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BCM 

bkWh 

BTU 

CHP-CC 

CPP 

CPP-CC 

Equ~valent Peak 
Load 

GWh 

HPP 

IPW 

IPS 

Blllron Cublc Meters 

Billron Krlowatt hour 

B n t ~ s h  Thermal Unlt 1 BTU equal to 1,055 joules whlch is equivalent 
to 252 calones 

Combined Heat and Power Plant. Plants using coal or gas that supply 
heat m the form of hot water for the heating of buildings and steam for 
industnal use, and that generate electncity 

Comb~ned Heat and Power Comblned Cycle Plant. A plant consisting 
of a combustion gas turbine coupled to a heat recovery steam generator 
and condensing turbine, w th  recovery of heat for d~stnbution in the local 
heat grrd 

Condensing Power Plant A plant generating electncity either from coal 
or from gas (wth &el oil backup capability) using condensing steam 
turbines 

Gas Turbine Comb~ned Cycle Power Plant A plant producmg 
electncity using a combustion gas turbine coupled to a heat recovery 
steam generator and condensing turbine 

a term used in the Russian power industry to represent the avrage annual 
utilization rate for one or more power plants 

M~lllon K~lowatts hours 

Hydroelectric Power Plant 

Integrated Plann~ng Model, least cost optmzatron model developed by 
ICF Resources 

Integrated Power System of Russia refers to the system covenng the 
followng d~spatch regons (Northwest, Center, North Caucasus, Middle 
Volga, Urals, Tyumen, Sibena and Far East 
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MWh 

Nm3 
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O & M  

RAO EES Rossr~ 

SGU 

tce 

tsf 

TWh 

U P S  

1,000,000 BTU whch is equivalent to 36 kgsf 

Megawatt hour, equivalent to thousand Kilowatt hours 

Normal Cub~c  Meter 

Nuclear Power Plant 

Operation and Ma~ntenance 

RAO EES Ross11 refers to the Russian Joint Stock Holdlng Company 
for Electnc Power and Electnficatlon 

A graphlte moderated, pressure-tube, low emched reactor rated 1,000 
MW, deslgned for on-lme refbellng 

Standard Fuel Unlt (Coal Equmalent) 1 kgsf equal to 7,000 
hlocalones 

Steam Gas Unlt. A Comblned Cycle generating umt 

Tons of Coal Equmalent, equal to 0 7 Tons of 011 Equivalent whch 1s 
the metnc ton of 011 equivalent, lo7 lalocalones 

Ton Standard Fuel, equal to 29 3 ggajoules whch is the equivalent of 
27 8 MBTU 

Bllllon Kllowatt hours 

Untfied Power System(s) refers to the individual regonal dispatch areas 
mentioned above, but it should be noted that Tyumen and Urals are 
dispatched as one regon 

A first-generation pressunzed water reactor rated 440 MW 

A second-generation pressunzed water reactor rated 440 MW 

A second-generation pressunzed water reactor rated 1,000 MW 
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THE JEAS 

1 Following an agreement between Vice President Gore and Prune Mimster 
Chernomyrdm m late 1993, the Russian Federation and the Umted States decided to 
undertake the Joint Energy Alternatives Study (JEAS), whose terms of reference mcluded 
the followmg 

"The Russian electnc power sector wll requue major rnvestments over the commg 
decades The sector's man problems include the hlgh proportion of thermal 
generating plants whch are currently beyond  the^ planned operational life spans, 
doubts about the safety of older nuclear plants, and hghly inefficient patterns of 
electncity use In the present state of the Russian economy, federal budget 
financ~ng of power sector development has all but ended whle new financing 
mechmsms appropnate to a market economy have not yet developed 

The mternational commuruty, including the leaders of the G-7 group, attaches 
great importance to joint efforts in helplng to solve these problems Fundamental 
conditions of Investment in tlus most Important sector of the Russian economy 
should be identified on a pnonty bass " 

