically monitor the need to continue the operation of the fund 

It should be noted that potentla1 pnvate sector financing includes funding programs implemented by 
utilities and ESCOs For example, power or distnct heatlng utilities can loan money to customers to assist 
in implementing energy conservation investments (such as installation of new efficient technologies) wlth 
customer repayment incorporated as part of the penodic utility bill 
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6 Establish tax incentzves as part of the general tax code. 

Dunng the country's initial penod of economic transition. the Government should establish tax incentives 
for enterpnses making energy conservabon investments or for manufacturers producing energy efficiency 
equipment These incentives can include 

Tax credits An enterpnse would be able to clam a certmn percentage of a qualifving energy savings 
investment and reduce the enterprise's overall tax liability by this amount The percentages should 
vary according to the complexity of the investment. for example, 10 percent for process 
improvements and 25 percent for cogeneration 

Lower taxes on corporate profits This incentive is applied to firms implementing energy 
conservation programs 

Tax holtdavs For an enterpnse implementing energy conservation projects. a certain penod of time 
would be granted dunng which it would not be required to pay taxes. either all or a fixed percentage 

Accelerated depreczatzon Allow an enterpnse to accelerate the wntmg-off of investments in energy 
conservation projects, including cogeneration, thus reducing tax liability 

This type of incentive should be considered owing to the cntical importance of the energy sector as the 
engine for future economic growth However. the government of Kazakhstan should only consider these 
tax incentwes as part of the initial energy savings legislation of the country and then periodically review 
the effectiveness of the program to judge if it should contrnue or what changes could be made 

Z Grant priorztv access to foreign exchange for energq, conservation investments. 

Allowing enterpnses easier access to foreign exchange, or loosening foreign exchange controls, will 
provide greater ability to obtain imported foreign energy efficiency equipment The Government should 
consider relaxing the controls and regulations associated with transactions in foreign exchange for those 
enterpnses maklng energy savings investments 
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Chapter 5 
FUNDING OPTIONS 

5 1 POTENTIAL SOURCES 

There are several potenhal sources, including domestic markets, foreign investors and donor agencies and 
multilateral financial institutions The domestic market will be quite limited over the medium term. with 
the exception of Government funding The development of a pnvate market for medium term and long 
term capital will take several years Bank financing will be limited to short term loans The internal funds 
of public and pnvate enterprises will be constrained until the economy begins to grow agan 
Consequently, the pnmary sources of fundlng for energy efficiency investments over the next few years 
will have to be from the Government budget, donor agencies or financial instituhons. and perhaps foreign 
funding backed by the Government in the short term' or some combination of these primary sources 

There are many donor agencies in many of the OECD countnes and multilateral financial institutions 
which administer vanous programs and initiatives supporting energy savings Some of these include the 
United States Agency for International Development (USAID), European Bank for Reconstruction and 
Development (EBRD), and the World Bank In October 1994, the EBRD established a special unit to 
focus on projects promoting energy efficiency in the former Soviet Union The new unit is headed by an 
executive with wide expenence in managing energy savings in the transport and power sectors Since 1979 
the World Bank has funded more than forty projects devoted to energy efficiency Many of these projects 
have inshtuted technical changes, rehabilitated power and industnal facilities, promoted conservation 
measures in all sectors, and promoted demand side management A majonty of these projects have also 
helped to establish or strengthen energy efficiency/savings institutions and economic and financial 
infrastructure Annex M describes the Russian Gas Distnbution Rehabilitation and Energy Efficiency 
Project (RGDREEP), one of the current World Bank energy efficiency projects 

5.2 ENERGY SAVINGS FUNDS 

5.2.1 Examples 

Financing support for energy savings investments in Kazakhstan over the next several years must be 
underwritten by the govemment, whose main source of money is from foreign institutions. in the form 
of grants, transfers and loan forgiveness schemes Examples of some of the fund mechanisms utilized to 
promote energy savings investments in other countnes are descnbed below 

Hungary Industrial Conservation Loan Program National Bank of Hungary provides funds to 
commercial banks for a 12-year loan penod with a 2-3 year moratonum before payments begin 
Commercial banks provide loans on the same terms to industnal borrowers Each commercial bank 
provides its own financial review of loan applications The program involves about $60 milllon in foreign 
exchange Using loan funds, companies can purchase imported equipment only for energy efficiency 
improvements The program is World Bank financed 

1 Foreign ~nvestors will requre Government guarantees untrl the overall econonuc and buslness envronrnent Improves Key 
signposts the foreigners wlll nook for Include a stable government, expandmg economy, sound legal structure and 
enforcement, non-onerous fiscal structure, and convemble currency and access to forelgn exchange markets 
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Hungary Central Environmental Protection Fund Despite its name. the CEPF's charter states that funds 
can be used to support a project that "results in the saving of matenal and energy " Each year the fund 
collects approximately HUF 2 4 billion ($21 8 million) from gas taxes, voluntary payments from multi- 
lateral institutions, and a vanety of user fees and fines for pollution Application of funds are through a) 
grants (75%), b) loan guarantees up to 70% of the value of the credit (10%). c) and the balance on 
expenses and a vanety of other public educational activities Total support cannot exceed 60 percent of 
the total estimated project cost, and within this overall limitation. grants cannot exceed 30 percent of 
estimated project costs Loans can be arranged as 

Interest free for a two year grace penod with repayment commencing from the complet~on 
of the project and taking one to five years. or 
a soft loan with the same terms as in a) above. except that interest will be subsidized from 
60-120 % of the Central Bank base rate. or 
longer term loans of from 5-15 years may be granted in cases having national significance 

German Coal Fund of the Hungarzan Credzt Bank Bank lends money at a rate of 50% of the floating 
rate charged by the Hungman Central Bank (30% as of Sept 1994). plus a 3 5% spread. The maximum 
lending limit is HUF 50 million ($454,000), ad the Bank w11l allow a 85/15 debt equity ratio Money can 
be lent for a maxlmum of 8 years on a term loan basis. with a two year grace penod A one-half percent 
commitment/facility fee is charged To qualifv, a prospective borrower needs to demonstrate to the Bank 
that its project would save 500 gigajoules per each HUF 1 million lent, and that at least one half of the 
funds' applicahon will be employed in pursmt of energy savings As a matter of preference, the Bank will 
request three year audited financials, and wants 200% asset coverage Over the last two years, the Bank 
has lent out HUF 1 7 billion ($15 5 million) under this credit facility 

The most significant aspect of the lending cntena is that the savings have to be demonstrated in the form 
of lower energy usage There is no concession made to the notion of increased production efficiency as 
measured by the cost of inputs per unit divided by unit revenue 

Poland's National Agency for Energy conservation Agency operates nationwide as a joint stock 
company with the State as a shareholder the Agency is owned by the Polish Industrial Agency, the 
National Economy Bank, and the Nahonal Fund for Environmental Protection (all in turn are owned by 
the Polish Treasury) It will have an expected budget of $75 million and be able to borrow in its own 
name. while carrying the nsk equivalent of a Government of Poland obligation The Agency will work 
in elaboration and supervision of an energy conservation program, information/education/training, 
standards, promotion of manufactunng and use of energy saving appliances, energy audlts in industrial 
facilities, demo projects 

The Agency's agenda also includes the collection of funds from domestic and foreign sources for the 
support of investment connected with the "rationalization of energy consumption" and the "construction 
of financial support system for effective energy consumption " 

The Agency wlll be able to provlde financing to energy conservation projects at subsidized rates of 
interest running from 20% to 70% of the then prevailing National Bank of Poland refinancing rate 

The Agency w ~ l l  not function as a profit making enterpnse, and thus the director has indicated he will 
only initially support projects with a payback of less than 1 5 years 

