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Dear 

In 1995, as part of activities of the Russian-Amencan Comrmssion on Econormc 
and Technological Cooperahon Energy Policy C o m t t e e ,  the Joint Electnc Power 
Alternatives Study was completed The man results of the Joint Study, whch 
covered both nuclear and non-nuclear power and recommended an investment 
program for Russia, were presented to the governments of Russia and the United 
States 

The Joint Study detemned the investment needs of the Russian electnc power 
sector and energy conservation potential for the next fifteen years under a vanety of 
economc development scenarios The Study exarmned a wide range of issues 
influencing investment requirements, including the possibility of applying new and 
more efficient technologies of energy generation and consumption, options for 
nuclear generator safety upgrades and decomrmssioning, environmental standards, 
and financing sources 

I have the honor of inviting you to take part in the presentation of the results of tlvs 
Study The presentation will take place on June 3, 1996 at the Olympic Penta 
Renaissance hotel An agenda is enclosed As th s  invitation is stnctly personal, 
the favor of a reply to the conference organizers, Hagler Bailly Consulting, by 
phone (7095) 956-2684 or fax 956-2682 is requested 

Sincerely, 

V Bushuev 
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10 45 - 11 00 Coffee Break 

11 00 - 12 00 Presentabon by the Worlung Group Co-Chars results, conclus~ons and 
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THE JEPAS 

1 Following an agreement between Vice President Gore and Prime Mnister 
Chernomyrdm in late 1993, the Russian Federahon and the United States decided to 
undertake the Joint Electrrc Power Alternatives Study (JEPAS), whose terms of reference 
included the following 

The Russian electric power sector will require major investments over the 
comng decades The sector's main problems include the high proportion 
of thermal generatmg plants which are currently beyond their planned 
operational life spans, doubts about the safety of older nuclear plants, and 
hghly inefficient patterns of electnclty use In the present state of the 
Russian economy, federal budget financing of power sector development 
has all but ended while new financing mechanisms appropnate to a market 
economy have not yet developed 

The internatronal community, includmg the leaders of the G-7 group, 
attaches great importance to joint efforts in helping to solve these 
problems Fundamental conditions of investment m ths  most Important 
sector of the Russian economy should be identrfied on a priority basis 

2 Thls Joint Study has identified investment requirements for the Russlan electnc power 
sector and opportunmes for energy efficiency over the next fifteen years under two 
scenarios that differ in thelr assumptions about the tirmng and speed of Russia's 
economc recovery The Study addresses a broad range of issues affechng investment, 
such as the scope for new advanced, more efficient generation and end-use technologies, 
nuclear safety upgrades and decornmssioning ophons, environmental standards, sources 
of financing, and energy policy impacts on Investment cholces This Study is expected to 
have a major influence on Russian power sector mvestment, incluQng environment and 
safety considera~ons, and to provide a basis for follow-on actions by countries and 
mstitutrons with an interest In Russia's economc future Ths  executive summary sets out 
recommendations for considerahon by V~ce President Gore and Prime Mnlster 
Chernomyrdin 

3 The two governments formed five joint worlung groups of experts to cany out the 
analytical work, supervised by an inter-governmental comrmttee comprising concerned 
rmnlstries and agencies The Study used two electnc power integrated planning models 
that are complementary The Russian simulation model incorporates 1) detaled expert 
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knowledge of the entlre Russian power system 2) screening analysis of the cost- 
effectrveness of supply and energy efficiency ophons, and 3) fuel supply constrants and 
env~ronmental impacts The American integrated resource planning model uses least-cost 
ophmzatron techniques to analyze the same set of issues as the Russian model The Joint 
Study uses the technical flexibility of the American model to study the sensitivity of 
answers to a wide range of economc uncertanties and policy queshons Both s~des in the 
Jolnt Study recognize that while the model results do not detemne an investment plan 
for the Russ~an power sector, they are an important a d  to its formulahon 

4 The data generated by the worlung groups were used m the two models to ident~fy the 
m x  of technologies that would be needed to meet Russia's electncity demand under two 
scenarios year-by-year through the year 2010 

5 The two scenarios considered in this Study were based on two views of Russian 
economc performance and electncity demand, set forth in the Russzan Energy Strategy 
(Mum Dzrectzons), and on a set of assumptrons regarding the pace and degree of success 
of measures to control inflahon and reform the economy Time-phased investment and 
fuel requirements were estimated using the two planning models Financing requirements 
were calculated from the total costs of the investments, and potentla1 domestic and 
foreign sources of finance were identified All of the scenarios and financing 
requirements are based on assumptions about future developments of the Russian 
economy that are subject to uncertanties, and the team has prepared an investment 
strategy that addresses the man elements of uncertanty As the future direcQon of reform 
and the rate of evolution to a market economy become clearer, it will be necessary to 
undertake penohc re-evaluations of Investment pnonties 