2 Ths Joint Study has identified investment requirements for the Russian power sector 
and opportumties for energy efficiency over the next fifteen years under two scenarios that 
dlffer in their assumptions about the timng and speed of Russia's econonuc recovery The 
Study addressed a broad range of issues affecting ~nvestment, such as the scope for new 
advanced, more efficient generation technologes, nuclear safety upgrade and 
decomssiomng options, enwronrnental standards, sources of financing and energy policy 
Impacts on investment choices This Study is expected to have a major influence on 
Russlan power sector investment, including environment and safety considerations, and to 
prowde a bass for follow-on actions by countnes and institutions wrth an interest in 
Russia's economc hture Ths Executive Summary sets out recommendations for 
consideration by Vice President Gore and Pnme Mruster Chernomyrdln 

3 The two governments formed five joint worlung groups of experts to carry out the 
analytical work, s u p e ~ s e d  by an inter-governmental c o m t t e e  cornpnsing concerned 
rmrustnes and agencies The Study used two electnc power integrated plamng models 
that are complementary The Russian simulation model mcorporates (1) detailed expert 
knowledge of the entire Russian power system, (11) screerung analysis of the cost 
effectiveness of supply and energy efficiency options, and (111) he1 supply constraints and 
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enwonmental impacts The Amencan integrated resource p l m n g  model uses least-cost 
optmation techmques to analyze the same set of issues as the Russian model The Jolnt 
Study used the techmcal flexlbrlity of the Amencan model to study the sensitivity of 
answers to a wde range of economc uncertmties and pohcy questions Both sides m the 
Jomt Study r e c o p e  that model results do not determe an investment plan for the 
Russian power sector, they are an ~mportant a d  to ~ t s  formulation 

4 The data generated by the w o r b g  groups were used m the two models to idente the 
mur of technologes that would be needed to meet electncity demand under two scenmos 
year-by-year through the year 20 10 

5 The two scenanos considered m ths study were based on two vlews of Russian 
economc performance and electncity demand, set forth m the Russian Energy Strategy, 
and based on a set of assumptions regardlng the pace and degree of success of measures 
to control Inflation and reform the economy Tlme phased Investment and fuel 
requlrernents were estimated using the two plannxng models Fmancmg requlrements were 
calculated fiom the total costs of the ~nvestments, and potential domestic and foreign 
sources of finance were identified All of the scenanos and financ~ng requirements are 
based on assumptions regardlng future developments that are subject to uncertanties, and 
the team has prepared an investment strategy that addresses the main elements of 
uncertanty As the hture direction of reform and the rate of evolution to a market 
economy become clearer, ~t w11 be necessary to undertake penodic reevaluations of 
investment pnontles 

6 Russia's installed generating capacity in 1994 was 215 GW of whlch 20 1% was 
hydroelectnc (43 GW), 9 8% was nuclear (21 GW), and 69 4% was fossd-fired thermal 
(149 GW), including 73 GW of comblned heat and power (CHP) stations Natural gas 
prowdes 65% of the he1 required by fossil thermal plants, coal prowdes 25% and residual 
fuel oil (mazut) prowdes 10% In 1990 per capita electncity consumption was 5,360 kwh, 
s~mlar m maptude to that of France (5,350 kwh) or Japan (6,140 kwh), but well below 
that of Canada and the Uruted States 

7 Industry's share of final electncity consumption m Russia dropped fiom 67% in 1980 to 
56% m 1993 In the Umted States the comparable figure is 27%, in Japan 52% and in 
Germany 42% In Russla, agnculture used 13% of electncity, transport used 10% and 
other sectors, lncludlng bulldmgs, used 10% m 1993 

8 The Integrated Power System (IPS) compnses the six reglonal systems of the North- 
West, Center, Middle Volga, North Caucasus, Urals (mcluding Tyurnen) and Sibena The 
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IPS spans 9,000 kms west to east and SIX tune zones, and does not mclude the separate 
Far East regon (see F~gure 1) The Russ~an electnclty Industry 1s made up of 5 1 large 
generators, 72 regronal "A0 Energos" provldlng dlstnbutlon, as well as electnclty and 
heat produmon, and the transmsslon and dlspatch operations Thls mdustry 1s currently m 
the process of belng restructured and pnvatlzed to create a more effic~ent sector based on 
the pnnclples of competltlon 