Poland's National Fund for Environmental Protection This is a government-owned financial institution 
which will fund energy efficiency projects It currently offers loans with subsidized interest rates (20%- 

~~~~~ -- - -- 
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80% of the NBP refinancing rate), extended grace penods and advantageous repayment schedules The 
current budget call for some $255 million to be provided as loans in 1994 The fund may provide up to 
50% of the total value of a project Financial operations of the fund are carned out for the most part 
through the ECO-Bank The Fund does hold shares directly in companies working in the environmental 
area Working with the fund are a host of regional organizations There are 49 Provincial Environmental 
Funds which accounted for 31% of the monies that went into the 1992 environmental protection 
expenditures of the country vs 27% from the National Fund (another 10% came from local governments) 

Polish Development Bank The Polish Development Bank was established m 1991 as a "wholesale" bank 
basically to channel medium and long term funds through other banks operahng in Poland (including 
foreign subsidiaries) to finance investments One of the strategic goals of the Bank is its role to provide 
financing, construct financing schemes and lending procedures for projects undertaken in the field of 
energy saving and environmental protection The PDB will act as fund manager distr~buting loans through 
a network of retail banks 

Reasonable lending procedures should consist of two steps 1) a general credit evaluation of the potential 
borrower. performed by the bank and 11) provided the prospective borrower is found credit-worthy, 
assessment of energy savings potentials by an energy consultant. followed by lending towards those 
savings investments which are financially feasible under reasonable assumptions about fbture energy price 
developments 

Korea's Energy Management Corporation (KEMCO) Established by the National Assembly in 1980, 
KEMCO currently employs 600 staff with a budget of about $20 million The corporation is entirely 
government-owned, but receives only 30 percent of its budget from the national government The 
remainder is provided by revenues from its services to res~dential. commercial, and industrial customers 
Portfolio includes energy audits, promotion of cogeneration and distnct heating projects. support of energy 
conservation R&D, provision of general information, education, and outreach programs, inspection and 
approval of energy using equipment, promotion and utilization of new and renewable energy sources 
KEMCO also provides financial assistance from monies in the dedicated National Energy Rationalization 
Fund (generated from taxes on imported energy) 

Brazil's Natlonal Development Bank The National Development Bank started a financing program for 
conservation projects by industrial, commercial, and public sector enterpnses in 1986 The real interest 
rate (after inflabon) was 6-8 S%/year, considerably less than market interest rates However, there was 
little promotion of the program, complicated application procedures, substantial delays in evaluating 
project proposals. and low electricity pnces d u n g  much of this penod As result. few loans were made 

India's National Development Banks India has several different programs offered by its national 
development banks These programs generally combine subsidized energy audits (provided by pnvate 
engineenng firms) wlth concessional rate loans (interest rates generally range from 1-4 points below 
conventional development bank rates) As of March 1990. the largest of the three programs had provided 
financing for 122 energy audits and had committed approximately $13 million in loans for energy saving 
equipment In 1991, India's development banks will start a $750 million energy conservation loan 
program, using $250 million from the World Bank, and $550 million of their own funds 

China's Energy Conservation Compan-v The Energy Conservation Company (ECC) of the State Energy 
Investment Corporation provides grants which normally cover one-third of a prolect's cost Some 
additional funds come from federal ministnes or local and provincial governments, but the bulk of the 
funds come from the individual companies making the energy saving improvements The ECC has an 
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annual budget of about $300 mlllion, of which some goes to proven technologies and some to 
demonstrating new technologies 

Oslo's Revolving Credzt Fund The clty of Oslo in Norway has established a revolving credit fund for 
energy efficiency based enbrely on a small surcharge of 0 16 cents per kwh (equal to 2 9 percent of 
average electricity rates) The fund currently has a balance of about $100 million 

5.2.2 Russian Energy Savings Fund2 

The mandate of the RESF is to assist in implementing the government's policies on energy conservation 
Its envisioned acbvities Include (a) financing scientific studies, drafting or norms and regulations, and 
work on standardization of energy consumption. (b) providing equity financing to assist in implementabon 
of energy conservation measures. (c) providing financial support to the development of the manufacture 
of energy saving and energy efficient equipment and matenals. and (d) prov~ding preferred credit to small 
and medium energy saving projects which meet specified technical and economic cntena 

The organization of the RESF IS shown m Annex E The management group includes the chairman. two 
vice-presidents (of technology and economics) and four department heads (of projects and appraisals, 
regional programs, loans and finance, and external relations) There are also 11 sector branches which 
focus on the needs of specific sectors or funchons Total staff complement is about 35, of whom 25 are 
111 time and the remainder perform their functions on a part time basis along with regular jobs in the 
vmous ministnes There are also approxtmately 30 consultants or "experts" working under contract In 
addition, 12 regional centers have been established. consistent with the concept of regional funds The 
latter are ~ndependent of the RESF, but have a representative on the RESF Board The Board of Directors 
also consists of the chairman of the RESF, the vice-presidents and the department heads 

Overall control and direction is provided by a Council of Observers, which is composed of representatives 
from the Ministries of Economy, Finance, Scrence and Fuels and Energy The Council is intended to 
endorse basic strategy and policy, and audit one or two major projects per year to ensure that the RESF 
meets its objectives 

Onginally, the RESF was to be financially independent of the budget, with the funding coming fiom a 
number of sources including special taxes, fines and other assessments The legislation to implement the 
vmous funding mechanisms for the agency was introduced in the legislature, but was left outstanding 
when Parliament was dissolved in late September 1993 At present, the future of the legislation is in 
doubt In the interim, funding has come mainly from the Ministry of Fuel and Energy and other ministnes 

2 Annex E discusses the general provisions. resources, guidehes for uthzabon of the Fund's resources. and the supervision 
of the RESF The matenals m sechon 5 2 2, Annex E and Annex M are taken duectlv fiom the World Bank's staff apprdisal 
report, No 13046-7RU, "Russian Federation, Gas Distnbuhon Rehabihtabon and Energy Eficiency Project " 
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5.2.3 Russian Energy Efficiency Demonstration Zones3 

In April 1993 a Technical Cooperation Agreement was signed between Russia and the United Kingdom 
This Agreement. which was negotiated with the assistance of the United Nations/Economic Commission 
for Europe (UNIECE) Energy Efficiency 2000 Project secretanat. authonzes the repayment of western 
investments in energy efficient, environmentally sound technologies by the export of up to half of the 011 
and natural gas recuperated by energy saving measures Annex F outlines the EBRD's proposed 
contractual relationships. performance guarantees, legal structure and monetary flows for financing energy 
efficiency demonstration zones in the Russian Federation 

5.3 USA DEFENSE ENTERPRISE FUND4 

The Defense Enterprise Fund ("the Fund") is a venture capital fund capitalized by the US Government 
in order to make equity or debt investments In lolnt ventures between Russian. Ukrainian. Kazakh. or 
Belarussian companies and Western companies that will assist in defense conversion (preferably of plants 
that had been involved in weapons of mass destruction) 

The Defense Enterprise Fund's pnmary focus is on the conversion of industnal resources from defense 
production to civilian production It does this by funding joint ventures between organizations in the above 
four countnes and Western partners The Fund has a preference. though not a requirement. for investing 
in joint business initiatives lnvolving US firms or a US subsidiary of a foreign-owned firm 

The Fund will require a commitment of resources from both the Western partner and the partners in the 
former Soviet republics The form and level of commitment that is acceptable (capital, equipment, 
personnel, technology, etc ) is determined by the Fund 

The Fund may provide financial assistance or make investments in qualified jolnt venture initiatives which 
include personnel and/or facilities currently or formerly involved in research. development, production or 
operation and support of the defense sector of the aforementioned Republics of the Former Soviet Unlon, 
with a focus on the conversion of facilities which previously produced weapons of mass deshuction, 
components of such weapons, and delivery or support systems for such weapons In the context of Fund 
activities, these include nuclear, biological and chemical weapons, guided missiles. and aircraft Also 
eligible are firms associated with the production of command. control, and communications equipment 
for military forces associated with such weapons as well as with the production of strategic defense 
systems such as ABMs and systems to counter strategic bombers Fund investments may also be made 
in facilities and with personnel associated currently or formerly with other segments of the defense sector 
which are converting to civilian activities 

The Fund seeks to encourage pnvate sector participation in the ownership and management of the entities 
In whlch the Fund Invests Toward this end. the Fund will make Investments only in initiatives involving 
pnvatlzed enterpnses or lnvolving enterpnses. or spin-off enterpnses that commit, in writing. to 

3 An energy efficiency demonstrahon enterpnse zone is a town, distnct or lmted area, m whch favorable condihons m every 
sphere are estabhshed to stmulate entexpnse and mhahve m market approaches to energy efficiency Such urban or regional 
economc development zones have already been successfully estabhshed m western countnes On a city-wide scale, the 
combqed effect of energy-efficient technology, energy pnclng pohcy, favorable tanR structures. advlsory sewlces, 
mformahon campagns, metering, mo~utonng and controls, energy audits, tax mcenhves, grants and government-guaranteed 
loan schemes. mternahonal assistance and trade development programs are demonstrated The mtenbon 1s to rephcate 
successful measures at a nahonal level, once proven on a h t e d  scale 

4 The information m thls sechon was taken duectly from a DOCBzsnrs bulletm 
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privatization An enterpnse is considered to be pnvatized when greater than 50% of the ownership and 
control is in the pnvate sector 

Project descnptions and inquines should be directed to the following address and telephone number 

Michael Lehner 
Vice President and Investment Manager 
Defense Enterprise Fund 
104 Crofton Road 
Waban, MA 02 168 
(617) 527-3307 Phone, (617) 527-2722 Fax 

5.4 PROJECT FINANCE 

5.4.1 Private Sector Project Developers 

With the trend towards privatization occurring throughout the world, many governments expect that they 
will no longer be unconditionally responsible for the financing of capital projects In many of these capital 
projects, a pnvate sector developer will be the catalyst for the realization of the project, taking the project 
from concept to commercial operation The developer organizes the many elements associated with a 
capital project. including sales contracts for the output, fuel supply contracts, selection of the appropnate 
technology, signing construction contracts, procunng the eqmpment, arranging for operation and 
maintenance, and lining up insurance The development process is complex, requmng many sk~lls and the 
ability to integrate all of the elements Often developers resort to what is called project financing, where 
the banks and investors are reprud by project revenues only, without recourse to the developer 

There are two perspectives on project financing The developer's perspective is that he wants to maxlmize 
the upside profitability of the project, whereas the financier wants to minimize the downside nsk, making 
sure that even in the worst case he will get his money back In project financing, the banks have the 
money so developers follow their rules Thus, to successfully finance a project, the developer must 
minimize the risk To make a project work, the risk must be reduced below some threshold level. and the 
lower the risk can become, the lower will be the financing payments On an international level. there are 
many projects worldwide competing for such capital financing It is no wonder that the financing party 
has the right to choose the project which represents the best return with the least nsk 

There are many types of nsk in capital projects Dunng the construction phase of the project, there are 
a vanety of risks Included here are cost overruns with the worst possible result being that the project 
becomes uneconomical because of too high a capital cost or the cost of the project exceeding the bank's 
credit limit Also, in this phase there is the nsk of delays. which can result in cost overruns and the 
postponement of tax benefits into the following year There is also a nsk that the completed plant will 
fail to meet the performance specifications established for it Once the plant is placed into commercial 
operation, there is a new set of nsks The efficiency of the plant may be less than design, resulting in 
higher than expected operating costs Or, the maintenance costs may be higher than expected 

There are also pnce nsks, especially for energy projects This nsk has a very high probability in today's 
wild energy markets, where fuel costs especially can go up or down The fuel cost could be higher than 
expected, resulting in higher operating costs There is the nsk of a fuel supply interruption, which can 
result from an interruptible gas contract, a coal mine stnke, or a r a l  stnke The result of this is that the 
plant cannot operate because it has no fuel to bum, resulting in a loss of revenue 

- -- -- -- 
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There are a vanety of other nsks, such as fluctuations in interest rates which can result in h~gher than 
expected financ~ng costs There is the nsk of tax law changes, which seems to happen about every year 
or two any more. which in the worst case could result in the unavailab~lity of financing There also are 
the more traditional types of nsks such as acts of God. like fire. flood. etc 

Without ways to minimize these many risks, project financing would be impossible So how do you go 
about minimizing risk In a capital project') The best way is to secure long term contracts which transfer 
the nsk to another party For example, the nsk of construction cost overruns can be minimized through 
fixed price construction contracts The risk of poor equpment vendor and the nsk of fire, flood. and so 
on can be addressed with insurance The principle here is to transfer the nsk to the party that has the most 
control over ~t The equipment vendor has the most control over equipment performance, so he provides 
performance warranties The insurance company has an insurance market to spread out the nsk of acts 
of God over many projects 

An ideal low nsk project would incorporate the following 

The construction contract should be fixed pnce clump sum turnkey contract with guaranteed 
complebon by a specific date 

Equipment vendors would provide commercially proven technology at a fixed pnce with 
performance guarantees on efficiency. reliabihty, emissions, maintenance costs. and so on 

It would include some type of take-or-pay provisions where certain minimum payments to the 
project are guaranteed 

The fuel supply contract should be for a guaranteed supply, if an economical back-up source 
is not avalable, the pnce should be fixed In advance as much as posslble 

The operatmg and maintenance contracts should be for fixed pnces dunng the term of the 
financlng 

Insurance should be used to cover nsks that can't be addressed elsewhere, including traditional 
programs such as workers' compensation Also included should be such non-tradit~onal 
coverages requlred for third-party financed projects such as expanded bu~lder's nsk, force 
majeure and systems performance insurance 

The principle here is to try to fix as many things as possible m advance and eliminate as much uncertainty 
as possible Where things can't be fixed, floor pnces should be estabhshed, in which the worst case st111 
makes it possible to meet the debt servlce for the project No project wlll ever completely meet these low 
nsk cntena, but the closer that it comes, the more likely ~t 1s to be financed. and the lower the financlng 
cost 

5.4.2 Sources of Fund~ng 

The state of uncertainty in the world financial markets is such that many commercial banks and traditional 
sources of pnvate capital for long term lending or investment are wary of aggressively pursuing new 
business in NIS lending Home-country regulators of many of the major international banks require far 
greater balance sheet offsets for International loans than for domestic, single-country loans There is little 
room In the commercial banks for major new initiatives in commithng long-term capital to provide sector 
infrastructure projects in most of the NIS Combinations of multilateral development institutions, bilateral 
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development arms of industnalized governments, export credlt agencies. and newly evolving capltal 
markets in host countnes, are available to complement commercial bank credit 

Vanous sources of funding exlst for pnvate sector project developers for vanous stages of project 
development Exhibit 5 1 presents a list of several msbtutions which provide vanous services It indicates 
which of the three services. shown at the top of each column, a particular institution provides The 
"project feas~bility study assistance" programs (Column 1 of Exhlblt 5 1) are focused on the early 
development states and feasibility study activities of a project Some of the programs are geared to 
assisting the foreign buyer or project sponsor, without necessarily supporting any specific potential 
supplier Funding assistance m such programs generally runs dlrectly to the forelgn sponsor. who then 
selects the firm to execute Other programs are designed to provide assistance directly to the applicant US 
business entity to ass~st with the costs of project development or project feasibility analysis 

The institutions with a m Column 2 of Exhibit 5 1 are the principal sources of financing or guarantees 
for the actual project realization, not the feasibility or development studies leading up to the project The 
US Government and multilateral institutions are listed that would be most amenable to approaches from 
a US firm and most able to help that firm with financing suitable to that firm's project development plan 

The institutions wlth a in Column 3 of Exhlbit 5 1 are the pnmary sources for investment Insurance and 
polibcal nsk coverage These are the vehicles of protection for both debt and equity flows into projects. 
and may be viewed as credit enhancement mechanisms, as contrasted. with sources of capital per se 
Their role is vltal In the financing package and the attraction of capital to projects in developing countnes 

Exhibit 5.1 
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Asian Development Bank (ADB) 

Commonwealth Development Corporation 
(CDC) 

Department of Energy (DOE) 

Environment Enterpnses Assistance Fund 

Export Credlt Agencies 

Exlm BankIJapan Exim Bank Cofinancing 
Arrangement 

Exlm Bank of the US Engineenng 
Multipl~er Program 

Global Environment Facillty (GEF) 

Intemat~onal Finance Corporat~on (IFC) 

International Fund for Renewable Energy 
and Renewable Energy and Efficiency 
(IFREE) 

Project Feasibility 
Study Assistance 

• 

@ 

a 

• 

Project Financing 
Sources/Institution 

• 

a 

• 

a 

a 

• 
• 

Investment 
Insurance and 

Guarantee 



5.5 PERFORMANCE CONTRACTING AND ENERGY SERVICE COMPANIES (ESCOs)" 

Japan Industnal Cooperation Agency 
(JICA) 

Multilateral Investment Guarantee 
Authority (MIGA) 

Non-OECD Eqor t  Credit Agencies 

Overseas Private Investment Corporation 
(OPIC) 

Overseas Pnvate Investment Corporation 
Special Funds (Asia, Environment) 

Pnvate Export Funding Corporation 
(PEFCO) 

Pnvate Insurance 

Small Business Administration (SBA) 
Export Finance 

United Nations Technology Transfer 
Programs 

US Agency for International Development 
(USAID) Bureau for Pnvate Enterpnse 
(PRE) 

USAID Pnvate Biomass Energy Systems 
and Technology (BEST) Project 

USAID Pnvate Sector Energy 
Development Program (PSED) 

US Trade and Development Agency 

The World Bank 

The World Bank ECO 

Performance contracting enables a country to enhance tts economy and its environment and to do so out 
of funds now being spent on wasted energy In the process, performance contracting offers excttlng 
business opportunities for the in-country energy service industry, increased employment and clear 
advantages for a customer that chooses to cut operating costs through pnvate sector energy financtng and 
services 

5 The matend presented m ttus sechon was taken from a draft report enbtled "The Feasibhty of Performance Contractmg 
m Poland," prepared for USAID 
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Performance contrachng allows the customer. e g a school, hospital. state agency. commercial business 
or an industry to use future energy savings to upgrade facilities and cut operating costs now The energy 
service company (ESCO) identifies energy saving opportunities in the customer's building, equipment 
and/or industnal processes The ESCO then implements those measures approved by the owner at no 
inihal cost to the owner. maintains the measures for the life of the contract and guarantees the energy 
savings 

5.5.1 Performance Contracting in Retrospect 

In the late 1970s, Scallup Thermal, a division of Royal Dutch Shell, introduced the concept in North 
Amenca of using third party financing to improve energy efficiency and cut operating costs As energy 
pnces continued to climb. the idea of using future energy savings to upgrade facilities and cut operating 
costs became even more attractive In its embryonic stages, the energy financing agreements generally 
turned on each party receiving a percentage of the energy cost-savings The ESCO received a share to 
cover its costs and make a profit The owner also received a share (as well as capital improvements) as 
an inducement to participate Since each party received a share of the energy cost savings. this 
procurement procedure became known as "shared savings " Dunng the life of the contract. the ESCO 
evpected its percentage of the cost savings to cover all the costs it had incurred. plus a profit This 
concept worked quite well as long as energy pnces stayed the same or increased 

In the mid-1980s, energy pnces began to drop With lower pnces, it took longer than predicted for the 
firm to recover its costs Some firms could not meet their payments to their suppliers or financial backers 
Companies closed their doors, and in the process. defaulted on their commitments to their shared savings 
customers Some suppliers tned to recover costs from the building owners Lawsuits were filed and 
"shared savings" was in trouble 

From this tenuous thread, the "shared savings" industry survived, but its character changed dramatically 
Perhaps to respond to earlier "shared savings" fears and uncertmnties within the industry, the ESCO 
industry's focus turned to guaranteedperformance And "performance contracbng" emerged as the favored 
name Different financing mechanisms also emerged, but nearly all of them offered energy savings 
guarantees Shared savings as a financing mechanism still existed, but its appeal was limited Instead. the 
guarantee centered on the reduction in the amount of energy consumed and the dollar savings calculated 
at current billing rates To avoid the nsks associated with falling energy pnces, ESCOs began setting an 
energy floor pnce below which money guarantees would not apply 

The performance contracting industry has matured fiom this shaky beginning Those who remain have 
track records that clearly demonstrate they can reliably meet the energy and financing needs of their 
customers When an ESCO guarantees savings, it does not get p a d  unless those savings are achieved. I e , 
unless the ESCO performs as predicted That is the essence of performance contracting The agreement 
favors the customers Typically, the only cost to the customer is the money that would otherwise have 
gone to the uhlity for wasted energy 

Today, performance contracting has matured into a viable and reliable way of doing business in North 
Amencan and many countries throughout the world In the United States and Canada, federal law allows, 
even encourages. federal agencies to use performance contracting to cut operating costs Over 3,000 school 
districts have some type of performance contract Major manufacturers have ESCO services and divisions, 
utilities have developed or acquired ESCOs, and many regional ESCOs have grown fiom engineenng 
firms and dlstnbutorships It is conservative to say that there are at least ten major national ESCOs and 
another 30-35 operating on broad regional bases 
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In 1994, the International Energy Agency went on record at the Conference on Energy Efficiency in Latin 
America to support and encourage the ESCO industry Some version of guaranteed energy savings is now 
being practiced in France, Germany Sweden. Spain, Italy, etc Some ESCO activity is reported in Hungary 
and the Czech Republic has two projects underway The multi-national banks are increasingly supportive 
of the energy service company industry The World Bank scheduled a roundtable for September, 1994 
to explore the possibility of creating a posifion paper as well as cntena that would foster an ESCO 
Industry as a condition of loaning money to a country 

5.5.2 Typical ESCO Services 

Through the years. ESCOs have become a customer-driven industry, and the customer typ~cally has a wide 
range of ESCO services from which it can select exactly what ~t needs Services offered by an ESCO 
usually Include 

Energy audit to identify energy and operational savings opportunities 
Financing arrangements 
Purchase. installation and maintenance of the installed energy efficient equipment. possibly 
mantenance on all energy consuming equipment 
New equipment traning of operations and mantenance (O&M) personnel 
Training of O&M personnel in energy efficient practices 
Monitonng of the operations and energy savings, so reduced energy consumption and 
operating costs persist 
Guarantee of the energy savings to be achieved 

5.5.3 Benefits Associated with ESCOs 

The popularity of performance contracting rests on the broad range of benefits it delivers It offers benefits 
not only to the country, but to the business offenng the servlce and the customer as well 

Country Benejts 

The benefits whlch accrue to the country in which ESCOs operate include 

Reduce the country's reliance on external energy resources, and reduce the associated negatlve 
impact on balance of trade 

.Offer all market sectors an opportunity to upgrade facilities using current and future monies 
now spent on wasted energy 

Improve the economy by cumng operating/production costs and increasing the country's 
economic competitiveness 

Allow increased industnalizaQon without concomitant increases in utility generating capacity 

Increase employment while reducing the needed capitalization for the same quantity of 
energy, i e a recent study of Russian conditions showed that making avalable the same 
amount of energy through energy efficiency creates five times as many jobs as producing this 
energy with only one-eighth the capital investment 
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Improve the environment without incumng the costs usually associated with such efforts In 
fact, energy efficiency through performance contracting can significantly reduce pollution 
emissions. such as CO,, SO, and NO, while it "makes money " 

Help create a local energy service industry Using successful ESCOs in pnmelsub or joint 
venture in-country partners has already proved to be an excellent means of technology transfer 
while creating additional businesses and employment opportunitles in the developing country 

An in-country partner as a joint venture or subcontractor is cntical to an effective project for an external 
energy service company (ESCO) The m-country partner bnngs to the effort the essential knowledge of 
the culture and how to do business m that culture 

The Ideal in-country partner is a destgnhuild "mechanical contractor." who has heating, ventilatlon. air 
conditioning (HVAC). electrical and other related turnkey capabilities, along with evpenenced project 
managers to manage the implementation of the projects on a natlonal basis It is also important that such 
a partner has good polltlcal connections to enhance marketing efforts and to expedlte contract negotiations 
with large institutional and commercial customers Such a partner should also have experience in the 
procurement of equipment on an Import basis in order to access the current technologies available for 
energy conservation outside of the country 

The benefits to such a partner are substantial from a short-term financial perspective and long-term 
growth Offenng performance contracting services to ~ t s  emsbng customers would allow the partner to 
provide improved customer relabons and expanded services, which include installing major capital 
lmprovements in the customer's facilities at no Initial cost Pursuing performance contracting would allow 
the partner to posture itself into a long-term leadership role by providing ~ t s  customers with new 
innovative services, which nelther the company nor its competition have previously prov~ded 

From a financial perspective, performance contracting provides a slgnlficant positive cash flow benefit 
to the partner's emsting company by creating a substantial amount of incremental business to such a 
company without requring any additional overhead This incremental business not only comes from "old" 
customers, but comes from a "new" customer base. which has a pnmary need for performance-based 
contract services 

A third major benefit to the partner. whlch translates to a financial benefit, is the fact that no additional 
fixed resources wlll have to be obtzuned in order to implement the performance contracting program An 
exsting external ESCO will provide all support and resources necessary including technical personnel, 
legal contracts, marketing and performance contracting procedures and methodology to ensure that the 
program is properly implemented and that project performance nsks are mitigated 

Whether an organization chooses to develop its own business or become a JV partner, the popularity 1s 
largely due to the opportunitles lt offers a firm to 

Sell to customers who have no money 
Serve exsbng customers better 
Increase business, at low incremental cost 
Make more money selling savings and service (reduce production costs, Increase profit) 
Keep personnel employed 
Demonstrate confidence in products and service 
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Hold down energy costs 
Increase the company's competitiveness 

It also offers businesses an opportunity to serve the country's environmental needs The process of energy 
efficiency is essentially environmentally benign It is a very cost-effective way to reduce air pollution 

Customer Benefits 

The in-country recipient of ESCO services can achieve many business/organizat~onal benefits. including 

An immediate upgrade of facilities and reduced operating costs -- without any initla1 
investment by the owner 

Access to the ESCO's energy efficiency expertise Through savlngs guarantees, ESCOs have 
learned from experience just how effective specific energy conservation measures are under 
certain conditions and how soon they can pay for themselves 

Positive cash flow (The measures usually generate savings that exceed the guarantee) 

The opportunity to use the money that would have been used for upgrades to meet other 
needs 

Improved and more energy-efficient operations and maintenance 

k s k s  normally incurred by customer are absorbed by the ESCO, including the guaranteed 
performance of the new eqwpment for the life of the contract (not just through a warranty 
penod) 

A more comfortable, productive environment 

All the services are paid for with the money the customer would have paid the utilities for 
wasted energy 

Performance contracting is probably the best and qu~ckest way to be sure an organization 1s operating as 
efficiently as poss~ble It offers the customer a nsk-sheddmg opportunity The only true risk the customer 
incurs is finding the nght ESCO partner and obtaining a contract that best meets the customer's needs 
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Chapter 6 
FACILITY-LEVEL ENERGY MANAGEMENT 

One of the most important benefits of energy management is that is makes a firm more profitable By 
pracbcing good energy management through a well-structured and organized plan, a company can become 
more aware of how energy is being used, the actual costs of energy, and the methods and equpment that 
can be used to control and reduce energy waste 

Energy management does not mean reduclng producbon levels or lowenng product quality, safety or 
environmental standards The underlying pmciple is cost effechveness energy management measures 
must be jushfied in normal commercial and financial terms, like any other acbmty or investment A 
systemabc and structured approach to energy management, including both tecbca l  and financial 
evaluabons, is requred to idenbfy and realize full potenbal savings 

Many companies and plants do not idenhfy even simple energy conservahon measures with short payback 
penods, and many who have idenhfied such opportunihes fa1 to implement them The m a n  bmer s  to 
acbon are typically 

Management amtudes concerning energy efficiency 
Lack of knowledge of what is technically possible 
Inappropriate financial and economc analysis methods 

The greatest successes generally occur at compames where management supports an integrated energy 
management program and is seen to support it 

What are the specific benefits achievable through energy management? There are often benefits both to 
the national economy and to the plant itself At the nabonal level. for example, benefits include 

Immediate results Most conservahon projects can be ~mplemented withln a year or so, offenng 
faster benefits than most supply side acbvities 

Reduced load shedding Energy conservabon measures can reduce the rate of demand growth, 
reducing load shedding in electrrcity and gas supply systems 

Lower energy imports 

Lower foreign exchange needs These follow duectiy from lower energy Imports 

Use of local equipment Often much of the eqwpment needed to Implement conservabon projects 
1s made locally, thus encouraging local manufacturers 

Job creation Through the increased use of local eqwpment and a demand for energy-efficiency 
related semces, conservabon can contrrbute to job creabon and to increasing the skdls of the local 
workforce 

Lower inflation If firms are able to cut product pnces or to moderate the rate of pnce increases, 
this wdl contribute to keeping inflabon lower 
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At the plant level, benefits include 

Lower production costs and higher profits Energy costs can represent a significant proporbon 
of manufactunng costs, energy cost savlngs are thus a direct contribution to company profits and 
can be signtficant for energy intensive industries 

Better competitive position Firms achieving savings in energy costs are in a position to cut 
product costs and thus improve then- compehhve posihon aganst other domeshc firms or in export 
markets 

Improved ability to withstand future energy cost increases or curtailments 

Improvements in productivity Energy management programs can identify producbvlty 
improvement and cost reduction opportunihes in areas other than energy Because energy 
management incorporates many disciplines (e g engineering, human relabons), programs often 
result in unproved use of other resources such as raw matenals and manpower 

Environmental benefits Savlng energy almost always leads to lower ermssions from 
manufactunng plants (e g less smoke, less productron of sulphur dioxlde, lower NOx ermssions) 

The potenbal benefits of good energy management are of course enbely dependent on the nature of the 
plant concerned Energy intensities, the amount of energy consumed per unit of output, vary widely 
depenQng on the product in quesbon, the type of manufactmng process, the type of fuel, age of 
equpment, size of the plant and operahng prachces However, savings for a plant which is starhng an 
energy management program are ofien 20 to 80 percent of present energy consumpbon, and even more 
in many cases For most firms, energy consemahon makes very good business sense 

6.1. THE ENERGY MANAGEMENT APPROACH 

6.1.1 Where To Start 

How does a company begm to address the problem of controlling energy consumptron and costs? The 
answer will depend to some extent on the company concerned, for example, its orgamzatron and 
management philosophy Two points are extremely important 

Top management must be fully commtted to controlhng energy costs 
The appropnate in-house department must be estabhshed to implement, and be accountable 
for, the energy management program 

Other factors that should be examned at an early stage include the followmg 

The value of energy consumed 
Energy cost as a percentage of total produchon costs 
Who in the company currently looks at, records, or evaluates energy consumption and costs 
The size of the company (number of employees, departments, site area) 
How many Qfferent products are made 
How diverse is the energy consumng equpment 
With the exlshng company organizatron, how best can energy consumpbon be monitored in 
different areas or departments 
Costs of adQtional meters 
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What are the potenhal savings 
How do potenbal savings compare with current profits 

The overall approach is illustrated in Exhibit 6 1 

6.1.2 Top Management Commitment 

The decision of company management to control energy costs 1s a vital first step This must be clearly 
stated and understood by all w i h n  the company An important part of top management commitment is 
to set up the responsible department for implemenhng the energy management program This typically 
involves appoinhng an Energy Manager and estabhshlng an Energy C o m t t e e  Evidence of top 
management commitment will be demonstrated in the level of support given to the Manager and the 
Comt t ee ,  especially the resources authonzed and allocated for their function 

6.1.3 The Plant Energy Committee 

Because energy concerns different departments within an enterpnse, an effechve energy management 
program will involve many people In some companies, a committee is formed to include representahves 
of key departments While unnecessary bureaucracy must be avoided, there are advantages to hav~ng an 
achve Energy Committee at the plant 

It can encourage communicabons and the shmng of ideas among vmous departments (and 
other plants) throughout the company 
It can serve to o b t m  agreements on energy saving projects which affect more than one 
department 
It can provide a stronger voice to top management that a single manager normally could 

Membership will depend on exlsbng management structures and the type and quanbty of energy used 

When should the Committee meet? Normally a monthly meebng IS usual so that monthly produchon and 
energy consumpbon may be reviewed regularly by the C o m t t e e  This review would include a 
compmson of actual performance aganst previously set targets and budget figures, as well as agamst 
previous months Other items for the agenda would be a review of the status of energy conservabon 
investments, in progress or planned 

6.1.4 The Energy Manager 

Formlng an Energy Comnuttee is not enough, someone is needed to implement the policies and direcbves 
of the C o m t t e e ,  and to provlde the data needed by the Commttee to make decisions Appointmg an 
Energy Manager is therefore an essenhal step m implemen~ng an energy management program in most 
compames The role of the Energy Manager will vary from company to company but he will normally be 
concerned with the following tasks 

Collecbng and analyzing energy related data regularly 
Monitonng energy purchases 
Idenbfpng energy savlng opportunibes 
Developing projects to save energy, mncluding the necessary technical and economic 
evaluabons 
Implemenbng energy savlng projects 
Mantaming employee communicabons and public relahons 
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Exhibit 6.1 
The Total Energy Management Process 
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A typical job descnphon for an Energy Manager is provided in Annex G In some companies. parhcularly 
smaller firms, the Energy Manager may report hrectly to the General Manager or Plant Manager In small 
companies, the Energy Manager may be part-hme Larger companies may appolnt a full-hme Energy 
Manager and glve him one or more technical assistants, thus forming an "Energy Conservahon Group " 
Wherever possible, the Energy Manager or Group should be independent of the m a n  operahng 
departments reporhng to the highest level, such as the Plant Manager, can often give the needed 
Independence and authority 

The skds  and expenence of the Energy Manager need careful considerahon Techmcal competence is 
usually regarded as the pnmary qualificahon, although this may not be as important as often thought In 
smaller companies, good technical skills may be helpful because the Energy Manager will probably carry 
out much of the work himself In a larger company, where technical skllls are more readily avadable, the 
Energy Manager may well be someone with expenence m accounhng or general management 

Most Energy Managers are appointed from within the firm This is pnmanly done because the posibon 
reqwres a good practical knowledge of all aspects of company operations, both technical and 
adrmnistrahve 

An Energy Manager must have excellent administrahve and communrcahon skills Most Energy Managers 
need to spend much of their time convincing their colleagues and top management to take a specific line 
of achon The following qualificahons are of course ideal and in practice are rarely seen in one indwidual 
However, a good Energy Manager should have many of the following abihbes, some of which he wdl 
bnng to the job and some of which he can learn 

Fam~lianty with the plant and its produchon processes and quality requirements 

- Ability to collect and analyze data, and to interpret data in a form smtable for review by top 
management 

Knowledge of energy-consurmng eqcupment and factors affecting its effic~ency (e g boilers, 
furnaces, heat exchangers. steam systems, l igh~ng, refngera~on) 

Engineering skllls, to size and select equipment, supervise installahon and ensure correct 
mantenance 

Abllity to communicate and interact well with both plant management and with line operators 
and msuntenance workers, providmg a bndge to promote mplementahon of management 
direchves and the company energy efficiency policy 

Good judgement to know when to call upon outside help such as consultants or eqcupment 
vendors to asslst problem solving 

Proper perspechve of the role played by energy in the company, in relahon to other elements 
such as raw matenals, capital and labor 

Ability to use inihahve to develop soluhons to problems, and to relate his plant problems to 
those encountered by others elsewhere or in afferent industnes and to adapt soluhons to h s  
own circumstances 
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Above all, the Energy Manager needs an open mmd to view problems from hfferent perspecbves and the 
skill to convlnce others that savings are both poss~ble and worthwhile if the nght measures are taken 

6.2 MEASURING ENERGY AND ITS COST 

6.2.1 Introduction 

Energy management is primarily concerned with the efficient transfer of the energy in fuels and electncity 
into useful work or heat To check that such transfers are being performed efficiently, ~t is essenbal to 
measure energy inputs and outputs This requres the use of vanous types of meters and mstnunents. either 
fixed in the plant or, m some cases, portable It also requres knowledge of fuel, steam and electncity 
charactenstics to enable compansons to be made on a common basis 

6.2.2 The Heating Values of Fuels 

An important charactensbc of an energy source is the energy contained per unit of mass or volume (the 
heating value, heat of combusbon or calorific value) This is rouhnely measured to establish the pnce of 
the fuel There are two values associated with fossll fuels a higher (or gross) heahng value and a lower 
(or net) heating value All fossil fuels produce water vapor as a by-product of the combushon process The 
higher heahng value includes the latent heat of the water as ~t condenses back to a liquld state The 
heating value generally detemned in the laboratory 1s the higher value 

In pracuce, most combustion processes occur at temperatures at which the water vapor remiuns in the 
gaseous state and is discharged with the combustion cases The lower heahng value therefore represents 
the amount of energy m a fuel which is normally released upon combusbon in a typical indusmal boiler 