6 Russia's installed generatmg capacity m 1994 was 215 GW, of which 21% was 
hydroelectric (45 GW), 10% was nuclear (21 GW), and 69% was foss~l-fired thermal 
(149 GW), including 73 GW of combined heat and power (CHP) statlons Natural gas 
provides 65% of the fuel requlred by fossil thermal plants, coal provides 25% and 
residual fuel oil (mazut) provides 10% In 1990, Russia's per capita electncity 
consumption was 5,360 kwh, simlar in magnitude to that of France (5,350 kwh) or 
Japan (6,140 kwh), but well below that of Canada and the United States 

7 Industry's share of final electncity consumption in Russia dropped from 67% in 1980 
to 56% ~n 1993 In the Unlted States the comparable figure is 27%, in Japan 52%, and in 
Germany 42% In Russia, agnculture used 13% of electricity, transport used 10% and 
other sectors, including buildmgs, used 21 % in 1993 
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8 The Integrated Power System (IPS) is composed of seven regional power systems the 
North-West, Center, Middle Volga, North Caucasus, Urals (mcludrng Tyumen), Slberia, 
and the Far East The first six of these are interconnected through a transmssion network 
with lines rated at 330 kV and above The IPS spans 9,000 krn west to east and six time 
zones (see Figure 1) The Russian electricity industry is made up of 51 large generators, 
72 regional "A0 Energos" that provide distribution, as well as electricity and heat 
production, and the transmsslon and dispatch operations Thls industry is currently in the 
process of being restructured and privatized to create a more efficient sector based on the 
principles of competition 

9 Out of the exlsting generation capacity, 80 GW (600 units) of fossll thermal plants and 
8 GW of nuclear capacity will reach the end of thelr service life by the year 2010 Figure 
2 shows the possible evolution of all generating capacity according to the established 
schedule of power plant retirements This calculation did not take into account life 
extensions, rehabllitahons or addrtions of new plants Superimposed on thls plant 
retirement pattern are the two scenarios for electricity demand that form the basis of the 
Joint Study Russia as a whole remams comfortably in surplus for the next four to seven 
years, depending on demand growth However, the same is not true for the North 
Caucasus, Urals, Transbalkalia and a few other regions, which are already in deficit 
Figure 3 shows the pattern of capacity rehrement on a regional basis 
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Figure 2 
Effechve Capacity Reduction Dynamics for Russia's Power Plants 

Projected capaclty - Hlgh Demand 

Effectlve Capaclty 
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Note The effectlve capaclty 1s determined by adjusting the actual installed capaclty by an amount equal to 
the fract~on of total capaclty that n hlstoncaliy out of servlce due to routme maintenance or eqmpment 
falures The adjustment factor used In thls study a 13 % 
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Figure 3 
Available Electric Generating Capacity by Region* (1994-2010) 

end 1994 1995 2000 2005 2010 

M ~ d d l e  Volga Urals Tyumen 

Szber~a North-West North Caucasus 

Far East center 

Note *Awlable capaclty reflects currently installed capacity and its decllne resulting from scheduled 
renrement The figure shown for end 1994 does not include capacity in ~solated systems but does 
Include nuclear gneratmng capacity to be removed from service for safety upgrades 

ELECTRICITY DEMAND AND RUSSIA'S OPTIONS TO MEET DEMAND 

10 The hgh reputation of Russia's electnc power Industry is built on provilng a reliable 
supply to meet the needs of the economy This dictates the need to project and ensure 
investments in generation, transmssion and energy efficiency that will be sufficient to 
meet future demand in a reliable, safe and env~ronmentally sound manner Under- 
Investment could leave the country unable to meet all demand, whle over-investment 
would be a msuse of scarce financial resources whose cost would be borne by users 
Vanahons in the tirmng and shape of Russia's recovery from economc depression and 
d~slocahon must be taken Into account in est~mating investment needs, and ths  Study has 
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used two electricity demand scenarios taken from the Russzan Energy Strategy, whlch 
was adopted in 1994 These demand scenarios have embedded in them no costnow cost 
energy efficiency measures as well as energy conservation resulting from structural 
changes m the Russian economy 

Demand Scenano A (Hzgh Demand) is based on an official Russian 
economc forecast that assumes a quick turnaround, with recovery starting 
in 1997 and GDP reachng its 1990 level by the year 2004 

b Demand Scenano B (Low Demand) is based on an official Russlan 
economc forecast that assumes recovery mght not start until 2000, and 
that by 2010 the GDP would only have reached just over 70% of its 1990 
level 

b Fuel and electnczty pnces are assumed in the Study to nse to levels 
needed to cover production costs and provide a return to investors An 
analysis of the impact of domestic prices at world levels was also 
conducted 