9 Out of the exlstlng generation capaclty, 80 GW (600 umts) of fossll thermal plants and 
9 GW of nuclear capaclty will reach the end of theu- servlce hfe by the year 2010 Figure 2 
shows the evolution of all generating capaclty according to the established schedule of 
power plant retirements at the end of semce hfe m the absence of any llfe extens~ons, 
rehabllltatlons or addltlon of new plants Supenmposed on ths plant retlrement pattern are 
the two scenanos for electnclty demand that form the basls of the two "Reference Cases" 
used In the Jolnt Study m l e  Russla as a whole remams comfortably m surplus for the 
next four to seven years, the same IS not true for the North Caucasus and Urals regons, 
whlch are already m deficlt Flgure 3 shows the pattern of capaclty retlrement on a 
regonal basis 
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Flgure 2 
Available Electr~c Generating Capac~ty* and Capaclty Requirements under the two 
JEAS Demand Scenarios*" (1995-2010) 

Note *In the absence of any life extensions or capaclty adhttons, exlstmg capacity m 1995 reflects the 
removal of nuclear power plants fiom service for safety upgrades 
**Capac~ty requuements reflect projected peak load lncludtng 13% reserve requuements 
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F~gure 3 
Avarlable Electnc Generatrng Capac~ty by Regron* (1994-2010) 

Mlddle Volgr U d r  Ed -men 
Stben. North-Wsrt North C.uc.rsr 

FcrEart center 

Note *Avadable capaclty reflects currently Installed capacity and ~ t s  declme resultmg from scheduled 
rehement The figure shown for end- 1994 does not ~nclude capacity m Isolated systems, but does 
include nuclear generatmg capaclty to be removed from m c e  for safety upgrades 

ELECTRICITY DEMAND AND RUSSIA'S OPTIONS TO MEET DEMAND 

10 The hlgh reputation of Russia's electnc power industry is built on provld~ng a reliable 
supply to meet the needs of the economy Ths dlctates the need to project and ensure 
Investments m generation, transmsslon and energy efficiency that w11 be sufficient to meet 
fbture demand m a reliable, safe and environmentally sound manner Under-~nvestment 
could leave the country unable to meet all demand, while over-mvestment would be a 
msuse of scarce financial resources whose cost would be borne by users Vanations in the 
tirmng and shape of Rusaa's recovery from economc depression and dislocation must be 
taken Into account In estlmatlng Investment needs, and ths  study has used two electncity 
demand scenanos taken from the Energy Strategy for Russla, whch was adopted in 1994 
These demand scenanos have embedded in them no-costflow-cost energy efficiency 
measures as well as energy conservation resulting fiom structural change 
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b Demand Scenario A is based on an offic~al Russ~an economc forecast that 
assumes a quick turnaround, wth recovery startrng in 1997 and GDP 
reachng its 1990 level by the year 2004 

b Demand Scenano B 1s based on an official Russlan economc forecast that 
assumes recovery mght not start untd 2000, and that by 2010 the GDP 
would only have reached just over 70% of ~ t s  1990 level 

b Fuel and electnclty pnces are assumed m the Study to nse to levels 
needed to cover product~on costs and provlde a return to Investors 
Analys~s of the Impact of domestic pnces at world levels was also made 

11 The JEAS Worlung Groups developed optlons and ther costs for potentla1 fkture 
developments In energy efficiency, thermal power, nuclear power and hydro power 
generatlon, transmss~on and dlspatch Major optlons considered m the Study are as 
follows 

› Energy Efficiency - Worlung Group 1 

New, more efficient electnc~ty-usmg technologes (I~ghtmg, motors, 
etc ) and the~r l~kely ~mplementatlon schedule 

Fossil Thermal Generation - Worlung Group 2 

Rehabihtat~on and modemmtion, rncluding comblned cycle and 
advanced combust~on technologes 

o Life extens~on 
o Construction of new coal and gas power plants 
o Fuel swtchlng (re-powenng) and modemzat~on 