or furnace The hfference between the higher and lower heating values for a fuel is a funchon of the 
hydrogen content of the fuel, as this determines the amount of water formed Some typical rabos of lower 
to hlgher heabng values are 

Ratio LHVJHHV 

Natural gas 
Fuel oil 
Coal 
Electricity 

In carrylng out energy-related calculabons, it generally makes little hfference which heating value 1s used 
Boiler efficiencies based on higher heahng values are often calculated in the United States whle the lower 
heabng value is more commonly used in Europe, for example The essenbal pnnclple is to be consistent 
and use the same basis for all fuels The convenbon used should always be stated clearly 

6.2.3 Unit Energy Costs 

An mportant step to controllmg energy costs ~n a plant is to determine the unlt costs of the different 
energy forms For example, the cost may be constant, irrespecbve of the level of consumpbon (e g 150 
USD per ton of a specified fuel 011) Some fuels and electncity may have a tanff which vanes m 
accordance with the quanbty consumed in a set penod of bme (e g 4 5 US cents per kWh of electncity 
up to 100 kWh per month, 2 5 cents per kWh thereafter) There may also be other complicabng factors, 
such as a "demand charge" for electricity or gas, which is a cost element set by the highest actual level 
of demand in the penod (e g 25USD per kW mmmum demand) or even by the maximum contract or 

- 
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manmum allowable connected load Some forms of energy are also subject to a surcharge for peak penod 
Electricity consumpbon may be subject to a "power factor penalty" through which the plant is penalized 
if it consumes too much reacbve power 

In any month, it may therefore be necessary to compare the registered consumpbon with the actual utility 
bill in order to calculate the average cost per unit consumed this umt cost can of course vary from month 
to month, m line with changes in the demand pattern and not just the total consumpbon For pracbcal 
reasons, it may be more meaningful for energy savings calculations for the Energy Manager to compute 
the marginal cost of energy, that is, the cost incurred for consuming one more un~ t  of the particular form 
of energy (or conversely, the amount saved by consuming one unit less of the particular energy form) 

The umt costs referred to above are usually expressed as a cost per ton, per liter or per kilowatt-hour, as 
appropnate Other forms of unit cost which can prove useful are the costs per unit of energy equvalence, 
e g the cost per kcal or kilojoule of energy delivered to the plant Such costs can be adjusted by the 
efficiency of energy use to give esbmated costs per unit of useful energy obtsllned m the plant This last 
type of unit cost is mostly used to compare the costs of different fuels or electnc~ty where fuel subsbtubon 
is belng considered and where the different energy forms are used in the processes w~ th  different 
efficiencies 

A cost-conscious manager will know the unit cost of his energy consumptions and will think in terms of 
cost savings when he observes operabons that are perhaps not opbmum or when he suggests pnonty for 
a parhcular msllntenance job 

6.2.4 The Cost of Steam 

This is a special case of the unit costs menboned above The plant Energy Manager should calculate the 
cost of steam and advlse plant managers The basic calculation reqwres the cost of boiler fuel, fuel heabng 
value, water costs, condensate boiler and steam operabon, mruntenance costs and the cost of capital 
investment Stnctly speaking, these other factors can be incorporated but this is not usually done For most 
pracbcal purposes, the marginal cost is sufficient for making decisions on energy savlng acbons or 
investments This is because decisions are usually based on differences between costs and savings for 
vanous opbons. and the "excluded" costs are typ~cally the same for all options 

6.2.5 Energy Accounting 

Estabhshing the cost of steam and the unit costs of fuels are part of a wider acbwty we can call "energy 
accounbng " Accountmg for energy, in its simplest terms, means keeping accounts of energy consumpbon 
and energy purchases for the plant At a more detaded level, it may mean assigning energy costs to 
Qfferent departments 

The term "monitomg" is used for mmta~ning a careful check of energy consumphon and, usually, to 
analyzmg energy use By monitonng energy use on a regular basis, trends toward hgher or lower energy 
efficiency can often be detected at an early stage and appropnate acbon taken 

The term "targeting" is used to refer to the settmg of energy efficiency improvement goals, which can be 
denved from the analysis of historical data or by an engineemg analysis of equpment performance, or 
indeed a combinabon of such methods "Monitonng and Targebng" is used to descnbe an organized 
approach to measuring energy consumpbon, analyz~ng the data and using the results to develop energy- 
saving procedures as part of the plant energy management program 
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Exhlblt 6 2 illustrates vanous steps involved m energy accounbng, including the elements known as 
"Mon~tonng" and "Targehng" whlch are the key to contxnued improvement in energy efficiency 

6.2.6 Basic Data Collection 

Monitonng and Targetmg depends on the collectxon of data m whlch to judge current performance and 
to plan for future improvements The slmplest data may be needed to bnng energy consumption figures 
into l ~ n e  with production figures. as the time periods for the data must be identical for proper comparisons 
to be made 

The first step is to gather historical data from prevlous fuel and ubhty bills and to establish a procedure 
for collecting data in the future Relabng energy consumpbon to production levels 1s important and 
produchon should be expressed m appropnate unlts (e g tons of steel mgots, meters of cloth, square 
meters of cerarmc bles) In general, the data should be collected monthly so that seasonal changes may 
be mon~tored 

For most plants, data for the enore plant will be ava~lable, together with the corresponding producbon 
figures Data on energy use by different departments are often more difficult to obtan, although an 
analys~s of secbons of a plant may be deslrable to identify major opportumtxes for energy and cost saving 
An energy management program should divide the plant into "cost centers " whose energy consumpbon 
can be metered and whose production (or "activity") can be defined and measured Targets for the cost 
centers can be developed and an ~ndrvldual made responsible for improving energy efficiency (e g a 
workshop supervisor or department manager) Unless energy consumpbon can be measured, it 1s drfficult 
to monitor the energy efficiency of a part of the plant, and thus it 1s not practrcal to asslgn respons~blllty 
for an unquantxfied energy performance 

In additron to energy and producbon data, ~t is often useful to record key parameters which affect 
producbon rates, product qual~ty and energy efficiency For example, the partrcle size dlstnbutron and 
fineness of cement should be recorded Where a sig~~ficant proportion of energy consumpbon is concerned 
w~ th  heabng or coohng bulldmgs, ~t 1s important to record the m a n  chmate related vanable such as 
outside temperature and hurmdity, and solar msulabon (and of course internal temperatures and humldlty 
levels) This wlll allow the Energy Manager to examine the data and adjust energy consumpoon for 
changes in such variables 

The exact nature of the data to be collected must be declded by the Energy Manager wlth the help of the 
energy Committee, based on experience of the manufacturing processes used At many plants, 
comprehensive data are collected routmely but never analyzed The Energy Manager should analyze the 
data and recommend mprovements, such as the collechon of new parameters and the disconhnuance of 
other parameters Only by analyzing the actual data is ~t poss~ble to judge ~f parameters are mlsslng The 
Energy Manager must be prepared to make mlstakes and to spend some tlme expenmentmg with data 
collechon systems untxl an appropnate system is found for that particular plant 

- 
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Exhibit 6.2 
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6.3 ENERGY AUDIT PROCEDURES 

6.3.1 Introduction 

Vanous approaches have been developed to help a company evaluate energy efficiency, idenbfy energy 
saving opportmbes, and establish a plan for implementmg projects to save energy One of these 
approaches is the "energy audit" (also known as the "energy survey") Audits are generally done at two 
levels The Preliminay Energy Audit and the Detailed Energy Audit Practical audit work requires a 
flexlble approach, in which procedures are adapted to meet the needs of a particular plant 

Below is a bnef presentatton of the procedures involved 

6.3.2 The Preliminary Energy Audit 

The Preliminary Energy Audit (PEA) is an inibal data gathenng exercise Typically. the PEA can be 
completed without sophisficated instrumentabon and uses only data that are already available Data from 
plant records are collected and supplemented by a "walk through" of the plant in which the au&t team 
observes the general condition of equpment, the standard of mzuntenance and the level of operations 
control exercised by management Other than stack gas analyses on bollers and furnaces, few 
measurements are usually made, improving combustion efficiency is probably the most common 
opportunity for saving energy 

For a small to medium-size plant, a PEA will typically take one week in-plant and up to one week to wnte 
the report For a large industrial facdity, such as a refinery or steel plant, the PEA may take two to three 
weeks to complete The typical output of a PEA will include a senes of low cost "housekeeping" 
measures, as well as lists of obvious sources of energy waste, such as poor combustton control, missmg 
insulation, steam leaks and broken mstrurnentatton Most unportantly, the PEA identifies the need for, and 
scope of, a Detaded Energy Audit 

6.3.3 The Deta~led Energy Audit 

The Detailed Energy Audit (DEA) is an instrumental survey of energy consuming eqwpment and 
processes in a plant, followed by a detaled analysis of the different systems It is normally conducted after 
a PEA, although it could of course be performed independently 

Portable instruments are used to quanhfl energy use and estabhsh the operatmg efficiency of key 
equpment and processes Such instruments are indspensable in plants where fixed instrumentation is 
lacking (which is often the case) In other plants, the portable eqwpment can be used to check on fixed 
instruments The most fi-equently reqwred plant measurements are 

Temperatures and pressures 
Combustion gas analyses 
Flow rates 
Relattve humdty 
Boder water. quality 
Lightmg intensity 
Electricity system measurements 
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For audt work, recording and data logging equipment also is frequently utdized Portable instruments are 
not intended to be a subsbtute for properly mantamed fixed instruments. which are essential for operations 
control and opbmizatron 

A DEA for a small and simple plant rmght take as little as 4 person-weeks, while a complex facility mlght 
reqwre about 15 to 30 person-weeks of effort These figures are of course rough esbmates In general 
terms, about half of the effort is spent in data collecbon on site, and the other half in data analysis and 
report wnbng 

6.3.4 What to Expect From an Energy Audit 

Whether an audt is performed by in-house personnel or by outside consultants, the Energy Manager 
should ensure that three important categones of informabon are properly covered m the audit work and 
the final report 

Consohdation of energy and producbon data Energy and producbon data should be compiled 
in a systemabc way Where possible, a compmson with industry standards should be made 

Detailed examination of energy savlng opportunities A typical audit report should contan a 
summary table with all measures listed, their costs, the esbmated benefits and the return on the 
necessary investments A full descnpbon of the recommended measures must be given, with 
jusoficatron of each measure The report should address the possible nsks in implementing 
projects 

Implementation action plan The report should set out a schedule, or order of pnonbes, 
indicating how implementation can proceed and who should be responsible 

6.3.5 The Final Report 

The exact format of the report will depend to some extent on the specific objechves of the audlt and on 
the nature of the plant However, a typical audit report will generally contzun the following items 

Executive Summary 

In addibon to a descnpbon of the work performed, this contans a list of all recommended measures that 
have been jusbfied in both technical and economic terms Measures that appear promising but requlre 
further study should be menboned The summary will also contzun a recommended plan of acbon 

Background 

This secbon 1s factual in nature, providing the context for the audlt work and recommendat~ons For 
example 

Plant descnpbon 
Process descnptron 
Major energy supply systems 
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Findings 

This section is descnptme and includes dmscussion of the plant performance that was observed Vmous 
aspects should be covered such as 

Energy management 
Energy accountmg procedures 
Energy uthzahon 

Recommendations 

Recommendations will be made in vanous areas, such as 

Energy Management Including improved management, programs, better energy accounting 
procedures, means of increasing energy awareness, and long term monitonng requirements, 
and 

Energy Utilization With recommendaQons divided into no cost-low cost items. minor 
mnvestments, and major investments Measures may also be divlded Into those with slmple 
payback times under 1 year and those with longer paybacks Much wmll depend on the needs 
of plant and company management Measures requnng further study should be listed 

Annexes 

These can include energy tanffs, heat and matenal balance calculations, and samples of plant records 
Completed audit data sheets should also be included 

6.4 CONSERVATION MEASURES 

To assist Energy Managers to idenbfy energy conservabon opporhmties, Appendlx B contans checklists 
of measures in vanous categones These lists are not exhaustive but do provide a startmg point The 
technical smtability of a measure will of course depend on the specific conditions at the plant, whlch will 
be defined d u n g  an energy audit The economic viabhty of a measure always requlres careful 
considerahon 

6.5 PERFORMANCE 

6.5.1 Monitoring Performance 

The need for monitonng plant performance regularly has already been &scussed at length Through proper 
monitonng, both desirable and undesirable trends can be detected at the earliest possible moment and 
appropnate action taken In addition to the routine checking of monthly data, however, it is usual for a 
plant with a well defined energy management program to carry out a plant audit fi-om tmme to bme, in 
adktion to the audit normally done at the beginning of their program Carry~ng out a comprehensive aukt 
once per year is a reasonable procedure 
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6.5.2 Checklisting 

Between major audrts, Energy Managers can keep close track of operating condihons by a process know 
as "Checkhstmg " This is a form of the plant walk-through which would have been done as part of an 
energy audit 

"Checklishng" consists of peno&cally checking the operahng departments (and thus the m a n  energy 
users) against a list of areas in which waste is most likely to occur It is informal, does not call for major 
resources (unlike the energy au&t) and 1s essenhally qualitahve The typical energy audit will generate 
a list of areas d e s e ~ n g  regular attention, and thus the audit report is often a good starting point for 
developing the plant checklist procedure 

The essence of success in Checklishng is to keep the process simple and to establish ~t as a routine which 
ylelds results The procedure drvides naturally into two parts, a short plant tour and the listing of items 
reqwnng rechfication The energy Manager should therefore 

Organize a tour of the plant which covers the man  operahng areas and energy consurmng 
eqwpment This tour should start and finish near his office. should be set up to cover the 
necessary Items in a logical order. and should be arranged to take perhaps two hours at the 
most 

For each operating department or major item of eqwpment, list the key operating parameters 
which need monltonng The list should include quanhtative data only when such data are 
readily obtainable from extsting instruments or log books 

For those items where quanhtabve data are not easdy obtained, a quanhtahve list should be 
drawn up Items reqwnng checking on a daly basis should be noted, whlle those reqwng 
less frequent checking should be shown accordingly 

Checking of space condltionlng systems should be done at the appropnate hme, winter or 
summer, for example 

Eqwpment that tends to be left on unnecessarily or to idle should be included in the checkl~st 

A record of all faults found on checklist tours should be kept Problems which occur regularly should be 
examined and a permanent solution sought Items involving mantenance attenhon should be noted and 
examned in more detad ~f they are seen to occur frequently or are not recbfied promptly 

6.5.3 Training 

Employee motwabon can often be helped by providing trillrung in energy efficiency matters which helps 
the employee understand his responsibilit~es better and glves him the knowledge or skllls to conduct job 
better The type of trillrung needed will vary from plant to plant, and wlll depend on the exlsting skills 
of employees The Energy Manager should develop short t r a u g  courses for different levels of the 
operating personnel, fiom shift workers to members of the management team Tramng can be arranged 
to take perhaps a half day each month, although there may be an iruhal need for one or two days of 
concentrated courses to rase energy awareness and energy-related skills urgently at the beginning of the 
plant energy management program 
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Part of the tra~ning achvltres should include review of energy efficiency improvement targets and the 
progress made towards achieving them Feedback on successes. and on fadures, should be used to increase 
energy awareness, to improve employee understandmg of the need for energy efficiency, and to seek the 
actrve cooperation and parhclpatron of all employees 

In all such actwities, the comrmtment and interest of top management can provide a strong motrvatrng 
factor If lt is perceived that management lacks mnterest, there is little hope that the energy management 
program will be successful It should be clear to all that reports are read, that data collected for 
management are actually used and stuhed, and that ideas for improving energy efficiency are appreciated 
and listened to Effectrve energy management is a team effort, m which communlcatron is a key element 
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Chapter 7 
POWER SECTOR 

This chapter presents the overall considerations necessary for the development of a National Energy 
Savings Program for Kazakhstan Specifically, ~t discusses the present status of the Kazakhstan power 
industry, including an overview of the active power plants and a detaled review of a specific plant 
(Thermal Power Plant TES-2 in Almaty) Many stabsbcs and data dealing with electncity production. 
generation and distnbution are also provided On a few specific topics, comparative stabstical data 
between Kazakhstan power industry and other countries are presented Subsequently. general discussions 
on energy savings in Kazakhstan's power industry are presented Included in these are discussions on fuel, 
electnclty generation and distnbution savings, in terms of both fuel and dollar savings A methodology 
for assessing energy savings is presented and recommended measures. in terms of bme-related phases. are 
discussed in detail Overall energy savings potentials for Kazakhstan's power industry are identified and 
quantified, both in terms of physical quantities (fuel) and money (US dollars or Kazakhstani Tenge) 

7.1 INDUSTRY OVERVIEW 

7.1.1 Kazakhstan Power Industry 

Most power and thermal plants in Kazakhstan are over 20 years old and are operating with obsolete 
equipment or with components requiring considerable renovation The electricity produced in such a 
relative inefficient matter is then transmitted. also inefficiently, to the ultimate consumers In addition. 
many plants are compelled to fire non-design fuel (e g coal with ash content exceeding the maxlmum 
design specification) It is estimated that these problems result in an overall decrease in the production 
of electncal power and energy heat in the neighborhood of 30-40% relative to the optimum electncity 
production levels The impact of the reduced power production has been moderated in the past few years 
by a decrease in demand due to industnal recession Reduced electncity producbon (an annual average 
of 2 55 million Kwh decrease between 1990 and 1994) often results in domestic heating black-outs 

By Western standards. Kazakhstan's power plants are poorly operated and maintaned. in addition to being 
overstaffed Plant operation is plagued by the use of poor quality coal, the handling of large volumes of 
ash. the lack of pollution control equipment, and outdated instrumentation and control technology Another 
very senous problem is the lack of availability of spare parts, since most of the equipment is imported. 
and suppliers find it difficult to supply parts in the current polibcal environment 

As Kazakhstan grows into a market-led economy, the demand will accelerate and lack of available energy 
wlll possibly become a llmiting factor in the economic development of the country Increasing the 
efficiency of exsting plants, extending their life and implemenang Demand Side Management programs 
are the most cost-effective means for improving the power industry situabon The necessary renovation 
and maintenance costs are large and potential domestic or foreign investors will require detailed plans and 
cost estimates in order to evaluate their participation 

Projections of pnmary energy consumption have been prepared by Kazakhstani agencies and are shown 
in Exhibit 7 1 below This exhibit shows that Kazakhstan's overall energy demand (including electnclty) 
is expected to fall dunng the economic restructmng process Initially, this will be dnven by falling 
industnal output and economic retrenchment, as the initial stages of the reform are undertaken In the 
medium term, reduced energy demand will result fiom higher relabve energy pnces, restructuring of 
enterprises, and an increase in energy efficiency Energy and electncity demand is expected to be 
pnmanly affected by the declines in industnal output in the mid 1990s 
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Exhibit 7.1 
KAZAKHSTAN ENERGY CONSUMPTION 
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The total electnc power commissioned in Kazakhstan, idenhfied as a function of the decade in which such 
capacity was commissioned, is depicted in Exhiblt 7 2 below 

Exhibit 7.2 
ELECTRIC POWER COMMISSIONED IN KAZAKHSTAN 
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As can be seen from the graph, a significant pomon of Kazakhstan's installed electrical capacity has been 
commissioned in the 1960-1980 decades, uhlizing the technology available in Russia in that penod 
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Kazakhstan power plants (including the hydro plants) with the reported year in which the plants were 
commissioned, their MW rating and the type of fuel consumed are listed below 

Year 
Commtsszoned Name of Station 

LENINOGORSK HARIUZOV GE 
SEMIPALATINSK TES 
SHIMKENT TES-2 
ALMATY TES-1 
ALMATY CASCADE GES-1 
KENTAY TES-5 
LENINOGORSK ULBINSK GES 
BALHASH TES 
KARAGANDA ES-1 
ALMATY CASCADE GES-8 
TENGIS GAS TURBINE 
ALMATY CASCADE GES-5 
SHIMKENT TES-1 
UST KAMENOGORSK TES 
ALMATY CASCADE GES-10 
ALMATY CASCADE GES-6 
ALMATY CASCADE GES-7 
ALMATY CASCADE GES-9 
ALMATY CASCADE GES-11 
TISHINSK GES 
LENINOGORSK URDAYSKAYA 
LENINOGORSK GEORGIEVSK 
JESKAZGAN TES 
UST-KAMENOGORSK 
KARATAL GES 
ALMATY CASCADE GES-8a 
LENINOGORSK TES 
EKIBASTUZ TES 
KOSTANAY TES 
TALGAR ES 
TEKELY TES-2 
KARAGANDA TES-1 
BUHTARMINSK ES 
URALSK TES 
ANTONOV ES 
RUDNEV TES 
PETROPAVLOVSK TES-2 
SOGRINSKAYA TES 
PAVLODAR TES-2 
AKMOLINSK TES-1 
ATYRAY TES 
ATYRAY TES 
ALMATY GYDROSTATION 
GARAGANDA ES-2 

MW Fuel 
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ALMATY CASCADE GES-2 
JAMBUL TES-4 
ARKALYK TES 
USPENSK ES 
TENTEKSKAYA TES 
PAVLODAR TES-1 
KZIL-ORDA TES-6 
LENINOGORSK ZAYSANSKAY 
JAMBYL ES 
ERMAKOVSK ES 
KAPCHAGAY GES 
PAVLODAR TES-3 
KARAGANDA TES-2 
KARAGANDA TES-3 
AKMOLINSK TES-2 
EKIBASTUZ ES-1 
ALMATY TES-2 
SHIMKENT TES-3 
SHULBIN GES 
EKIBASTUZ ES-2 

144  H 
60 G.M 
6 5  M 
1 9  H 
18 C 
350 C 
146 C 
2 H 
1230 G,M 
2400 C 
434 H 
440 C 
435 C 
440 C 
240 C 
4000 C 
510 C 
160 G.M 
585 H 
500 C 

Total MW Power Commissioned= 14,076 90 

Of the total installed generating capacity, about 87% is thermal, 12% is hydro. and insignificant portion 
is nuclear All major thermal stations m Kazakhstan are coal-fired with the exception of a few gas or fuel 
oil fired stations in the c ~ t y  areas The electricity balance for Kazakhstan for the years 1990-1994 is shown 
in Exhibit 7 3 below 

Exhibit 7.3 
ELECTRICITY GENERATION AND CONSUMPTION 

IN KAZAKHSTAN FROM 1990 TO 1994 
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In view of the size of Kazakhstan. the power system is subdivided into three regional power gnds in the 
North, in the South connected to the Central Asian System. and in the West connected to the Russian 
system While the domestic supply of electncity has expanded rapidly d u n g  the last decade, Kazakhstan 
still imports a considerable amount of electncity from Russia and Central Asia In terms of Kazakhstan's 
activities in trading energy it must be noted that. although Kazakhstan is self sufficient in energy on a fuel 
eqwvalent basis. its sheer size and geographical imbalance of production and consumption centers, result 
in a significant percentage of its domestic energy supplies being met through energy imports from 
neighbonng Republics A substantial proportion of energy trade is within the Newly Independent States. 
with the Russian Federation being the most prominent trading partner There is a large flow of electncity 
from Sibena through northern Kazakhstan to the Urals region The western and southern grids rely 
heavily upon imports from Russia and Central Asia, especially Kyrgyzstan Regional energy trade is 
expected to continue. and possibly increase as a result of the economic restructuring process 

The current Kazakhstan electnc power deficit. that is the difference between power consumption and 
production, is calculated to be approximately 15% 

Exhibit 7 4 below, depicts the electncity deficit in Kazakhstan for 1994, such deficit amounted to 8 5 
billion kwh. which. assuming a cost of electncity of $ 03kWh, resulted in a loss for Kazakhstan of 255 
million dollars 

Exhibit 7.4 
ELECTRICITY BALANCE IN KAZAKHSTAN 

A significant problem in Kazakhstan is represented by the considerable porhon of eqwpment which is 
either funchonally obsolete, or very close to the end of its useful life Such equipment inefficiency is 
considered to make up about 1300 MW of power plant capacity, or about 10% of overall Kazakhstan1 
installed capacity The problem of aging power plants is not unique to Kazakhstan As shown in Exhibit 
7 5 below, the US is facing the same situation with aging power plants , and the Amencan utilities are 
successfully solving the problem by developing modernizahon and life extension programs to old fossil 
plants to obtain acceptable unit performance, within the uhlity's budget constraints 

- 
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Exhibit 7.5 
AGE DISTRIBUTION OF US AND KAZAKHSTAN COAL-FUELED POWER PLANTS 

Exhibit 7 6 below provides some statistics on the power boilers and power turbines which are installed 
in Kazakhstan's power plants 

Exhibit 7.6 
MAJOR EQUIPMENT INSTALLED IN KAZAKHSTAN POWER PLANTS 

hajor  Equipment Installed 
Kazakhstan Power Plants 

Number of Unlts 

0 2 0 40 60 80 

ALMATAENERGO 

ALTAIENERGO 

ATERGYENERGO 

WEST KAZAKHENERGO 

KARAGANDAENERGO 

KUSTANAIENERGO 

PAVLODAR 

AKMOLINSKENERGO 

EKIBASTUZENERGO 

SOUTH kAZENERG0 

INTERNATIONAL RESOURCES GROUP 7-6 POWER SECTOR 



The number of operating power boilers installed in the power plants In all reglons of Kazakhstan, and 
their total operating hours, 1s depicted in Exhibit 7 7 below Exhlbit 7 8 provide similar data for steam 
turbines 

Exhibit 7.7 
OPERATING BOILERS IN KAZAKHSTAN POWER INDUSTRY 

Exhibit 7.8 
OPERATING TURBINES IN KAZAKHSTAN POWER INDUSTRY 

INTERNATIONAL RESOURCES GROUP 7-7 POWER SECTOR 



Both exhibits (7 7 and 7 8) highlight the fact that a considerable portion of Kazakhstan major equipment 
such as boilers and turbines, has been operational for a relatively long penod of time In fact. over 45% 
of power plants' turbines. and 60% of power boilers (supercntical. high, and intermediate pressure) have 
been operated (on the average) for over 150,000 hours 

The distribution of electricity in the vanous regions of Kazakhstan. as a functlon of the sector m which 
such energy is consumed, is shown in Exhtbit 7 9 below (both as a function of each Region total 
consumed electncity. and as a function of the Sector's percentage of the total electncity consumed in that 
Region) 

Various forecasts have been developed by vanous Kazakhstan1 organizations on electnc power demand 
and production, all of which are inconsistent with each other, both in values and trends The 
inconsistencies are due to the assumpt~ons made on Kazakhstan's future economic. political. and social 
conditions, as well as on which (if any) reconstruction program is to be implemented for the power 
industry The "average" values of forecasted electncity production and consumption are shown below as 
well as the minimum and maximum values are shown in parenthesis 
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Exhibit 7.9 
ELECTRICITY CONSUMPTION IN KAZAKHSTAN BY SECTOR AND BY REGION 
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"Average" Forecast of Kazakhstan's Electricity Production and Consumption 

It shall be recognized that over 10% of Kazakhstan total installed capacity, or approxlmately 1300 MW, 
1s produced by equipment whose useful productive life is completed or close to completion, the cost of 
producbon for such power output per kwh is considered to be significantly greater than the potential 
revenues reallzed fiom the sale of such energy 

From the above considerations, it can be deduced that the useful capaclty of electricity available in 
Kazakhstan is estimated at approxlmately 8500 MW and that the electnc power deficit is estimated to be 
as much as 32 billion kwh or 34% of Kazakhstan's overall demand This result In a total replacement cost 
of hundreds of millions of US dollars a year 

If a comprehensive program for the upgrading and modernization of Kazakhstan's power industry is 
developed and implemented, the resulting balance of electnc power consumption and production can be 
represented by Exhibit 7 10 below 
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Exhibit 7.10 
ELECTRICITY CONSUMPTION AND PRODUCTION TO 2010 
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Programs have been proposed by Kazakhstan's power agencies, including "Kazakhstanenergo" and the 
Ministry of Energy and Coal, for planned addltion and rehrement of MW capaclty to the Kazakhstan 
power industry Exhib~t 7 1 1 below depicts the antlclpated power balance of Kazakhstan to the year 20 10 
m terms of (turbine power) MW retirement and replacement 
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Exhiblt 7.1 1 
ELECTRIC POWER CAPACITY ADDITION AND RETIREMENT IN 

KAZAKHSTAN TO 2010 
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Exhibit 7.12 
1992 ELECTRICITY GENERATION AND CONSUMPTION FOR SELECTED COUNTRIES 

0 200 4 00 6 00 800 1000 

ARGENTIN4 
BUGARIA 

CH M 
EGYPT 

FR4NCE 
GERMAN 

ITALY 
&PAN 

W K H S T A N  
M EX1 CO 

NETHERUNDS 
POLAW 

ROMANIA 
SAUDI ARABIA 

SPAIN 
UNTED KINGDOM 

Current per capita consumption of electncity in Kazakhstan is high in companson to countries with slmilar 
GNP per caplta This reflects the over consumphon and inefficient use of energy, part~cularly in the 
industrial sector, in response to the low relative pnce of electncity 
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Exhibit 7.13 
ELECTRICITY EFFICIENCY FACTORS FOR SELECTED COUNTRIES 
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Exhibit 7 13 documents that Kazakhstan electncity efficiency level (defined as the ratio of the per-capita 
Gross National Product to the per-capita electncity consumption) is relatively low, when compared with 
the most industr~alized countnes 

The relative allocation of electnc energy to vmous industrial segments in Kazakhstan and in some highly 
industrialized countnes is indicated in Exhibit 7 14 below 
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Exhibit 7.14 
COMPARATIVE ELECTRICITY CONSUMPTION 
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All values are for 1990, except for Kazakhstan wh~ch are for 1992 

In the Exhibit above. all countnes' values are in percentage of their total electncity consumption (76 5 
billion kwh for 1992 for Kazakhstan) From the chart it can be seen that in Kazakstan, over 70% of the 
electncity is consumed by the industnal sector, compared with 29% for the USA, 47% for Germany, and 
41% for Japan This leads to the conclusion that a program aimed at improving the consumption of 
electncity in Kazakhstan's industrial sector will contnbute considerably to overall electncity savings in 
the country 

A typical comparison between Kazakhstan and some industrialized countnes. in terms of level of 
electncity consumption for the produchon of metals (i e alumina), is deplcted in Exhibit 7 15 
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Exhibit 7.15 
ELECTRICITY CONSUMPTION FOR PRODUCTION OF ALUMINA 

7.2 ENERGY SAVINGS IN THE POWER INDUSTRY 

7.2.1 Definit~onal Discussion 

Energy savings 1s defined as the process of minimizing or eliminating energy-waste in processes, 
methodologies or eqmpment In the generation and production of electncity and heat, in conventional 
power plants and distnct heating facilities. energy can be saved in each phase of the overall process 
Specifically. savings can be realized In the following areas 

Fuel Proper utilization of fuel (coal, gas, mazut) 

Energy Generation Ut~lize efficient eqmpment and processes, use proper controls and 
process monitonng devices, standardize the equipment to minimize operation and maintenance 
acfivihes, minimlze eqmpment and system energy of fluid losses 

Output Distribution Assure that the output (electncity and/or heat) is properly transmitted 
and distributed to the ultimate user, minimize the potential losses incurred in such distnbution 
process, Inculcate in the end-users the notion and culture of "energy-savmg " 

It is very d~fficult to eshmate precisely the amount of savlngs wh~ch could be realized in a hture Energy- 
Savings program in Kazakhstan, due to the significant number of unknowns, some of which are non- 
techn~cal in nature and of soc~o-political connotations, but a rational estimate indicates that approx~mately 
30-40% of the total electric energy could be saved if a comprehensive Electnc Energy-Savmgs program 
is implemented This represents about 28-38 billion kwh 
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7.2.2 Fuel 

Kazakhstan's coal industry is closely integrated with the electricity sector m Russia and with the Urals 
metallurgy industry Cooking and steam coals from Karaganda are exported by rail to the main industnal 
clbes in the Urals The demand for cooking coal is likely to fall substantially in the near future because 
total Russian demand for iron and steel will decline The Urals steel industry, which uses outdated 
technology and is a major source of environmental damage, may bear the brunt of the resulting contraction 
of supply The low-quality coals produced at Eklbastuz (with high ash content and low calonfic value) 
are pnmarily suitable for use in power station for generation of electricity and heat energy About 30% 
of the mines' output is exported Most of the remaining Ekibastuz coal is used for power generation 
locally, with a substantial fraction of that power output being exported to Russia, as part of a system of 
power wheeling from Siberia to clties in the Urals 

In the production of energy, Kazakhstan's State Energy organization "Kazakhstanenergo" 1s the largest 
consumer of pnmary fuel resources-coal, mazut, and gas The volume of such fuel consumption in 1993 
was 35 56 million tons, of which 22 71 m~llion tons were consumed for the generation of electncal 
energy, and 12 71 milllon tons for the production of heat energy (essentially hot water for distnct heating 
services) In terms of relative consumption, the following statistics (for 1993) have been reported by 
Kazakhstan's Ministry of Energy and Coal 359 grams/kWh for the generation of electricity and 181 
KgIGCal for the production of heat energy 

Specifically. the statistics contamed in Exhibit 7 16 illustrate the relative difference between Kazakhstan 
unit fuel consumption per kwh output against the average "Western" power plant 

Exhibit 7.16 
COMPARISON OF FUEL CONSUMPTION 

BETWEEN KAZAKHSTAN AND "WESTERN" POWER PLANTS 

Comparison of Fuel Consumptio 
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The statistics reported in the above exhibit indicate that. in terms of unit fuel consumption per unit output, 
Kazakhstan fuel consumption is about 13% higher compared with similar plants in the "West I' This 
translates in a fuel overconsumption of over 4 million tons of fuel per year, or approximately 100 million 
US dollars a year, assuming a fuel cost of $25/ton 

Data and statishcs reported by the State Energy Company "Kazakhstanenergo" Indicate that thermal power 
plants have overconsumed in 1993 over 1 7 million tons of fuel for the production of electricity This can 
be considered to be. in part, due to the poor performance of the equipment available in the plants, mainly 
boilers and turbines in the 300-500 MW power plant capacity category (which make up about 50% of the 
overall Kazakhstan1 capacity and electncal output) It was reported that the State Energy Company 
"Kazakhstanenergo," in generahng electricity and heat energy, utilizes equipment and methodologies 
whlch need significant improvement for their optimum efficiency The largest over-consumption is shown 
in the 300-500 Mw energy block, and in the electnc power production from facilihes with pressure of 90- 
130 Kg/cm2 Comparing Kazakhstan's values with those of highly industnallzed countnes (1 e USA. 
Germany, Japan). Kazakhstan fuel consumption is estimated to be about 10% higher 

Fuel cost calculations indicate that. despite the relatively small quantity of mazut used (10%). its cost 
equals that of the main fuel (coal) Assuming a $lO/ton pnce of coal (including transportation expenses), 
the total cost of the 26 million tons of coal burned in 1993 equals that of the reported 3 4 million tons 
of mazut burned at $75 per ton Mazut used for power generation, distnct heating and industrial uses 
accounts for over one third of the total petroleum consumption in Kazakhstan In the power sector, mazut 
is used to co-fire with coal which is of low quality having relatively high ash content As new coal 
facllit~es come on stream, and with increased co-finng needs for older power stat~ons w~th  declining 
efficiencies, more (rather than less) mazut will be needed in the immediate future, even though there are, 
presently, programs under study to minimize the use of mazut for power generabon purposes The relative 
consumption of coal, mazut and gas in the production of electncal and heat energy in Kazakhstan's power 
and heat production facilihes is shown in the Exhibit 7 17 below 

Exhibit 7.1 7 
FUEL CONSUMPTION IN KAZAKHSTAN FOR PRODUCTION OF 

ELECTRICITY AND HEAT 

Fuel Consumption in Kazakhstan. 
for Roducbon of Bectncrty and Heat 
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The relationship between consumption of fuel and production of electricity and heat in Kazakhstan is 
depicted in Exhibit 7 18 below 

Exhibit 7.18 
RELATIONSHIP BETWEEN FUEL CONSUMPTION 

AND ELECTRICITY AND HEAT PRODUCED 

The exhibit above indicates that, when present Kazakhstan's values of quantity of fuel consumed per unit 
output of electricity and heat are compared with those of developed countries, it is evident that Kazakhstan 
efficiency levels are lower. especially as far as the production of energy heat is concerned In essence. 
in Kazakhstan the power and heat industry uses much more energy per unit of electricity or heat output, 
than industrralized countries The exhibit, developed w ~ t h  data furnished by Kazakhstan Ministry of 
Energy and Coal, also indicates that the level of efficiency of fuel utilization is expected to improve in 
the future starting at about the year 2000 
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7.2.3 Energy Generation 
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In assessing the energy efficiency of the Kazakhstan power industry, as a whole, it is of special interest 
to compare the current energy use (i e BTU of fuel consumed) per unit of output (1 e kwh of electncal 
power), called specljc energy consumphon, wlth that of a well-operated plant using modern energy- 
efficient technology (for example, in the USA) The efficiency of the modem technology is identified as 
the "standard " The gap between the specific energy consumption and the energy standard is, for the 
purpose of this report, the indication of the degree of obsolescence of the power plants' equipment and/or 
the inefficiency of the plants' operation (which is defined, herein, to include the energy transmission, 
distnbution and metenng to the ulhmate users) 

An initial step to a rational and meaningful energy saving process is the measurement of all the energy 
that enters and leaves the power plants or distnct heahng facilities This process provides the needed 
incentive to chase the sources of energy waste and to eliminate such wastes from the equipment, process 
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or methodology adopted Moreover. such energy waste can also be associated with the management of 
the plant generating the electnc or heat energy, or of the one which distnbutes it 

Exhiblt 7.19 
ASSESSMENT OF KAZAKHSTAN POWER INDUSTRY 
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Exhibit 7 19 provides a graphic assessment of the status of Kazakhstan power industry The "As- 
designed" bar represents the rated onginal (100%) power capacity The "Present" bar constitutes the 
current level of power capacity, which is estimated to be about 65% of its onginal capacity Such decrease 
is due, mostly, to the "inefficiency" factors identified below If such deficiencies are corrected, 
Kazakhstan power plant capacity can reach a level very close to its onginal "As-designed" capacity In 
terms of actual numbers, an "upgraded" power Industry in Kazakhstan can produce an additional 26 6 
billion kwh of electricity Inefficiency factors include 

Plant Aging 
Equipment Detenoration 
Poor Coal Quality 
Lack of Proper Instrumentation 
Lack of Spare Parts 
Poor or Missing Insulation 
Corrosion/Eros~on Problems 
Lack of Preventive Maintenance 

Based on vlsits to some of Kazakhstan's power plants, such as Almaty TES-2 plant (see Annex L) and 
at the Dzhezkazgan and the Dzambul facilit~es. it seems that there are 3 levels of plant measurements and 
controls 

those associated with atmospheric steam and air pollution 
those internal to the vanous equipment and systems 
those associated with the production of electnc power and heat energy (steam, hot water) 
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Of these three, the instrumentation associated with monitonng the production of electncity and heat energy 
appear to be somewhat in line with those existing In similar power plant facilities m the West, even 
though the efficiency and precision of Kazakhstan's instruments could be improved considerably In fact. 
typically m Kazakhstan, the electnc energy IS measured. in the control room, by statlon meters at the end 
of each shift, 2 times a day The heat energy is measured by measmng water flow and associated heating 
value, by uhlizing instrumentation calibrated in un~ts  of energy flow 

Considerable improvements are needed, on the other hand. on the other two categones of plant 
instrumentation and controls Of special concerns are also the lack of, or malfunction of. existing 
instrumentation on rotating equipment. particularly to monitor vibration on turblne generators It is of great 
concern that excessive vibration may result in decreased operating efficiency, inaccurate measurements 
and, eventually, in damaged eqtupment 

The Kazakh Energy Resource Institute (KERI) has provided recommendahons on energy savings devices 
to be adopted m an effort to improve the performance of Kazakhstan's energy-producing facilities These 
recommendations are descnbed below 

Coal-dust precombustion chamber IS being developed Such chamber will allow a non-mazut 
boiler to properly start-up and attain ~ t s  designed performance even if poor coal quallty fuel 
IS utilized 
A compact air heater is being developed, to be installed m gas and mazut boilers. which wlll 
allow to reduce heat losses by 1-2% 
Special heat-resistant matenals. able to reduce by 8-10% the power input. are being 
investigated 
Special devises designed to convert solar and wind energy to electnc power are being studied 
and designed 
Studies for the preliminary design and for the construction of small hydroelectric plants are 
being made 

7.2.4 Output Distrlbutlon 

It was also reported that, in 1993, the energy losses in the transmission and distribution of electnc energy 
In Kazakhstan was estimated at 9 26 billion kwh, or approxlmately 10 3% of the total power generated 
To replace such losses, 3 3 million tons of fuel have been consumed For comparison purposes, the 
amount of electnc energy transm~ssion and dlstnbubon losses m Canada are approxlmately 8% of the 
power generated It is estimated that, in Kazakhstan, the electncal power transmission and d~stnbution 