11 The JEPAS Worlung Groups developed options and their costs for potentml future 
developments in energy efficiency, thermal power, nuclear power and hydro power 
generation, transmssion and dispatch Major options considered in the Study are as 
follows 

b Energy Efficiency - Worlung Group I 

0 New, more efficient electr~city-using technologies (lightmg, 
motors, etc ) and their likely implementation schedule 

F Fossil ThermaI Generation - Worlung Group 2 

Rehabilitat~on and modernizahon, includ~ng combined cycle and 
advanced combustion technologies 
Life extension 
Construction of new coal and gas power plants 
Fuel switchmg (re-powenng) and modernizabon 
Emssion control technologies 

b Nuclear Power Generation - Worlung Group 3 
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Safety upgrades to first-generahon reactors (RBMK and VVER 
440-230) to allow them to operate untll the end of their service 
lives 
Russian and U S decomrmssion~ng prachces for first-generation 
reactors 
Re-powenng of the Rostov 1 reactor as a fossll-fired unit 
Completron of the Kalinin 3 unit 

D Safety upgrades to operatrng VVER 4401213 and 1000 reactors 
o Construction of new-generation NP-500 reactors 

b Hydroelectr~c Generat~on - Workrng Group 4 

Completion of on-going rehabilitation at four plants 
Rehabllitatlon of four additional plants 
Completion of six plants now under construchon 
Construction of three new plants 

F Transmission, Dispatch and Control - Worlung Group 4 

a Reinforcement of existmg inter-regional connections 
0 Improvement of system network control wrthm regions 
o Improvement of dlstributlon network to reduce losses 

12 The JEPAS confirmed the Importance of the further development of Russia's electric 
power sector in assuring ~ t s  economc development and soc~o-econormc stability dunng 
ths  perlod of transit~on The pnnclpal conclusions of the JEPAS are consistent with the 
importance given to the electr~c power sector in the Russzan Energy Strategy The Study 
zndlcates that ~t would be Important for Russia to undertake certa~n hlgh-prlonty projects 
on a time-phased basis over the next 10-15 years to maximze the effectiveness of ~ t s  
power sector and energy efficiency Investment decisions The amount of financing 
requlred over the next ten years could range from $32 to $81 billion, depending on the 
demand for electricity The Study also indicates the need for support from the 
international financial community durlng 1995 through 1997 for hgh-prionty projects 
costing approximately $2-4 billion 

13 The JEPAS analysis Indicates the following ranlung of priorities during the penod 
1995-2000 1) improvements in the efficiency of electricity end-use 2) nuclear safety 
upgrades, particularly for first-generaQon nuclear power reactors where approved by the 
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EXECUTIVE SUMMARY 9 

regulator 3) further development of the Integrated Power System through the expansion 
and strengthening of inter-regional and intra-regional transrmsslon, parhcularly between 
surplus and deficit areas, and the modernizing of control/d~spatch centers, 4) fossll 
thermal plant modernization and rehabllitahon using improved technology, with the 
considerahon of life extension options, 5) completion of those nuclear power plants that 
are in advanced stages of construction, 6) construction of new gas-fired simple cycle and 
combined cycle plants, and 7) completion of the detsuled design for new generation 
nuclear power plants to enable their certification by regulatory authorities 

14 The Study's analysis also shows that during the period 2000-2005, it will be 
increasingly important to complete large under-construction hydroelectric plants, to 
construct clean coal generation plants, and to construct new-generaQon nuclear power 
plants A priority of Russla's Iong-term scientific and technological policy should be the 
development of new-generahon deslgn NP 500 and NP 1000 nuclear power plants and 
cleaner coal power units as well as developing the potential for their manufacturing, to 
provide for the comssioning by 2010 of new nuclear capaclty and of environmentally- 
cleaner coal fired unlts 

Energy Efficzency 

15 The JEPAS analysis shows that energy efficiency should be glven a hgh pnonty 
There is a large potential for energy efficiency improvements throughout the Russian 
economy Power consumphon could be reduced by up to 29 billion hlowatt-hours 
(bkWh) by the year 2000 and 112 bkWh per year by the year 2010, just by installing 
efficient end-use technologies (see Table 1) In all sectors of the Russian economy, a 
significant portion of the savings potential is associated with llghting and motors 
improvements The changes in the demand for and use of electricity wlll vary m different 
service areas of the A 0  Energos, depending upon the effect of economc restructuring on 
local economc activities To be most successful, energy efficiency programs must be 
designed for these unique local conditions 

16 The energy efficiency savings noted above could be achieved at relatively low cost 
The average life cycle costs of energy saved by the measures recommended in thls study 
1s approximately one U S cent per kwh Although the cost of replacing of outdated 
equipment with new equipment is hgh, the Incremental cost caused by using new energy- 
efficient equipment is relatively low and easily justified economcally (see Table 2) 
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Table 1 
Annual Electnaty Sav~ngs and Total Incremental Cost for the Year 2010 

(from Measures Screened at 4 $/kwh and Less) 

1 'Incremental cost IS the difference In cost between replacement wlth energy- 
effic~ent equ~pment versus replacement In lund 

2 The above numbers do not Include energy savings resulting from low-costfno cost measures 
and from structural changes In the Russlan economy 