Emssion control technologies 

b Nuclear Power Generat~on - Worhng Group 3 

o Safety upgrades to first generation reactors (RBMK and VVER 
440-230) to allow them to operate more safely untll the end of then- 
serwce l~ves 
Russlan and U S decomss~omng practices for first generation 
reactors 
Re-powenng of the Rostov 1 reactor as a foss11-fired umt 
Completion of the Kal~mn 3 umt 
Safety upgrades to operating VVER 4401213 and 1000 reactors 

o Construct~on of new generation NP-500 reactors 
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b Hydroelectr~c Generat~on - Worhng Group 4 

o Completion of on-going rehablhtation of four plants 
Rehabilitation of four additional plants 
Completion of SIX plants now under construction 
Construction of three new plants 

Transm~ss~on, D~spatch and Control - Worlung Group 4 

Re~nforcement of exlstlng mter-regonal connections 
Improvement of system network control w t h  regons 
Improvement of distnbut~on network to reduce losses 

Energy Efficzency 

12 The JEAS analysis showed that energy efficiency should be gven a hgh pnonty 
There is a large potential for energy efficiency improvements throughout the Russian 
economy Power consumption could be reduced by up to 29 bkWh by the year 2000 and 
112 bkWh per year by the year 20 10 by installing efficient end-use technologes (see Table 
1) In all sectors of the Russian economy, a sigmficant portion of the savlngs potential is 
associated wth lighting and motors improvements The changes in the demand and use of 
electncity wll vary m different semce areas of A 0  Energos, depend~ng upon the effect of 
economc restructuring on local economc actiwties To be most successfbl, energy 
efficiency programs must be designed for these umque local conditions 
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Table 1 
Annual Electnc~ty Savlngs and Total Incremental Cost for the Year 2010 

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

"Incremental Cost" is the hfference m cost between replacement wth energy 
efficient equpment versus replacement m lund 
The above do not include energy savlngs resulttng fiom low-costlno-cost measures, and fiom 
structural changes m the Russian Economy 

S m c e  

Total 

13 Energy efficiency savlngs noted above could be acheved at relatively low cost The 
average cost of energy saved by the measures recommended in t h s  study is approximately 
one U S cent per kwh Although the cost of replacement of outdated equipment w th  
new equlpment IS hlgh, the incremental cost caused by the energy efficiency of the new 
equlpment IS relatively low and quite justified (see Table 2) 
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19 5 

1120 

15 1 

78 0 

2,223 

12,262 

1,726 

8,542 



Table 2 
Costs of illustrative Demand-Side Measures 

Note 1 The costs presented for the illustrative measures are the total incremental cost. of the measures 
divided by the~r curnulatrve energy savlngs 

2 A negatrve value mdicates that use of the energy efficiency technology w1I1 reduce costs m 
addbon to savlng energy 

14 At present, there are some barners to the installation of efficient technologes Energy- 
efficient equipment is not always locally avrulable Some types of energy efficient 
equipment are not manufactured in Russia There is a considerable shortage of financing 
available for energy efficiency 

Descnphon of Measure 

Adjustable Speed Dnve Motors 
> 135 horsepower 

Compact Fluorescent Bulbs 

Recuperahve Bralung 

Mercury Lamps & Furtures 

Adjustable Speed Dnve Water 

pumps 

15 Pnonty should be pven to investments to develop the capability for mass producing 
energy-efficient motors and new lighting technologies (such as compact fluorescent bulbs 
and metal halide lights), as well as implementing new manufacturing methods (1 e , process 
changes) for oil and chemcal plants using hgh quality catalysts and to establish 
demonstration projects for energy-efficient technologes and providing assistance for 
carrylng out energy audits Investments should also be made to set up information and 
traimng programs In the area of energy savlngs 

Sector 

IndUStnal 

Residenbal 

Transport 

Agriculture 

Servlce 

Cost' 
(#kwh) 

0 84 

1 18 

0 46 

- 0 222 

0 76 

16 Regulatory, inst~tutional and economc measures must be undertaken before energy 
efficiency programs can be implemented In the near future, the Law on Energy 
Conservation must be passed Government support for energy efficiency should include 
tax and customs duties-based incentives and loans and accelerated depreciation 