losses can be reduced by about 4 percentage points (or, for 1993, 3 5 b~llions kwh, equivalent to 1 
mill~on tons of fuel), and that of the heat energy for distnct heating by 0 5% (or for 1993, 0 36 million 
Gcal, equivalent to 65 2 thousand tons of fuel) 

The Gosenergonadzor State Energy Inspection Office reported that, in 1991, in Kazakhstan, the lneffic~ent 
power consumption made up 11% of the total energy consumption, or about 9 billion kwh It was felt 
that such Inefficiency could be minimallzed, if not totally eliminated, by a more responsible and effective 
management 

7.2.5 Potential Energy Savings 

The table below provides a summary of the improvements and savings that can be realized in each area 
of the Kazakhstan power industry, if a comprehensive energy savings program, as outlined in this chapter, 
is implemented 
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From the above table it can be concluded that, if the identified inefficiencies exlsting in the fuel 
utilizat~on, energy production, transmission, distnbution. and consumption are eliminated or significantly 
minim~zed, in Kazakhstan's power indust~y, an approximate saving value of over 500 Million dollar a year 
can be realized 

7.3 RECOMMENDED ENERGY SAVINGS MEASURES 

Estimated $Savings 

30 M$lyear 

400 M$lyear 

95 M$/year 

30 M$/year 

Potential Area of 
Improvement 

Fuel 

Power Productlon1 

Transmission & Distribution 

Consurnphon 

Energy savings measures for the power sector are listed and descnbed in this section according to three 
phases Phase 1 (Short Term) the first 3 years &om the start of the Energy Savings Program. Phase 2 
(Medium Term) the fourth year to the sixth year of the Program, Phase 3 (Long Term) the next 12 years 
following the end of Phase 2 

Considerations 

Present 5-7% higher Fuel 
Consumption 

5- 15% improvement possible 

Present loss (1 1%) can be cut 
down by 4% mlnimum 

Present inefficiency in power 
consumption is 1 1% 

7.3.1 Phase 1 : Short-Term Measures 

The list of quick-payback measures below should be undertaken dunng Phase 1 for typlcal power plants 
in the Republic of Kazakhstan 

Install low NOx burners to control the mixlng of the fuel and air and reduce NOx emission 

Change poorly operating valves on water, steam, and condensate systems to eliminate leaks 
&om these systems Replace poorly designed/selected valves (type. capacity) with more 
functional ones to improve system performance 

Changelmodify present instrumentation on various plant equipment to properly controllmonitor 
boiler operahon and systems performance 

Install oxygen analyzers 

1 It is estunated that the potenbal savmgs of fuel m the produckon phase only of Kazakhstan (Kazakhstaenergo) Thermal 
Electnc Stabons (TES) is from 1 8 to 2 1 d o n  tonslyear, and m the heat energy pmducmg fachbes (for Dishct Heatmg) 
is from 0 3 to 0 5 d o n  tonslyear Assummg an average he1 cost of $25 per ton. such savmgs is calculated at over $65 
d o n  per year t. 
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Repairlreplace poorly attached or missing insulation on piping systems Launch an extensive 
equipment and piping insulahon program to repar and replace emsting insulation in poor 
condition, and supplement emsting insulahon in good condibon (as necessary) 

Replacelrepair malfunctioning fans on cooling towers 

Install steam traps Develop and implement a steam trap selection and mruntenance program 

7.3.2 Phase 2: Medium-Term Measures 

The medium term measures recommended to be undertaken dunng Phase 2 include 

Replace obsolete equipment, utilize gas turbines, HRSG (heat recovery steam generators), and 
more efficient heat cycles (such as cogeneration. combined cycle) 

Repower degraded plants to increase their power output and efficiency, reliability and service 
life Repowering will result in zncreasedpower output and efficienqv, relzabilily and service 
life of an existing power plant. Repowenng shall be considered one of the most important 
elements In upgrading and restructuring Kazakhstan's power industry, for the follow~ng 
reasons 

- Need for new capacity 
- Age distnbuhon of exlsting units 
- Relatively high cost of bmlding new plants compmng to repowenng an existing one 
- Repowenng has shorter lead time for construction than a new plant 
- Efficiency of existing capacity can be improved substantially 
- Repowenng delivers competitive capacity at a fraction of its replacement cost 

Vmous repowenng options are possible, among which the following are the most important 

Option A Partial repowering Combining evlsting plant systems and infrastructure and new 
equipment 

Option B Station repowering. Reusing of evlsting infrastructure such as buildings, water 
treatment systems. and fuel handling equipment. but not the onginal steam cycle 

Optzon C Site repowering. Reusing an exlsting site. but none of the eusting equipment, with 
the possible reuse of infiastmcture supporting the plant, such as power lines or water 
and fuel delivery systems 

Develop domeshc capability to assure availability of spare parts 

Provide the necessary traning and information to power industry personnel For technical 
personnel assigned to the operation of the plants, invest in a comprehensive training program 
to include the special topics such as Impact of poor quality coal on overall boiler efficiency, 
burner operations, and maintenance and equipment ma~ntenance practices 

Develop and implement a comprehensive Demand Side Management program Demand Side 
Management shall be concerned with the planning, implementation and monitonng of power 
and heat plants activities in Kazakhstan, to encourage consumers to modlfy their patterns of 
electricity and heat usage 
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Improve and stabilize the quality and efficiency of the fuel utilized for power plants and 
distnct heatlng stahons 

7.3.3 Phase 3: Long-Term Measures 

Long term measures are focused on upgrading and reconstructing Kazakhstan's power industry and 
reduclng the dependence on imported elecfmcity These measures include 

Replace the onginal boilers/steam generators with 
- Gas-turbine generators and heat-recovery steam generators (HRSG) 
- Atrnosphenc fluidized-bed boilers (AFB) 
- Coal-gas~fication combined cycle (CGCC) process 
- Pressunzed fluidized-bed combined cycle (PFBCC) system 

Develop power industry equipment rnanufactunng and repair capability 

Adopt power industry related engineenng and management codes. standards and regulations 
accredited by the IS0 (International Standardizat~on Organization) 
- Bmlding Codes 
- Manufactumg, Deslgn, Construction Standards 
- Standards and Codes which shall provide economic incentives to achieve the power 

sector's goals 
- Government, Producers, Consumers to agree on acceptable standards 

Proceed with development and constructlon projects that provide the highest return to 
Kazakhstan These projects mlght include the following 

- Put into operation two plants at Ekibastuz SES-2 
- Continue the reconstruction of South-Kazakstan SRES 
- Provide additional power capacity at Ust-Kamenogorsk, Atyrau, Akrnola, Karaganda and 

Aktau 
- Construct a new plant at Aktubinsk HES 
- Complete the construction of Turgaisk SRES and heat electnc stations in Taldykorgan, 

Semlpalatinsk, Uralsk, Karachagansk, Kostanay, and Ust-Kamenogorsk 
- Install power transmission lines to southern and western regions of Kazakhstan 
- Install required 1150 and 500 Kv transmission lines for Ekibastuz, Agadyr, South Sres, 

Zhambul. Uralsk, Karachagansk, Aktubinsk, Almaty, Taldykorgan, Kokchetau, 
Petropavlosk, Akrnola. Zheskazgan and others 

Maxlmlze hydropower capabilities where possible 

Develop non-fossil sources of energy, such as wind and solar power 

7.4 ESTIMATED ENERGY SAVINGS 

The estimated level of investments and anticipated savings for each of the three Phases discussed in the 
prevlous section are presented in Exhibit 7 20 
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Exhibit 7.20 
RECOMMENDED INVESTMENTS AND POTENTIAL SAVINGS 

IN KAZAKHSTAN POWER INDUSTRY 

Phase 1 I 
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Phase 1: In this phase. small investments made to improve the generahon of electncity can result in 
appreciable return on the investment An investment of $5 million (US dollars) is recommended to 
procure and install NOx burners and oxygen analyzers. to replace small mechanical equipment, (such as 
valves. strainers and steam traps), and selected plant instrumentahon Such plant improvements are 
expected to result in an annual savings of $23 million per year throughout the Kazakhstan power industry, 
or a total savings of $70 million over the three year penod 

Phase 2: In this phase, improvements are recommended in three major areas (1) quality and efficiency 
of the fuel (mainly coal) utilized for power generation. (2) replacing major plant eqwpment (repowenng 
programs), and (3) Demand Side Management program An aggregate total investment of $1,500 million 
is recommended, spread over a 5-year penod, or a $300 million per year levelized effort Improvements 
in fuel utilization, power generation and distnbution. and better control of electncity use from the 
consumer's side, are anhcipated to result in an annual savings for the power industry. of about $2.400 
million a year, or, $12,000 million over the 5 years 

Phase 3: In this last phase. major improvements are recommended in all sectors of the power industry, 
including the infrastructures needed to support the construction. operahon. and maintenance of all types 
of (non-nuclear) electnc power-producing plants Of significant importance are the following components 
of the improvement effort (1) capability to manufacture most components of the plants, including gas- 
turbines, (2) institutional strengthening to include regulatory agencies. government, codes and standards 
organizations, and financial institutions, and (3) comprehensive power plants' reconstruction program. 
including building new plants and transmission lines, and the development of wind, solar and other non- 
traditional power generahon concepts An aggregate total investment of $32,000 million is recommended, 
spread over an 8 to 10 year period, or a $4,000 million per year levelized effort Improvements in overall 
power generation and distnbution are anticipated to result in electnc power self-sufficiency for 
Kazakhstan However a dollar saving value. in terms of currency, has not been estimated, due to the 
numerous unknowns 

The Kazakhstan Ministry of Energy and Coal has developed the following preliminary program of energy 
savings for the Kazakhstan power industry This program is similar to the Phase 3 discussed above 
Ant~cipated savings are depicted in Exhibit 7 21 

Program 

Replacement of Old Power Station 
with New Power Stahon in 1997 

Anticzpated Resources Savzngs 
(1,000 Tons of Fuel Equivalent) 

Reconstruction of Ekibastuz Ges 1600 

Rehrbishing Major Equipment at 
Exlshng Power Stations in 1995-2010 

Replacing Pipelines and Equipment 
Insulation in 1995-20 10 

Decreasing the Power Losses in Energy 
Generation, Transmission 
and Distnbution in 1995-2000 

Total Anticipated Savings 5200 
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Exhibit 7.21 
POWER INDUSTRY FUEL SAVINGS PROJECTS RECOMMENDED BY 

KAZAKHSTAN MINISTRY OF ENERGY AND COAL 
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Chapter 8 
DISTRICT HEATING SECTOR 

District Heating systems are generally very well developed in Kazakhstan. and parhcularly so in Almaty 
As a whole, Kazakstan's distnct heahng systems are relatively inefficient Due to both institutional and 
technical factors. such as government ownership of the system. energy subsidies. and the legacy of 
centralized planning. the importance of energy efficiency has long been ignored Similarly. the bllling 
system used by the distnct heating enterpnses throughout the Republic. which is based on estimated 
average usage within the entire distnct, has further eliminated incentives for end-users to Implement 
meaningful energy conservation measures Most eqtupment is relatively outdated There are few measunng 
devices or instruments for monitonng either supply or demand (end-user) energy On the demand side. 
little individual metenng is installed and operating In general. no metenng devices appear to ewst 
presently to measure distnct heating hot water at users' facilrties (houses, stores, buildings, etc ), except 
in very large commercial/industnal facilities This prevents any kind of efficiency savings possibility, 
because. in order to save energy, one must be able to measure it Automation of the heat distribution 1s 
essential for proper management of the whole process Even where monitonng instruments are available. 
few are utilized on a regular basis On the supply s~de,  monitors and controls for automatic combustion 
are absent from virtually all facilities, and pollution monitoring and control equipment are also non- 
existent Another senous problem encountered is the chronic lack of spare parts for plant equ~pment and 
the absence of budgetary provisions to upgrade older facilities 

The assessment of the Kazakhstan drstrrct heatrng rndustry has been done unlrzrng data and rnformahon 
obtarned from the Almaty Drstrrct Heatrng System Enterprzse (AHSE) and rts dzstrrbutor, the Almaty 
Munrczpal Author~ty (AGTKE-Almaatagorteplokommunenergo) Thrs znformatron represents a rel~ahle 
cross-sectzonal vzew of the overall dzstrrct heatrng zndustry of Kazakhstan (For detazled lnformatron on 
the Almaty Drstrrct Heatzng System refer to the "Energy EfJiczency Audzt Report on Almaty Heatrng System 
Enterprzse, IRG-Washrngton, DC, June 1993) 

Kazakhstan is considered to be one of the largest users of distnct heating in the world. as shown In 
Exhibit 8 1 In Kazakhstan, a considerable portion of the domestic heat is provided by distnct heating 
through cogeneration Therefore, many of the considerahons presented in Chapter 7 on the power sector 
are applicable to this Chapter on distnct heating 

8.1 DISTRICT HEATING OVERVIEW 

In Almaty, the distnct heating system is unique in both its supply and end-use configurations The heart 
of the system is a mixlng station wh~ch receives hot water from two cogeneration plants The supply 
configurahon then uhhzes this heated make-up water from the warmed cooling water of the steam turbine 
condensers at the cogeneration plants Hot water and industnal steam are prov~ded by several sources 
Much of the thermal energy used is supplied by two cogeneration stahons (TES-1 and TES-2), whlle three 
dlstnct boller houses and one independent boiler house provide the balance 
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Exhibit 8.1 
INSTALLED DISTRICT HEATING CAPACITY 

U S S R  

Denmark 

1 Sweden 

For end users of system heat, the circulahng hot water serves both space heating and domestic 
consumption funchons Approximately, 23,000 to 27,000 m3 of hot water are pumped through this loop 
of the system hourly, and as much as 7,500 m3 of make-up water is pumped trough the circulating loop 
each hour More than 70% of this hot water is sold by the Almaty Dlstnct Heating System Enterprise 
(AHSE) to one organization, the Almaty Municipal Authonty (AGTKE) which, in turn, distnbutes the hot 
water to end users through its own networks The entlre AHSE system covers a terntory spanning 15 km 
east to west and 10 km north to south, and serves most of the 1 2 million people living in Almaty The 
AHSE, established in 1960, was constructed in stages as demand grew Consequently. while some 
pipelines and connected equipment are relatively new, others are more than 25 years old 

TES-1 was completed in 1935, and is compnsed of six steam boilers each producing 420 g~gajoules (GJ) 
of power and 160 metnc tons (MT) of steam per hour The station has a total electnc power capacity of 
145 megawatts (MW) , and a total thermal capacity of 920 MW There are also 3 turbines which are 
capable of producing 435 MW of power Base-load bollers at thls station, whlch generates 40 to 60% of 
the total power capacity, are fbeled by pulvenzed coal from the Karaganda region Conversely, the 
peaking-load boilers are fired by natural gas and heavy fuel oil (mazut) Approximately 2.500 m3 of hot 
water is produced hourly at this station This hot water onginates as cooling water from the turbine 
condensers, which is then reheated uslng double extracted steam to maintain an average temperature of 
150 degrees Celsius The average steam load of this station 1s 220 MT/hour, with a maxlmum of 336 MT 
and a minimum of 105 MT The hot water load has a maxlmum flow of 2,800 m3/hour and a minimum 
of 2,240 m3/hour 

TES-2, constructed in the 1 9 8 0 ' ~ ~  cons~sts of 7 boilers, w ~ t h  individual capacity of 480 GJ per hour Each 
of these seven boilers produce 420 MT of steam per hour at a pressure of 140 atmosphere and a 
temperature of 540 degrees Celsius There are SIX turbines in this facility, 2 with a capac~ty of 110 MW. 
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3 with 80 MW, and 1 with 50 MW The total electnc power capacity of this station is 510 MW. while 
its total thermal capacity is 1,000 MW This station produces 5,000 m3 per hour of hot water at 150 
degrees Celsius by reheating cooling water from the condenser Base-load boilers generate 40% to 60% 
of the total thermal output and also fueled by pulverized coal Mazut and natural gas is burned in the hot 
waterlheatlng boilers, while natural gas is used in the peaking (hot water) boilers The average steam load 
at this facility is 385 MT per hour. wlth a maximum of 700 MT and a minimum of 624 MT The 
maxlmum hot water load is 5,600 m3 per hour 

On the average, 3 to 4 km of the older, small-diameter pipelines are reconstructed annually In addition. 
annual upgrades are made to 2 5 to 3 km of older pipelines in the heating system, and to 3 or 4 boilers. 
another 4 to 5 boilers are modernized each year The present AHSE mantenance program calls for the 
replacement of approximately 25 km of pipeline each year to rehabilitate its piping network 

In the near future, AHSE plans to construct an additional distnct boiler house in the northwestern sector 
of the city to accommodate the increased demand resulting from a number of new residential areas In 
addition to hot water and/or steam supplied from TES-1 and TES-2, three distnct boiler houses and one 
independent boiler house service peak-load needs and major industnal steam customers These boiler 
houses range m age from 2 to 30 years and are fueled by natural gas and mazut 

The AHSE has 365 industnal customers which are government-owned enterpnses. although, in the near 
future, some of these enterpnses may be pnvatized The growth rate for energy demand, as currently 
contracted, is approximately 2% annually Little data are avalable regarding the charactenstics of AHSE 
industrial customers Most industrial eqwpment is outdated, and the facilities need varying degrees of 
repair Hot water and steam usage among industnal customers is metered by the receiving station, but 
controls placed on their usage are rare To date, few initiatives to improve energy efficiency have been 
implemented, or even considered. at industnal facilities in Kazakhstan This is partially explained by the 
history of tanff-subsidies, which did nothing to encourage the conservahon of energy, since investments 
in energy efficiency did not have sufficient economic payback On the demand side, energy conservation 
is not practiced nor emphasized, due to state ownership and the lack of individual metering On the 
production side, lack of monitonng instrumentation and other energy-efficient equipment has limited 
energy efficiency initiatives 

AHSE currently has 83 non-industrial commercial enterprises as customers, as well as 706 commercial 
customers, including schools, offices, and hospitals The growth rate of energy demand within this sector 
is approxmately 3% per year Commercial customers of AHSE generally requre uklity services for space 
heating, ventilation, and hot water However, AHSE delivers hot water only to the "gates" of the 
commercial installation, while the heat-energy monitonng and auditing instruments needed to monitor 
efficiency levels are installed at the end-use receiving station There are currently 258 residential 
customers connected to the AHSE system, and 491 residential customers connected to the AGTKE 
dlstnbution system 

As mentioned, the exishng energy-pncing system offers little incentive for customers to conserve energy 
Moreover, since residential end-users are not individually metered. conservation by specific indlvlduals 
has little effect on the overall cost and consumption of heat Energy efficiency appears to be a completely 
foreign concept to most residential customers 

Based on information and data available from the Kazakhstanenergo Enterpnses. the anticipated 
production and dlstnbution of heat energy for 1995-2010 are shown in Exhibit 8 2 below 
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Exhibit 8.2 
PROJECTED HEAT ENERGY PRODUCTION FROM 

KAZAKHSTANENERGO ENTERPRISES 

In the assessment of Kazakhstan's distnct heating industry, the following specific problem areas have been 
ident~fied 

projected Heat Energy Production ~ron). 

Lack of spare parts for plant equipment 
No budgetary provisions to upgrade older facilities 
Lack of gas analyzers, heat meters flow meters, thermostatic valves. metering and control 
devices 
Mixer stabons produce only hot water 
Coal used to fuel the station is approximately 40% ash content by weight (with heating value 
of 6,000 Btu/lb) 
Some pipelines in the distnct heating systems are 25 years old 
Difficulty in localinng damaged or major leakage areas 
Trouble in mantaning the system's hydraulic pressure and temperature levels 
Insulation matenals requlre replacement 
3 to 5% of total energy Inputs could be conserved ~f automat~c control systems were installed 
to replace manual systems 
Lack of automatic instrumentation and control equipment 
Most visible pipelines have insulation partially or completely exposed, w ~ t h  the covenng 
sheets missing or loosely attached 
Several places have been idenbfied where steam was escaping within the processing and 
drying shops 
Instruments at both the hot water and steam receiving station (flow rates, temperature and 
pressure levels) are outdated 

Kazakhtanenergo Enterprises 
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Energy losses within the distnct heating system are pnmanly caused by 

Water leaks, which are identified by visual inspection. by measunng the ground surface 
temperature, by monitonng the pressure drops, or by analyzing the flow rates between the 
sections Since both AHSE and AGTKE are open-loop heating systems. it is difficult to 
separate those water losses due to leaks from those due to domestic consumption According 
to AHSE officials, water losses within the system due to leaks are estimated to be 
approximately 500 m3 per hour under normal conditions, almost 10% of the total make-up 
water of 7,500 m3 per hour 

Falure to meter individual energy usage (industnal. commercial, residential) Approximately 
10% of the industnal customers in Kazakhstan have the flow meters necessary to measure hot 
waterlsteam flow rates All other customers are unable to measure individual heat 
consumption Customers are generally charged a flat rate for heat, resulting in no incentive 
to conserve heat Many regulate the temperature of a room by opening a window. even in the 
middle of winter It is estimated that as much as 25% of the thermal energy delivered by the 
distnct heating system is lost in this manner 

Inadequate insulation Damaged and inadequate insulation around exposed pipeline can be 
detected using an infrared thermometer Damaged or inadequate insulation around exposed 
pipelines are a major source of heat loss It is also a problem to securely attach such 
insulation onto the pipelines 

Throttling of constant-speed pumps for control of flow rates 

Excessive changes in pressure Obstructions in the distnbution system (accidental. gradual or 
due to faulty design, inadequate valves, undersized pipelines. too many fittings or bypasses) 
can cause excessive changes in pressure and can cause waste of energy 

8.2 ENERGY SAVINGS IN DISTRICT HEATING 

There is strong evidence that, throughout Kazakhstan distnct heating systems, a significant potential exists 
for energy savings in all segments of distnct heating operation There are also opportunihes to satisfy the 
growth in demand for electnc power within the distnct heating systems through the cogeneration of 
electricity Further, since most hot water boilers within the systems are fired by natural gas, they would 
be better sulted for gas turblnes wlth combined cycle capabilities 

Energy conservation, which can be encouraged through the removal of energy subsidies and the inshtution 
of rahonal, individual bllling, has the potential to achieve energy savings of 30% among all end-users 
On the production and distnbuhon side, improvements in efficiency resulting from the installahon of 
modern instrumentation and controls (and other measures descnbed below) could achieve savings of 
almost 20% A total reduction of approximately 50% in overall energy use to Kazakhstan distnct heating 
systems is possible 

Utilizing the values reported by Kazakhstanenergo of 18 1 Kg/G Calones for the relative fuel consumption 
for the production of heat (for 1993) and of 63,795,000 G Calones of heat produced in 1993, the savings 
can be calculated to be approximately 5 8 million tons of fuel per year Therefore, assuming an average 
fuel cost of $25 per ton, a saving of $145 million a year can be realized Such potential fuel savings are 
quantified in Exhibit 8 3 below 

INTERNATIONAL RESOURCES GROUP 8-5 DlSTRlCT HEATING SECTOR 



Exh~bit  8.3 
POTENTIAL ENERGY (FUEL) SAVINGS IN KAZAKHSTAN 

DISTRICT HEATING 

potential Fuel Savings in District Heat~n(i 
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8.3 RECOMMENDED ENERGY SAVINGS MEASURES 

Based on all above described considerations. it is recommended that the following measures be 
implemented in the National Energy Savings Program for Kazakhstan Such measures can be classified 
as 1) low-cost, shortlmedmm-term measures, and 2) long-term measures 

8.3.1 Low-Cost, ShortIMedium-Term Energy Savings 

The following low-cost energy savings measures are recommended to be implemented. in the 
shortlmedium-term (1 to 5 years), for the District Heating systems of Kazakhstan 

Install microprocessors whlch will measure and monitor signals of flow and heat rates of 
thermal produckon boilers, hot water dishbution lines and transportation pumps, and 
automatic control and manage the supply to, and demand fiom, mixing stations 

Initiatelcontinue the program to install flue gas oxygen analyzers to regulate the amount of 
excess air for optimum combustion efficiency of the hot water boilers 

Install non-contact type water flowmeter, capable of monitonng water flow ranging fiom 
5,000 to 50,000 cubic meters per hour 

Install heat meters to measure and control the quantity of heat used in space heating, 
ventilation, and uhlity consumphon of individual customers 

Install or replace steam traps in steam lines going to indushal users or in boiler plants 

Repairlreplace damaged/missing insulation around pipelines 
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The above measures will require an overall investment estimated at 12 9 million dollars and will result 
in an estimated savings of approximately 5 7 million tons of fuel per year 

8.3.2 Long-Term Measures 

The measures listed below are recommended to be implemented in the long-term range (5 to 10 years) 
for the Distnct Heating industry of Kazakhstan 

Install a more efficient corrosion protection system for hot water pipelines, since they have 
a history of failure due to both inside and outside corrosion problems 

Install gas turbines on hot-water boilers for a combined cycle cogeneration process The 
current. mficially low electricity pnces and the uncertanty of future natural gas prices and 
supplies (now imported from Uzbekistan) appear to make investments in combined cycle gas 
turbines somewhat difficult in the very short term Nevertheless, the medium and long-term 
outlook for this option is very attractive. particularly with full development of the Tengiz and 
other oil/natural gas fields in northwestern Kazakhstan. which promise to yield significant 
energy resources through newly formed joint ventures with Western companies 

The above long-term measures will requlre an investment of hundreds of millions of dollars However, 
based on past experience in the United States and other highly mdustnalized countnes, their return on the 
investments, as well as the resulting savings in fuel utilization and overall efficiency improvements in the 
overall disimct heating industry, will be significant 

8.4 ESTIMATED ENERGY SAVINGS 

The overall recommended level of investments and estimated savings for Kazakhstan District Heating 
industry are idenhfied in Exhibit 8 4, below 

Exhibit 8.4 
SAVINGS FOR KAZAKHSTAN DISTRICT HEATING INDUSTRY 
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Savings 

5 7 million tons of 
fuel per year 

(not determined) 
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Investment 
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Chapter 9 
FERTILIZER INDUSTRY 

9.1 INTRODUCTION 

In November 1994 Vladimir Peer. Energy Conservation Manager at Foster Wheeler USA Corporation. 
and Nina P Lubchenco, Chief of Organic and Polymer lndustnes for Kazakhstan's Ministry of Industry 
and Trade, vis~ted for several days the joint-stock holding company Karatau in Dzambul, Kazakhstan The 
purpose of the visit was to perform a preliminary energy audit of the plants and to present a seminar on 
energy savings to the plant technical staff 

The Karatau holding company has three joint-stock companies in Dzarnbul NODFOS, Superphosphate 
and Hymprom Dunng the visit only the first tno  plants were in operation. as Hymprom had been shut 
down for renovation 

9.2 DESCRIPTION OF PLANTS 

9.2.1 Joint-Stock Company NODFOS 

The NODFOS plant produces three main products 
Yellow phosphorus 
Phosphonc acid 
Sodium tnpolyphosphate 

Yellow Phosphorus 

The elemental phosphorus is produced by the Electric Furnace process The phosphate rock is reduced 
with carbon (coke) using silica as a slagging agent' The raw matenals are moisturized and then mixed 
and agglomerated for inbmate contact The agglomerates are dried on metallic conveyors at 1.100 - 
1,200°C in a natural gas fired furnace 

The dned agglomerates are fed to the electnc furnace. where the heat of reaction, which is endothermic, 
is generated by the resistance of the raw matenals to the electnc current The reaction occurs at about 
1,500-1,800°C Phosphorus and carbon monoxlde off-gases are cleaned m an electrostatic precipitator to 
remove the dust and then are cooled with water sprays to condense phosphorus Phosphorus settles in a 
separate liquid layer below the water and is pumped to storage The carbon monoxlde can be burned for 
its fuel value By-products are recovered as slag and ferrophosphorus (formed from iron impunties in the 
phosphate rock) 

The yellow phosphorus is used in production of red phosphorus, ammunibon, pyrotechnics, phosphonc 
acid and vanous inorganic and organic phosphonc compounds The slag is used in cement production 
while the ferrophosphorus IS used in the metallurgical industry for special alloys The yellow phosphorus 

1 The basic reachon is 

CaF2 3 Ca, (PO&, + 9 SiO, + 15C - 9 (CaO SiO, 119 CaF,) + 3 P2 + 15 
molten slag gas 
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1s sold mainly on the international markets A relatively small amount is consumed Inside the plant for 
phosphoric acid producbon The ferrophosphorus is sold also on international markets while the slag is 
sold on the domestic market 

Phosphoric A c ~ d  

Elemental phosphoms is burned in air, inside a stanless steel combusbon chamber, to y~eld phosphorus 
pentoxlde Phosphonc acid is then produced by absorbing the pentovlde in water Both reactions are very 
exothermic, requinng large quantities of cooling water to reduce corrosion and thermal stress in the 
processing equipment 

The principal applications for thermic phosphonc acld are In the production of detergents. food additives. 
phannaceut~cals. femllzers and in photography 

Sodium Trlpolyphosphate 

The sodlum tnpolyphosphate is produced by reacting phosphonc acld with sodium carbonate In aqueous 
solution and then calcining the product at temperatures above 250°C to eliminate the water 

The sodium tnpolyphosphate 1s used in detergents and water treatment It is sold mainly on the domestic 
market 

9.2.2 Jolnt-Stock Company "Superphosphate" 

The Superphosphate plant produces three main products 

Ammophos 
Tncalcium Phosphate 
Sulfocoal 

Ammophos 

Ammophos is made by reacting phosphoric acid with ammonia In aqueous solution The ammophos 
solution is injected wlth compressed air in a high temperature. natural gas fired furnace The product is 

2 The basic reacbons are 

3 The baslc reacbon IS 
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granulated at about 600°C The phosphonc acid is produced in the plant by decomposition of the 
phosphate rock with sulfuric acid diluted in a large excess of phosphoric acid 

Ammophos is used as fertilizer and sold manly to China 

Tricalcium Phosphate 

The tricalcium phosphate is produced directly from phosphate rock which is first moisturized and 
granulated. and then heated at 1,400-1,500°C in a natural gas fired furnace The reacbon proceeds through 
hydration of the ore and release of hydrogen fluonde which is absorbed in calcium hydroxide producing 
calcium fluonde as a waste byproduct 

Tncalciurn phosphate is used as animal feed supplement and as phosphate fertilizer It is sold mainly to 
the former Soviet Union Republics 

Sulfocoal 

Sulfocoal is made by treating a special type of coal with sulfuric acid oleum 

The sulfocoal is used for water treatment and it IS sold to other former Soviet Union Republics 

Plant Capacity 

Information on plant capacities, recent produchon rates, and energy consumption were obtained from the 
plants, Mlnistry of Industry and Trade, and Ministry of Economy Simllar information was received from 
the above minlstnes for the joint-stock company "Phosphorus" in Chymkent, which is the only other 
company in Kazakhstan manufacturnng phosphate products 

The vmous unit capacities in each plant are shown in Exhibit 9 1 

4 The basic reacbon is 

H3P04 + NH, - (NH,) H2P0,  

5 The basic reacbon is 

CaF, 3 Ca, (PO.,), + 10 H$04 + n H,P04 - 10 C a S 0 4 +  (n+6) H,P04 + 2 HF 

6 The basic reachon 1s 

CaFz 3 Ca, (PO& - 3 Ca, ( P o d ,  + CaF, 
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Exhib~t 9.1 
UNIT DESIGN CAPACITIES 

Source Ministry of Industry and Trade 

Production Rates 

Design 
Capacity 
(Tons/Y r) 

230.000 
120.000 
120.000 

83,000 
59,000 
18,000 

600,000 
168.000 
25,000 
25,000 

145,000 
394.500 
360,000 

Company 

"NODFOS" 
Dzambul 

" Superphosphate" 
Dzambul 

"Hymprom" 
Dzambul 

"Phosphorus" 
Chymkent 

The production rates of recent years are shown in Exhibit 9 2 

Exhibit 9.2 
PRODUCTION RATES 

Major Products 

Yellow Phosphorus 
Phosphoric Acid 
Sodlum Tnpolyphosphate 

Ammophos 
Tncalcium Phosphate 
Sulphocoal 

Phosphonc Acld 
Diammonium Phosphate 
Silicium Manganese 
Ferrous Manganese 

Yellow Phosphorus 
Phosphoric A c ~ d  
Sodium Tnpolyphosphate 

Year 
Started 

1978 
1978 
1978 

1956 
1956 
1956 

1968 
1968 
1993 
1993 

1966 
1966 
1966 
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Company/Product 

NODFOS 
Yellow Phosphorus 
Phosphonc Acld 
Sodium Tnpolyphosphate 

Annual Production 

1990 
(TonsNr) 

155,500 
Not Available 
Not Available 

1993 
(Tonsffr) 

37,708 
39,676 
44,3 19 

1994 
(TonsNr) 

27,409 
34,128 
33,622 



Source Ministry of Economy, NODFOS and Superphosphate companies 

r 
CompanylProduct 

As shown in Exhibit 9 2, the production of these plants decreased continuously from 1990 (54 to 100% 
plant utilization) to 1994 (12 to 43% plant utilization) This does not include the diammonium phosphate 
which was shut down in 1994 

The main reason for this decline in production is the decrease in sales due to the following factors 

Annual Production 

High cost of energy 
Unreliable power supply 
High cost of transportation (especially to Europe - $40/ton) 

1990 
(TonsNr) 

These factors resulted in h~gh, noncompetitive production costs for the products on the international 
markets 

Superphosphate 
Ammophos 
Tncalcium Phosphate 
Sulphocoal 

Hymprom 
Diammonium Phosphate 
Silicium Manganese 
Ferrous Manganese 

Phosphorus 
Yellow Phosphorus 
Phosphoric Acid 
Sodium Tnpolyphosphate 

Some of the implications of this decline in plant utilization, like the increase in the specific energy 
consumption, will be discussed in the next sections of this chapter 

1993 
(TonsIYr) 

89,200 
8,400 

17,200 

90,100 
- 

157,900 
29 1,600 
3 18,200 

38,021 
29,829 

7,337 

15,800 
80 

2,000 

34,700 
71,300 
77,600 

Energy Przces 

1994 
(TonsNr) 

26,900 
10,700 
4,800 

6.100 
2,000 
8,900 

85,000 
170.200 
97,300 

The prices of various fueldenergy sources are listed in Exhibit 9 3 
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Exhibit 9.3 
ENERGY PRICES (October 1994) 

Source NODFOS and Superphosphate companies 
(1) Exchange rate basis US $1 00 = 48 77 Tenge 

Fuelmnergy Source 

Natural Gas 
Fuel Oil 
Electncity 
Steam 

Although the prices are slightly different between the two companies, for cons~stency of the energy 
consumption analysis, only the NODFOS prices will be used throughout this report 

Energty Consumption 

Company 

Comparative energy consumptions during 1993 versus 1990 for vanous plants and products are shown 
in E x h ~ b ~ t  9 4 

NODFOS 

$100 0011.000 M3 
$60 OOITon 
$27 7011,000 KWH 
$1 1 071Gcal (1) 

Exhibit 9.4 
ENERGY CONSUMPTION 

Superphosphate 

$71 7711,000 M3 (1) 
$82 O21Ton (1) 
$33 4211,000 KWH (1) 
$22 55lTon (1) 
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CompanylProduct 

NODFOS 
Yellow Phosphorus 

Superphosphate 
Ammophos 
Tncalc~um Phosphate 
Sulphocoal 

Annual Energy Consumpaon 

1990 1993 

Electric~ty 
(MilkWh) 

2,698 

80 
90 
- 

Natural 
Gas 

(WM') 

41 7 

33 1 
132 7 

1 6  

Steam 
(Thous. 
Gcal) 

280 7 

124 0 
120 6 

10 3 

Natural 
Gas 

(MUMS 

18 1 

13 I 
72 7 
0 7 

Electr~ctty 
(MilkWh) 

800 

42 
60 
- 

Steam 
(Thous 

262 6 

87 1 
74 7 

8 4 



Source Ministry of Economy 

- 

A review of the specific energy consumption (energy per unit product) in yellow phosphorus production 
is shown in Exhibits 9 5 and 9 6 

The typical US energy consumption per tonne of phosphorus, at 90% plant utilization, is 14,157 KWH, 
72 5 Kg steam and 6 2 M3 natural gas, which correspond to a total of 48 82 G calltonne 

CompanyIProduct 

Hvmprom 
D~ammon~um Phosphate 
S~llc~um Manganese 
Ferrous Manganese 

Phosphorus 
Yellow Phosphorus 
Phosphonc Ac~d  
Sod~um Tnpolyphosphate 

Exh~bit 9.5 
SPECIFIC ENERGY CONSUMPTION ASSOCIATED WITH 

YELLOW PHOSPHORUS PRODUCTION 

Annual Energy Consumpixon 

Fuel values include natural gas and steam consumptions 

Company 

NODFOS 

Phosphorus 
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1990 
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r'P 

1993 

Electricity 
(MiVkWh) 

Steam 
(Thous 
Gal )  

Electricity 
(MiykWh) 

1990 

Natural 
Gas 

(WlM3) 

1993 

- 
- 

- 

2,584 
66 
75 

Natural 
Gas 

(hWM"> 

2 4 
0 09 
0 6 

18 2 
A 

21 7 

PIant 
UHlizabon 

(%I 

68 

109 

7 6 
- 
- 

53 0 
- 
79 8 

Steam 
(Thous 
Gcal) 

- 
- 
- 

225 2 
107 0 
97 3 

- 
- 
- 

364 7 
115 7 
124 9 

Fuel ' 
(GcaUt) 

3 98 

5 04 

Electnc~ty 
( W W t )  

17,350 

16,364 

Plant 
Utilizabon 

(%I 

16 

24 

- 
A 

20 

702 
37 
41 

Total 
Energy 
(GcaYt) 

63 66 

61 33 

Efectrlcity 
(KWHlt) 

2 1,333 

20,23 1 

Fuel ' 
(GcaUt) 

10 92 

10 75 

Total 
Energy 
(GcaUt) 

84 31 

80 34 



Exhiblt 9.6 
INCREASED ENERGY CONSUMPTION ASSOCIATED WITH 
YELLOW PHOSPHORUS PRODUCTION FROM 1990 TO 1993 

' Fuel values include natural gas and steam consumptions 
Cost premlses 

company 

NODFOS 

Phosphorus 

$ 27 7011,000 KWH 
$100 0011,000 M3 Natural Gas 
$1 1 07tGcal Steam 

As expected, it can be seen in Exhibit 9 6 that the significant decrease in plant utilization (52 to 85%) 
resulted in major increases in the energy consumption for yellow phosphorus manufacture (3 1 to 32%) 

Decrease 
in Plant 

Utilization 

Even at the maximum plant utilization of 1990. the electrical consumption per tonne for the Phosphorus 
company is about 16% higher than the typical electrical consumption for USA companies S~milarly the 
total energy consumption per tonne of phosphorus is about 26% higher than for USA companies 

A s ~ m ~ l a r  trend is shown in Exhib~t 9 7 for the phosphate products manufacture 

Increase in 
Electricity 

Consumption 
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Increase in 
Fuel 

Consumption ' 

52 

8 5 

(GcaIJt) 

6 94 

5 71 

(KWHJt) 

3,983 

3,867 

Increase in 
Total Energy 
Consumption 

Increase 
in 

Energy 
Cost 

($it) 

189 32 

172 30 

(Gcallt) 

2065 

1901 

(%) 

32 

31 



Exhibit 9.7 
INCREASED ENERGY CONSUMPTION IN PHOSPHATE 

PRODUCTS MANUFACTURE FROM 1990 TO 1993 

' Cost premises 

Company 

Superphosphate 
- Ammophos 
- T r ~ c a l a u m  

Phosphate 

Hvmprom 
- Dlammonlum 

Phosphate 

Phosphorus 
- Sodium Tn- 

polyphosphate 
- Phosphonc Acld 

$ 27 7011,000 KWH 
$100 0011,000 M3 Natural Gas 
$1 1 07lGcal Steam 

The reduction in phosphate products plant utilizat~on (45 to 66%) resulted in even larger increases in the 
specific energy consumption (13 to 178%) than in phosphorus production 
Although several spec~fic energy consumption data provided by NODFOS and Superphosphate companies 
are 10-15% lower than those obtained from the Ministry of Economy, they show a similar trend in the 
increased energy consumption 

9.3 ENERGY SAVING MEASURES 

1990 

Based on the energy consumption data in the Dzambul fertilizer companies and typical energy 
conservation practices in such size plants, a number of recommendations to improve their energy 
utilization were developed These recommendat~ons were categonzed in terms of short, medium. and long 
term energy savings measures 

Plant 
Uhluahon 

(%> 

107 
99 

54 

88 

74 

Short Term Measures Measures include no cost or low cost improvements in plant operation with 
minimum equipment modifications The maximum cost for these measures should be approximately 
$100,000 and they should be implemented in general by the plant staff It is expected that the timing for 
this category of recommendations would be as follows 

Energy 
Consumphon 

(Gcaltt) 

7 50 
25 83 

0 68 

3 22 

1 18 

1993 

Maxlmum procurement/preparation time 2 5 years 
Average payout 0 5 years 
Total 0 to 3 years 

1990 to 1993 

Plant 
Utiltzabon 

f%) 

46 
5 1 

9 

22 

18 

INTERNATIONAL RESOURCES GROUP 9-9 FERTILIZER INDUSTRY 
i 

Decrease 
m Plant 

Uhlizahon 

(%I 

6 1 
48 

45 

66 

56 

Energy 
Conswnpbon 

(Gcaljt) 

8 89 
29 26 

1 23 

5 33 

3 28 

Increase 
ln Energy 

Cost ' 
(%It) 

16 18 
34 90 

6 75 

20 53 

20 30 

Increase 
in Energy 

Consumpbon 

(GcaUt) 

139 
343 

055 

2 1 1  

2 10 

(%) 

19 
13 

81 

66 

178 



Medium Term Measures Require medium cost investment up to several million dollars for equipment 
or plant modifications and probably the use of outside engineennglcontractor services The estimated 
timing for these measures is 

Maximum procurement/preparation time 5 0 years 
Average payout 3 0 years 
Total 3 to 8 years 

Long Term Measures Include major investments in new or revamped facilities to improve and increase 
the plant utilization These type of investments would require justificat~on based on significant potential 
for product sale increases through market analyses and on a comprehensive economic analysis for each 
measure suggested for implementation The expected timing for this category is 

Maxlmum procurement/preparation time 9 0 years 
Average payout 6 0 years 
Total 8 to 15 years 

A llsting of recommended energy saving measures organized In terms of the above three categones IS 

presented as follows 

9.3.1 Short Term Measures 

Short term measures include 

Improve combushon efficiency of furnaces and boilers by installing flue gas 
oxygen/combustion analyzers 

Add new steam traps and testheplace existing steam traps based on a ngorous audit of the 
steam generation and distribution systems 

Add. repair, and replace insulation as necessary based on a comprehensive inspection of heat 
losses from vanous equipment and piping 

Improve maintenance program to assure continuous repar or replacement of leaky valves and 
pipes, damaged insulation, instrumentation, and equipment Develop a detailed maintenance 
history and data logglng program 

Implement an energy saving traning program at all levels of plant personnel through 
seminars, courses, and education programs Special emphasis should be given to overall plant 
energy efficiency improvement programs. furnace/boiler burner operation, optimum airlfuel 
rabos, and general mantenance 

The estimated cost and energy savings for these short term measures are presented in Exhibit 9 8 

The total cost for all these measures is estimated at $120,000 - $190.000, while the potential energy 
savings are estimated at $250,000 - $400,000, resulting in an average payout of about 0 5 years 

These cost and energy saving estimates are providing order of magnitude data for vanous measures, based 
on previous energy saving expenence in slmilar size plants These values can be confirmed through 
detailed energy audits of each specific plant 
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Exhibit 9.8 
SHORT TERM ENERGY SAVINGS MEASURES 

BENEFIT 

Improvement In furnaceholler efficiency by 
5 to 15 percent, in addltlon to reduction in 
environmental emlsslons 

Fuel savings estimated at $100,000 to 
$150,000 per year 

Payout 0 75 years 

DESCRIPTION 

Install flue gas oxygen/combust~on analyzers on furnaces and 
boiler to lmprove thelr operation and combust~on efficiency 

COST 

Est~mated cost for 4 
to 5 analyzers 

$75,000-$100,000 

BENEFIT 

Reduct~on m steam consumption Fuel 
savlngs estimated at $75,000 to $100,000 
per year 

Payout 0 50 years 

DESCRIPTION 

Add new steam traps and tesdreplace ex~stlng steam traps 
following a ngorous audlt of the steam generation, 
dlstnbutlon, and util~zatlon systems 

COST 

Estimated cost for 
50 to 100 steam 
traps 

$25,000-$50,000 

BENEFIT 

Reduction In heat losses through poor 
insulation Energy savings estimated at 
$25,000-$50,000 per year 

Payout 0 40 years 

DESCRIPTION 