Table 2 
Costs of Illustrative Demand-Slde Measures 

Note 1 The costs presented for the ~llustratlve measures are the total incremental costs of the 
measures dlvlded by thelr cumulative energy savlngs 

2 A negatlve value ~ndicates that use of the energy effic~ency technology will reduce costs in 
additlon to savlng energy 

Descr~pt~on of Measure 

Adjustable Speed Dnve Motors 
>I35 horsepower 

Compact Fluorescent Bulbs 

Recuperative Brakmg 

Mercury Lamps & F~xtures 

Adjustable Speed Dnve Water 
Pumps 

17 At present, there are some barners to the ~nstallation of efficient technologies 
Energy-efficient equipment 1s not always available m Russia There is a considerable 
shortage of financing available for energy efficiency 
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Sector 

Indusmal 

Residential 

Transport 

Agnculture 

Cost' 
@/kwh) 

2 05 

3 02 

117 

- 0 56' 

1 94 

Savlngs m 2010 
Under Hlgh Demand 

I0 4 bkWh 

9 7 bkWh 

1 5 bkWh 

2 3 bkWh 

3 9 bkWh 



18 Pnonty should be given to investments to develop the capability for mass producing 
energy-efficient motors and new lighhng technologies (such as compact fluorescent bulbs 
and metal hallde lights), as well as implementing new manufacturing methods (1 e , 
process changes) for oil and chermcal plants using hgh-quahty catalysts Demonstrahon 
projects for energy-efficient technologies should be established and assistance provided 
for carrying out energy auhts Investments should also be made to set up information and 
traming programs in the area of energy savings 

19 Regulatory, mstituhonal and econormc measures must be undertaken before energy 
efficiency programs can be implemented In the near future, the Law on Energy 
Conservahon must be passed Government support for energy efficiency should include 
tax and customs duties-based incentives and loans and accelerated depreciation 

Supply Alternahves 

20 The JEPAS Worlung Groups idenhfied and screened an array of investment opbons 
including 1) energy efficiency improvements in the industnal, residential, transportation, 
agriculture, and services sectors, 2) thermal power plant modernization, conversion, fuel 
switchng, life extension, and new plant complebons, 3) the completion, safety upgrade, 
and/or decomssioning of nuclear plants, 4) the rehabilitation, modernization and 
expansion of existing hydro plants and the construction of new hydro plants, and 5) 
transmssion and dispatch projects Table 3 provides illustrative capital costs for selected 
generation capacity addtions 
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Table 3 
Illustrat~ve Resource Costs Used m JEPAS Modehng 

Thermal Power 

1995 

Capital Costs 
$/kW 

21 Some 79 GW of existlng thermal plant capacity, which is evenly divided between 
CPP and CHP units, will reach the end of its service llfe by the year 2010 T h s  retuing 
capacity represents 40% of the current total electnc generahng capaclty withn Russia 
More than 54 GW of thls capacity IS located in three reglons -- the Center, the Urals and 
Slbena Approximately 39 GW of the retinng capacity will have reached the end of its 
life by the year 2000 and more than 13 GW of h s  total has already reached its maximum 
design llfe 

22 The modeling results indicate that new and reconstructed thermal power plants would 
account for 75-80% of the total generahng capacity to be installed 

2000 

Cap~tal Costs 
$/kW 

23 Under hlgh demand growth, about 28 GW of Russia's generating capacity would be 
rnstalled through the year 2000, whle 9 GW would be required if demand growth is 
slower durlng the same penod Given the lead times for the construction of new plants 
and the reconstruction of existing capacities, these results dictate the urgent need for an 
aggressive development program Near-term new plant capacity is needed in the North 
Caucasus, Urals and Transbalkalia 

2010 

Cap~tal Costs 
$kW 

New Plants 
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Pulverized Coal 
Comblned Cycle 

Hydro 

Nuclear 

942 
682 

924 to 1 590 

1 144 

Modemzatlons 

1 083 
782 

1 146 to 1 972 

1 281 

CPP (01VGas) 

CPP (Coal) 

CHP (01VGas) 

CHP (Coal) 

1 486 
988 

1 737 to 2 989 

1 970 

All costs are expressed in January 1994 U S dollars 

552 

552 

455 

619 

623 

661 

545 

776 

787 

938 

747 

1 121 



24 The North Caucasus is an example of a reglon with sigmficant near-tern need for 
additional power generation capacity Thls need has resulted from the rehrement of older 
thermal unlts and from the loss of power supplied vla Ukrame At the North Caucasus 
sub-regional level, the Krasnodar Kra (Kubanenergo) has the largest self-generatmg 
capacity deficieficy in the region Cognizant of ths  need, RAO EES Rossii, Kubanenergo 
and others have formulated plans to build modem gas-fired combined cycle units in the 
Kubanenergo system The modellng results support this approach Such a project would 
also serve as a major demonstrabon of tlus hghly efficient and environmentally sound 
technology, and as a bluepnnt for replication in other parts of Russia 