Savings in 2010 
Under HI& Demand 

10 4 bkWh 

9 7 bkWh 

1 5 bkwh 

2 3 bkWh 

3 9 bkWh 

Supply Alternatzves 

17 Table 3 illustrates the costs for thermal, nuclear and hydro resources considered m 
JEAS modeling 
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Table 3 
lllustrat~ve Resource Costs Used in JEAS Modellng 

Thermal Power 

18 Some 79 GW of exlstrng thermal plant capacity, whch is evenly divlded between CPP 
and CHP umts, wll reach the end of life by the year 2010 Thls retinng capaclty represents 
40% of the current total electnc generating capac~ty wthn  Russla More than 54 GW of 
ths  capacity IS located in three regons -- the Center, the Urals and Sibena Approximately 
39 GW of the retlnng capaclty wll have reached the end of life by the year 2000 and more 
than 13 GW of thls total has already reached ~ t s  maxlmum deslgn life 

1995 

19 The JEAS modeling results indicate 49 0 and 47 1 GW, hgh demand and low demand 
respectively, of reconstructed thermal generating capacity (CPP and CHP) 1s needed 
through the year 20 10 In both cases the bulk of the reconstructed capacity, 40 1 and 41 5 
GW respect~vely, would be installed after the year 2001 

Cap~tal 
costs 
SlkW 
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LY 

2000 

LlfeCycle 
costs 

nulls/kWh 

New Plants 

Capltal 
costs 
SIkW 

2010 

Pulvenztd Coal 
Comblned Cycle 

Hydro 

Nuclear 

LlfeCycle 
costs 

nulls/kWh 

Cap~tal 
costs 
SkW 

L~feCycle 
costs 

mWkWh 

942 
682 

924to 
1590 

1144 

Modernlzahons 

48 
35 

24to41 

25 

1083 
782 

1146to 
1972 

1281 

All Costs are expressed In January 1994 U S  Dollars 
Modernlzahon ophons were charactenzed by typ~cal ophons avrulable m the Center Reg~on 
Nuclear upgrade opbons lnclude wsts for wnfincrnent and jet condenser and assume Russlan decommlss~onlng 
prachces are followed 
1 mill = 0 I US6 

787 

938 

747 

1121 

219 

CPP (01VGas) 

CPP (Coal) 

CHP (01VGas) 

CHP (Coal) 

Nuclear Safety Upgrades 

47 

65 

55 

81 

22 

623 

66 1 

545 

776 

112 

56 
42 

29to51 

29 

552 

552 

455 

619 

53 

38 

50 

41 

6 1 

15 

32 

41 

32 

47 

11 

1486 
988 

1737to 
2989 

1970 

72 
52 

45to77 

43 



20 The JEAS modehg results also Indicate that 69 2 and 27 4 GW, under hgh and low 
demand growth, respectively, of new thermal generating capacity (CPP and CHP) wdl be 
requlred to be mstalled through the year 2010 Under hgh demand growth, 19 2 GW 
would be mstalled through the year 2000 whlle 3 5 GW is required If demand growth IS 

slower dunng the same tune penod Gwen the lead tune for the construction of new 
plants, these results, particularly lf demand nses quickly, indicate the need for an 
aggressive development program On a regonal basis, near term new plant capacity is 
needed in the North Caucasus, Urals, and Transbsukalia 

2 1 The North Caucasus Regon is an example of a regon wth  sigmficant near term need 
of addit~onal power generation capacity Ths need has resulted fiom the retirement of 
older thermal umts and from the loss of power supphed wa Ukrame At the North 
Caucasus sub-regonal level, the Krasnodar Kras (Kubanenergo) has the largest self- 
generating capacity deficiency m the regon Cogmant of the need, RAO EES Rossn, 
Kubanenergo and others have formulated plans to build modern gas-fired combmed cycle 
umts in the Kubanenergo system The modeling results appear to support t h s  approach It 
is recommended that work proceed quickly toward the development of comblned cycle 
capacity in Krasnodar K r a ~  Such a project could serve as a major demonstration of t h s  
hghly efficient and environmentally sound technology and a bluepnnt for replication in 
other parts of Russia 