Add, repalr, and replace ~nsulatlon as requlred based on a 
comprehensive inspection of heat losses from various 
equipment and plplng 

COST 

Approximately 
$10,000-$20,000 



Exhibit 9.8 (Continued) 
SHORT TERM ENERGY SAVINGS MEASURES 

BENEFIT 

Improvement in plant operation due to 
prevention of unscheduled maintenance and 
shutdown of equipment Improved energy 
efficiency Estimated operation and energy 
savings at $50,000-$100,000 per year 

Payout 0 20 years 

RESCFUPTION 

Improve maintenance program to assure continuous repalr 
and/or replacement of leaky valves and pipes, damaged 
insulation, instrumentation, and equipment 

Develop a detailed maintenance history and data logging 
program 

COST 

Approximately 
$10,000-$20,000 

-~ 
BENEFIT 

Improvement in energy savings throughout 
the plant, especially in the furnace/boiler 
operation and energy consumption 

DESCRIPTION 

Implement an energy saving training program at all levels of 
plant personnel through seminars, courses, and education 
programs The training should emphasize overall plant energy 
efficiency improvement programs, furnace/boller burner 
operation, optimum air/fuel ratios, and general maintenance 
practices 

COST 

Minimal 



9.3.2 Medlum Term Measures 

Medium term measures include 

Replace old, inefficient equipment. such as replacement of old burners with high efficiency 
burners and old instrumentation with modem highly reliable instrumentation 

Install condensate collection and reprocessing systems to improve the utilization of the steam 
generation system and reduce boiler feed water consumption 

Preheat combustion air to furnaces and boilers using low pressure waste steam to improve the 
combustion eqwpment efficiency 

Recover waste heat from stack gases of furnaces and boilers to preheat combustion air, 
generate steam or preheat boiler feed water The selection of these alternate applications will 
reqwre a comprehensive investigation of plant steam requirements versus the economics of 
each application 

The estimated cost and energy savings for these medium term measures are presented in Exhibit 9 9 

The total cost for all these measures is estimated at $1.900.000 - $4.300.000, while the potential energy 
savings are estimated at $675,000 - $1,700.000. resulting m an average payout of about 3 years 

These cost and energy saving estimates are providing order of magnitude data based on previous energy 
savings expenence in sim~lar size plants These values can be confirmed through detailed energy audits 
of each plant 
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Exhibit 9.9 
MEDIUM TERM ENERGY SAVINGS MEASURES 

DESCRIPTION 

Replace old, lnefficlent equipment 

Replacement of old burners wlth hlgh efficiency burners 

Replacement of old, inefficient ~nstrumentation with 
modem, hlghly rellable lnstrumentatlon 

DESCRIPTION 

Install condensate collection and reprocessing systems to 
improve the utlllzatlon of the steam generation system and 
reduce boller feed water consumption This system will 
Include steam traps and prplng to collect process and steam 
traclng condensate, condensate drums, and pumps to return the 
recovered condensate to the bo~ler feed water system 

COST 

Approx~mately 
$100.000-$150,000 

BENEFIT 

Improved energy efficiency of combustion 
equlpment through reduction m fuel 
consumption and more rellable operation of 
the equipment Potentlal fuel savings 
estimated at $75,000-$100,000 per year 

Payout 1 5 years 

COST 

Approximately 
$200,000-$250,000 

BENEFIT 

Reduction m steam and boller feed water 
consumption Estimated fuel savlngs at 
$100,000-$150,000 per year 

Payout 2 0 years 



Exhibit 9.9 (Continued) 
MEDIUM TERM ENERGY SAVINGS MEASURES 

BENEFIT 

Reduction in furnace and bo~ler fuel 
consumpt~on Estimated fuel savings at 
$300,000-$450,000 per year 

Payout 2 0 years 

DESCRIPTION 

Preheat combustion air to furnaces and boilers using low 
pressure waste steam to improve the combustion equipment 
efficiency 

COST 

Approximately 
$600,000-$900,000 
for 1 -2 furnaces or 

boilers 

BENEFIT 

Reduction in furnace and boiler fuel 
consumption Estimated fuel savlngs at 
$700.000-$1,000,000 per year 

Payout 3 0 years 

Increased steam generation capabilities 
without addition of new bo~lers or 
reduction in fuel consumption for boiler 
feed water preheat Potential savlngs 
estimated at $200,000-$300,000 

Payout 5 0 years 

DESCRIPTION 

Recover waste heat from stack gases of furnaces and boilers, 
in one of the following options 

1 Combustion Air Preheat 

2 Steam Generation or Boiler Feed Water Preheat 

COST 

Approximately 
$2,000,000- 

$3,000,000 for 1 -2 
fimances or boilers 

Approximately 
$1,000,000- 

$1,500,000 for 1 -2 
hmances or boilers 



9.3.3 Long Term Measures 

Long term measures include 

Install cogeneration facilities to provide more reliable and cheaper electrical power and steam 
A company like NODFOS seems to be an ideal user of cogeneration facilities based on its 
high electncal and steam consumption 

Improve manufacturing process Several opportunities to be investigated in this area ~nclude 

- Improvement of agglomeration method for raw matenals (phosphate rock. coke, and 
silica) in phosphorus manufacture 

- Higher quality electrodes in phosphorus manufacture 

- Use of the Wet Process in phosphonc acld manufacture for sodtum trtpolyphosphate 
production This is a cheaper process which can reduce the product cost 

The benefits of these long term measures are presented in Exhibit 9 10 

More specific information will be required to estimate the cost of these measures and to quantify their 
benefits to justify the major investments included in this category of energy saving opportunities 
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Exhibit 9.1 0 
LONG TERM ENERGY SAVINGS MEASURES 

BENEFIT 

Improved electrical power reliability and 
reduction in its cost, as well as steam 
supply cost 

DESCRIPTION 

Install cogeneration facilibes to provide more reliable and 
cheaper electrtcal power and steam 

COST 

To be determined 

BENEFIT 

Improvement in plant operation, reduction 
In energy consumption and product cost 

DESCRIPTION 

Improve manufacturing process 

Improvement of agglomeration method for raw materials 
in phosphorus manufacture 

Use of higher quality electrodes in phosphorus 
manufacture 

Use of Wet Process in phosphoric acid manufacture for 
sodlum tripolyphosphate production 

COST 

To be determined 



9.4 POTENTIAL FOR FUTURE ENERGY SAVINGS 

The potential for energy savings in Kazakhstan's fertilizer industry was estimated based on the energy 
consumption of the vanous companies at an assumed future optimum plant utilization of 90 percent 

The specific energy consumpbon shown in Exhibits 9 5 and 9 7 for 1990, when the plants operated at high 
ut~lization rates. were used for these energy consumption calculations. as shown in Exhibit 9 11 

Exhibit 9.1 1 
POTENTIAL FOR ENERGY SAVINGS IN KAZAKHSTAN'S 

FERTILIZER INDUSTRY 

' Cost premises 

Energy C o n m p h o n  at 90% Plant Ubbabon 

$ 27 7011,000 KWH 
$100 0011,000 M3 Natural Gas 
$ 1 1 07lGcal steam 

The potential future energy savings are estimated as follows 

Total 
Energy 
Cost ' 

(m) 

114 17 

22 77 

7 06 

82 55 

226 55 

Short and medium term measures $1 1 million 
(approximately 5% of energy cost) 

Long term measures $45 million 
(approximately 20% of energy cost) 

Steam 

( M ~ ~ G C ~ I )  

0 46 

0 22 

0 22 

0 57 

1 47 

Natural 
Gas 

( m M 3 )  

82 6 

149 8 

12 7 

125 2 

370 3 

EIectr~city 

These potenbal future energy savlngs were estimated based on typical saving evpenence in such size 
plants They are providing order of nagnitude informat~on wh~ch can be confirmed in detailed energy 
audits of each plant 

Total 
Energy 

( iW/Gcal) 

13 66 

1 94 

0 75 

9 51 

25 86 

NODFOS 

Superphosphate 

Hymprom 

Phosphorus 

Total 
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(Mdkwh) 

3,640 

149 

120 

2,298 

6,207 



9.5 CONCLUSIONS 

Based on the preliminary survey of the phosphate fertilizer industry in the State of Kazakhstan it appears 
that this industry 1s an important asset for the state economy due to the following factors 

The state has large reserves of phosphate ore 
The fertilizer plants are already bmlt 
The products have good potentla1 for export to the former Soviet Union republlcs. China and 
other Asian countnes, thus they can be a valuable source of foreign currency 

Therefore there is a strong incentive to revitalize this industry by helping the vanous companies to 
increase their plant utilizat~on through increased sales of their products This will reduce the energy 
consumpt~on and all fixed costs (overhead, mruntenance. depreciation, sales cost) per tonne of product. 
whlch wlll help this industry to become more competitive on the foreign markets 

In achieving this goal. the industry wlll need help from the government in vanous areas such as 

Incentives for export 
Assistance in international sales 
Reduction In transportation costs 
Reliable energy supplies 
Financial support In installat~on of cogeneration faciht~es, which will provide a more reliable 
and cheaper source of electncity and steam supply 
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Chapter 10 
NONFERROUS METALS INDUSTRY 

10.1 ENERGY SAVINGS STUDY 

The nonferrous mining and smelting industries in Kazakhstan were studied to determine the present levels 
of energy consumption and how these levels compare to other operations in the world If it were found 
that Kazakhstan's energy consumption was above this 'standard' level. then suggestions would be made 
on methods and approaches that would reduce energy consumption 

To accomplish this task. literature in the US and Kazakhstan was searched, Kazakhstani specialists were 
consulted, and the teams own expenence was called upon In additlon. one major mining/smelting site, 
Dzhezkazgan, was visited to better understand exlsting conditions in the countq Dunng this visit. copies 
of a data questionnaire (Annex J) were distributed to obtain more detailed data. however, no responses 
to the questionnaire were received All data were obtaned dmng site interviews and from our 
Kazakhstani counterparts in Almaty 

10.2 NONFERROUS INDUSTRY OVERVIEW 

This chapter will focus primmly on the production of copper, lead. zinc, gold, and silver A large number 
of byproduct metals and compounds such as sulfuric acid. copper sulfate, silver nitrate, bismuth, tungsten. 
molybdenum, manganese, etc are produced but do not have the financial significance of the five pnmary 
metals 

Almost all mlnes produce ores with multiple mineral components Even most of the 'non copper mines' 
have ore with 0 1 to 2 0% copper and almost all of the ore cames recoverable silver, 1 to 50 grams per 
ton plus trace gold These ores require complex concentrating plants or there are large metal losses to the 
tailings (In fact, many opportunihes identified by Western mining companies relate to reprocessing 
tailings ) 

As a general rule, the ores produced are of low grade with copper ores being 0 3-1 2% as compared with 
0 3-2% in the US and 1-3% in Chile The polymetalic ores are around 0 9-8% combined lead and zinc 
while in North and South Amenca and Australia 5-20% is more common The geologic conditions also 
appear more complex with less surface mining and more relatively deep underground mines 

While the mlnes may produce multiple metals within the ore, the smelting complexes have products in 
whlch they specialize In Kazakhstan, the pnmary smelting locations and associated pnmary output are 
as follows 
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Smelting Complex 

Dzehzkargan 

Balkhash 

Typical 1985-90 
Production TPY 

200,000 Cu* 

150,000 Cu 

Comments 

2 Pnmary furnaces 
electnc 

2 Pnmary furnaces 
coal 



*Recent producbon at Dzhezkazgan IS In the 140-170,000 TPY range 
**Noted when there IS a questlon about the number of smeltlng lines 

Source Product~on data In this llst~ng from Center for International Research " The Mrneral Industrv of Kazakhstan," by R~chard 
M Lev~ne field tnp, or Kazakhstan1 spec~al~sts 

Comments 

2* * Pnmary furnaces 
coal 

2** Pnmary furnaces 
one coal 
one elechc 

5** Furnaces pnmanly 
handle waste and lead 
dusts, 

2** Units 
electnc 

1 * * Primary furnace, air blown 

2** Pnmary furnaces. air blown 

Smelting Complex 

Chimkent 

Ust-Kamenogorsk 

Leninogorsk 

Leninogorsk 

Ust-Kamenogorsk 

All LeadIZinc 

All LeadIZmc 

Recent production data is considered confidential because of its economic impact on Kazakhstan in the 
world market We have no specific production data but production at all operations has dropped since the 
break up of the Soviet Un~on It is believed that production drops of 20-60% are typical for the 1993-94 
time penod 

Typical 1985-90 
Production TPY 

130,000 Pb 

120,000 Pb 

unknown Pb 

95,000 Zn 

220,000 Zn 

1,000 Ag 

35 Au 

Prior to the 1993-94 production drops, Kazakhstan was a major producer of nonferrous metals in the 
Russian and world markets Copper production was about 3% of world refinery output and 33% of 
Russian output Lead production was at 5% of world refinery output and 45% of Russian output, much 
of this refinery output seems to be related to recycling lead scrap because Kazakhstan's mine production 
was being allowed to fall Zinc production was at 4% of world refinery output and 40% of Russian output 
Gold and silver accounted for 2% and lo%, respectively, of world output and 15% and 65% respectively 
of Russian production 

The five smelting locations are set up as independent combinats', in addition to the smelters there are 
associated mines and concentrating facilities Besides the smelter combinats, there are nine other mining 
and concentrating combinats set up within Kazakhstan that are considered to be in the nonferrous industry 
These are Achisa~i, Shalinsk, Zhezkentsky, Zhairensky, Karaga~linsky, Zyryanovsky, Akshatau, 
Teleliysky, and Irtyshsky 

1 Translators use the term Kombznatwhen s p e a h g  about these orgatuzahons It seems to have the same meanlng as the words 
company or corporakon 
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In the past, markets for the nonferrous industry were pnmarily outslde of Kazakhstan but within the 
fonner Soviet Union (FSU) While most of these FSU markets are still potentially available there is a 
severe problem in being paid for metals shipped to customers withln the fonner Soviet Union, and it has 
been necessary to seek out customers in Europe and Asia These new customers can buy on the world 
market and as a result Kazakhstan's nonferrous industry is being forced to d~scount its products severely 
so that delivered pnces in Europe and Asia are competitive For copper this means loading it on rsul cars 
and shipp~ng it to the Kazakhstan border where the sales transaction takes place at a pnce about 10% 
below the London Metals Exchange, LME, pnce In essence the Kazakhstan metals must pay all of the 
delivery fielght charges for customers in Europe and Asia It appears that shlpping costs of about $0 10 
per kilometer are being charged, which is rather high for carload lots 

The present sales discounts ($200-$300 per ton) are economic for a metal such as copper which 1s 
presently selling for about $1 25 per pound on the LME ($2750 per metnc ton) For nonferrous metals 
such as lead, $0 30 per pound ($665 per metnc ton), and zinc, $0 52 per pound ($1 150 per metnc ton) 
these discounts are a major problem and much of the countries production is only marginally economic 
or may only be economic if customers with the ability to pay can be found within Kazakhstan or other 
nearby FSU states Gold and silver can afford freight d~scounts but most production is as a byproduct of 
the production of lead and zinc Many of the presently mined ores do not contsun enough precious metals 
to pay for mining and smelting just to recover the precious metal content 

As a result of these market factors, copper emerges as one of the most important metals within 
Kazakhstan Since this industry also has the ability to generate hard currencies, which Kazakhstan needs, 
copper production also becomes important to the nation Lead and zinc have economic potential but 
deductions for shipment to European and Asian markets are a problem In the short term Kazakhstan may 
have to depend heavily on copper These factors also make any cost savings that can be implemented 
rmportant to the survival of the nonferrous industry and because of recent nses in the cost of energy, 
energy becomes an important area in which to look for cost savings 

10.2.1 Dzhezkazgan Complex 

The Dzhezkazgan mining and smelter complex of Zhezkazgantsvemet includes one open pit and four 
underground copper mines, three ore concentrating plants, a smelter complex, and a Turkish joint venture 
wire drawing mill2 The smelter produces 99 99% copper suitable for electrical use. sulfuric acid, copper 
sulfate, lead dust (lead smelter feed), and gold/silver slimes (precious metal refinery feed) There also 
appears to be some potential for zlnc concentrate production 

Production of 'black copper,' an intermediate product produced before casting the anodes used in 
electrolytic refining to 99 99% copper, is theoretically around 240,000 metnc tons per year In actual 
practice the complex has produced just a little over 200,000 TPY before the formahon of the CIS and over 
the last two years has fallen about 30% 

2 Thts md 1s a first step toward upgradmg raw copper metal mto hgher grade products The mdl makes large dmneter w e  
but there are apparently plans to add fme wre and msulatmg capacity as well 

- - - -- - - 
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It appears that all the copper produced could be sold at or near world prices (up to 50,000 tons per year 
can be taken by the on site wire drawing plant). in spite of the favorable economics, production has fallen 
The production drop that has taken place since the breakup of the FSU has many causes but the pnmary 
ones are 

* Many experts have left for their original homelands. pnmmly Germany and Russia. leaving 
the technical management of the plants to people with less skill 

Supplies of repar parts, chemlcal reagents. explosives. and other consurnables have become 
less dependable While there are many reasons, the pnmary one is that many commodities are 
not made in Kazakhstan, thus, requiring importation across mult~ple national borders. with all 
of the purchasing, credit, and shipping problems that are entaled 

Power is in short supply and not dependable The Dzhezkazgan TES is old and well beyond 
its economic life and power from other supplying stations is contracted to Russia or is 
otherwise undependable 

All sales arrangements are handled by a separate firm We do not understand the reason but 
insufficient capital is being returned to the plant for improvements, proper maintenance, and 
wages, even though the mining/smelter complex is clearly producing a large, positive cash 
flow 

In addition small problems are present There is a lack of acid carrying rail tankers Also there is lack 
of sufficient steamhot water to keep the electrolytic baths at their ideal operating temperature. etc which 
causes problems producing cathode copper 

While we did not visit other operations in the nonferrous industry, our Kazakhstan1 counterparts indicate 
that the conditions are similar at most other producing locations Although, at most other operations. 
electrical power seems to be more available/dependable, it may have to be imported from other CIS states 
at a more costly pnce (approx $0 O5/kwh or 50% over Kazakhstani pnce) This hlgher tanff could be 
another factor that is restricting production The lack of adequate capital and other problems noted may 
stretch back even further than the recent drops in copper production at Dzhezkazgan may indicate Exhibit 
10 1 indicates the process may have started at least 10 years ago in the lead industry The drop shown in 
the exhibit has a number of reasons but it is clear that investments have not been made to mantain 
production levels 

3 How the plant IS belng stnpped of its earnlngs is not at all clear The Kazakhstam interviewed Indicated the Government 
was responsible but we do not clearly understand the mecharusm for allocabon of funds resultmg from the sales operabon 
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Exh~bit  10.1 
LEAD ORE PRODUCTION HISTORY 

--p--p.p--p-- -- - 
i LEAD ORE PRODUCTION HISTORY I 

I 

1984 1986 1988 1990 1992 1994 1996 
YEAR 

A 

NOTE The 1995 production level IS a budget estlrnate and we do not know how real~st~c ~t IS 

Some of the nonferrous operations/mmes In the country are not felt to be economic m the world market 
Some operations are be~ng maintained for national reasons The Kazakhstan1 know that something will 
have to be done about these mines, but. in general, mine closings have not yet begun 

While energy has always been a component of prices, energy costs have nsen raptdly towards 'world' 
levels This has caused the percentage of costs associated with energy to nse substantially in the last year 
as presented m Exhib~t 10 2 This, coupled with shortages of supplied electrical energy, have brought 
energy awareness to the forefront of managerial awareness There already seems to be a branch on the 
Dzhezkazgan organization chart for energy management 

Exhibit 10.2 
DZ ENERGY CONSUMPTION HISTORY 

i 2~ 1 I 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
YEAR 

I I DZ ENERGY CONSUMPTION HISTORY I - 

Note 1 Exh~b~t does not Include power consumption for the new wlre mill 
Note 2 Th~s data was presented In a plant semlnar to encourage energy savrngs Some of the data were corrected by the team's 

Kazakh spec~al~sts because ~t was overstated (probably for demonstrat~on purposes) and wh~le we feel the general 
trend IS correct ~t may st111 be exaggerated 
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The staff of the combinat are looking at a number of ways to achieve energy savings or general efficiency 
improvements Projects which seemed to be well underway were 

Rebuild the entire smelter furnace area A Japanese engineenng firm is proposing a new 
smelter technology which would eliminate the electnc furnaces. install heat recovery, 
cogeneration, etc It is expected to take 3 5 years at a minimum to complete and it should 
save 35% of the energy now used in the furnace area An alternate study was initiated using 
a comprehensive heat recovery/cogeneration concept for the exlsting furnace technology, 
however, this ophon is not presently being pursued 

Construct a new TES at Dzhezkazgan This unit is intended to supply some power for the 
smelter. provide reliable heat for the town. and heat the plant process areas Initial proposals 
for this plant have already been received 

Replace the acid produchon system with a more energy efficient system and install acid by- 
product production that will create higher value products that can be more easily shipped than 
liquid acid 

Install larger flotation cells (16 cubic meters) in the concentrator area These should be more 
efficient and provide cleaner separation 

10.3 INTERNATIONAL COMPARISONS: ENERGY CONSUMPTION 

Exhibit 10 3 presents energy consumption costs related to total production costs for many of the metal 
mining/smelting operations in Kazakhstan for 1993 and the first part of 1994 Energy costs as a share 
of total expenses has nsen from 22 4% in 1993 to 26 3% in the first ten months of 19944 

4 Most of t h ~ s  mcrease is attnbuted to electnclty and steam not fuels Also. this source suggests energy cost share at 
Dzhezhazgan to be about 33% m 1994 whlch queshons the rehablhty of data m Exh~bit 10 2 
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Exhibit 10.3 
EXPENDITURES - NONFERROUS MINING AND SMELTING INDUSTRIES OF KAZAKHSTAN 

(Thousands of Tenge) 

Note Thls exhlblt is reported m Tenge It appears that these costs hdve been calculated m dollars and then converted to the Tenge assumlng 48 77 TengeNS dollar for presentahon 
Detiuls were sought but no ont was able to explaln the accountmg method 

- 

Operation or Enterprrse 

ACHIS All POLYMETALIC 
COMBINAT & SHALINSK MINE 

SHYMKENT LEAD SMELTER 

ZHEZKENTSKY MINE 

ZHAIRENSKY MINE 

KARAGAILINSKY MINE 

ZYRYANOVSKY LEAD 
COMBINAT 

ZHEZKAZGAN NON-FERROUS 
COMBINAT 

BALKHASH COPPER SMELTER 

AKSHATAU MINE 

LENINOGORSKY SMELTER 

TEKELIYSKY Pb-Zn MINE 

IRTYSHSKY MINE 

UST-KAMENOGORSKY Pb-Zn 
SMELTER 

TOTALS 

1994 

.. 
Mining & 
Smelting 
Expenses 

219,965 = 

1,553,923 = 

405.066 = 

358,986 = 

64,953 = 

961,773 = 

6,395,496 = 

6,104,789 = 

219,965 = 

1,871,509 = 

208,648 = 

107,090 = 

8,419,059 = 

26,891,222 = 

Mining & 
Smelting 
Expenses 

417,469 = 

2,845,627 = 

517,942 = 

204,769 = 

101,963 = 

941,125 = 

7,807,523 = 

6,769,291 = 

417,469 = 

2,513,317 = 

412,593 = 

213,193 = 

1 1,324,026 = 

34,486,307 = 

10 

Electrical 
Steam Etc 

85,896 

381,391 

124,016 

78,458 

13,955 

294,116 

1,899,462 

906,157 

69,685 

515,853 

74,378 

35,406 

1,605,234 

6,084,007 

1993 

Electrical 
Steam Etc 

1 17,686 

392,529 

125,342 

15,615 

36,027 

313,394 

1,992,265 

892,251 

100,193 

887,4 15 

99.022 

52,754 

1,449,475 

6,473,968 

Totals 

Fuel 

1 5,904 

179,442 

28,487 

5,476 

18,013 

43,292 

3 1 8,762 

211,143 

33,398 

82,725 

8,252 

10,991 

294,425 

1,250,3 10 

Months 

Fuel 

1210 

199,776 

19,377 

22,420 

3,907 

9,804 

230238 

168,286 

17,42 1 

58,700 

7,829 

4,539 

246,959 

990,466 

Other 
Expenses 

283,879 

2,273,656 

364,113 

183,678 

47,923 

584,439 

5,496,496 

5,665,897 

283,879 

1,543,177 

305.3 19 

149,448 
- 

9,580,126 

26,762,030 

Other 
Expenses 

132 859 

972,756 

26 1,673 

258,111 

47,091 

657,853 

4,265,796 

5,030,346 

132,859 

1,296,956 

126.44 1 

67,145 

6,566.866 

19,816,752 



In order to compare the situation in Kazakhstan with other producers, data was collected on US 
mining/smelting industriesS The US data concentrates on the value of production in an industry and 
energy consumption can be most easily presented as a percentage of product value as shown in Exhibit 
10 4 The US data was spot checked agsunst other world locabons and found to be comparable Data from 
Poland indicated a situation about midway between Kazakhstan and the US 

Exhibit 10.4 
US ENERGY CONSUMPTION: MINERAL INDUSTRIES 

Two methods have been developed to compare the US data with the data from Kazakhstan In the first 
the Kazakhstan1 and US data on energy costs are compared and in the second actual physical energy units 
are compared Neither method is totally satisfactory because the Kazakhstani producoon data has not been 
disclosed so the cost analysis requires many assumptions and the physical units approach has limited data 
available for cornpansons In addition much of the data are recent and reflects the problems associated 
with the break up of the Soviet Union In spite of these problems both analytical methods give 
approximately the same result. showing the Kazakhstan1 energy consumption to be about twice as high 
as the US 'standard' 

1987 
Copper Ores 
Lead and Zinc Ores 
Gold and Silver Ores 
Misc Metal Ores 

Coal - Surface Mined 
Coal - Underground 

Copper Smelting 
Nonferrous Smelting 

1982 
Copper Ores 
Lead and Zinc Ores 
Gold and Silver Ores 
Misc Metal Ores 

Coal - total 

Copper Smelting 
Nonferrous Smelting 

5 Thls data IS obtruned from Department of Commerce publicaUons done by the Census Bureau for Manufacturing and the 
hhera l  Industries and from the Department of Energy 
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Fuel Energy 
as a % of 

Product Value 

3 3% 
1 1% 
1 9% 
3 8% 

2 6% 
0 4% 

1 9% 
1 9% 

6 2% 
1 7% 
2 8% 
4 2% 

2 2% 

4 2% 
3 9% 

Electric 
Energy as a 

% of Product 
Value 

9 9% 
7 9% 
2 9% 
5 8% 

1 7% 
2 9% 

1 3% 
3 7% 

13 5% 
9 0% 
3 4% 
5 6% 

2 1% 

1 4% 
4 0% 

Energy as a 
O/O of Product 

Value 

13 2% 
8 9% 
4 8% 
9 6% 

4 3% 
3 3% 

3 1% 
5 7% 

19 6% 
10 7% 
6 2% 
9 9% 

4 3% 

5 6% 
7 9% 



10.3.1 Cost Method of Determining Energy Consumption 

Since the Kazakhstan data are presented on a cost basis and the US data are presented on a sales price 
basis, direct compmsons of the data were not possible In addition the Kazakhstan mineral production 
data is considered a national secunty matter To make some sort of a compmson, the Kazakhstan 
production data has been roughly estimated and a gross production value has been computed based on 
appropriate metals pnces (LME and other markets) for 1993 and 1994 This enables the Kazakhstan 
energy data to be calculated on a sales pnce basls, as the US data It should be clearly understood that 
the production value arnved at IS comparable with US data but is not a true value of Kazakhstan's non 
ferrous mineral income which has substantial freight deductions The compansons are shown in Exhibit 
10 5 

INTERNATIONAL RESOURCES GROUP 1 0-9 NONFERROUS METALS INDUSTRY 6 4  

! ' \ I  1 





Exhibit 10 6 graphs the increase in energy costs at Dzhezkazgan over the first 10 month of 1994 

Exhibit 10.6 
FUEL PRICE INFLATION DZ 1994 

FUEL PRICE INFLATION DZ 1994 1 I 

I 0 2 4 6 8 10 12 
I MONTH 
1 - _ -  _ - 

Exhibit 10 7 indicates that electnc power and fuel 011 costs at Dzhezkazgan are about 45% of the 1991 
power and fuel oil costs in the US manufacturing sector 

Exhibit 10.7 
DZHEZKAZGAN UNIT ENERGY COST HISTORY - 1994 
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- 

Month 

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 

10 Month Average: 

Electric Power 
(Dollar per kwh) 

0 014 
0011 
0 019 
0 013 
0 018 
0 030 
0 026 
0 025 
0 032 
0 031 

0 022 

Fuel Oil 
(Dollar per ton) 

13 049 
3 424 

10 250 
8 642 

45 669 
52 118 
49 004 
47 806 
46 428 
44 905 

32 129 



10.3.2 Phys~cal Energy Units Method of Determining Energy Consumption 

1991 US Energy Costs (US$) 
Average Over Ail Manufacturing 

(1991 data) 

In an alternate approach some energy consumption data could be obtained for a few representative mines 
and smelters This data is presented in Exhibit 10 7 Simllar US data are also presented The compansons 
in Exhibit 10 8 are most accurate when companng the two copper ~ndustnes because similar byproducts 
are produced and both countries have similar ore grades The analysis of lead and zlnc ores (mining and 
concentrating) should prov~de a reasonable companson. although these ores do contain precious metals 
W~th  the excephon of fuel denslty for copper ores. the energy consumed per metal ton in the Kazakhstan 
~ndustries are 1 4 to 3 5 times the US estimates 

Electricity 
Residual Fuel Oil 

10.3.3 Corrections Necessary to Fully Compare the US and Kazakhstani Data 

As already noted both of these analytical methods show that the Kazakhstan industries are using 
approximately twice the energy that similar operahons use in the US The reasons for this are complex 
but the following points are clear 

kwh 
Ton 

The Kazakhstan data often includes the electncal consumption in the workers homes, 
associated food produchon facilities, etc 

0 046 
70 587 

The present economic d~sruptions that are effecting the flow of needed suppl~es, electricity, 
etc 

The state of Kazakhstan technology 

The low grade of the ores being mined and concentrated 

From our work at Dzhezkazgan it appears that roughly 10% of the energy consumed may be assigned to 
consumption in the homes of the workers and associated facilihes Our data is not sufficient to say if this 
is representative of all of the other operations but it should be a reasonable approximation 

The economic disruptions and the state of Kazakhstan's technology and equipment maintenance are 
somewhat easier to quantify There are energy consumption goals for many activities These goals were 
set by the Kazakhstani themselves and are based on theorehcal energy consumption and operating history 
(pre 1990) before the present problems started This data are shown in Exhibit 10 9 The data are only 
detailed for electncal energy but it appears that the present conditions are responsible for at least 10% of 
the excess energy consumphon (mining 7-14% and copper smelting 19%) 
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This leaves the rest of the excess energy consumption assigned to the ores being mined. the basic 
condition of facilities, and the technology level of this industry It appears then that deducting the power 
consumption for the workers homes and the problems caused by the break up of the Soviet Union leaves 
an energy consumption level of about 1 6 times that encountered in a US or other 'world' operations From 
the limited data available this makes the situation tn Poland and Kazakhstan appear similar for copper 

Special note should be made of the effect of ore grade as this appears to be one of the major problems 
The ore grades being mined, especially for lead and zinc, are generally lower in metal content than those 
being mined in the US and other countnes The Kazakhstan team indicates there are better reserves 
avalable but new mines have not been developed on these reserves The solution to this problem is to 
open new higher grade mlnes This is an over simplification but it should be understood that when low 
grade ores are mined the tons of metal produced will have a higher intrinsic energy consumption For 
many of the metals studied this is a major factor in the high energy consumption with 50-75% of the 
energy consumed being taken up by mining and concentrating 

10.4 RECOMMENDED ENERGY SAVING MEASURES~ 

In all of our questions and observations we noted a general lack of activity on small 'in house' energy 
reduction or process improvement projects When we questioned our Kazakhstan1 counterparts it seemed 
there was almost a cultural imperative to go for the big improvements and not to spend much time on 
smaller issues 

It is certainly understandable that an operahon that does not even have enough energy available to keep 
the homes of its people warm in the winter would concentrate on big issues but we feel there is a 
tremendous potential being mlssed by not instituting an overall energy saving/process improving program 
at the combinat From our past experience with such projects it should be possible to reduce energy 
consumption by from 5 to 15% This does not compare with the 20-30% savings that might result from 
the big projects but the small projects can be started right now, they will pay out in six months to three 
years, and they do not require foreign assistance The kind of projects we are refemng to are generally 
simple, common sense ones, and Kazakhstani specialists ought to be able to add dozens more to our initial 
list of suggestions 

The projects being suggested are divided into three types In the first are short-term measures that will 
take from 0 to 2 5 years of preparation and will payout in 0 5 years for a total project time of 0 5 to 3 
years The second covers medium-term measures that will take up to 5 0 years of 
design/procurement/preparation time but which will pay out in 3 0 years or less for a project time of 3 
to 8 years In the final category are long-term measures with up to 9 years of 
design/procurement/preparation time and a payout of 6 0 years for a total project life of 8 to 15 years 

10.4.1 Short-term Measures 

The short-term measures identified are listed below The costs and benefits of these short-term measures 
are presented in Exhibit 10 10 

6 Comments specifically duected at Dzhezkazgan but generally applicable to copper produchon and other components of the 
nonferrous Industry 
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Exhibit 10.10: Short Term Measures 

Many of the above suggestions can be considered trivial but they can be done without large amounts of capital dnd theie did not seem to be a great deal of effort 
being expended to fix the problems 

Benefit 

Immediate fuel energy savings 

Immediate fuel savlngs and increase in process 
steam temperatures 

Irnrnedlate fuel savings and lncrease m process 
steam and hot water temperatuies, dlso boiler 
eficiencies 

Immediate increase m copper pioduction 
Similar immediate reduction in ores that must be 
mned dnd concentrated Will also improve 
safety1 health conditions for worke~s 

Immediate reduction in gasoline and diesel fuel 
consumption 

Immediate reduction in concentrator and smelter 
waste handling and energy used to melt inert 
smelter feed 

Immediate reduction in ore mirung and 
concentrating operations energy consumption 

Immediate ieduction in ore minlng and 
concentrating requirements Reduction in 
nonproductive metal smelting Substantial 
improvement in worker health 

Description 

1 Stop steam leaks Especially cntical in the TES where 
some are clearly high pressure leaks 

2 Install or repair steam traps as needed Many llnes 
appeared to go long distances without traps Training in 
steam trap maintenance may be needed, with on site class 

3 Insulate or repair the insulation on pipelines, boilers, 
steam lines, etc 

4 Control leaks and spills of solutions in the electrolysis 
tank house and other process areas Many spills were 
seen that contain substantial amounts of copper and 
perhaps silver 

5 Manage the use of vehicles better so that large load 
carrying vehicles are not used for passenger transport 

6 Meet the goals for the concentrate grade 

7 Meet the goals for ore grade 

8 Clean up the smelter furnace area whlch IS qwte dirty 
The dust appears to contaln a h g h  percentage of metals 

Cost 

Generally low cost, less that $1,000 
per leak 

General $100 to $3,000 for each trap 
One trainer for one week $10,000 

Amount not quantified But because 
of present condition initial 
expenditures may be around 
$100,000 

Amount not quantified but repairs and 
improvements are probably possible 
for around $50,000 

No cost, just manage the use of 
vehicles for Lanying loads 

No cost, activity already in budget 

No cost, activity already in budget 

Area clean up is low cost, perhaps 
$10,000 Devices to reduce dust 
emissions need to be repaired 01 

mstalled, perhaps $50,000 



Stopping steam leaks This is especially cntlcal in the TES where some were seen that were 
clearly high pressure leaks but anywhere leaks occur in the system they need to be repaired 
There was little mention by the Kazakhstan1 of steam leaks within the boilers but because the 
coal is high ash we would expect erosion of the tubes to be a problem. again these cause high 
energy losses 

Install or repair steam traps as needed Many lines appeared to go long distances without traps 
and dmng our v~sit, though we made a point m looking, we never saw a single trap or saw 
one functlon This makes us think very few are in use and the ones in place are not working 
properly Work on other projects has indicated that the quality of the 'Russian' steam traps is 
generally poor and intensive maintenance is required to keep them functioning 

Insulate or repair the insulation on pipelines. boilers, steam lines, etc Many lines had 
uninsulated sections and almost all showed damage to the insulation (10-20% of insulation 
on the water and steam lines seen appeared missing or damaged) Recent llne repars did not 
always seem to have the insulation replaced 

Control leaks and spills of solution in the electrolysis tank house and other process areas 
Many spills were seen m the electrolysis area that contained substantial amounts of copper 
in solution and perhaps silver slimes, these are also safety hazards to the men who work in 
the area In other areas of the plant waste spills and streams were noted that seemed to 
contan ore fines 

Manage the use of vehicles better We observed 138 large trucks and tractor wagons being 
driven while in Dzhezkazgan Of these only 18 were hauling cargo If the vehicles were being 
better uhlized the number of vehicles with cargo would have been closer to 50% 

Goals have been set for concentrate grade that are not always being met These goals should 
be met or exceed Low grade concentrate increases energy consumption when barren matenal 
is pumped to the smelter, when excess concentrate is pelletized and dned. when excess silica 
has to be melted in the furnace, and when excess slag must be handled 

Goals for ore grade delivered to the concentrators are not always being met The ore bodies 
that are available should be better managed to meet the grade goals Producing higher grade 
ores reduces the mining, transporting, and concentrating energy requirements Until a new, 
energy efficient smelter is completed or modifications are made on the exlsting smelter, 
serious consideration should be given to shipping the concentrators higher grade ores There 
might also be value in selecting areas where the ore will produce higher grade concentrates 
if the furnace chemistry can utilize such concentrates 

The smelter furnace area is qute dirty and the dust appears to contam a high percentage of 
metals Clean up, reprocessing, and control of this dust would Improve metal recovery and 
Improve the health conditions for the workers There appears to be a high lead content in the 
dust Loss of one ton of copper in the last stages of concentrating wastes the mining and 
concentrating efforts spent on 100 or more tons of ore 

10.4.2 Medium-term Measures 

The medium-term measures identified are listed below The costs and benefits of these measures are 
presented in Exhlbit 10 11 
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Exhibit 10.11: Medium Term Measures 

* This may be an overs~mplification of the problem Many of the system power generation facll~t~es are old and in poor repair It may be 
that even the best dispatching systems cannot correct this basic problem but it is possrble that effort In this area may result in improvements 
in the sltuatlon until the needed stations can be repaired or replaced 

Benefit I Description Cost 

1 Installation of furnace oxygen analyzers 

2 Investigate better flotation reagent 
techmques to ruse concentrate to optimum 
levels and m n m e  waste 

3 Consider lugh density polyethylene piping 
for concentrate and talings handling 

4 Build a network of reliable power stations to 
supply metallurgical plants to prevent 
unscheduled shut downs 

5 Develop the needed infrastructure to obta~n 
needed repm parts and materials rapidly 
Consider new warehouses, dedicated rail 
cars, dedicated ur freight, and agencies 
specidizlng in tlmely matend procurement 

For slmple fuel furnaces the cost is $3-5,000 
each For more complex smeltlng furnaces the 
cost should N n  about $25,000 each 

$25-50,000 research project wlth ongolng reagent 
costs Reagent suppliers often do t h s  work at no 
cost 

Costs for polyethylene pipe are similar to or 
below comparable steel piping No cost if 
replacement takes place when steel lines are worn 
out 

We believe such a network is 1n place A better 
dispatching system at a cost of about $100,000 
might improve situation m plants * 

New wuehouses $250,000, dedicated rall cars 
$50,000, and dedicated air frelght $1,000,000 (for 
surplus military aircraft) 

Immediate reduction in furnace fuel requ~rements 
because optimum fuel, air (or oxygen), and perhaps ore 
ratios are being optimized 

Immediate reduction in quantities of ore mined 

30% of the concentrators enelgy consumption is related 
to pumpmg concentrate and tailings Immediate 
reduction in plpe fnction factor and therefore energy 
demand 

It appears that as much as 5% of the power consumed 
at present may be to restart cooled furnaces after a shut 
down Such a system will prevent these losses 

Another 5% of the energy wasted seems to be related to 
shutdowns and inefiicient stopgap measures instituted 
to keep the plant runnlng in spite of these problems 
This could greatly reduce tliese energy losses 



Installation of furnace oxygen analyzers Allows optimum fuel utilization m furnaces 
Smelting furnaces may benefit from a completely different control loglc. one not based on 
oxygen analyses, but the mmn pnnciple of providing a system to measure fuel and energy 
input to minrmize waste is still the same 

Investigate better flotation reagent techniques to raise concentrate grade and minlmlze losses 
to the tailings Waste pumplng is 15% of the concentrator's energy consumption so any 
project that reduces this waste is desirable In addit~on reduction In copper wasted to the 
tailings substantially reduces mining requirements Some members of management seemed 
to strongly agree with this suggesbon and we suspect that tailings losses are higher than 
desirable Many suppliers of chemical reagents will run test at low or no cost to find the 
optimum reagent mix for a given ore Making use of the suppliers may make this project 
possible at very low cost 

Consider hlgh density polyethylene plping for concentrate and tailings to reduce pipe friction 
and pumplng energy required From the data gathered it appears that 30% of the concentrator 
energy consumption is related to tailings and concentrate pumping This plastic pipe is qulte 
smooth, for reduced hchon, and rt is much easier to install than steel pipe Early plastics 
could not stand harsh winter conditions but the plpes being suggested here have a wide 
temperature range in which they are useful and should be usable in the temperature extremes 
found in Kazakhstan 

Build a network of reliable power stations to supply the metallurgical plant. to prevent 
unscheduled shut downs This addresses the problems caused by power shutdowns interrupting 
smelbng operabons that are designed to be continuous Reheating a cool furnace takes a 
substantial amount of energy and we esbmate almost 5% of the total energy consumption at 
Dzhezkazgan may be the result of recovenng and reheating furnaces after unplanned 
shutdowns This distnbubon system is, m our understanding, already in place but many of the 
stations are old and no more dependable than the TES in Dzhezkazgan It also appears that 
some power is being preferenbally sold into export markets rather than being supplled to the 
smelter, this situation needs to be resolved so the smelter can be kept operatronal This 
suggestion envisions a new switching and control system to maintain electrical energy supply 
to the smelter The other side of this suggestion is that some present users will be cut off 
This situation appears as much politicai as economic 

Develop the needed infrastructure to get needed repair parts and materials rapidly Build 
warehouses to keep a working supply of needed parts and matenals on hand Consider 
dedicated air freight, dedrcated rail cars, and agencies specializing in timely matenal 
procurement to deliver the needed matenals This seems to be a problem everywhere in 
Kazakhstan but for the metals industry it causes the same problems that unreliable power does 
with the processes that are intended to operate continuously and it is also forcing all sorts of 