25 The rehabilitation of thermal plants that are scheduled to be rebred will play a 
significant role in meeting future power needs, however, the investment costs are 
slgnlficant Life extension provides an opportunity to reduce investment requirements 
Therefore, plant-level evaluations of rehabilitabon and llfe extension optlons are 
recommended for thermal power plants 

26 Russia is on the verge of promulgating environmental emssion standards The present 
inshtutional framework for rnonitonng and enforcement is sbll evolvlng New, more 
stringent environmental standards are being developed for thermal power plants These 
standards should allow for d~fferentiation among new, existmg and rehabilitated thermal 
plants Programs should be developed to 1) idenhfy the best emssion reduchon 
technologies for each plant and 2) provide support for the domestic producbon of those 
technologies For coal-fired plants, technologies such as low-NO, burners, fabric filters 
for particulate collection, flue gas desulfurization and circulating fluld bed boilers should 
all be considered Continuous emssion monitonng equipment should be employed to 
ensure compliance with emssion limts 

27 Advanced technologies such as gas turbine comblned cycles and circulahng fluid bed 
boilers should be given senous consideration to improve thermal efficiencies and 
environmental performance, and to take advantage of the avalablllty of low-quality solid 
fuel Developing manufactunng capability for these advanced technologies, through joint 
ventures or other means, should be further encouraged 

Nuclear Energy 

28 The Russlan Energy Strategy emphasizes the importance of nuclear power in Russia's 
economc development under the new conditions Nuclear power plays a significant role 
in the country's development The JEPAS has confirmed the Important contribubon that 
nuclear power makes to the Russian power sector The Study found that future investment 
in the power sector should include investments in nuclear power plant upgrades, plant 
completions, evolutionary plant designs, and where appropriate, decomrmssioning 
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29 The JEPAS found that ~nvestrnents in nuclear power plant safety upgrades are 
competitive with investments in alternative energy sources It IS economc to continue the 
operation of most existing nuclear power plants with the complet~on of safety upgrades 
evaluated in thls Study and where approved by regulatory authority The ~mplementation 
of such safety upgrades could encourage foreign investment in Russia's nuclear power 
sector In the ln~hal study per~od, investments in safety upgrades of the exlsting nuclear 
power plants are considered as a prionty whether demand growth is h ~ g h  or low 

30 The JEPAS shows that, with the scheduled servlce l ~ f e  remanlng, ~t is not economc 
to implement all of the safety upgrades evaluated in the Study for Kola 1 and 2 and 
Novorovonezh 3 and 4 (and Leningrad-1 if demand growth is low) The decomrmssioning 
of these unlts should be considered comprehensively, on the basis of local area conltions 
and on a site-speclfic basis 

3 1 The complebon and comrmssionlng of Rostov 1, Kursk 5, Kalinln 3, and Balakovo 5 
and 6 should be considered In the context of regional least-cost plans and following thelr 
full safety revlew Rostov 1 and Kalinin 3 have been identified as prloriQes for 
Investment 

32 New nuclear capacity was found to be an economc supply ophon In some regions 
The deslgn of the NP-500 and NP-1000 evoluhonary reactors, which will be the basis for 
the future development of the nuclear energy sector, should be developed to a sufficient 
level of detall so as to p e m t  thelr certd%ation by the regulatory body 

33 Legislation requlred to support the safe development and operation of nuclear power 
in Russ~a should be completed as soon as poss~ble 

34 Whle the JEPAS est~mated the cost of nuclear power plant safety upgrades, it did not 
quant~fy the safety significance of each of these upgrade measures There are, however, 
existlng stud~es conducted both in Russ~a and internationally that have assessed the safety 
srgnificance of many of these upgrades It may be useful to conduct a new study, 
combining the results of the above work, to look at the question of how to maximze the 
safety benefit of Investments m safety upgrades w~thrn the llrmtations of the avarlable 
financing, and to assess the level of safety improvement denved from implementing each 
measure 

Hydro 

35 Eight exishng hydro power plants have been identified as eligible for rehabilitahon to 
p e m t  their contrnued operation after 2000 These plants' rehabllitahon would cost 
approx~mately $900 rmllion between 1995 and 2001 Detalled deslgns, cost eshmates and 
financing plans should be prepared for hydro rehabilitation projects that are viable under 
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regional least-cost plans The complehon of six plants under construction and three new 
plants were also identrfied as potential investments at a cost of $4 8 billion 

Transmzsszon and Dzspatch 

36 Russ~a's transmss~on system needs to be modernized to provlde for hlgher efficiency 
and the ability to transfer power among regions for the ultimate development of an 
electncity market Intra-reglonal and mter-reglonal transmsslon projects/programs have 
been identified for pnonty investment, two of whch are descnbed below 