inefficient stop gap measures to be taken Some of these problems may be causing accidents 
and environmental problems due to spills and leaks 

10.4.3 Long-term Measures 

The long-term measures identified are listed below The costs and benefits of these measures are presented 
in Exhibit 10 12 
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Exhlblt 10.12: Long Term Measures* 

* Many of the projects m this table carry such high capltal costs that ~t may not be possible to obtain financing The global copper market, the remaming 
economc reserves avalable at Dzhezkazgan, and the stability of Kazakhstan will all play a part m these decisions It would be prudent to begln contingency 
planning now for dlternate plans if the above cannot be financed 
** We conslder thls project to have a low l~kelihood of belng findnced There are alternate stud~es, that have been done by the Kaakhstan~ for utiluing 
the existlng smelting furnaces but installing heat recovery and cogeneration eqmpment We believe thls option is less expensive and may be more likely 
to be financed 

Benefit 

Immediate reduction in diesel fuel and electrical 
energy consumed Newer shovels generate power 
back into the powel gnd during part of their 
operating cycle 

Immediate reductlon m fuel consumed and 
operating manpower reqmred 

Almost total ehmination of electncal consumption 
by the bmelting fiunaces (35% reduction in 
smelting energy) 

Elimmatlon of most problems related to unreliable 
energy supply (approx 5% of energy consumed) 
Make additional export power available 

Project would include heat recovery technology and 
perhaps power generation Besides utilizmg energy 
now wasted would produce high value products for 
export 

Conecting leaks m the system and Improving 

separating eEciencies would cause an Immediate 
reduction in ore miIung and transportation energy 
requliements 

Description 

1 Install larger, more energy efficient trucks and 
loading shovels in the open plt mine 

2 Install larger, more energy efficient equipment in 
the underground mmes 

3 Replace the old electrlc furnaces with the latest 
technology, low energy consumption furnaces 

4 Replace the old TES 

5 Rework the acld production facility and add the 
capability to produce commercially viable 
byproduct production 

6 Install larger more eficlent flotation cells 
Project would be coupled with reworking the 
plumbing and plping of faclltty 

Cost 

Approximately $10,000,000 for one large 
shovel and 3 large trucks 

Each set of trucks and their assocrated drills 
and loaders wlll cost between $3-8,000,000 

This project 1s still m the design stages but 
costs could range from $250,000,000 to 
$1,000,000,000** 

Proposals have been solicited on this project 
but we have no detals available costs could 
range ftom $250,000,000 to $1,000,000,000 

Project being considered, we do not believe a 
scope has been determmed but order of 
magnitude is probably $50-100,000,000 

Project belng considered and no cost estimates 
are yet available Order of magmtude is 
probably about $25,000,000 for the three 
concentrdtors 



Install larger. more energy efficient trucks and loading shovels in the open pit mine Large 
improvements have been made in diesel engine fuel efficiencies within the last few years 
Modem loading shovels utilize motor generator systems that generate power from certain parts 
of the operating cycle These improvements reduce power consumption and improve 
msuntenance 11fe on some components 

In a similar way consider larger scale and newer more energy efficient underground 
equlpment It appeared that a substantla1 amount of the underground equlpment is nearing its 
economic l ~ f e  and that spare parts supply is also becoming a problem 

New smelter furnace area The Dzhezkazgan smelting furnaces are electric (those at Balkhash 
use coal) This electnc furnace technology is out of date and a new furnace area would 
greatly reduce energy consumption New equpment could also include waste heat recovery 
and perhaps cogeneration technology The problem with thls solution is that ~t is costly and 
Kazakhstan may not be able to fund a project of this size at this time As an alternate a 
number of smaller energy recovery projects may be able solve many problems such as the 
generation of reliable heat for the electrolysis operation and power generation Substantial 
work in the form of energy balance studies has already been done toward measures that would 
improve the existing furnaces 

Bmld a new TES at Dzhezkazgan This solution provides improved power reliability and 
solves steam/ hot water shortages The power reliability problem has already been discussed 
but the shortages of steam and hot water cause problems in the electrolytic refining of the 
copper Electrolysis needs to operate wrth hot solutions or the electrical current consurnphon 
goes up dramatically It appears that consumption in Dzhezkazgan is more than twice what 
it theoretically should be because of cold solutions Cold solutions can also reduce the pur~ty 
of the refined copper so that it is not marketable Construct~ng a new TES 1s another 
expensive soluhon that may be difficult to fund Alternatives should be considered although 
because the TES is an important source of heat for the workers homes One question that does 
need to be answered before destgn of the TES 1s finalized 1s what power output is needed 
If energy saving measures are instituted the present design, which was sent out in the request 
for proposal package is very likely too large 

Rework acid production area to include waste heat recovery and facilities for the manufacture 
of byproducts that have a higher value and are easier to ship than sulfunc acld The present 
system appears to be in poor condition and may result in the release of acid gases to the 
atmosphere The area also appears to need redesign to improve the working conditions for the 
men with regard to heavy metal dusts and acid fumes It appears that improvements could be 
made in this area at costs which Kazakhstan will be able to afford 

New flotabon cells. especially ~f coupled with a reworking of the plumbing, pipmg, and 
conveying systems to prevent leaks and spllls seems to be a reasonable large scale project that 
is being considered These cells should be coupled with reagents capable of making improved 
separations Agan the concentrator facilihes are large and many improvements are desirable 
but we suggest holding the budget for thls work down under $25,000,000 Since shipping ores 
10 to 20 k~lometers from the mines to concentrators lnvolves a large shipping expense for 
barren rock These improvements might be coupled with new, small crushers and 
concentrators located at each mine This would eliminate 70-80% of the rail transportation 
energy consumption costs With ore grade somebmes a problem there are also very large 
volume flotahon cells (100 cubic meter) that can be used to treat large volumes of low grade 
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ore Using such machines as roughers at the mines and then sending partially concentrated 
ores to the m a n  concentrators may have some potential Such machines would allow waste 
rock dumps at the mines to be reprocessed along with new low grade ores 

10.5 ESTIMATED ENERGY SAVINGS MEASURES 

As noted all of the suggestions above are specifically related to the problems noted at Dzhezkazgan 
Reviewing the situation with the team's Kazakhstan1 specialists revealed that the situabons are similar in 
many of the other mininglsmelting sites in Kazakhstan We feel that it is reasonable to expect 5% energy 
savings from the short-term measures and up to 10% from the medium-term suggesbons at Dzhezkazgan 
Similar suggestions appear to be reasonable for at any operation in the nonferrous industry 

While 15% may be an excellent goal, it is more reasonable to expect a 7 5% energy reduction from the 
short and medium-term measures as the measures for reliable power and higher ore grades may be 
difficult to accomplish This would indicate that the nonferrous industry can save about $10,000,000 per 
year in energy consumption The cash flow from this can be used to fund further improvements wlthin 
the industry 

With the long-term measures it appears that Dzhezkazgan expects to decrease its energy consumption by 
an additional 10 to 30% We would estimate that simllar projects at other operations could achieve similar 
results However, the overall effect may be somewhat less than what is expected at Dzhezkazgan because 
some units already have operative heat recovery systems in place and power is somewhat more reliable 
Projects with budgets as large as those found under the long-term suggestions may not be appropriate for 
the lead and zinc operations until the market conditions for those metals improve 

In discussing some of the large projects contemplated for Dzhezkazgan questions were raised on financing 
This study suggests a rapid payout (6 years) for such projects, partly because such a rate would be 
attractive to a foreign investor The financial analysis of such projects is complex but a project that saved 
10% of Dzhezkazgan's annual energy bill could only fhd a $25-$30,000,000 project Clearly a project 
that enables Dzhezkazgan to raise ~ t s  production levels back up to 200,000 plus tons of black copper has 
more economic incentive @erhaps funding another $150-$250.000.000) but some of the projects being 
considered may have to be tied into production increases well over 200,000 tons per year, scaled back, 
or dropped altogether 

In addressing the financing associated with the long-term measures, the stability of Kazakhstan must also 
be considered This study identifies the copper industry as a major source for income to the country yet 
the operahons are not being funded adequately Potential investors will have to have assurances that they 
are investing in a viable industry. not one barely able to function because of financial maneuvering If 
Kazakhstan will not Invest in this industry, foreign firms will not be Interested in investing either 
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Annex A 
Exhibit A-I: KAZAKHSTAN'S ENERGY PRICES 

Source World Bank's 1993 Kazakhstan study, M~nlstry of Economy 

Crude 011 
Wellhead, per Ton 

Refined Products 
Gasoline, per Ton 
D~esel fuel, per Ton 
Fuel 011, per Ton 

Natural Gas 
Wellhead, per Thous cM* 
Industrial, per Thous CM 
Resldentlal, per Thous CM 

Ek~bastus Steam Coal 
M~nemouth, per Ton 
Power plant, per Ton 

Electrlc~ty 
Industrial, per kwh 
Res~dent~al, per kwh - 

Heat3 
Industrial, per Gcal 
Res~denbal, per Gcal 

7 

I Petroleum products are for May 1994, steam coal for June 1994 dnd heat tarrtfs for September 1994 

2 CM is Cublc Meters 

3 Heat tanEs for Almaty 

January 1992 
Roubles 

350 

1057 
932 

2880 

75 
870 
74 

31 5 
31 5 

0 27 
0 12 

146 
90 

November 1993 
Tenge 

100 

1212 
745 
332 

230 
-- 

280 

11 
-- 

0 11 
0 04 

54 5 
25 3 

November 9994' 
Tenge 

1600 

361 2 
3873 
1372 

401 6 
7230 
760 

78 
173 

1 78 
1 50 

1435 
798 





Exhibit A-3 
COMPARATIVE ELECTRICITY PRICES AND TAXES 

1st Quarter - 1994 

$0 
United States Poland 

Tax Component % = n/a n/a 5.4 

Turkey 
14 

1st Bar = lndustr~al Electrlclty Consumption 
2nd Bar = Household Electrlc~ty Consumption 

Source IEA 
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Exhibit A-5 
COMPARATIVE NATURAL GAS PRICES AND TAXES 

1st Quarter - 1994 
US Dollar/lO A 7 KCal GCV 

$250 1 

' United States Poland Turkey 
Tax Component % = n/a n/a 7 6.5 7 5.7 

1st Bar = lndustrlal Natural Gas Consumption 
2nd Bar = Household Natural Gas Consumption 
GCV = Gross Calor~flc Value 

Source IEA 



Exhibit A-6 
KAZAKHSTAN SHARES OF END-USE ENERGY CONSUMPTION 

(%I 

2000 

43 

20 

13 

0 

15 

9 

100 

1995 

38 

2 1 

13 

1 

18 

9 

100 

Industrial 

Agr~cultural 

Transportat~on 

Construct~on 

Res~dential 

Publ~cIOther 

Total 

1990 

45 

2 1 

10 

2 

14 

8 

100 

1993 

41 

2 1 

12 

1 

16 

8 

100 

1994 

38 

22 

13 

1 

18 

8 

1 00 



Exhibit A-7 
KAZAKHSTAN - ENERGY CONSUMED 

(Million Tons of Fuel Equivalent) 

- 
2000 

42 5 

19 2 

12 8 

0 4 

14 6 

8 5 

98 0 

lndustr~al 

Agr~cultural 

Transportat~on 

Construction 

Resrdentral 

PubllclOther 

Total 

4 994 

33 9 

19 6 

11 5 

0 7 

16 0 

7 3 

89 0 

1995 

33 8 

19 3 

12 0 

0 5 

16 6 

7 8 

90 0 

1990 

44 9 

21 3 

10 4 

1 7  

14 3 

7 9 

100 5 

1993 

39 2 

20 4 

11 9 

1 4  

15 3 

7 4 

95 6 



Exhibit A-8 
ENERGY INTENSITIES OF FREIGHT MODES, 1970-91 

Source Transportation Energy Data Book, Edition 14, Center for Transportation Analysis, Oak Ridge, National 
Laboratory 
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a Two-axle, four-tre trucks 

Domestic 
waterborne 

545 
506 
522 
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483 
549 
468 
458 
383 
457 
358 
360 
3 10 
3 19 
3 46 
446 
463 
402 
361 
403 
388 
3935 

Year 

b Assumg ton-rmles remaln constant from 1990 1991 data are not yet available 

Trucks 

-1 4% 
2 9% 

1970-9 1 
1982-91 

Light truck4 @to 
per vehicle-mile) 

Class 1 freight 
railroad 

(Btu per 
freight 

car-mPe) 

16.748 
17,655 
18,087 
18.046 
18,422 
18,604 
18,843 
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18.802 
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22,887 
23,027 
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23,106 
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682 
677 
667 
637 
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11,398 
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-1 7% 
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Total trucks 
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mile) 
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15.646 
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14,286 
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12,230 
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-1 5% 
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-0 5% 
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Annex B 
ELECTRICITY POWER TARIFFS 

PRINCIPLES 

This annex focuses on the importance of the Republic of Kazakhstan adophng power pricing policies to 
maximize the net economic benefits of electricity consumption and discusses some preliminary 
observations regarding regional differences in power tariffs The proposed approach to electricity pricing 
recognizes the following objectives of electric power tariffs (a) national economic resources must be 9 

allocated efficiently, (b) certain principles relating to fairness and equity must be satisfied, (c) power prices 
should raise sufficient revenues to meet financial requ~rements, (d) the structure must facilitate the 
metering and billing of customers, and (e) other economic and political requirements, including subsidized 
rates to certain sectors to enhance economic growth First, the long-run marginal costs (LRMC) of 
electricity supply must be calculated to satisfy the criterion of economic efficiency. Then the calculated 
LRMC is adjusted to arrive at an acceptable tariff structure that meets the other criteria and constraints 
Any tariff based on this two step approach is a compromise between several objectives By using thls 
approach, it is possible to revise and improve the tariff overtime. Thus, the optimal tar~ff structure can be 
reached over several years without subjecting consumers to shocks 

A tariff based on LRMC is consistent with allocating resources efficiently. In estimat~ng the LRMC, a key 
consideration is the amount of future resources used or saved by consumer decisions. So LRMC based 
prices should signal to consumers the economic value of future resources required to meet changes in 
consumption, or prices should reflect marginal costs incurred to meet new demand In general, the 
following three broad categories of marginal costs need to be identified in order to calculate LRMC- 
capacity costs, energy costs, and consumer costs. 

Marginal capacity costs are investment costs In generation, transmission and distribution facilities to supply 
additional power Marginal energy costs are the fuel and operating costs associated with supplying 
additional kilowatts from a thermal plant ' Marginal consumer costs are the incremental costs attributable 
to consumers, including hook-up, metering and billing costs When possible and appropriate, these 
components of LRMC must be broken down by time of day, voltage level, consumer categories, and 
seasons Particularly important 1s defining peak period and off-peak period during the time of day. 
Structuring tariffs based on LRMC leads to the conclusion that peak consumers should pay for marginal 
capacity, energy and consumer costs while off-peak customers should pay only the marginal energy and 
consumer costs. Also, LRMC priclng usually indicates that the lower the service voltage the greater the 
cost that the consumer imposes on the system. 

In the second step, adjustments are made to LRMC calculated tariffs in order to meet other objectives. 
When the unit costs of supply are increasing2, then by setting power prices equal to the calculated LRMC 
a financial surplus is likely Such surplus revenues can be used to achieve other objectives. For example, 
sociopolit~cal and equity objectives can be achieved by incorporating "lifeline" tarlffs to supply baslc 
electricity needs of low-income consumers In theory,lump sum cash transfers to low-income households 
would be preferable to subsidized tariffs However, the ineffectiveness of administration and policy tools 
for directly redistributing Income and the persistence of large disparities of income often lead authorities 

1 In a hydroelectnc plant, a part of the investment costs associated wrth storage may be rncluded in marglnal energy costs 

2 Thrs u because margrnal costs exceed average costs when unit costs of supply are increasing Thrs is lrkely to be the case 
in Kazakhstan over the next several years 



to use subsidized tariffs The appropriate lifeline rate and the associated size of the tariff block requires 
careful consideration The size of the block should be based on criteria for identifying low-income 
consumers and estimates of minimum levels of their electricity consumption These would likely be the 
amount required to supply requirements for lighting and minor appliances. In most developing countries, 
this amount would be less than 100 kilowatt hours per month The level of the lifeline rate could be 
determined such that the rate times the block slze does not exceed a certain percentage of the consumer's 
income. Along with the lifeline tariff pollcy, an appropriate subsidized house connections policy needs 
to be established 

As reported in Power International's Draft Pr~vatization Plan for Kazakhstan's Electric Sector, the Electric 
Energy Law that is being drafted IS likely to recommend the establishment of the Republic Energy 
Regulatory Commission (RERC) and Oblast Energy Commissions (OECs) as the principal bodies to 
regulate Kazakhstan's electric power sector The fundamental task of the RERC will be to regulate 
wholesale power transactions while the OECs wrll be responsible for regulating transactions associated 
with distribution The OECs are likely to be formed by oblast or distribution region The proposed RERC 
and OEC tariff regulatory functions are listed below 

The RERC will perform rate-making for the following transactions: wholesale power 
purchases from generating companies, wholesale power sales to distribution companies, 
transmission and d~spatch services, across border sales, direct power sales from the system to 
final consumers (when this becomes an option) 

The OECs w ~ l l  perform rate-rnaking for the following transactions: power sales by d~str~bution 
companies to captive retail customers, low voltage transmiss~on servlces provrded at the 
regional level, and local power procurement agreements with suppliers outside the national 
electric power system. 

It is recommended that the RERC and OECs use LRMC pricing as the basis for rate-making.' Assuming 
that generation, transmission and dlstrlbution marginal costs of capacity, energy and consumer4 have been 
separately calculated, it will then be necessary to allocate these costs to each major category of end- 
consumer Initially, the major end-consumer categories are likely to include industrial, commercial, 
agricultural, state consumers, and resident~al.~ The determination of total cost allocation for capacity and 
energy costs to an end-consumer category is made by undertaking extensive load flow analysls and 
allocating costs based on customer load requirements imposed on the system The consumer costs should 
be compiled and summed and allocated to end users as well. 

Over the longer term, it is recommended that time of day tariffs be introduced once the necessary metering 
is installed. In a recent Asian Development Bank tariff study on Pakistan, rough calculations suggest that 
load management resulting from the introduction of time-of-day tariffs could produce a 10% reduction in 

3 The LRMC methodology 1s consistent wlth the cost of servlce approach proposed by Power International m the Draft 
Pnvatlzatron Plan 

4 In addltlon, In capacity-constrained power markets, there a an addttlonal cost component of LRMC whlch u referred to as 
opportunity costs of unrnet demand It can be measured as the difference between costs of alternative fuels and the displaced 
electricity resulting from load sheddlng 

5 Currently broad tarlff categorles In Kazakhstan Include two categorles of lndustnal, rall transport, town transport, non- 
mdusttlal, budget organlzatlons, agriculture, urban population, rural populat~on and electrlclty for heat needs 



peak demand, equivalent to a saving in generation capacity investment of $450 million The total costs 
of installing required metering would be around $125 million spread over five years. 

REGIONAL TARIFFS 

As of November 1994, there were substantial differences in electricity tariffs among the regions of 
Kazakhstan. For example, electricity tariffs averaged about $ 01 USDkwh in the Northeast compared to 
$05  in the Southeast The staff of several ministries indicated concern that regions with substantially 
higher tariffs would contribute to enterprises in these regions going out of business or relocating, resulting 
in significant unemployment in these reglons. 

For comparatlve purposes, Table B- 1 presents 199 1 average electricity prices for the manufacturing sector 
in the USA. As shown in B-1, the average price in the South was $041 USDkwh or $023 lower than 
prlces in the Northeast In general, regional electricity prices within a particular industry vary by about 
$01  to $02, with the exception of the plastic materials and resins industry, which averages $036 
USDfkwh in the South compared to $076 in the West 

Table B-1 
1991 AVERAGE PURCHASE PRICE OF ELECTRICITY 

IN THE US MANUFACTURING SECTOR 
(US cents per kwh) 

In the USA, histoncally utlllties have been granted monopoly franchises over consumers m specified regions of a 
state State publlc utlllty commissions have set tarlffs for these utilities based on costs of servlce which Included 
generation, transmission and distribution costs of a ut111ty for a specific reglon Consequently tariffs across the USA 
have dlffered substanbally on a regional basls, reflecting the dlfferences m plant capltal costs, delivered fuel costs, 
and local operatmg costs, especially wages and taxes For example, utilltles m the Northwest have cheap hydro 
generation facilities and lower operatmg costs as contrasted to the Northeast whlch rely heavliy on thermal generatlon 
and cany higher operating costs If the RERC chooses to establish a unlform republic tarlff based on the total costs 
of generatlon and transmission and the OECs set tariffs to end-consumers that mclude the RERC's tariffs plus 
dlstributlon costs that are bed to speclfic reglons, then the regional dlfferences m electnc prices are llkely to be 
smaller than m the USA 

Food 
Rubber & Misc. Plast~c Products 
Plastic Materials & Resins 
Chemicals & Allied Products 
Phosphatic Fertilizers 
Petroleum Refmmg 
Blast Furnaces & Steel M~lls 
Prmary Copper 

Total Manufacturmg 

6 See Asian Development Bank Flnal Report Volume IV, " Integrated Operat~ons and Tarlff Study for WAPDA and KESC," 
Aprrl 1991, page 122 

Total US 

5 4 
5 8 
4 0  
3 4 
4  1 
4 1 
4 1 
4  8 

4 6 

Northeast 

7 2  
7 5 
5 9 
5 2 
-- 

4 9 
4 5 -- 

6 4 

Midwest 

4  7 
5 6  
4 1 
3 1 
-- 

3 9 
4 3  
-- 

4  6 

South 

5 2 
4  9 
3 6  
3 4 
-- 

3 7 
3  7 
4 4  

4  1 

West 

6 0  
7 3 
7 6 
3 1 
-- 

5 0 
3  5 
4  8 

4 5 



If the Government of Kazakhstan restructures the power sector and mstitutes the reforms as recommended m the 
Draft Privatization Plan, then it is recommended that the RERC cons~der and assess a tariff structure that mcorporates 
the followmg (a) a unlform republic tarlff to reflect the capacity costs of generation and transm~ssion and (b) 
reglonal tariffs that reflect the differences m capaclty costs of distribution, energy ( del~vered fuel and operation and 
mamtenance) costs, both at the generation and transmission and local distribut~on level, and consumer costs Also, 
the RERC should consider settmg special enterprise discounts for economic growth and development objectives 
These discounts should be ellmmated over a spec~fied number of years 

Table B-2 presents, slmply for mformational purposes, how the capital, fuel, operational and mamtenance, , and 
wholesale power cost components of reglonal electrlc~ty prices vary m the USA 



Table B-2 
1993 US ELECTRICITY PRICES AND COMPONENTS 

(US cents per kwh) 

Key: 

ERCOT 
Electnc Rellabllity Counc~l of Texas 
MAIN 
Mid-America Interconnected Network 
MAPP 
Mid-Contment Area Power Pool 

Region 

NF'CCN 
MAPP 
MAIN 
SERC 
ERCOT 
WSCCICAL 
WSCCrNWP 

Total US 

N-F'CC 
Northeast Power Coordlnatmg Counc~l 
SERC 
Southeastern Electrlc Reliabil~ty Council 
WSCC 
Western Systems Coordlnatmg Council 

Capital 
Component 

4 1 
2  2  
3  7 
2  2  
2  3  
2  7 
1 6  

2  8 

Fuel 
Component 

1 3  
0 8 
1 2  
1 4  
1 6  
0 8 
0 6 

1 2  

Operat~onaV 
Maintenance 
Component 

4 1 
2  5 
2  2 
3  0 
2 1 
4 3 
1 9  

2  7 

Wholesale 
Power Cost 

0 4 
0 1 
-0 1 
0 6 
0 2  
1 5  

-0 1 

0 1 

Total 

9  9 
5  6 
7 0 
7 2  
6 2  
9 3  
4 0 

6 8 



Annex C 
POLICY MEASURES TO INFLUENCE PASSENGER TRANSPORT SUPPLY AND DEMAND, 

AND THEIR AREAS OF IMPACT 

- 

Informzt~on 

b Pubhc lnformatlon on mode cost compmson 

b Publlc advert~sing promotlng clean, fuel- 
e f f i ~ ~ e n t  small cars 

b Automotive press coverage of veh~cle 
performance and operat~ng costs 

C Use of veh~cle ~nspections to tnfonn 
consumers about drlvlng behavlour dnd 
vehlcle mamtenancz 

b Publlc campaigns a,soc~at~ng ettic~ent dnvmg 
w~th safe dnvmg 

C Public informat~on on efficlsnt dt~ving and 
vehicle malntenance 

+ 

Area of Impact 

1 Fleet growth 

2 Fleet mlu 

3 U n ~ t  enilsslons 

Economic Measures 

b Annual fees for "nght of access" to a veh~cle 
b Veh~cle purchase taxes 
C Fuel taxes 
b Annual ownersh~p taxes 
b Parklng fees 

Road use fees or kllotnetrage charges 

b Taxes and rebates on veh~cle pur~hase 
determined by slze, power or fuel consumption 

C Fuel taxes 
C Annual reg~stration taxes determlned by englne 

size 

) Manufacturer fiscal incentives tor fuel 
efficlency, or fees for non-compltance with 
standards 

b Ftscal incentives for successful vehicle 
~ n s p e ~ t ~ o n ,  or non-compl~ance fees 

) Fiscal mcentlves to ret~re old vehicles, or non- 
compl~ance fees 

b F~scal mcent~ves for vehicle ma~ntenance, or 
non-comphance fees 

b F~scal Incentives or non-compliance fees for 
dnver trammg, espec~ally profess~onal drlvers 

C Subs~d~es for R&D focused on veh~cle 
performance 

C Annual registration taxes determlned by engine 
slzelfuel efficiency 

b Manufacturer fiscal incentlves for performdnce 
standards (e g durabll~ty of tuzl eflic~ency) or 
non-comphance fees 

Regulatory Measures 

b Annual sales quotas 
b Indlvldual ownersh~p 11mlts (e g total numbsr, 

no car without a parking space) 
C Closing some urban districts to cars 
b Llm~ts on electwe or professional travel 
C Llrnlts on numbers of parking spaces 
b Increasing congest~on by not lmprovlng 

Infrastructure 
C Better ~nfrastructure for blcycle5 pedestr~ans 
b Expandedllmproved publlc transport and lanes 

restricted to certaln users 

b Minimum fuel efficiency standards (e g 
CAFE) 

b Maximum mlsslons standards 
b Maximum powerlwe~ght ratlos 
C Civil penalt~es for manufacturer non- 

compl~ance with standards or requirements 
C Annual sales quotas (by vsh~cle s~ze)  

b Veh~cle performance standards (e g durahlhlty 
of fuel efficlency) 

b Max~rnurn powerJwe~ght ratlo 
b Mandatory drlver trammg, especially tor 

professional dnvers 
b Mandatory ret~rement of old veh~clss 
b Mandatory vehlcle lnspectlon uslng fuel 

effic~ency cntena 
b Mdndatory regular vehlcle mdintendncs 
b Penalties for non-compl~ance wlth standards or 

requlrements 
b Speed limits (enforced) 



- 

fnfomaaon 

b Publlc tnformation on effic~ent dr~vmg and 
route planning 

b Pubhc informat~on on altematlves to moblhty 
(e g telecommun~cat~ons) 

b Automotive press coverage of vehtcle 
performance and operating ~ o s t s  

b Use of vehlcle Inspections to Inform drlvers 
about altematlve fuels 

b Education and mformatton programmes 

b Publlc campalgn promoting altematlve 
transport modes 

b Publlc campalgn ptomotlng altematlves to 
moblllty (e g telecommunc~at~ons) 

b Cost compansons for cars and publ~c transport 

- 
Regulatory Measures 

b Car use restlrctlons (e g oddleven plate 
numbers) 

b Closing some urban d~stncts to car$ 
b Llmlts on electwe or professional travel 
b Ltmits on numbers of parklng spaces 
b Premlum ~ a r h n g  for hlgh occupancy 
b Increasing congest~on by not lmprovlng 

lnfrastructure 
b Speed llmlts (enforced) 
b Expandedltmproved publlc transport and lanes 

restncted to certaln users 
b Better lnfrastructure for bicycles, pedestnans 

b Fuel quahty standards 
b Em~sslon standards 
b Performance standards 
b Penalties for non-comphance wlth standards or 

requirements 

b Car use restlrctlons (e g oddleven plates) 
b Ownersh~p limits 
b Closing some urbdn dlstncts to cars 
b Llmlts on elect~ve/professional travel 
b Llmlts on numbers of parlung spaces 
b Expanded/~mproved pubhc transport and lanes 

restricted to certaln users 
b Park-and-ride facllitles 
b Better lnfrastructure for b~cycles, pzdestnans 
b Subs~dles for taklng alternative transport to 

work 

Area of Impact 

4. Vehcle use 

5 Fuel m ~ x  

6 Modal spM 

Ecoaomlc Measures 

b Fuel taxes 
b Insurance rates by annual kllometrage 
b Parlung fees 
b Road use fees or k~lometrage charges 

b Fuel taxes dlfferentlated by he1  
b Taxes for hlgh emtterstrebates for low emrtters 

at purchase or m annual car reglstraaon fees 
b Flscal incentives for development of altematrve 

fuel d~stnbut~on networks 
b Subsidies for R&D on altematlve fuels 
b Rebates for conversion to dual-fuel vehicles 
b Low rental rates for alternative fuel equipment 
b Manufacturer fiscal lncentwes for fuel quality 

standards, emlsston standards, performdnce 
standards, or non-compliance tees 

b Vehicle purchase taxes 
b Fuel taxes 
b Annual hcenslng taxes 
b Annual ownership taxes 
b Parlung fees 
b Road use fees of kllometrage charges 
b Subsldles for pubhc translt, trams 



Wonnat~on 

b Annual publ~catlon promoting new car fuel 
effi~lency technology 

b Annual publlcat~on of new car emlsslons 
levels by fuel and vehlcle type 

b 

Regulatory Measures 

b Mln~mum fuel effic~ency standards (CAFE or 
some other concept) 

b Max~mum emlsslons standards 
b Maxlmum power to welght rat~os 
b Penalt~es for non-compltance with standards or 

requ~rements 

b Max~mum em~ss~ons  standards 
b Fuel quallty standards 
b Maxlmum power to we~ght rdtl0s 
b Technologv prescnpbons (e g ca ta ly t~~ 

converter) 
b Mandatory retirement of old vehlcle5 
b Mandatory vehlcle lnspectlon usmg emlsston 

technology and/or performance cnterla 
b Clvll penalt~es for non-compl~ance wlth 

standards or mandatory requirements 

Area of Impact 

7 Fuel eff~c~ency 
technology 

8 Fleet enllsslons 
abatement 

Econom~c Measures 

b Fuel taxes 
b Taxes for hlgh emltters/rebates lor low em~tters 

at purchase or m annual car reglstratlon fees 
b Grants, loans, subs~d~es for fuel-effic~ent 

vehlcles 
b Subs~d~es for R&D on fuel effictency 
b Manufacturer fiscal lncentlves for fuel 
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Annex D 
POWER SECTOR RESTRUCTURING 

Most electncity sectors worldwide tradibonally have been organized as vert~cally integrated monopolies 
either owned or heavily regulated by the government This organizational structure is based on the 
assumption that electnc utilities are natural monopolies, 1 e electricity should be provided by one supplier 
in order to take advantage of economies of scale in the production and delivery of services 

Recently, this assumption is being challenged In particular. generation is not necessanly universally 
considered a natural monopoly it has been demonstrated that the relatively few economies of scale 
associated with power plants can be achieved without concentrating ownership and control of generation 
within one company For example. the introduction of highly efficient gas turbine technology and the 
growing utilization of natural gas have resulted in generating units for which the costs of kilowatts of 
capacity exhibit little difference between large and small stations Combined with new developments in 
communicabon and control technologies. it is now possible to achieve the economies of an integrated 
system without necessarily having integrated ownership Despite these changes in generation. high voltage 
transmission is still viewed as a natural monopoly Distnbution is also viewed as a natural monopoly. but 
one in which economies can be achieved without regard to the size of the geographic territory served This 
suggests that economies of scale in distnbution can be achieved despite having more than one distribution 
company connected to the high voltage network of a single transmission company 

As a result, many governments have reorganized their vertically integrated util~ties into multiple 
companies which separately supply generation. transmission and distnbution services Competition has 
been introduced into power sectors by permitting multiple owners and operators of generation Such 
reforms have taken a variety of forms distinguished generally by the degree of choice and competihon 
among generation suppliers and their access to customers 

However. the charactenstics of elechcity limit the structures and institutional arrangements that can work 
successfully Unlike other commodities, the production and consumption of electncity must be coordinated 
across an integrated transmission gnd on a virtually instantaneous basis This coordination is vital to 
maintain system reliability. safety and economic efficiency There are four basic structural models 
avalable for achieving thls coordination efficiently 

Model 1 : Vert~cal Integration 

This model gives a single enterpnse the exclusne right to engage in the generation. transmission and 
dishbution of electncity Figure D-1 depicts this industry structure The state-owned monopolies in 
Pakistan. Thaland, Malaysia, India. France, and the pnvately-owned regional monopolies in the US and 
Germany are versions of thls model The utility is responsible for operat~onal d~spatch in the short-run 
and for assuring the adequacy of power supply In the long-run 



Figure D-1 : Model 1 - Vertical Integration 
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The defining charactenstic of this model is that the util~ty is the sole source of power and the sole seller 
of electnclty to consumers There is no need for market mechanisms and transactions among elements 
within the power system because the monopoly utility uses direct command and control to operate the 
entire electnc system. pools all costs and revenues into unified accounts, and relies on captive customers 
to assure that its costs and investments are covered 

There are generally several advantages associated with a vertically integrated structure First, vertical 
integration enhances control. coordinat~on. and operational efficiency of the power sector All operational 
activities and sectoral decisions are under the control of one management structure Efficient dispatch of 
generation and coordinated maintenance of all facilities is promoted Decisions are efficiently made. 
delivered and executed The sectoral impact of any investment or operational decision is internalized 
within one company and therefore is more easily identified and evaluated Concentrahng management also 
economizes on management resources 

Second. the vertically integrated structure can facilitate the power sector's access to capital markets The 
vertically integrated uhlity has a secure monopoly over its customers which provides a better guarantee 
of cost recovery, and therefore is financially better able to tolerate inefficiencies and poor investment 
decisions This secure market therefore enhances the credit-worthiness of the utility Furthermore, the 
financially weak portions of the power sector. such as distribution service to predominately rural 
terntorles, are supported by the rest of the system Investments for the subsidized areas of the system can 
be financed on the strength of the utility's complete balance sheet, and not the financial viability of 
particular utility achvities As a result. a vertically integrated utility can serve as a vehicle for introducing 
pnvate Investment into the power sector, since the guaranteed market could increase the attractiveness of 
any public tendering of stock 

However, the vertically integrated structure does not guarantee investor interest Fundamentally, the 
investor is concerned with the rate of return on his investment This depends on many factors in addition 
to the secunty of the uhlity's revenue stream the viability of the tanffs, the transparency of the regulatory 
regime, the quality of management, and the efficiency of operations The success of attracting pnvate 
equity may also depend on whether the government intends to retan a majority interest in the venture 
Pnvate investors will be reluctant to take a minonty interest lf they are convinced that the government 
will use its majonty position to ensure that the utility pursues social and governmental policies, rather than 
commercial objectives 

There are also senous disadvantages to a vertically integrated framework First, a vertically Integrated 
utility will preclude the introduction of competition into the power sector There is no room for alternative 
sources of power purchase and supply Second, as a result of the absence of competition. the vertically 
integrated utility has llttle incentive to mantain or Increase operational efficiency The secure market 
creates greater tolerance for poor plannmg, poor Investment decisions and poor management 

Third, the on& protection against poor management becomes regulation -- and the dijj'jculties of 
regulation are maxzmized wrth a vertzcal<v integrated utilitv With vertical integration, the ut~lity 
possesses all information about the power sector. making ~t difficult for the regulator to obtain information 
about the utility's operations and to monitor costs Vertical integration also elim~nates the abllity of the 
regulator to compare performance among different power sector entities Thus, it becomes easier for 
monopolistic activihes to evade effective regulation 

Fourth, although economic regulation may be less effective, the fact that the power sector is managed by 
one company makes it easier for the government to pursue non-commercial, social objectives For 
example, the monopoly over customers permits electncity pnces to be set at non-economic levels, cross- 
subsidies to be maintaned, and non-economic projects pursued A commitment to the maintenance of the 
vertically integrated structure also precludes the use of commonly used mechanisms for introducing pnvate 



investment into power sectors, such as non-recourse, privately-financed generation projects 

Model 2: Separate Distribution Compan~es 

This model separates distribuhon from the generation and transmission functions Generation and 
transmission remain the responsibility of a single, national vertically integrated company (G&T Company) 
The service terntory of the distnbution company can coincide with that of the G&T Company, or the 
G&T can serve multiple distribuhon companies Figure D-2 depicts this Industry structure The power 
sectors in the Phll~ppines and Jordan are examples of this model 

As is the case with Model 1, the definlng charactenstic of this model remains that of monopoly The G&T 
company remans the sole supplier of power and 1s responsible for operational dispatch as well as planning 
for and assuring the adequacy of power supply Similarly, the distnbution companies have a complete 
monopoly over retall sales to customers located within their respective geographic franchise The only 
d~fference from Model 1 is that there is one or more distribution companies. with separate ownership, 
purchasing power from the G&T Company 

All operations of the power sector are coordinated through command and control mechanisms exercised 
by the monopolistic G&T and distnbution companies rather than market mechanisms The only 
transaction introduced by this model is the G&T Company's wholesale sales of power to the distribution 
company under a regulated Bulk Power Tanff that will reimburse the G&T Company for the costs of its 
integrated operations 

There are many advantages to this reform optlon First, the continued consolidation of existing generation 
and transmission responsibilities within one organization yields many of the benefits associated with 
complete vertical integration. includmg sector coordination and operating efficiency This is owing to the 
fact that generahon and transmission are still managed under the direct command and control of one 
management The assessment of the sectoral implications of major investment decisions will remain the 
responsibility of one management 

Second, t h ~ s  reform option also provides a viable vehicle for attracting pnvate capital and introducing 
pnvate ownership into the power sector As in the case of the vertically integrated utility, the G&T 
Company has a guaranteed market for its power sales This guaranteed market reduces the risks associated 
with investments in power projects. whether owned by the G&T Company or by prlvate investors 
Investors in power projects will be sheltered from the market and, to varying degrees, political risks 



Figure D-2: Model 2 - Separate Distribution Companies 
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In addition, unlike the vertically integrated option, individual distnbution companies with their small 
capital needs will make an attractive investment opportunity for domestic capital markets This statement 
assumes, however, that there are cost-rejlectzve tariffs and a stable independent regulatoiy regime 

Third, the monopolistic posihon of the G&T Company IS weaker than that of the vertically integrated 
utility The distnbution companies will provide a counterweight to the G&T Company The G&T 
Company will not be the only source of information about the power sector Also, the distnbution 
companies will closely follow the G&T Company's power procurement and resource acquisition programs 
and develop their own load forecasts and projections for resource needs At a minimum, the distnbution 
companies will make their views known to the regulatory authonty The distribution companies' views 
on developments within the power sector, their provision of an alternative source of information, and their 
participation in the development of tariffs and in regulatory proceedings will make regulation of the G&T 
Company easier and more effective 

Fourth. the separation of distnbution from generahon and transmission should encourage better service 
Creation of separate distnbution companies prevents distnbution from being relegated to a lower priority 
than other activities Also, separate distribut~on companies will foster greater responsiveness to local 
conditions and concerns 

Fifth. separating distnbution from generation and transmission will help to segregate the costs of 
distribution clearly from the costs of transmission and generation. resulting in cost transparency and 
operational accountability Greater cost transparency, in turn, requires Governments to consider the 
financial costs of ~ t s  subsidy decisions explicitly 

Finally, a criticallv important advantage of partial disaggregation is that it is not statzc and can be 
readilv adapted to introduce elements of competition and to set the stage for further evolution of the 
power sector. First, competition for new generation capacity can be easily introduced within the context 
of a national G&T Company All exlsting generation will be controlled by the G&T Company The G&T 
Company will have to compete with other sources, however, before being permitted to build new 
generation This limited introduction of competition will discipline the G&T Company in its construction 
of power plants without a radical change in the structure of the power sector Also, the presence of 
independent power plants will provide benchmarks for evaluating the operating efficiencies of the G&T 
Company's power plants 

As with the vertically integrated model, partial disaggregahon has disadvantages Maintaining a G&T 
Company essentially shelters the generation and transmission business from competitive pressures, and 
therefore will not maxlmize operating efficiencies With a secure power market, the G&T company will 
not be forced into becoming commercially onented The G&T company will be able to recover from its 
captive customers the costs of inefficiencies m operation, poor planning and ~nappropnate supply 
acqusition decisions 

The onlv protectzon against such inefficiencies is regulation - which, although more kkely to be 
effective owing to the presence of the separate distribution companies, will still be an zmperfect 
substitute for competztion. Further, the G&T Cornpan-v will contznue to allow thegovernment to pursue 
social objectives unrelated to, and perhaps inconsistent with, the cost-effectzve provision of electric 
service. 

Model 3: Multiple Sources of Generation 

Under Model 3, multiple sources of generation are permitted These generation companies sell all of their 
power to the company which controls the transmission network, that is, either the vertically-integrated 
utility under Model 1 or the G&T Company under Model 2 Figure D-3 depicts how the addition of 



multiple generation sources changes the industry structure associated with Model 2 

Negotiated power purchase agreements specifiing the terms and cond~tions of the generation companies' 
supply responsibilities replace the monopolist utility's direct command and control of power plants present 
in Models 1 and 2 

The company controlling the transmission network remains a monopsony because it is the only entity 
allowed to buy power from the generation companies Further. the company controlling the transmission 
network retains a monopoly over wholesale sales to the distnbution companies (as well as any direct sales 
to large consumers directly connected to the transmission network) Hence, all electricity is generated by, 
sold to, and purchased from the company controlling the transmission network, which is sometimes 
referred to as a "central purchasing agency " 

The company controlling the transmission gnd remains responsible for operational d~spatch and for 
planning and acquiring adequate power supply resources In some versions of this model, it may also 
remain responsible for building and operating generation The introduction of multiple sources of 
generation will impose competitive discipline on the generation market However. the monopolist's control 
over all power sales to the distnbution companies protects the capacity planning and acquisition process 
from competitive pressures 

The advantages of soliciting independent power proposals has been demonstrated around the world 
Independent power plants have increased utilities' access to capital markets and have been successfully 
used to encourage private ownership of power sector assets Solicitations for independent power have 
routinely resulted in the construction and operation of power plants at costs well below that initially 
projected by the purchasing utility Competitive procurement of new generation can lower the cost of 
generation by attracting diverse entrepreneurs who may be better than the purchasing (state-owned) utility 
at finding sites, fuel sources, technologies. and managing construction, plant operabons and staff 

Procuring new generation capacity competitively enables the G&T Company to shift some of the nsks 
associated with new power plants to private investors. such as the nsks of construction delays, cost 
overruns, inflation, currency volatility, and poor fuel procurement decisions Even though the nsk 
premium for shifting the nsks to pnvate investors may make the cost of power procured from independent 
developers appear unreasonably high, the net effect may be lower costs since the G&T Company. as a 
regulated monopoly, has incentives to underestimate costs at the time it proposes to build a power project. 
has limited incentives to control costs dunng the plant's construction. and can make unrealistic 
assumptions about the plants fuel costs and other operating costs over its operating life Indeed, the 
regulated utility's cost estimates may not even include a nsk premium as it assumes that it can pass these 
risks on to its captive customers 



Figure D-3: Model 3 - Multiple Sources of Generation 
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Finally, the potential entry of new suppliers introduces competitive discipline on the investment decisions 
and operations of the G&T Company The G&T Company should reman free to proceed with its own 
projects if it is not satisfied with the project proposals it receives However, the G& T Companv must be 
prepared to defend its deciszon before the regulatory authorzty under the scrutznv of the distrzbution 
companzes. Further, the G&T Company also runs the rzsk that zt may not recover the full costs of its 
own project zf its costs of construction or operation greatly exceed the cost estimates that the G&T 
Compan-v used to reject developers' competing proposals. 

Permitting independent power projects has few disadvantages There is no question that the global market 
for new generation projects is highly competitive Independent power projects using tradihonal technology 
have been competitively procured and successfully developed m power markets of all sizes Less 
traditional technologies, such as cogeneration and various renewable resources (e g solar). are generally 
installed at a size that can support multiple projects notwithstanding the small size of a power sector 

As is the case with full competition, independent power projects will not ensure the financial viability of 
the power sector or guarantee that all power projects obtan access to capital The fact that the independent 
project developers will sign long-term contracts with the G&T Company, whlch has a secure market. will 
help to finance projects by insulating the developers from political and market (load growth) risks The 
independent power projects do not themselves have a guaranteed market Poorly designed projects will 
have to stand on their own economic ments and may not be able to be financed Poorly-managed projects 
can go bankrupt It is precisely this financial and competitive discipline, however, that encourages 
efficiency and the commercial orientation desired for the power sector 

The fact that individual projects may go bankrupt does not pose a nsk to the power sector The purchasing 
utility is able to protect itself contractually regarding the risk of bankruptcy. as well as performance and 
the other risks generally associated with a poorly run power project 

The reliance on contracts and market mechanisms is the biggest drawback of permitting multiple 
generahon companies Coordination of the power sector becomes more difficult with multiple generahon 
companies Contracts have to replace consolidated direct management and control This can require 
complicated agreements and time-consuming negotiations between the vanous power sector entities This 
task is not ~nsurmountable, and is greatly simplified by retaining the G&T Company and limiting the 
introduction of multiple generation companies to new generation projects There is significant international 
experience regarding the long-term power purchase agreements necessary to support the development of 
independent power projects 

The G&T Company's need for flexibility in purchasing from independent project developers, while at the 
same time being a competitor of such developers. raises the difficult issue of ensunng that the G&T 
Company objectively evaluates developers' proposals Ensunng such objectivity is the difficult task of the 
regulatory authonty This task can be simplified, however, through different structural options for the 
power sector 

The establishment of separate operating subsidlanes for generation and transmission will provide several 
important advantages First, separating generation from transmission will make it easier for the regulatory 
authonty to trace the generation costs and will make comparisons between the G&T Company's and 
developers' project proposals easier The separation will also remove the management responsible for 
developing project proposals from the management responsible for project evaluation, helping to reduce 
bias and reinforcing the commercial onentation of managers responsible for arranging resources to satisfy 
the sector's power needs 



Model 4: Wholesale and Retail Competition 

Under Model 4 the transmlsslon company's monopoly over power sales is eliminated The monopoly over 
power sales can be eliminated at either the wholesale or retail levels Figure D-4 illustrates the competitive 
industry structure 

Wlth wholesale competition, the distnbution companies are permitted to buy power from any generation 
source The transmission company, to the extent it retains ownership of generation, must compete with 
other sources of generation to make sales to the distnbution companies Under this approach, 
responsibility for planning and acquinng power supplies has shifted from the transmission entity to the 
distr~bution companies, which continue to have a monopoly over sales to final customers 

With retail competition. power suppliers can sell directly to final consumers The distnbution companies 
deliver power sold by generators directly to the retail customer The distnbution companies, to the extent 
that they want to sell power (that they have either purchased or produced themselves), must compete with 
all other power suppliers Under this approach. competitive discipline is introduced into the capacity 
planning and acquisition process Cost Increases owing to miscalculations or unexpected events will not 
be automatically recovered from consumers 

Full competition offers several advantages The power sector will become commerc~ally oriented by the 
fact that consumers have supply choices Competit~ve discipline wlll be fully imposed on the generation 
sector, encouraging efficient operation of exisbng power plants and the addibon of new generation at 
minimum cost To the extent some degree of retail competition is permitted (even if it is just the 
installation of generation by large industrial customers), competitive disc~pline will also be imposed on 
the distnbution companies' generation capacity planning and acquisition decisions 

By having pnces of power set competitively, pnces will reflect costs, which will result in power suppliers 
and consumers maktng effic~ent decisions about energy production and use Significant competition at the 
retail level will make it difficult to cross-subsidize - although the transmission network, as a monopoly 
service, could be used to tax the power sector 

The disaggregated structure of the industry facilitates the introduction of pnvate capital There will be 
several companies available for pnvate ownership Once tanffs are competitively established. there should 
be no difficulty attracting both domestic and international participation in generation companies 





Further, regulation becomes much easier with vertical disaggregation Regulation will only have to focus 
on the activities that remain monopolistic. that is, the provision of transmission and distribution wire 
services The more limited role of regulabon will also limit the scope for government interference with 
investment decisions and management of generation With full retail competition. the distnbution 
companies' resource planning and acquisihon decisions do not need to be regulated 

There are drawbacks. however, to this approach First, market mechanisms and contracts will have to 
replace direct management and control as the means for coordinating operabon of the industry ' 

This will require a very complex system and impose significant transachon costs Technical agreements 
for the dispatch of generation. network agreements for use of the transmission and distribution networks. 
and "balancing agreements" to address system impacts for shortfalls between power output. contracted 
output and power consumption will have to be developed In addition, contracts for all power supply 
transactions will have to be negotiated 

These problems are not insurmountable The concepts and methods necessary to operate a competitive 
wholesale electricity market and associated contracts are becoming well-established and applied around 
the world 

With the introduction of competition. financial viabil~ty of and access to capital for all power sector 
entities cannot be assured Since the power suppliers do not have captive customers, and prices are 
established and fixed through competitively negotiated contracts, there is no guarantee that all of a 
supplier's costs will be able to be recovered With fixed contracts, costs exceeding expectations can cause 
financial hardship and bankruptcy Similarly, with retail competition, the distnbution companies will lose 
their secure market-with the possibility of imbalances between supply and demand resulting in 
unrecovered costs 

T h ~ s  last drawback to full competition may in fact be an advantage That the financial health of a power 
sector entity is not guaranteed is the mechanism for imposing competitive discipline on the commercial 
operation of the power sector Poor investment decisions and bad management result In poor financial 
performance-thus helping to prov~de protection against such practices Experience worldwide documents 
that wholesale competition does not pose problems attracting finance from pnvate sources Viable projects 
are financed Wholesale competition does result, however. in financial institutions closely analyzing the 
economic viability of projects As such, competition essentially enlists the aid of private sector financial 
institutions in policing against poor investment decisions and poor management 

The provision of servlce by the transrmsslon network and bilateral contracts between power supphers and customen cannot 
alone result m efflclent compebbon and coonhated operahon of the power sector because an achon by one enMv on an 
mtegrated transmss~on gnd can affect other enhbes on the gnd m media te ,  uncontrollable and unpredictable ways Thus, 
no two parttes can be allowed to enter Into transachons without regard to the impact on thxd parhes Also, all p ~ e s  to the 
system need to be able to compare theu transachons to other market opportunihes for efficiency to prevall Consequently 
there needs to be a system or "pool" rules that apply to all generators and govern dlspatch of generahon and pncmg of 
power 



Annex E 
REGULATION OF THE RUSSIAN EXTRA-BUDGETARY 

INTERINDUSTRIAL ENERGY SAVING FUND 

General Provisions 

1 The Russian extra-budgetary intenndustrial energy saving fund hereinafter referred to as the 
Energy saving fund/ is set up in compliance with the Regulation of the Government of the 
Russian Federahon of June 1, 1992 No 371 "On urgent energy saving measures in the field of 
extraction, production, transportation and utilization of oil. gas and oil products" in view of 
providing financlal support to government energy saving policy 

2 The Energy saving fund perfoms its acti\iities on regional as well as on federal levels as an entity 
compnsed of regional extra-budgetary energy saving funds. set up under paragraph 1. article 20 
of the Russian Federation Law of March 5, 1992 "On Soviets of People's Deputies of Krajs and 
Oblasts and on Administrations of Krajs and Oblasts" as well as of the Federal extra-budgetary 
fund 

3 The Energy saving fund is managed. in conformity with Regulation of the Russian Federation 
Government of June 1, 1992 No 371, by the Management Board of the Energy saving fund, 
incorporated within the system of the Ministry of Fuel and Energy of the Russian Federation as 
an economically independent legal entity The guidelines for utilization of the Energy saving 
fund's resources are coordinated by the Supervisory Board of the Fund, set up by the Ministry 

Coordination of works, connected with the utilization of resources of regional energy saving 
funds. is carr~ed out by the relevant departments and energy committees of administrahons of 
krajs and oblasts Regional energy saving funds are managed by self-supporting energy saving 
centers and other similar structures, set up by administrations of krajs and oblasts. on the accounts 
of which the resources of those funds are accumulated 

The Management Board of the Energy saving fund provides methodical gmdance and takes part 
in the activities of energy saving centers of krajs and oblasts in view of promoting the government 
energy saving policy and providing it with financial and technological support 

4 The Management Board of the Energy saving fund as well as the regional energy saving centers 
are governed in their activities by the Constitution of the Russian Federation, laws and other legal 
acts, adopted by congresses of people's deputies of the Russian Federation and by the Supreme 
Soviet of the Russian Federation, decrees and ordinances of the President of the Russian 
Federation, the Government of the Russian Federation. charters of the Management Board of the 
Energy saving fund and of regional energy saving centers, as well as by the present Regulation 

5 Resources of the Russian extra-budgetary energy saving fund on federal and regional levels are 
formed out of 

Quarterly remittances by mdustnal. construction and transport enterprises and organizations 
of 0 5% of cost of energy resources consumed over the previous quarter, including the above 
sums into the costs of production (works, services) of the above enterprises 

Payments of statutory penal sanctions for irrahonal utilization of fuel and energy resources 



Resources allocated to the Management Board of the Fund and to reg~onal energy saving 
centers out of federal and local budgets as well as received from other sources for carrying 
out their investment acbvities, financing research and development and other energy saving 
programs, as well as those received in form of dividends. interests on deposits and on loans 
and other proceeds from their economic and commercial activities 

Donations of legal and physical entities 

Administrations of krajs and oblasts are permitted to use part of resources of environmental funds 
to form their regional energy saving funds 

6 Industnal transport and construction enterpnses. consuming fuel and energy resources. are to make 
quarterly remittances, starting with the fourth quarter, 1992, to the accounts of federal and 
regional funds, to the amount of 0 5% of the cost of energy resources. actually consumed by them 
m the previous quarter The above sums are included into the cost of production works, services) 
of the above enterpnses and organizations. as provided for by Regulation of the Government of 
the Russian Federat~on of August 5, 1992 No 552 "On adoptlon of the Regulation - n expenses 
on production and sale. included in the costs of production (works. services) and on the methods 
of accounting financ~al results for the purposes of taxation " 

The above resources are to be remitted by enterpnses and organizations to the Energy savlng fund 
ont eh following pro rata basis 

To the Federal energy saving fund - 30% 

To regional energy savlng funds at the place of location of enterpnses and organizatlons 70% 

Budgetary organizations, providing servlces to population, public utilihes and social sector 
organizations. farms, collective farms, state farms are exempt for such payments 

Payments to energy saving funds are effected for the consumption of the following fuel and 
energy resources natural gas. engine fuel, coal. electnc and thermal energy Administrative bodies 
of krajs, oblasts, autonomies of the Russian Federat~on, of Moscow and St Petersburg, as well 
as the Ministry of Fuel and Energy of the Russian Federation advise the above enterpnses and 
organizatlons of account numbers of energy savings fund 

7 In compliance with Regulahon of the Russian Federation Government of June 1, 1992 No 371 
the Ministry of Fuel and Energy of the Russian federahon and the Ministry of Science. Higher 
and Technical Education of the Russian Federahon startlng with 1993 provide joint financing on 
an annual basis of research and development in the field of energy saving technologies out of 
relevant extra-budgetary funds 

8 Payment of statutory penal sanctions for irrational utilization of he1 and energy resources are 
earmarked for regional energy saving funds on terms and conditions provided for by law 

9 The Ministry of Fuel and Energy of the Russian Federation as well as other ministries and 
departments of the Russian Federation, which have set up extra-budgetary investment funds, 
provide financing of energy saving expenditures, proposed by the Management Board of the 
Energy saving - fund. connected with ~mplementation of energy saving programs, to the amount 
of 1% of the relevant extra-budgetary investment funds 



10 Legal and physical entities. as a rule. make their donabons to their local energy saving funds 

11 Enterpnses and organizations. making remittances to the Federal as well as regional energy saving 
funds. charge the above sums to the debit of production accounts and to the credit of account 67 
of chart of accounts, approved by the ministry of Economy and Finance of the Russian Federation 
on December 19, 1991, No 18-05 

Remittances are credited by banks to special accounts of Federal and regional energy saving 
funds. opened by the Management Board of the Energy saving fund as well as by energy saving 
centers of krajs and oblasts and by other similar self-supporting organizations, set up by local 
administrative bodies 

Responsibility for timely and accurate remittances of the above resources is borne by enterprises 
and organizations, effecting such payments. as provided for by law 

Guidelines for Utilizat~on of the Energy Saving Fund's Resources 

12 Resources of the Federal fund are allocated for large-scale inter-industrial and inter-regional 
energy saving programs mostly on the basis of equity participation in joint stock companies and 
other enterpnses and organizations. granting soft loans and other forms of activities 
Resources of the Federal fund are to be allocated mainly for the following purposes 

Financing of research and development, providing legal consultations and creating legal 
framework as well as of working out energy consumption standards 

Supporting energy saving programs, taking into account their environmental aspects, on the 
basis of equity participahon with organizations, commissioning such works, the contribution 
of which may not be less than 40% of total costs of the above programs 

Financial support of the development of production of sophisticated energy saving equipment. 
used for intenndustnal purposes. of energy utilizing equipment, produced on a large-scale 
basis, as well as financing of creating the market infrastructure - or energy saving 
equipment 

Financial support of energy saving projects, connected with the complex production of highly 
efficient matenals, constructions. equipment, technical re-tooling of enterpnses, which ensures 
the engagement of energy saving reserves 

Granting soft loans to small and medmm-size energy saving projects. which have undergone 
necessary technical and economtc expert examination. directed a support of large-scale energy 
saving programs. production of consumer goods, foodstuffs, development of farms, 
construction of energy saving housing 

13 Resources of regional funds are allocated for financing of terntonal intenndustrial energy saving 
programs, development of local base for the production of energy saving equipment used for 
interindustrial purposes, financial support of activities as well as providing adequate technical 
facilities to regional expert councils and extra-ministenal bodles, supervising the efficient 
utilization of fuel and energy 



14 Administrative bodies of krajs, oblasts, reg~onal energy saving committees and other relevant local 
organizations utllize resources of regional energy saving funds as provided for by the present 
Regulation 

15 Soft loans are granted by the Management Board of the Energy saving fund as well as by energy 
saving centers of krajs and oblasts (and other similar structures) after approval of their plans and 
programs by the Supervisory board or by energy committees of krajs and oblasts respect~vely 
Interest payable on the above loans granted out of the Fund's resources is determined by the 
Management Board of the Energy saving fund, as a rule. for two years to the amount of up to 
50% Part of interest payments. not exceeding 20%. is used for financing of Management Board 
of the Energy savlng fund 

16 In view of providing addit~onal economic incentives to enterpnses, designing and produc~ng 
energy saving eqwpment, to ensure higher technical level of the above equipment and increase 
~ t s  production volumes, according to decisions taken by energy committees as well as by the 
Management Board of the Energy saving fund, resources of Federal and regional energy saving 
funds may be allocated for grants, given for the following purposes 

Equity parkipation in the financing of research and development in interindustrial fields up 
to 50% of its cost 

Development of production of tnal lots of energy saving equipment, equipment for utilization 
of non-traditional energy resources, equipment for utilization of local energy resources. 
recycled wastes and secondary energy resources - up to 25% 

Construction and refurbishing of buildings, ensmng higher energy efficiency, up to normative 
levels - 2% 

The amount of resources. allocated for grants given out of regional energy saving funds, is not 
to exceed 20% of their annual proceeds Enterpnses and organizations, consumtng fuel and 
energy, which ensure sustainable increase of utilization of secondary energy resources, in vlew 
of providing incentives to them, may be refunded for 20% of their expenditures, connected with 
the carrying out of such works 

Resources of the Energy saving fund are being used for setting up an information database of 
energy efficient technologies. for creabng a legal framework for the system of management. whtch 
is being established, for insurance of investments into energy saving programs, made by domestic 
and foreign companies and firms, for traning of staff, including training abroad 

17 Enterpnses and organizations, ensunng the carrying out of expert examination of their energy 
stocks to find reserves for energy saving with the help of special diagnostic devices, may be 
refunded for 25% of total costs of such works out of resources of energy saving funds of krajs 
and oblasts 

Resources of the Energy savlng fund are allocated pnmarily for providing incentives for 
examining energy stock of enterpnses and organizations consuming in excess of 30 thousand 
tones of coal equtvalent, heating boilers with the capacity in excess of 10 hectocalones per hour, 
heating units of magistral heating networks 



18 Benefits under pp 15. 16 and 17 of the present Regulation are pnmmly granted to enterpnses 
and organizations. which ensure the carrylng out of expert examinations of their energy stocks 

Supervision Over Forming and Util~zat~on of Resources of The Energy Saving fund 

19 Enterprises and organizations, relevant government agencies, connected with the ensuring of 
proper utilization of the Energy saving fund resources on both federal and regional levels. are not 
permitted to use the above resources for purposes. not provided for by the present Regulation 

20 Supervision over the accuracy and timeliness of payments to federal and regional energy saving 
funds is to be camed out by the relevant administrative bodies of k1ajS and oblasts as well as by 
the energy saving fund Management Board 

21 The Management Board of the Energy saving fund as well as self-supporting energy savlng 
centers set up by adminlstrahons of krajs and oblasts and other similar structures bear 
responsibility for the proper utilization of the Fund's resources 

22 Should the competent bodies detect the breach of the order of utilization of the Fund's resources, 
provided for by the above Regulation. officials, directly responsible for the above wrongdoinglare 
to be brought to responsibility under the Russian Federation rules of law in force The 
Management Board of the Russian Federation extra-budgetary ~nter-industrial energy saving fund 
as well as regional energy saving centers are to ensure the including of provisions on penal 
sanctions for breach of order of uhlization of the Fund's resources into contracts to be concluded 
with their employees 

Deputy Minister of Fuel and Energy of Russian Federation 
Deputy Minister of Economy of the Russlan Federation 
Deputy Minister of Finance of the Russian Federahon 





Annex F 
EUROPEAN BANK (EBRD) OUTLINE OF PROPOSED 

CONTRACTUAL RELATIONSHIPS, PERFORMANCE GUARANTEES, 
LEGAL STRUCTURE AND MONETARY FLOWS FOR FINANCING ENERGY 
EFFICIENCY DEMONSTRATION ZONES IN THE RUSSIAN FEDERATION 

A. Creation of Special Purpose Project Company (SPPC) 

SPPC is the Borrower for the project loan 

Purchases gas from local distribution companies and sells to District Heating company, 
sells saved gas to Foreign Purchaser (via Gazprom either through direct contracts or TPA 
structure when finalized in Russia) 

B. Contractual Relationship 

Gas Supply Contracts (between Gazprom and SPPC) 

Gas Transportation Contracts for the saved gas (between SPPC and Gazprom) 

Gas Sales Contracts for the saved gas (between Gazprom and Foreign Gas Purchaser) 

The three contracts would be linked through common mechanisms determining gas prices, tariffs, 
volumes, and contracts duration Contracts also include performance incentives and penalties on 
both parties 

C. Performance Guarantees 

. Foreign equipment supplier would provide guarantee of performance of energy savings 
equipment 

Gazprom would provide performance guarantees to IFIs and commercial banks regarding 
its fulfillment of gas supply and gas transportation obligations to SPPC 

D. Legal Structure 

SPPC is Joint Venture, potential owners include 
- Foreign equipment supplier 
- Foreign gas purchaser 
- Gazprom 
- District Heating authority 
- Municipality 
- Gas distribution company 

SPPC is Borrower for loans from EFIs and commercial banks 



IFIs and commercial banks jointly appoint offshore agent bank which administers offshore 
escrow account, through which project proceeds pass and from which debt servicing 1s 
paid 

E. Monetary Flows 

SPPC purchases from Gazprom the same volume of gas as initially 

SPPC sells gas to District Heating company, whlch provides heat to local industrial, 
commercial, and residentlal customers utilizing less gas than before efficiency 
improvements were made 

SPPC transports saved gas through Gazprom system under gas transportat~on contract and 
sells the saved gas to Foreign Gas Purchaser under long-term gas sales contract 

Revenues from this sale (in hard currency) are paid into the offshore escrow 

IF1 loan (and commerc~al bank B-loan) repayments made from escrow account (escrow 
account maintains 12-month debt service reserve, including interest and capital 
repayments) 

Balance of funds in escrow account returns to SPPC and is shared between owners 







Exhibit F-3 
Proposed Legal Structure 

3 3 ;  1__ 1 

Owner 1 Owner 2 Owner 3 

Potential Owners: 

Foreign Equipment Supplier 
Foreign Gas Purchaser 
Gazprom 
Dlstrict Heating Company 
Municipality 
Gas Distribution Company 





Annex G 
ENERGY MANAGER JOB DESCRIPTION 

A typical job description for an Energy Manager would be as follows 

Job Title 
Reports to 
Supervises 

Energy Manager 
Plant Manager 
2 Technicians 

Energy Data Collection and Analysls 

. Maintain records of all energy and water consumption in the plant 

Check the reading of all meters and submeters on a regular basis 

. Specify additional meters required to provide additional monitoring capability 

Develop indices for specific energy consumption relative to production and maintan these 
mndlces on a monthly basls for all major production areas 

. Set performance standards for efficient operation of machinery and facilities 

Energy Purchasing Supervision 

Review all monthly utility and he1 bills, ensure billtng is proper and that the optimum 
tmff applied in each case 

Investigate and recommend fuel switching opportunities where a cost advantage to the 
company is possible 

. Develop contingency plans to implement in the event of supply interruptions or shortages 

. Work with individual departments to prepare annual energy cost budgets 

Energy Conservation Project Evaluation 

. Develop energy conservation ideas and projects, working with in-house staff, equipment 
vendors and outside consultants 

Summarize and evaluate possible energy saving projects according to the company 
financial plannlng requirements, perform the necessary economic analyses to permit 
management evaluation of the projects 

Obtain management commitment of funds to implement conservation projects 

Re-evaluate possible projects as the company operations change or grow, evaluate energy 
efficiency of new construcbon, building expansion or new eqwpment purchases 



Energy Project Impiementat~on 

. Initiate equipment maintenance programs for energy saving 

Supemse the implementahon of conservation projects, including specification of 
equipment, requests for quotation, evaluation of offers, ordenng of materials, 
constructiodinstallation, operator training, start-up and final acceptance 

Communications and Public Relations 

Prepare monthly reports to management. summanzing monthly energy costs and 
consumption as well as specific energy consumption 

. Communicate with all production and support departments. so that all participate in the 
energy management program 

. Develop an awareness program within the company to encourage active participation by 
all employees in energy saving activities 

. Develop training programs to upgrade knowledge and skills of all levels of employees in 
energy related matters 

. Publicize the company commitment to energy conservation where appropriate. providing 
information for press releases and internal notices, presenting papers in professional 
conferences. and entering the company In energy award programs 



Annex H 
ENERGY CONSERVATION OPPORTUNITIES 

Summary Checklist 

1 COMBUSTION 

1 1 Operational equipment efficiency 
1 2 Equ~pment ma~ntenance and replacement 
1 3 Heat recovery 
1 4 Heat confinement 

2 STEAM 

2 1 Steam system equipment upgrade and repair 
2 2 Steam system changes 

3 OTHER UTILITIES 

3 1 Electricity 
3 2 Compressed air 
3 3 Water 

4 SCHEDULING AND SHIPPING 

4 1 Equipment schedul~ng 
4 2 Plant scheduling 
4 3 Packing, shipping, handling and transportation 

5 PROCESS EQUIPMENT AND PROCESS CHANGES 

5 1 Eqwpment maintenance and replacement 
5 2 Operation and process design 
5 3 Process specific techn~ques 
5 4 Process heat recovery 
5 5 Process heat confinement 

6 BUILDINGS AND SITES 

6 1 L~ghtlng 
6 2 Space heabng, cooling and ventilat~on 
6 3 Miscellaneous 



1 COMBUSTION 

1.1 Operational Equipment Efficiency 

1 1 1 Boiler aidfuel ratio control 
Adjust/tune burners for optimum ratio 
Monitor boiler efficiency and improve control capability or add automatic controls 
(oxygen tnm) 

1 1 2 Hot air for combusbon use 
Intake to take hottest an 
Preheat combustion air with waste process heat 

1 1 3 Fuel atomization improvements 
Heat oil to proper temperature 
Use air instead of steam for atomizabon 
Check steam is at correct pressure 

1 1 4  Miscellaneous 
Minim~ze boller blowdown by monitoring water quality 
Reduce blowdown requirement by better water treatment 
Preheat make-up water with waste process heat 
Install automatic stack damper to reduce stand-by losses 

1.2 Equipment Maintenance and Replacement 

1 2 1 Boiler maintenance 
Establish boiler maintenance schedule 
Keep boiler tubes clean, both fireside and waterside 

1 2 2 Replace and upgrade eqwpment 
Replace obsolete burners 
Replace obsolete boilers 

1.3 Heat Recovery 

1 3 1 Heat recovery from stack gases for boiler operations 
Preheat combustion air 
Preheat boiler feedwater 

1 3 2 Heat recovery from stack gases for process heat 
Install waste heat boiler to provide direct shaft power 
Generate steam for process use 
Preheat matenals going to dryers, ovens, etc 
Preheat process fluids or service hot water 

1 3 3 Heat recovery from stack gases for HVAC 
Install waste heat boiler to make steam for space heating 
Recover heat for direct use for space heating 



1.4 Heat Confinement 

1 4 1 Insulation of boilers, burners. etc 
Repa~r faulty insulatlon and refractones 
Install bo~ler insulation or upgrade to optimum thickness 
Install ceramlc fiber insulatlon (with low speclfic heat) in cyclic operating furnaces 
Reduce size of charging openings, slots, doors, etc or add moveable covers or 
doors 
Install automatic stack damper 
Repar walls to reduce air infiltration 

2 STEAM 

2.1 Steam System Equipment Upgrade and Repair 

2 1 1 Steam trap upgradinglrepar 
Install steam traps 
Use correct size steam traps 
Use appropriate trap types 
Repairlreplace faulty or leaking traps 
Shut off steam traps on sections of unused line 

2 1 2 Condensate return system 
Increase the amount returned (repair leaks, replace dlrect steam heating by indirect 
systems) 
Cover and ~nsulate condensate storage tanks 
Install, upgrade or reparr insulation on condensate llnes 
Recover flash steam from condensate for re-use 

2 1 3 Steam lines and dishbution systems 
Insulate. upgrade or repair steam line insulatron 
Insulate valves and fittings 

2 1 4 Steam system leaks 
Repair and eliminate leaks in lines and valves 
Repar and eliminate leaks at reducing stations 
Repar and eliminate steam leaks on process equipment 

2.2 Steam System Changes 

2 2 1 Steam for distillation 
Operate dishllation columns at minimum quality requirements 
Operate columns near floodlng conditions for maxlmum separation efficiency 
Determine correct feed plate locations on columns to increase efficiencies 
Consider switching selected steam str~pping columns from live steam to indirect 
heating 
Use reflux ratio control instead of flow control on distillation columns 

2 2 2 Use of steam condensate 
Return steam condensate to the boller plant 



Flash condensate to produce low pressure steam 
Use steam condensate for non-potable water uses (e g domestic hot water) 
Insulate steam condensate lines 
Replace llve steam uses by steam coils where possible, and recover condensate 

2 2 3 Steam lines and tracing 
Use mnimum steam operating pressure 
Substitute hot water or other hot fluid for steam tracing 
Turn off tracing d u n g  mlld weather 
Remove or close off unused sections of steam lines 

2 2 4 Miscellaneous 
Clean steam coils in process tanks 
Maintain steam jets used for vacuum systems 
Optimize operabon of multi-stage vacuum steam jets 
Use automatic temperature control where possible 
Replace steam let down stations by turbine dnves 
Replace steam jets by efficient vacuum pumps 

3 OTHER UTILITIES 

3 1 1 Demand charge reduction 
Reschedule to minlmize peaks 
Ophmize plant power factor 
Install demand controller, load shedding system 
Install power factor controllers on motors 

3 1 2 Reduction of other electncity charges 
De-energize excess transformer capacity 
Check meter cahbrahon and accuracy regularly 
Restructure rate schedules, use alternahve tmffs 

3 1 3 Efficient use of electnc motors 
Optimize motor size accord~ng to load. size for peak operatmg efficiency 
Use multi-speed motors or variable speed dnves for eqwpment with varying loads 
Evaluate the use of high efficiency motors for servlces operating conhnuously 

3 1 4 Transformers, conductors, and other equpment 
Reduce load on electrical distnbuhon systems to reduce losses (e g increase power 
factor) 
Increase conductor size to reduce distnbution losses 
Consider replacing old or obsolescent transformers 
Take into consideration power losses as well as initla1 loads and likely growth in 
the sizing of transformers 

3.2 Compressed Air 

3 2 1 Reduction in air use 



Reduce the system pressure to minimum 
Elimlnate the use of compressed air for cooling products and equipment, or for 
agitabng liqwds 
Ensure proper pressure control (avoid excess pressures) 

3 2 2 Compressor intake 
Install air compressor intake at coolest point available 
Consider use of heat exchanger or water spraylng to cool a r  to the compressor 
Use interstage cooling on multistage machines 

3 2 3 Leaks 
Determine rate of leakage, test for leaks regularly 
Elimlnate leaks in lines and valves 
Remove or close off unused lines 

3.3 Water 

3 3 1 Cooling water reduct~on 
Use minimum cooling water flow to beanngs and seals 
Shut off cooling water when not needed 
Adjust cooling water flow to avoid sub-cooling 
Clean tubes and heat exchange surfaces regularly to improve heat transfer rates 

3 3 2 Recovery of water 
Recover and re-use cooling water 

3 3 3 Water recycling 
Use a cascade system for nnsing 
Use a pond for ambient cooling of water 

3 3 4 Leaks and distribution 
Eliminate leaks in lines and valves 
Remove or close off unused water lines 
Clean lines and remove fouling regularly 

3 3 5 Monitoring water use 
Audit water meters regularly for prompt leak detection 
Check meter accuracy 
1nsfall meters and monitor major water users 

4 SCHEDULING AND SHIPPING 

4.1 Equipment Scheduling 

4 1 1 Equipment shutdown 
Shut down process heating equipment when not needed, e g boilers and furnaces 
at weekends 
Turn off electrical systems and machines when not in use (e g lunch breaks) 
Turn off lights when possible, use maximum daylight 



Turn off conveyors when not in use 
Install reset switches and timers when possible 

4 1 2 Scheduling 
Use the most efficient equlpment preferentially 
Schedule equ~pment to run at full load 
Use batch eqwpment on ophmurn schedule 
Optlm~ze product~on batch sues and Inventones 
Where possible, run continually for as long as possible and then shut down. avoid 
frequent startlng and stopping 
Avo~d peak use of electncd equipment 

4 1 3 Standby equipment 
Reduce temperature of stand by process heat~ng equ~pment 
Minimize operahon of eqmprnent on standby 
If possible shut off pilot flames on furnaces and boilers 

4 1 4 Electrical eqmpment 
Identify contr~butors to electncd demand and reschedule operahons to reduce peak 
loads 
Recharge battenes dunng off-peak penods 
Use electnc water heaters off-peak and store hot water for later use 

4.2 Plant Scheduling 

Consider 3-4 days operahon, 24 hourslday. not one or two shifts per day 
Schedule routine maintenance dunng non-operating hours 

4.3 Packing, Shipping, Handling and Transport 

4 3 1 Packing 
Use minimum necessary packaging matenais 
Examine use of less energy intensive packaging materials 

4 3 2 Matenal handling 
Repair and maintan conveyors. eliminate matenal losses 
Use gravity feed whenever possible 

4 3 3 Truck operations 
Optimlze truck routes 
Size trucks for the jobs required, loads carned 
Add air shield to trucks to reduce air resistance 
Shut off truck englne whlle loading, unloading, etc 
Maintain truck engines regularly for maxlmum efficiency 

5 PROCESS EQUIPMENT AND PROCESS CHANGES 

5.1 Equipment Maintenance, Repar  and Replacement 

5 1 1 Equipment maintenance 



Estabhsh maintenance schedules and record keeping systems 
Improve lubncation practices 
Keep equipment clean, ensure adequate cooling of machinery 

5 1 2 Eqwpment replacement 
Evaluate equipment purchases using lifetime costing 
Upgrade obsolete equpment to best modern standards 

5.2 Operat~on and Process Design 

5 2 1 Process Design 
Redesign process flows for minimum matenal handling 
Evaluate heat transfer systems for optimum heat utilizat~on (e g use process 
integration techmques) 

* Avoid repeated heating and cooling of process matenals 

5 2 2 Operation modifications 
Where possible, convert batch to continuous operations 
Operate one unit at high throughout (or output) rather than two units at half 
throughout 
Re-use process waste if possible 
Recycle process scrap at all stages 
Where scrap recycling is high, evaluate the process and reduce the rate of scrap 
generabon 
Operate as close as possible to specification limlts (less quality giveaway) 
Relax specifications if possible 
Make optimum use of automatic controls and monitonng instruments 

5.3 Process Specific Techniques 

5 3 1 Ovens, furnaces. kilns 
Convert from indirect to direct finng (change of fuel may be needed) 
Use hot exhaust gases to preheat fbrnacekiln charge 

* Recycle exhaust gases for combustion zur, m the same or other equipment 
Ensure proper placement of charge in furnaces 
Install high velocity or rapid heating burner systems 
Ophmize heating rates, residence times 

5 3 2 Textiles 
Improve textile dryers (e g reduce alr flows. recycle exhaust gases. raise exhaust 
humidity) 
Reduce moisture content at dryer inlet using mechanical methods (e g centnfuges. 
vacuum techniques) 
Install mfi-a-red heaters for residual moisture removal 
Consider "low moisture" processes such as foam dylng 
Use hot dye bath exlt water for preheatmg incoming cold water. including hot 
water storage for subsequent use 

5 3 3 Refngerahon, cold stores 
Use optimum thickness for insulahon of cold systems 



Ensure good door seals 
Cool smallest space possible for refrigerated storage 
Consider stonng "cold" to minimize peak loads and keep compressors running 
s t e d l y  at moderate loads 

5 34 Hot water 
Reduce temperature of service or domestic hot water 
Use cold water for clean~ng wherever possible 
Re-use cooling water for cleaning 

5 3 5 Dryers 
Improve dryer efficiency (e g reduce air flows. recycle exhaust gases, ralse 
exhaust hum~d~ty) 
Control inlet and outlet moisture levels 
Use presses, centrifuges or vacuum systems to remove molsture before thermal 
treatment 
Consider supplementary drying by infra-red equipment 
Utilize hot exhaust gases from other processes 

5 3 6 Miscellaneous 
* Consider vapor recompression In d~stillation and evaporation processes 

Convert Iiqud heaters from underfinng to lmmerslon or submersion heating 
Add temperature controls to steam and heating systems 
Improve process controls to mantain tight product specifications 



Annex l 
POWER STATION AND DISTRICT HEATING QUESTIONNAIRE 

Pmcipal Kazakhstan's personnel contacted dunng the implementahon of subject task 

Mukhtar Kembaevlch Kembaev, Director Almaty Heahng Systems Enterpnse "Almaty Energo" 
Akhat N Kalendaryov, Chlef Engineer, Almaty Heatmg Plant-2 
Vladimir Ilylch Fedorenko. Chief Specialist, Research Designing and Prospecbng Insbtute 

"Kaznipienergoprom" 
Bons 0 Savadsky, Head of the Production-Techcal Department, Almaty Heating Plant-:! 
B yrlyk E Orazbaev, Director, "Alma-AtaEnergo" Industnal Union Almaty Heating Plant-:! 
Tatyana Ya Hinhtskaya, Technical Director, Small State Enterprise, Technical Center of Kazakhstan 
Blrles K Aliyarov, Director of Sclence (Technical) Professor, Kazakh Sclenhfic & Research Inshtute of 

Power Engineenng 
Razgazy K Erekeev, Scientific Secretary, Kazakh Scientific & Research Insbtute of Power Engineenng 
Anatoliy Alekseevich Perelevsky, Deputy Chlef Engineer, Alma Ata Heatmg Systems- Enterpnse of Alma 

Ata Energo 

A. IDENTIFICATION 

1 Plant's Name 
2 Address 
3 Name of Contact, and Posibon 

Phone No Fax No 

Phone Number 

Telex 

4 Plant Capacity and Unit Descnpbons 
a Number of Units 
b Nomlnal Plant Electnc Output MWe 
c Nomlnal Plant Thermal Output G c a l h  
d Number of Power Boilers 
e Number of Hot Water (District Heabng) Bollers 
f Number of Steam Turbines 
g Type of Fuels 

B. MODE OF OPERATION 

5 Date of Plant Commissiomng 

6 Number of Employees Total Per Shift 

7 How many hoursfday does the plant operate (average)? 

8 When is the plant shut down for mamtenance, and for how long? 



Is the plant in operation year around'? If no, when is it on and when is it off Is 
the plant base loaded or load cycled? 

Identify problems with major equpment whtch have contnbuted to forced outage of the power 