37 Two pnority transmssion projects are recommended in the North-West Region and 
for intertles among the Wddle Volga, Center and North Caucasus regions The North- 
West Region reinforcement projects, at an approximate cost of $775 rmlhon, conslst of 
330 kV and 750 kV lines complete wlth substabons, and are designed to strengthen the 
supply to the nuclear plants The second pnonty project (four-500 kV llnes at a cost of 
$430 mllion) has been planned and at present 1s In the lmplementatlon phase It wlll 
reinforce the internal systems of the M~ddle Volga and Center regions to enable Increased 
transfers to the North Caucasus and Center reglons 

38 A detsuled study is recommended to evaluate the construction of a hgh-voltage 
transmsslon line of 3-6 GW capacity between Sibena and Center regions 

39 Some upgrades are urgently needed for the control, cornmunicatlons and dispatch 
systems of the Integrated Power System due to Inadequate technology Two control and 
dlspatch projects have been prioritized for early investment, namely the Central Dispatch 
Office and the North-West Dispatch Center for an aggregate cost of $80 mlllon Such 
upgrades will accommodate s~mla r  upgrades in other regions of the IPS 

Projected Electrzc Power Generatzon 

40 The amount of electncity generated from natural gas is expected to rise significantly 
under both scenarios because generation from natural gas uslng comb~ned cycle and 
simple cycle technologies is economcally competihve in many regions of Russla 
Generation from hydroelectric sources is also expected to increase m both scenarios, but 
by a much smaller amount Nuclear generahon is expected to increase in both scenarios 
until the year 2000, in the hlgh demand scenano ~t wlll increase slightly after 2000, whle 
in the low demand scenario it will decline after 2000 Coal use will decline in both 
scenarios F~gure 4 shows estimates of electricity generation by fuel source over the 
perlod of the study, as indicated by the U S model for the hgh demand scenarlo For the 
low demand scenario a simlar trend 1s expected, but at a slower rate 
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Figure 4 
Electric~ty Output by Fuel Type (High Demand) 

1995 2000 2010 

Gas & Llquld Coal 

Hydro Nuclear 

RUSSIA'S PREFERRED INVESTMENT PROGRAM FOR THE POWER SECTOR 

4 1 The Russlan slde recognizes the value and importance of the results of the Jolnt 
Study, and has developed a Preferred Investment Program based upon the JEPAS Thls 
program adapts the JEPAS results to take account of (1) constrants on the avalab~lity 
of Investment capltal over the next five years, (2) socio-economc pollcies with respect to 
employment in the fuel and energy complex, and (3) energy policy with respect to 
domestic and export uses of natural gas The Russian side anticipates that technology 
investments will be made along the lines indicated in Table 4, but that final decisions on 
individual power sector projects will result from a blend of investor preferences and 
governmental incent~ves, including research and development 
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Table 4 
Capacity Addit~ons and Replacements for the IPS 

for the Preferred Investment Program (GW) 

* including rehabilitation uslng simple cycle gas turbines 

ALL TYPES 

New units 

Rehab~l~tat~ons and 
Upgrades 

Total AdQt~ons 

Hydroelectric Plants 
Total 

Nuclear Power Plants 
Total 

ThermaI Heat and Power 
Plants 

New Unrts 

Rehabihtatlons and 
Upgrades 

Total Addlt~ons 

Conventional Thermal Plants 

New Units 

Rehabilltatlons and 
Upgrades * 

Total Additions 

42 It is difficult for lenders to assess the creditworthiness of potential borrowers in 
Russia's electric power industry A legal and regulatory system for the new industry 
structure is not yet in place The non-payments problem remans (for some companies 
45% of bilhngs are unpaid), although there are mechanisms such as bills of exchange and 
barter to overcome short-term difficulties At present there is no long-term lending in 
rubles, and short-term annual rates are measured in hundreds of percent Punitive taxes, 
inflation, and the inability of the industry to cover its costs in revenues are some of the 
problems faced by the sector Despite the uncertanbes of the current situation, the power 
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sector needs to mobilize funds for operations and investment The sector does not 
generate significant amounts of foreign exchange, and so it is more difficult to attract 
foreign lending and investment than is the case for the 011 and gas sectors 

43 The amount of financing required over the next ten years could range from $32 to $8 1 
billion, depending primmly on the demand for electricity Over ths  period, it is expected 
that the power sector w~ll  need to generate 65-75% of its financing requirements ($21-$61 
billion) from internally-generated funds The sector will need to ensure that tariffs are set 
at levels that cover operating costs and the costs of its capital investment program The 
tmff increases needed to cover the cap~tal Investment requirements over the study period 
are est~mated to be less than 1 cent per lulowatt-hour, no matter how the program is 
financed, although financing with debt would decrease the tariff impact in the near term 

44 It is esbmated that the power sector will be able to borrow up to approximately 20- 
30% of its capital requirements ($6-$24 billion) Total borrowing will be llrmted for 
several reasons 1) the creltworthmess of power sector enterprises will take hme to 
establish and will be greatly influenced by the general economc and business chmate in 
Russia, 2) medium- and long-term domestic capital is not available in Russia and will 
take years to develop, and 3) foreign sources of borrowing, while extremely Important as 
gap financmg over the short term, w~ll  be limted in the long term because of the large 
domestic content in power sector investments and the foreign exchange risk inherent in 
repaylng dollar-denormnated debt with domestic revenues 

45 Project financing and innovative financing mechanisms could speed up the process at 
which debt could be made avalable, but will sbll take time to structure and negotiate 
These mechanisms include independent power projects, sales of generating assets, 
leasing, energy savings contracts, and barter and counter-trade 

46 The role of the Russian Government in developing financing for the power sector is 
important Government decisions on the sale of power sector enterpnses, the use of the 
proceeds, and the future Industry structure will influence the amount of funds avalable 
and which entities (pnvate/public, generation/transrmssion/distribution) will have access 
to markets and financing The w~llingness of the government to provide sovereign 

guarantees on foreign loans wlll affect the amount of foreign borrowing avalable, 
especially dunng the next three years Tax policies for power sector enterpnses wlll 
influence the amount of internally-generated funds avalable for the investment program 
Tax credits, accelerated depreciabon and lower tax rates would improve the power 
sector's ability to become financially independent Direct subs~dies or crelts from the 
government may be required to provide financing for nuclear unit safety upgrades and 
energy efficiency improvements 
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FINAL RECOMMENDATIONS AND CONCLUSIONS 

47 To realize potential energy savings of 29 bkWh by the year 2000 and up to 112 bkWh 
by 2010, market-onented incentives should be introduced to improve end-use 
efficiencies The development of energy sewlce companies and jolnt ventures should be 
encouraged These would provide equipment, energy management technrques and 
financing for energy efficiency improvement 

48 Where approved by the regulatory authority, economcally jushfied program safety 
upgrades of RBMKs (9,000 - 1 1,000 MW) and of first-generation VVER nuclear power 
reactors (880 MW) should be implemented Ths  is estimated to require $1 0 brllion 
between 1995 and 2000 Russian Government financial support and, to the extent 
possible, support from international financial institutrons will be needed to undertake 
these upgrades 

49 A major goal for RAO EES Rossii and the A 0  Energos should be the rehabilitation 
and modernization of older thermal plants so as to extend their operatmg lives and to 
improve their environmental and operational performance Approximately 79 GW fall 
into thls category, of which about 39 GW wlll require modernization by the year 2000 
Plant-level evaluations should be undertaken to detemne rehabilltabon requirements and 
the extent to which life extension at lower capital cost may be possible In addition, 
Russla should place h~gh prionty in its technological and Investment policy for the power 
sector on using simple cycle and combined cycle gas turbines (4,000 - 18,000 MW by 
2000,38,000 to 83,000 MW by 2010) and on developing the domestic capability for their 
rnanufactunng, including jolnt ventures with Western partners 

50 Further detaled study, including project ~dentification, of the electricity and fuel 
supply situation in the North Caucasus, Urals, and TransBakalla should be given hgh  
pr~ority This work should take into account speclfic factors at the local level and apply 
least-cost utility planning tools It is eshmated that 24,000 - 36,000 MW of new capaclty 
will be requlred in these regions, as well as the strengthening and expansion of 
transmsslon mtertIes Further feas~bility studles are needed for the western and eastern 
extension of transmsslon between Sibenan hydro capacity and demand centers In 
European Russia and TransBakalia In addition, the issues in electricity interconnect~on 
among the CIS republics and other neighbonng countnes should be mveshgated, 
including the potential for electricity trade with China, Central Europe and other 
countnes 

5 1 The investment requirements for energy generabon capacity replacements and 
additions, efficiency, and transmsslon improvements are l~sted in Table 5 
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Table 5 
Investment Reqmrements Indicated by the JEPAS Findlngs 

($ bilhon) 

52 Regional Investment requirements under high and low demand are shown In Figures 5 
and 6 

H~gh Demand 

53 Russian Federation Government support 1s needed to ensure the further development 
of the power sector under conditions of wldening economic reforms and to create 
conhtlons conducive to attracting financing and capital investment An ~mproved state 
system of regulating natural monopolies, whlch includes state regulahon of electricity and 
heat rates at both the federal and reglonal levels, as well as an appropriate legal and 
standards Infrastructure are needed Economc and commercral mechanisms are needed to 
Implement the prlnclple of self-financing in the power sector This would increase 
Internal cash generahon by power entlties and Improve the effic~ency of allocahon of 
these funds through depreciation and retained earnings of operating entitles As a 
transltlon measure to a new regulatory system, a mechanism should be established to 

Low Demand 
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Generat~on 

1995 - 2000 

2001 - 2005 

Subtotal 

21 - 26 

25 - 32 

46 - 58 

9-10 

14 - 20 

23 - 30 
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2-3 

3-8 

5-1 1 
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2001 - 2005 
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3-4 