plant or have requlred excessive maintenance Also identify equipment items which have 
contnbuted to a reduction in plant efficiency Major equipment to be considered Include the 
following 
a Boller and Aux~liar~es 
b Turbine and Auxllianes 
c Balance of Plant equpment such as m a n  steam. feedwater, and condensate system 

components 
d Precip~tator and Flue Gas Desulfunzation Plant, if any 
e Coal Handling System includ~ng coal pulvenzers 
f Ash Handling System 
g Circulating Water System (including Cooling Tower) 
h Water Treatment System Including Condensate Polishing and Make-up Water System 
1 Plant Wastewater System 

HEATBALANCE 

Attach diagrams showing the plant deslgn heat balances This should include heat balance 
diagrams m pure condensing andlor distnct heahng modes at full and part loads 

What were the major assumptions and bases used in the development of the heat balance such as 
back pressure, pressure drops, efficiencies, etc? 

How does the plant actually operate compared to the onglnal deslgn heat balances, assurnptlons 
and bases'? 

MAJOR PLANT MECHANICAL SYSTEMS 
a M a n  and Reheat Steam 
b Condensate and Feedwater 
c Circulating Water (mcluding Cooling Tower) 
d Water Treatment (turbine cycle and distnct heating makeup) 
e Air Quality Control (precipitator and scrubber if any) Including forced draft and induced draft 

fans 
f Coal Handling 
g Ash Handling 
h Distnct Heatlng System 
1 Industnal Steam Supply System 
j Heater Dran System 

Attach flow diagrams for each of the above systems 

What were the major assumptions and bases used in the development for each of the above 
systems? 

Descnbe the major pleces of equipment associated with each of the above systems, and provide 
design and performance data sheets 



17 How does each of the plant systems operate compared to the onginal design bases and 
assumptions') 

Descnbe wh~ch pieces of major equipment in each system have been modified and why, since the 
plant went into operabon List the dates of major modifications 

Provide Isometric or physical piping drawings for high pressure steam and feedwater piping. and 
piping matenal composition 

Provide a set of General Arrangement drawings showing 
a Site Plan 
b Turbine Building (Plan & Sections) 
c Boiler Building (Plan & Sections) 

Provide water analysis for Boiler feedwater. Plant Cycle makeup water. District Heating makeup 
water. and Plant condenser Circulating Water 
Provide monthly vanation of cooling water (circulating water) temperatures 

CONTROL SYSTEM 

Describe major design features of the power plant control system 

Descnbe bnefly each of the plant major control subsystems, e g boiler control. burner 
management, feedwater, turbine control and supervisory emissions monitonng, etc 

Describe methods used for space temperature control in Industnal, Commercial, and Residential 
distnct heating customers 

Describe how each of the major control subsystems perform compared to the intended design 

Descnbe which control subsystems have been modified and why since the plant went into 
operation 

Provide a list of instruments which need to be replaced because they no longer work. or 
frequently failed 

ENERGY SUPPLIES AND DEMANDS 

List all fbels used in the plant. e g natural gas, low Btu gas. coal, lignite, coke, fuel oil. diesel 
011 

How are they brought to the plant? (Plpelme, truck, tank car, rall car, barge, etc ) 

List the relevant specifications for each fuel 
Heating Value (HHV & LHV) Kcalkg (Solid or Liquid) 

KcalICu M (Gas) 
What is the pressure of Natural Gas at the plant site7 

For the most recent 12 months, please fill out the table below 



32 Are there data avalable on daly and seasonal vanations in electrical load. and dlstrict heat~ng and 
Industnal steam load? 

33 What are the deslred electrical and thermal outputs for the next 10 years ( t~ll  2005)? 

34 Provide any ava~lable studies and reports regarding present and future expansion and/or 
rehabilltat~on plans for 

Steam turb~nes 
Boilers 
Other (balance of plant) components (feedwater heaters, condensers. district heating 
condensers, pumps, piping, etc ) 

G. BOILER INFORMATION 

35 Provide the following data for each boiler 
Maker 
Type/Model 
Rated Boiler Capacity 
Final Steam Pressure 
Final Temperature 
Fuel Consumption 
Source of feedwater 
Water treatment used 
Water quality after treatment 
Makeup water qual~ty and flow rate 
Percentage of condensate return 
Peak demand for steam 
How many tlmes was major repar work done', 
Provide the repair history for each boiler'? 



H. PLANT MAJOR EQUIPMENT HISTORY 

BOILERS 

Comm~ss~on~ng Date 

Boller Operatmg Capac~ty 

Cumulatlve Hrs of Operat~on 

Bo~ler Design and Operating Data for each boller 

Max Steam Generation Rate 

Superheated Steam Pressure Temp 

Feedwater Temp Upstream of Econom~zer 

Air Temp Upstream of A I ~  Heater OC 

Alr Temp Downstream of Alr Heater 

Flue Gas To Downstream oi Alr Heater 

Co-eific~ent of Excess Air Downstream oi 
Superheater 

Co-eific~ent of Excess Air Downstream of 
A I ~  Heater 
Co-effic~ent of Excess Air Downstream of 
Induced Draft Fan 

Boiler Gross Effic~ency 

Boiler Capaclty Factor (last 12 months) 

Forced Outage Hlstoly 
- 

Cammrssionrng Boiler Cumulatlve 

7 6 1 4 5 2 3 



L ~ s t  of Required Design & Operating Data, Fuel Characteristics. General Arrangement and detail 
drawings, P&I diagrams, etc 

1 Fuel Charactenstics 
a Onginal Design Fuel data for a coal fired plant, proximate and ultimate coal analyses, mineral 

matter elemental analysis, ash feasibility temperatures (initial deformation, softening, 
hemispherical, flow), Gnndability Index (HardgrovelRussian) For a Mazutmatural Gas fired 
plant, both fuels composihon For all fuels, higher and/or lower calorific values (kcallkg) 

b Presently Fired Fuel Charactenstics as above Note we would like to receive ranges of fuel 
composition values. e g for coal, moisture content from 18 to 30%. ash content from 21 to 
35%, etc , if they are available 

Boilers and their auxiliaries design documentation 
a Boiler Sechonal Side Elevahon 
b Boiler Sectional Plan at the level of the burners 
c Feedwater flow line diagram 
d Boiler circulating system line diagram 
e Saturatedtsuperheated steam flow line diagram 
f Spraywater system for steam temperature control, line diagram 
g Combustion air and fluegas flow line diagram 
h Finng system line diagram (for a coal fired plant from mill bunkers to mills, to burners, for 

a mazut/NG fired plant from pumpmg/heating set to burners) 
1 Heating surfaces cleaning equipment detals, e g number of furnace wall blowers. number of 

long retractable soot blowers, shot clean eqwpment components 
J Burner assembly (tangential or wall type) details 
k Furnace tubewall detail drawing, showing tubes, refractory backing, insulationtlagging, casing, 

furnace framing (buckstay) system details 
1 As in (k) but for furnace roof tubewall 
m Economizer tube banks, detail drawing 
n Design of Operating Manual for each boiler type in the plant, if available 

3 Non-destructive (ND)/Destruct~ve (D) Examination capabilities 
a Thick-walled pressure parts crack detection equipment (X or Gamma Ray) 
b Thick-walled pressure parts replication eqwpment (creep detection) 
c Thick-walled pressure parts DE (e g boat samples taking) eqwpment 
d Boiler tubes thickness (ultrasonic) eqwpment 
e Metallurgical lab eqwpment e g cameras, microscopes, etc 

4 Emission Control Equipment detals for each boiler type 
a Local, (Kazakhstan or Almaty) emission limits for S02, NOx particulates 
b Emission mamma of S02, NOx particulates at present 
c Annual Capacity Factors for the years 1991, 92, 93 
d lan drawing showing space avalability near the chimney stacks, for the retrofit of fluegas 

desulfimzation (FGD) eqwpment The plans should indicate any equipment or structure or 
building that cannot be relocated 

e Induced Draft (ID) fan charactenstic curves (flow versus static head. efficiency, power) 
f Chemical addihves avalability confirm that lime/quicklime/CAO is available in the power 

plant area Estimate the pnce per ton, delivered to the plant 



Availability of area within the plant for lime storage 
Bottom & flyash disposal methods at present Is a change of method required? Avalability 
of eusting/future landfill areas for the disposal of ash and FGD wastes? 

1 Descnbe the present method of Wastewater disposal Is a change necessary? 
J Particulate collection equipment. eusting, detals e g ventun type wet scrubber total fluegas 

draft loss, electrostatic precipitator (ESP) dimensions, specific collection area, particulate 
collection efficiencies for all types of parhculate collection equipment 

TURBINE INFORMATION 

Provide data for each turbine 
Maker 
Type/Model 

Condensing 
Back Pressure 
Extraction 

Rating Capacity. MWe 
Date Installed 
Steam Pressure and Temperature 

At Inlet 
At Outlet 

By Pass 
Valves 
Description of Major Turbine Modifications and Dates 
Major Repair Work done 

Regime diagrams for each type of turbine with diagram number 

Outline and cross sectional drawings of each type of steam turbine generator 

Technical description of steam turbine generators and auxllianes (turbine manual, generator 
manual) for each type of turbine - ~ncluding turbine generator data sheets showing main 
parameters, rahngs (electncal/thermal). design limits, number of cylinders, blading design, 
auxllianes (lube oil pumps, filters, HXs), electnc generators, exciter and hydrogen cooler data, 
etc 

Turbine actual operating data showing maxlmurn load camed in warmest and coldest weather 
Minimum electnc load required to carry domestic heat load, and calculated heat rate or efficiency 
for the past 12 months 
Copies of the latest turbine performance tests reports 

Turbine steam piping and drain plping schematics including piping materials 

Reports on histonc availability of individual turbine units including forced outage records 

History of unplanned turbine shutdowns and load reductions and their reasons during the last 10 
years 

A list of items most frequently requinng maintenance in the turbine plant 



46 A list of present turbine operational problems. ~f any 
a Descnptlon of equipment and capab~lity for performing destructwe and non-destructive WDE) 

tesbng at the plant 
b Descnption of the current inspection and mantenance program for the turbines 
c Availab~lity of turbine-generator inspection reports dmng the last 10 years 
d Des~gn data sheets for each of the condensers showing construction matenals. and thermal 

performance data (condenser manual with performance curves, if avalable) 
e Descnptlon of any modificaQon to the condensers and dates 
f Data on latest actual operating performance (or test reports) on condensers 
g Descript~on of outages and reasons for outages of condensers dunng the past 10 years 
h Condenser drawings with cross sections and water circuit schematics showing cooling water 

and d~stnct heatrng water connections, if any 
1 Air extraction piping schemabc and vacuum pump design and performance data 
J Reasons and frequency of excess air inleakage into condensers. ~f any 
k Descnption of main problems in condensers, if any 



J. STEAM TURBINES 

CI 

;o 

6 5 4 3 

Commissioning Date 

Current Elect Generation Capac~ty 

RPM 

Cumulative Hrs of Operation 

Electnc & Heat Generation Capacities 
(MWe and GCal/hr) 

Major Repalrs Done ~f any 

Turbine Shaft Vibrat~on Ampl~tude 

Problem Holdlng Vacuum? 

Last Major Overhaul Date 

What repairs were performed dunng last major 
overhaul? 

Turblne Preventive Maintenance Schedule 

Turblne Forced Outage History 

1 2 



K. MEASUREMENT AND METERING 

47 How is electncltyhot water metered for industrial end user? 

58 How is electncityhot water metered for residential end users? 

59 How is electncityhot water metered for commercial end users? 



L. CONDENSATE AND FEEDWATER SYSTEM 

(A) No of Condensate Pumps 

Nos Operat~ngIStandby 

Design Flow & Head 

Operabng FlowIHead 

Scheduled (Prevenbve) Ma~ntenance 

Forced Outage History 

(B) Feedwater Pumps 

Nos Operat~ngIStandby 

Des~gn Flow & Head 

Operabng Floemead 

Scheduled (Preventwe) Ma~ntenance 

Forced Outage H~story 

(C) Feedwater Heaters 

No and Stages of Feedwater Heatlng 

Des~gn Flow rate pressure and temp for both tube and shell s ~ d e  

Operat~ng Pressures, temp and flow rates for both tube and shell 
s ~ d e  at full (100%) plant load 

- - 

Forced Outage Hlytory 

(D) Preventive Ma~ntenance and Forced Outage Hlstory for 
plant aux~l~ary equipment ~nclud~ng plant surface condensers, 
circulating water pumps, vacuum pumps and a r  ejectors, plant 
alr compressors, closed coollng water pumps and heat 
exchangers, etc 

i 



SYSTEM 

What is management's prediction of the growth of elechcal and heating demand in the next ten 
years? 

Are there any energy management or energy conservation programs Implemented in the last three 
years? If yes, what are they? 

Other comments or information that are pertinent to the energy audit of this power plant', 

What are the cntical areas where low cost instruments can make a significant contnbution toward 
efficiency improvement of the system 

Please indicate the total number of persons and the number of supervisors employed in the plant 
maintenance group 

Are any maintenance and/or repair functions contracted to outside companies'? Please descrlbe the 
arrangement 

How many power stations supply thermal energy to the distr~ct heating system'? Please descnbe 
each one bnefly 

How is the price for electncal and thermal energy established'? How often can it be adjusted? 
Who has the authonty to approve a pnce adjustment? 

Please descnbe the types of customers who recelve servlce from the power system', 
Private Residenbal % 
Collective Residential % 
Light Industry % 
Heavy Industry % 
Governmental Agencies YO 
Commercial % 
Other % 

What are the rates for each group of the above customers? 

How are the rates denved? Are there cost accountings practiced? If yes, please descnbe briefly 

Are each customer's usage metered, and charged according to how much they each consume') 

Are there any customers to whom steam or hot water is directly supplied by the power plants. 
without involvement from the d~stnct heatlng system? If so, what are the quantities supplied. and 
what are the pnces charged? 

Who and what department is responsible for developing and directing energy management and 
conservation programs? 

What has been the result of these programs dunng the past year? 



65 What are the most important causes of heat loss in the plant per major mechanical system? 
Water Leakage 
Steam Leakage 
Lack of Sub-Meterlng 
Piping Layout and Sizes 
Poor Insulation 
Pump Inefficiency 
Lack of temperature regulator for individual customers 
Others (Please Specify) 

66 Please estimate the amount of each of the above losses as a percent (%) of total energy delivered 
to the system 

67 What creates such heat losses', 
Lack of mantenance 
Lack of personnel 
Lack of accurate instruments 
Lack of spare parts 
Lack of incentive 
Poor design 
Pipe network too old 
Purnplng equipment too old 
Other (Please Specify) 

68 Who manages the water treatment and water quality for the system? 

69 Please descnbe the cost of operating the power system Please provlde costs as rubles per kW for 
a typlcal month dmng the high demand season and d u n g  the low demand season 

Electrical Demand, kW 
Fuel Cost 
Water Cost 
Maintenance Cost 

Labor 
Matenal 

Operating cost 
Depreciation 
Taxes and Insurances 
Admln~strative Overhead 
Supplies 
Others (Please Speclfy) 

70 What energy-saving projects have been Identified that may require cap~tal expenditures 
a Projects that would requre less than U S $10,000 each 
b Projects that would require more than U S $10,000 each 

71 Please estlmate the annual benefits that would be achleved by each above projects 

72 Are computers used m the system? 
For Process Control 



For Data Collection 
For Process Mon~tonng 
For B~lling and Bookkeeping 
For Office and Cost Accounting 

73 Please descnbe bnefly the type of computer eqwpment used and the funcbons performed 

74 Do workers, and managers receive training in energy saving and cost saving? If yes, what are the 
trening programs. and who does the training'' 

75 Do workers and managers receive bonuses or other financial recognition for energy saving and 
cost saving ~deas'l If so, how much and how often'' 



Annex J 
NONFERROUS METALS QUESTlONlONNAlRE 

Identification 

Name of Plant 
Address 
Name of Person Interviewed/Complebng Form 
Titleff os~hon 
Telephone 
Fax (or Telex) 
Industry in which the factory is classified 

Mining Construcbon Matenals Paper 
Texhles MechanicalIElectncal Chemicals 
011 Refining Food Processing Steel 
Other 

Date of factory commissioning 

Number of Employees 

How many hours per day does the plant operate (average)? Days per year (average)? 

Please provlde detds  on plant operabon (e g procurement, fabricahon, scheduling, inspect~on, 
packaging, storage, shippmg) 

Processing Activities 

Provide a flow sheet of the plant indicabng major operabons 

For Mining Operabon Descnbe 

Dnlling & BlastIng 
Waste Stnpp~ng 
Ore Mining 
Haulage 
Hoistsng 
Other 

List the hfferent process units (manufacturmg stages), e g boiler, electncity generahon, 
oxygen plant, compressed a r  

Provide a matenals and energy balance for such non-process funcbons as lighbng, heabng, 
ventilation, ax  condiboning (if any), and matenals handling 



C. Raw Materials and Product 

15 List all major raw matenals consumed 

Raw Quantity 
Matenal Consumed 

Mode of Transport 
Ongin to the Plant Cost 

16 L~s t  and quantify any recycled or re-used matenals 

17 Are by-products or waste products of this plant utilized elsewhere', 

18 L ~ s t  all major products 
Actual 

Units of Plant Annual Value of 
Product Production Capacitv Production of Sales 

D. Energy Supplies 

19 List all energy products used in the plant, e g natural gas. coal, coke. wood. charcoal. 
petroleum products, electricity, purchased steam, explosives, animal food 

20 How are they brought to the factory? 

21 What is the current pnce of each? 

/million cubic meters of gas 
Imetnc ton of coal 
Jmetnc ton of he1 oil 
/kwh of electnclty 
kilogram of explosive 
Liter of lubricant 011 
Liter of grease 

22 List the relevant specifications for each 

steam pressure, temperature, and rate, 
heatingJcalonfic value 
contaminants 
quantity 

23 For processing heat available 

Steam temperature 
pressure 
rate 

Degree C 

k g h  



Exhaust Gas temperature 
rate 
composition 

Demand GJihr, or 
GJkg of product 

E. Energy Utilization 

24 What process units/departments are the major consumers of each type of energy', 

Process Type of 
Unlt Energy Quantity Efficiency 

25 What percentage, approximately. do energy costs represent in relation to total production 
costs? 

26 List any alternative fuels that could be used with or without modification of the plant 

27 How much energy is used in heating/cooling buildings'~ 

28 How much energy is used for mechanical handling and transport within the plant7 

29 Are fuel oil tanks heated7 If so, how are they heated and how is the system controlled'? 

30 Does the plant encounter energy time of day or seasonal energy demand constraints (especially 
for electnc power and natural gas)? 

F. Energy Consumption Data 

3 1 Give the latest annual consumption data 

Fuel Current Quantlty Total 
Type Units Pnce Consumed Cost 

Current kwh Total 
Electricity Pnce Consumed Cost 

Purchased 
Self Generated 

32 What is the overall ratio of energy consumption per unit of plant output (e g GJ/prosuxt unit)? 

33 Glve specific energy consumption ratios for different fuels used (e g million metric tons of 
fuel oil/product unit) 



G. Electricity Consumpt~on 

34 What is the total installed capacity of motors and other equipment (kw)') Specify voltage 
levels utxlized 

35 Is electncity generated at the plant'' 

36 What is the ration of electricity consumption per unit of plant output (e g kwhlproduct unit)? 

37 If yes, what type of generator is installed (e g diesel. gas turbine, steam turbine. waste heat 
boilers)? 

38 What self-generating capacity is installed? (kw) 

39 How much electricity was generated by the plant last year (kwh)? 

40 Fuels used for Self Generation 

Fuel 
Type 

Quantity 
Units 

Heat Content 
Consumed of Fuel 

41 Does any equipment generate power using motor-generators? If yes give details 

42 Is self-generation capaclty to be increased? 

43 Are there data available on daily and seasonal vanations in electricity consumption'' 

44 Give electncity demand peak and average 

45 What is the average power factor for the plant') 

H. Combined Heat and Power Generation (Cogenerat~on) 

46 Is there a cogeneration system installed at the plant') 

47 If yes, provide the following 

Level of 
Heat 
Energy Producbon 
Source (GJthr) 

Level of 
Steam and 
Elec Prod 
(kw) 

48 When was the system installed? 

49 Are there plans to install cogenerabon systems or to increaser the capacity of an existmg 
system? 



a. Boilers 

50 Provide data for each boiler 

Maker 

Type/Model 

Capacity 

Steam Pressure 

Temperature 

Normal Consumption of Fuel 

Fuels Used 

Average Efficiency 

b. Dryers 

Maker 

TypeIModel 

Capaclty 

Steam Pressure 

Temperature 

Normal Consumption of Fuel 

Fuels Used 

If steam 1s used 5 1 - 55 

c. Furnaces 

Maker 

TypeIModel 

C apaclty 

Temperature 

Normal Consumpbon of Fuel 



Fuels Used 

What is the source of boiler feedwater? 

What water treatment IS used? What is the water quality after treatment', 

What percentage of condensate is re-used? 

What is the consumption rate of water', 

What is the peak demand for steam? 

Energy Management and Conservation 

Provide an organization chart and brief overvlew of positions, responsibil~ties. management 
pollcy directives, internal accounting pohcy, and quality assurance policy 

What instruments/eqwpment are currently available to conduct energy audit work', 

Does the plant have adequate information and literature concerning energy conservation and 
audit procedures? 

What units of measurement are used? Are the consumphon patterns of different forms of 
energy converted into a common unit of measurement?, e g kilocalones, BTU, or kwh', 

What action has been taken to educate personnel in energy conservation procedures', 

Is there a formal system of preventive maintenance? (give details) 

OreICoal Production and Reserves Data 

Orelcoal Analyses 

In place 

As mined 

After cleaning, crushing, and concentrating 

Waste product. stream 1 

Waste product, stream 2 

Waste product. stream 3 

Waste product, stream 4 

Waste product, stream 5 

Reserves by grade and depth 



Annex K 
FERTILIZER QUESTIONNAIRE 

A. IDENTIFICATION 

1 Plant'sName Phone Number 

2 Address 

3 Name of Contact, and Position 

Phone No FaxNo Telex 

B. GENERAL 

1 What year was this plant built'? 

2 The design or process was developed by whom') 

3 Any major expansions or modifications') When') 

PRODUCTION 

What products do you produce') 

What is the total quantity or number of units per year of these products', 

What are your starting materials? 

Do you produce the same type and amount of products all year long or does it vary', 

What records or summanes do you have of this production? 

May we bnefly see these records? Can you provide us with a copy of these records? 

Are your products sold domestically or internationally? 

What is the percent of each? 

Does your plant operate around-the-clock, seven (7) days a week or if not, how many shifts per 
day and per week? 

How many total days per year does it typically operate? 



11 Are there any factors which cause seasonal effects and what are these') 

Are products sensitive to environmental factors in storage') 

ENERGY CONSUMPTION 

List all energy sources used in the plant, e g natural gas. low Btu gas, coal ignite, coke, charcoal, 
wood. fuel oil, dlesel oil. bagasse, apcultural waste. electricity steam, hot water. etc 

How are they brought to the plant') 
Pipe line, truck. tank car. rail car, barge, high voltage line, etc 

Is there extra margin of supply of such fuels if the plant chooses to go cogeneration', 

If yes, how much', 

If gas, how much, and under what pressure') 

List the relevant specificahons for each fuellenergy source 

Heat~ng Value (HV&LV) KcalIKg (sohd or liqmd) 
KcalICu, M (gas) 

Steam pressure, temperature, and rate (Kglhr) 
Gas Pressure, flow rate 
Electricity Voltage, and line (transformer) capacity 
Hot water pressure, temperature, and rate (Kglhr) 

In case of steam or hot water. what is their source, boiler. turbine') 

What is the current price of each? 

ICU Meter of Gas 
N e t n c  Ton of Coal. Coke, Lignite, etc 
IMetrrc Ton of Fuel Oil 
/kwh of Electrrcity FRM the gnd 
/Metric Ton of Steam, or Hot Water 

What is the tmff of electricity consumed at the plant'? 

Demand Charge 

Contract Demand Charge k W  
Max Demand Charge k W  
Over Contract Penalty k W  

Demand Constrants 



8 Do they experience power intermphons or shortage? 

Rotational Black Out 
Brown Out 

9 About how much money do you spend per year for energy? 

10 Does the amount spent vary much each month'? 

11 Do you have monthly records of consumption'? 

12 May we bnefly see these records? Can you provide us with a copy of these records'? 

1 What items of equipment are your biggest individual users of energy', 

2 What items of equipment contribute adversely to your power factor and demand factor? 

3 Do you have equipment specifications, manufacturer's data and/or drawings? 

4 Do you have an equipment list? 

5 In what language is the above information available? 

6 May we bnefly see this information? 

7 What unit(s) or section(s) of the plant are the biggest users of energy? 

8 Do you have drawings showing the processing scheme used in the plant. including 
instrumentation'? 

9 Are plot plan drawings available? 

10 May we bnefly see these drawings? 

F. ENERGY CONSERVATION 

1 Are there any major energy conservation related problems in your plant that you are currently 
aware of, 

2 Have any steps yet been taken in your plant to try to conserve energy? 
What are they? 

3 Is there presently any recovery of steam condensate? 

4 Do you pay a penalty on your electrical bill for having a low power factor or penalty on demand 
factor? 



5 Does your demand for electricity fluctuate greatly or remain relatively constant') 

6 Are there any hot, lmes, tanks or other hot surfaces which are not presently ~nsulated" 

7 Do you vent any steam to the atmosphere'? 

8 Do you recover any heat fiom the hot stack gases leaving your combustion equipment') 

9 Is there any monltor~ng of the excess alr in the stack gases fiom your combust~on equlpment'j 

10 Is there manual or automatic trlm of the airlfuel ratlo'? 

11 What are your utility section capacities'? 



Annex L 
DISCUSSION OF ALMATY TES-2 POWER PLANT 

In November 1994 and January 1995 a delegahon of the Project Team performed a senes of meehngs and 
plant tours with representahves of the Alma - Atenergo Industrial Umon Almaty Thermal Energy Stabon, 
Unit No 2 Attending the vanous meetings and plant tour were the following 

Project Team: 
kchard Browning, Task Leader 
Sal Scarhgno, Engineer 
Gerald Decker, Consultant 
Vladlmr Fedorenko, Consultant 

Thermal Energy Statzon 2 Personnel: 
Byrlyn Orazbaev, Director 
Bons 0 Savadsky, Chef Engineer 
Akhat N Kalendaryov, Chief Engineer 
S Sadvacasov, Engineer 

The delegahon was accompanied by translators who helped to fachtate communication between the 
Amencan and Kazakhstan personnel The following are the sahent items discussed In the meehng, and 
a description of the TES-2 plant tour 

After the general introduchon and presentahon were made by both delegations, the agenda of the meehng 
was presented It was stated that the objechve of the meehng, and the plant tour, was to collect technical 
and operahonal data and informahon on the TES-2 plant which would be uhhzed, together wlth other data 
and informahon avalable, to develop a Nahonal Energy Savings Plan for Kazakhstan A detmled technical 
discussion followed, attended by S Scardlgno, V Fodorenko, B Savadsky, and other plant technical 
personnel Such discussions centered around the technical queshonnmres prepared by the Project Team 
(see Appendix ) Each question was revlewed in detal by both teams and a commitment was made by the 
plant personnel to provide the answers, or to provide the necessary technical documentahon from which 
to obtaln such answers From the overall review of the answers provided verbally by the plant personnel 
to the Project Team it appeared evident that, in general, the plant had some significant problems with 
prevented it to operate in the most efficient way Foremost of such problems was the fact that the plant 
was compelled to burn a kind of coal (Borlinsky and Kuu-Chelunsky) for which the boiler was not 
designed for, instead of the design-type of coal, such as that from Karaganda The difference in 
charactenshcs of these two types of coal (see Table A, below) is significant and can account for a 
s~gmficant po&on of the problems assoc~ated with the operabon and efficiency of the TES-2 plant 

TABLE A-1 

Ash content 
Moisture content 
Heahng Value 

Karaganda Borlinskv-Kuu- Chekinskv 



The coal used to fuel this stahon is shipped in rad &om Karaganda, approxlmately 1,000 kilometers from 
Almaty This coal has 45% ash content by welght and has a heabng value of approxlmately 3,00 KCal 
per Kllogram (KCalIKg) According to the esbmates done by the Ministry of Geology, approxlmately 700 
MT of bottom ash are produced hourly by operational coal boilers in Kazakhstan, out of which, TES-2 
share is o 8 mllion MT of bottom ash each year 

Other significant deficiencies impachng on the performance of the plant were associated with the cooling 
towers and the c~rculating water system, the lack of, or malfunction of, boiler, turbine, and major 
equipment controls and measuring devlces 

The Almaty Thermal Energy Station 2 (TES-2), one of the most well kept and operatmg power plants in 
Kazakhstan, can represent a case study for the typical problems facing the Kazakhstan power industry 
The TES-2 plant , constructed in the 19801s7 consists of 7 boilers, with individual capacihes of 480 GJ 
per hour Each of these 7 boilers produce 420 MT of steam per hour at a pressure of 140 atm and 540°C 
There are also 6 turblnes in the facility, 2 with a capacity of 110 MW, 3 with 80 MW, and 1 with 50 
MW The total electnc power capacity of this stahon is 5 10 MW, while its total thermal capacity is 1,000 
MW This station produces 5,000 cub meter per hour of hot water at 150°C, by reheahng cooling water 
from the condenser Base-load boiler for TES-2. which generate 40% to 60% of the total thermal output, 
are also fueled by pulverized coal Mazut or natural gas is burned in the hot water heating boilers, while 
natural gas is used in the peaking (hot water) boilers The average steam load at this facility is 385 Metnc 
Ton (MT) per hour, with a maximum of 700 MT and a minimum of 624 MT The maxlmum hot water 
load is 5,600 cub meter per hour. 

From a preliminary inveshgation of the TES-2 power plant it appears that a significant deficiency exlsts 
at this plant ( From vanous discussions with TES-2 plant personnel, such deficiency is much more 
pronounced at other power plants throughout Kazakhstan) This deficiency deals with the lack, in all such 
plants, of flue-gas analyzers In fact, significant improvements can be obtaned in the plants' analys~s of 
the flue gas and combusbon process which would prov~de vital information on the boiler performance, 
not only on cornbushon efficiency, but also on pollution levels If gas analyzers are avalable, the boilers 
will considerably improve their efficiency and their abllity to save energy and extend their life, and also 
comply with the environmental regulahons The specific area of deficiency, in need of Improvement, at 
the TES-2 plant, are the following 

1. COAL QUALITY 

The plant is burning a coal type whose chemical and thermal charactensbcs are different for the design 
ones This creates significant efficiency and operational problems According to the onglnal plant deslgn, 
the fuel to be uhhzed for the plant was the Karaganda coal, with a heabng value of 3,390 KCalKg and 
an ash content up to 35% The coal which 1s presently used, on the other hand, 1s a mlxture of Barlinsky 
and Kuu-Chekinsky coal with a heating value of 3,700 KCalKg and ash content up to 45% That quality 
of this coal, because of these charactenstics, is highly abras~ve, and has reqwred a redesign of the coal 
handling system The boiler produchvity has experience a significant reduchon from 420 tonshr to 320 
tonshr, due mostly to the intensive erosion on the heahng surfaces of burning such a high level ash 
content coal in the boilers Internals of 3 boilers are presently being replaced to alleviate this erosion 
problem It is believed that the high ash content of this coal is also affechng, in adhhon to the boiler and 
the coal handhg system, also the a r  conveying coal system, such as the pulverizers, classifiers, coal-ar 

- 

pipes, and burners The rest of the boilers are expected to be modified in the near future In add~hon, due 
to the intensive wear of the ash handling system, replacement of affected parts are frequently requlred 



2 FANS ON COOLING TOWERS 

Only 2 out of 12 coollng towers appear to be fully operahonal The rest have problems with the "NEMA" 
fans, which do not operate due to electrical (motor) and mechanical (reducers) problems, as well as the 
lack of qual~fied spare parts Such deficiency in the proper operation of the fans impact negatively on the 
performance of the cool~ng towers and, consequently, of the clrculahng water system for the plant Hot 
summer months l~mi t  the generahon of power and can cause excessive fuel consumpbon in many 
Kazakhstan5 HEPPs (Heat and Electnc Power Plants) which are eqwpped with coollng towers Among 
the problems encountered, the following are the sal~ent ones 

Wind block~ng effect Coohng towers are generally des~gned to operate in windless weather 
High water- spraylng plasbc nozzles vulnerable to be damaged 
Filllure of spray surfaces (wooden surfaces decay after a short operabon penod, and asbestos 
cement surfaces break 
Mantenance problems 

3 SO, and NO, EMISSION 

The onginal des~gn of the plant did not include any considerabon for the control of SO, and NO, emlssion 
from the plant However, due to Kazakhstan's recent adopnon of regulations controlling the emission of 
a r  pollutants, ~t has become necessary to modify the perhnent boiler and plant systems to minimze the 
level of SO2 and Nox pollutants released from the TES-2 plant 

4 MISCELLANEOUS DEFICIENCIES 

Numerous equpment in the plant appear to have been poorly designed and/or poorly mamtaned Among 
these shut off (gate) valves, regulahng valves for steam, water, and a r  systems, lack of spare parts, m 
general, lack of steam traps, poor insulation, inefficient (absence or irregular) delivery of chemcals, oils, 
fuels to the plant's systems, anhquate and poorly perfomng instrumentahons 

All above inefficiencies, together with those associated with the high ash content coal ut~lized, result in 
a degraded boller efficiency of 84-87%, instead of the designed 90% Consequently, the total (actual) 
electnc power produced by the plant is 407 MW, Instead of the des~gn 510 MW The actual thermal 
produchon of this plant is 850 MW, instead of the design 1427 MW 

It is obvious that the above l~sted deficiencies prevent the TES-2 plant to operate at design efficiency It 
can be estimated that, by instalhng selected mstrumentahon, as idenhfied below, would contribute to 
Increase the efficiency of the perbnent eqwpment and system, and, therefore, of the plant 

Install proper instrumentabon for monitoring the operabon of shut-off and regulating valves 

Install the proper mstrumentabon for measuring the flow, temperature, and pressure and 
analysis of the vmous plant flmds (steam, water, gas) as well as exhaust gas analyzers 

Install the necessary devices for measmng, monltonng, and control the SO,, NO, and ash 
content of exhaust gases 

Install instrumentahon to allow proper and efficient equpment repar and mantenance 



Plant personnel are very much aware of the necessity to make modifications to the plant in order to make 
~t more efficient, to increase the reliability of the eqwpment, end to comply with environmental 
regulabons They have considerable difficulty In hav~ng plant's modifications financed. due to the present 
economlc situahon of Kazakhstan The results of a study performed recently, wlth the assistance of some 
European companies, on the techtllcal and financial cons~derahons involved in upgrad~ng the TES-2 plant 
to a level of efficiency, environmental compliance and level of safety of a typical modem US plant, 
Indicated that such a plant upgrade and modernizabon would cost approxlmately $500 milhon (USD) 

It is estimated that, if all above qwck-payback measures are implemented on the TES-2 plant, there could 
be an increase in plant efficiency of up to 15%, or approximately a maxlmum increase in production of 
electncity of 75 MW, and a maxlmum increase in thermal producbon of 215 MW 

'2ased on the above, the following program has been developed to upgrade the Almaty TES-2 Plant 

Phase I 
Increase the plant capaclty to the ongmal design level (Electncal Power and Heat Energy) 
Make boller mo&fications to upgrade its producbvity by 420 Tk 
Improve the plant equpment safety, efficiency, and reliability, by 
- Replacing poorly operaang valves 
- Installing proper instrumentabon and control dev~ces 
- Improve the efficiency of the deaerators 
- Refurbishing the water make-up system, the chemcal and water treatment system 
- Mod~fjrmg the fan system on coohng towers 
- Instalhng/~mproving the plant interstation communication equpment and system 
- Installing steam traps where needed 
- Decrease the ash producbon, the SO2 and NOx emssion 
- Change the electrical drives and conveyor's belt 
- Install low NOx burners 
- Refurbish the piping systems on the Turbine Condenser system to assure proper 

condensabon and vacuum capabilibes 

Phase I1 
Automate the systems and processes by ~ntroducing modern technology systems and 
equpment 
Install Selecbve Catalyst ReducQon (SCR) to reduce NO, emssion 

Phase 111 
Expand the power capacity of the plant by instalhng the no 7 Steam Boiler 

A plant tour was taken by the Project Team under the gwdance of TES-2 Chief Engineer Bons Savadsky 
The overall impression was that the plant was in relabvely poor condtions, when compared w~ th  a similar 
facility in the USA Among the most significant deficiencies observed, the following are reported 

Very poor maintenance throughout the plant Such lack of proper mantenance, which was 
especially evident in the boller and turbine areas, can reasonably be expected to impact 
negabvely to the plant inefficiency as well as to the plant safety 

Several locations of missing, or poorly attached, msulation around the process piplng systems 
This could lead to energy losses Impacting on the performance of the perbnent system 



Lack of steam traps 

Lack of equpment controls and measuring devices, and, if avalable, in poor condibons andlor 
anbquated design, resulting in an inefficient operabon of the perhnent component or system 

Vanous locabons where either steam or water was leaking out of the system or equipment, 
resulting in energy's waste and system's inefficiency 

Spare parts. not avdable and/or not compatible with the o n p a l  design, were reported to be 
a significant problem Few disassembled feedwater heaters, without tube bundles, were 
observed in the vicinity of the boller proper, in relatively poor condibons 

Most of the fans on the cooling towers were not functioning, this would impact on the 
circulabng water system cooling ability, especially in the summer time 

Subsequent to the plant tour, the plant personnel and the Project Team discussed the results of the meebng 
and the plant tour Reservabons were expressed, by the plant Director. on the abllity of any outside agency 
or organizahon to finance the necessary plant improvements which were idenbfied It was stated that a 
detaled study had been made previously which concluded that the cost of implemenbng all changes to 
bnng the TES-2 plant in hne with a simllar plant in the USA, in terms of performance, safety and 
environmental comphance, was estimated to be $500 million (USD) Skepbcism was expressed about the 
possibility of having such sum avalable to Implement the modifications, especially due to the fact that 
(it was known) that the Kazakhstan's government would not provide guarantees to foreign investments in 
market products which are not Food, Medical or Agricultural related It was also stated that selected 
modificabons to the plant, cosbng approximately $7-8 mlllion (USD) could be pnontized and would result 
in some plant improvement which would assure a more efficient plant operabon It was stated that there 
was evidence that some Amencan companies (1 e Wesbnghouse, General Electnc) would be wilhng to 
make such investments, if they would receive, from the Kazakhstan government, some guarantee that they 
would be able to recover the~r investments The meeting between the Project Team and the TES-2 
personnel was concluded with a commitment to work together to contribute to the successful 
implementation of each team's mission, that is the development of the Nabonal Energy Savings Plan (for 
the Project Team), and the invesbgation of potenbal altemabves for implementing plants' improvements 
(for TES-2 team) 



Annex M 
RUSSIAN GAS DISTRIBUTION REHABILITATION 

AND ENERGY EFFICIENCY PROJECT (RGDREEP) 

The principle objectives of RGDREEP are (a) to increase the efficiency of gas use withm Russia by 
upgrading and increasing the use of customer metenng and by supporting investments in more efficient 
eqwpment, (b) to reduce gas dlstnbubon network costs, and maintam distnbution system capacity and 
mntegnty, through network rehabilitabon, and (c) to support the government's reform program through 
technical assistance In adQhon, a companion Global Environment Facility (GEF) project will support 
inihatives aimed at reduclng greenhouse gas emissions incluQng financing a portion of the leak detection 
component 

The rehabilitabon of gas distnbuhon systems would be implemented by the gas Qstnbuhon compames 
in three cihes Ryazan, Volgograd and Saratov It would include installing gas meters and investing in 
asset preservabon and monitonng systems 

The project's technical assistance would include (a) providing traning and technical assistance to Russian 
Energy Savings Fund (RESF) staff, focusing on upgraQng and expanding the project analysis skills of 
staff, including investment apprasal and financial planning and control (b) upgrading the current gas 
industry standards and construchon procedures, and (c) prepanng an overall plan for gas distnbution 
system rehabllitabon 

The GEF fachty would complement this project by financing stuQes on gas produchon, transmisnon, 
distnbuhon and utdizatlon to develop an investment program for reducbons m greenhouse gas (GHG) 
emissions It would include assistance in purchasing emssions detechon eqwpment, eqtupment that could 
be used to demonstrate the effect of energy efficiency investments (such as heat energy meters and 
insulation), and in hinng consultants to assist in the implementation of the energy efficiency improvement 
Program 

The energy efficiency component would finance the foreign currency portion of investments that are 
designed to improve energy efficiency for distnct heabng and power utdities It would also provide 
assistance to end users in evaluating and implementing investments Because there are likely to be a large 
number of sub-projects and borrowers, admnistrahon and management of this component of the project 
would be handled by the Russian Energy Savings Fund (RESF)' with the assistance of consultants, under 
the supervision of its board RESF would be charged with (a) assisbng potenbal execubng agencies in 
idenkfymg sub-projects and in presenkng their technical, economc and financial viabihty, (b) apprsusing 
energy efficiency Investments by municipal utilihes (distnct heahng) and power plants and advising the 
Ministry of Flnance on the feasibility of financing these sub-projects, and (c) providing assistance and 
disseminating informaQon to industrial enterprises requred to evaluate and access commercial funding for 
energy efficiency measures The recommended investments for increased efficiency include, inter alia 
burner replacement and associated controls, boiler replacement at municipal distnct heating companies, 
portable diagnostic instnunentabon for power plants and municipal boilers so as to facilitate better 
adjustment of the eqwpment, automated control systems at boller plants, and automatic temperature control 
equpment and heat energy meters at heahng substations 

- 

1 The RESF IS hscussed m some detsul m both Sechon 5 2 2 and Annex E 
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Other responsibilihes of RESF would include (a) the review and approval of detailed sub-project 
procurement needs (prepared by the distnct heat~ng companies and local power plants), (b) review and 
approval of the proposed execution of procurement activities, review of the economic and financial rates 
of return and of the financ~al viability of the borrower. and (c) control and review of the technical and 
financial aspects of sub-project implementation Based on their review, the RESF staff would submit 
qualifying sub-projects to a loan review committee, which would include the agency's board. supplemented 
by representation from the Ministry of Finance A separate group would be established within the RESF 
to implement the energy efficiency component of the project Dunng the initial phases of the project, 
RESF would be assisted in both project evaluation and implementation by consultants to be financed 
under the component of technical assistance 

RESF would be asked to agree that the pnmary cntena for the viability of individual energy efficiency 
projects would be (a) an economic rate of return of not less than 20 percent (real), (b) a financial rate 
of return of not less than 10 percent (real), (c) a demonstrated ability on the part of the ultimate borrower 
to finance the local pornon of project costs from internally generated funds, (d) the technical feasibil~ty 
of the proposal. (e) the proposed implementation plan. (f) a debt service ratio of at least 1 2 to 
demonstrate the ability, on the part of the borrower, to repay the loan to the Ministry of Finance and (g) 
an environmental assessment which meets Russ~an requirements 