5-1 1 

8-15 

Transm~ss~on 

1995 2000 

2001 - 2005 

Subtotal 

2-3 

5-5 

7-8 

1-3 

3-5 

4 8 

All Requirements 

12-16 

20 33 

32 40 

1995 - 2000 

2001 - 2005 

Total 

26-34 

35-48 

61-81 



facilitate the rational allocation of power sector investment funds between the federal and 
reglonal levels, and to create mcenbves to attract funds Into the power sector from both 
domestic and foreign sources on both an equity and debt basis 

54 It IS also recommended that the part of retamed earnings whch is directed Into 
investment be made tax deductible, lncludlng the part collected through centrahzed 
investment funds 

55 Econormc shmuli should be created to attract investment ~n to  the power sector by 
estabhshg government guarantees at both the federal and regional levels, and perrmthng 
reasonable levels of return on investment As an intenm measure, funds should be 
generated at the federal level to finance modemzation and rehabilitation, and a 
mechanism should be developed to allocate these funds between the federal and regional 
levels 

Figure 5 
Indicated Power Sector Investment by Region from 1995-2000 

for Bgher and Lower Demand ($billion) 
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Flgure 6 
Indicated Power Sector Investment by Region from 2000-2010 

for mgher and Lower Demand ($b~ll~on) 
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56 In the nuclear power sector, an econormc mechanism should be developed that 
Increases internally generated funds through tmffs without damaging the compehbveness 
of nuclear energy in the energy market A portion oi these internally generated funds 
would be centralized in a national reserve whch would finance pnority safety upgrades, 
plant complehons, decomrmssioning, and new nuclear power plant construction 
Opportunitres should be created to attract loans into the nuclear sector w~th  corresponQng 
government guarantees The possibility to convert the nuclear sector into stock compames 
should be studied as well as the corresponding issue of guarantees for potential domestic 
and foreign investors 

57 On the basis of further changes and definihon of the ownership structure, the 
restructuring of the power sector should proceed to set up a competihve environment and 
to improve rate setting in electnc energy markets 

58 A legal and tax infrastructure conducive to investment by independent power 
producers should be created 
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59 It 1s necessary to develop a comprehensive program for the publlc sale of government- 
held power sector stock at an acceptable value Funds from these sales should be used for 
reinvestment to provide needed Investment cap~tal for the power sector 
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ILLUSTRATIVE PROJECTS 

(Excerpt from JEPAS F~nal Report) 
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The Joint Study was asked to surnrnmze projects that had already been identified by Russian 
and foreign institutions and enterprises, and that mght be candidates for funding by 
international lenders and/or investors The list below is not intended to be exhaustive It is a 
representatwe set of named projects, some of whch have already been the subject of pre- 
feasibility and feasibility studies, and memorandums of agreement 

Llst of Projects Evaluated for Poss~ble F~nanc~ng 
(Table 5-4 of JEPAS) 

1 Krasnodar Power Plant A 3 x 450 MW, as-fired ower lant near the 
town of Mostovs % aya in $ 2  orth aucasus 

2 Urengoi Power Plant A 4 x 225 MW plus 24 MW, gas-fired steam 
turbine near Yamalo Nenets in Tyumen 

3 Cherepovets Trans Line A 270 km, 750 kV transrmssion llne in the 
North-West that would p e m t  the Cherepovets 
region to be supplied from the Kalinlnskaya 
Power Plant 

4 Beloparoskaya Hydro Plant A 103 MW ealung hydroelectric power plant in 
the North- I$ est 

5 Shakhtmskaya CHP Plant A partially-built 70 MW CHP plant at Shakhti in 
the North Caucasus 

6 Kamenskaya CHP Plant A 90 MW CHP plant at Rostov in North 
Caucasus 

7 Cherepetz Power Plant 

8 Shulluno Power Plant 

9 Kola-S t Petersburg 

Rehabilitahon of 4 x 150 MW and 3 x 300 MW, 
coal-fired units in the Cherepetz State Distnct in 
the Central Region 

A 2 x 450 MW expansion of the Shuhno Power 
Plant 

A 330 kV line from Kola to Karelia and a 
Transmssion Line 750 kV line from Karelia to 
St Petersburg 

10 North-West to A 330 kV and a 750 kV line between the 
Center Transmssion Line two regions 

1 1 North-West Region 
Power 

Reconstruction of the power control center 
for the North-West Region 

12 Moscow Central Dispatch Modernizabon of the Moscow Central 
Office Dispatch Office 

13 Moscow Oil Refinery Energy conservation 

14 Lenenergo Power Plant Re owenng the Lenenergo Power S tahon by i ad ing three 50 MW gas turbines 

15 RBMK power plants Develop decomrmssioning plans 
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17 Kalimn NPP 

18 Rostov NPP 

Initiate slbng and pro ect reparation procedures 
for licensing a new d508 
Complete construction of Kallnin 3 

Complete construction of Rostov 1 
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