22 Rehabilitation of retinng thermal plants w11 play a sigruficant role in meeting fiiture 
power need, however, the investment costs are sigmficant Life extension prowdes an 
opportumty to reduce investment requirements Therefore, plant level evaluation of 
rehabilitation and life extension options IS recommended for thermal power plants 

23 Russia is on the verge of promulgating envlronrnental emssion standards The present 
institutional framework for momtonng and enforcement is still evolving New, more 
stnngent environmental standards are being developed for thermal power plants These 
standards should allow for differentiation between new, exlsting and rehabilitated thermal 
plants Programs should be developed to 1) identlfy the best emssion reduction 
technologies for each plant and 2) provlde support for domestic production of those 
technologes For coal fired plants, technologes such as low NO, burners, fabnc filters for 
particulate collection, flue gas desulfbnzation and circulating fluid bed bollers should all be 
considered Continuous enussion momtonng equipment should be employed to ensure 
compliance wth emssion limts 

24 Advanced technologes such as gas turbine comblned cycles and circulating fluid bed 
boilers should be given senous consideration to unprove thermal efficiencies and 
envlronrnental performance and to take advantage of low-quality solid &el availabihty 
Developing manufactunng capability for these advanced technologes, through joint 
ventures or other means, should be investigated 
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Nuclear Energy 

25 Russla's Energy Strategy emphasizes the unportance of nuclear power m the economc 
development of Russia under the new condltlons Nuclear power plays an unportant role 
m the country's development The TEAS has confirmed the Important contnbutlon that 
nuclear power makes to the Russian power sector The JEAS found that fkture Investment 
m the power sector should Include Investments m nuclear power plant upgrades, plant 
completions, evolutionary plant designs, and as appropnate, decomrmss~omg 

26 The JEAS found that mvestments m NPP safety upgrades are competitive wth 
investments in alternative energy sources It 1s economc to continue the operation of most 
exlsting nuclear power plants wth the completion of safety upgrades evaluated m ths  
study and where approved by the reguIatory authonty Implementation of such safety 
upgrades could encourage foreign investment in Russia's nuclear power sector In the 
imtial study penod, investments in safety upgrades of the exlstlng NPPs are considered as 
a pnonty whether demand growth is hgh or low 

27 The JEAS shows that, with the scheduled servlce llfe remaxmng, it 1s not econormc to 
implement all of the safety upgrades evaluated in the study for Kola 1 and 2 and 
Novorovonezh 3 and 4 (and Lemngrad-1 If demand growth is low) The decomrmsslomng 
of these umts should be consrdered comprehensively, on the basis of local area condltlons 
and on a site-specific basis 

28 Completion and comssiorung of Rostov 1, Kursk 5, Kalimn 3, and Balakovo 5 and 6 
should be considered in the context of regonal least cost plans and followng their full 
safety revlew Rostov 1 and Kalimn 3 have been identified as pnontles for investment 

29 New nuclear capacity was found to be an econormc supply optlon tn some reglons 
The design of the NP-500 and NP-1000 evolutionary reactors, whch mll be the basis for 
hture development of the nuclear energy sector, should be developed to a suffiaent level 
of detal so as to p e m t  their certification by the regulatory body 

30 Legslation required to support safe development and operation of nuclear power in 
Russia should be completed as soon as possible 

3 1 m l e  the JEAS estimated the cost of a specific set of NPP safety upgrades, it did not 
quantify the safety sigmficance of each of these upgrade measures There are, however, 
exlsting studies conducted both in Russia and internationally whlch have assessed the 
safety sigmficance of many of these upgrades It may be useful to conduct a new study, 
combnng the results of the above work, to look at the questlon of how to maxlrmze the 
safety benefit of investments in safety upgrades mthln the llmtatlons of the avalable 
finanang, and to assess the level of safety improvement denved from lmplementlng each 
measure 
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Hydro 

32 Elght exlstlng hydro power plants have been identified as eligble for rehabilitation to 
p e m t  continued operabon after 2000 Rehabditatlon of these plants would cost 
approxunately $900 rmlllon between 1995 and 2001 Detaded deslgns, cost estimates and 
financmg plans should be prepared for hydro rehabhtation projects that are vlable under 
regonal least cost plans Completion of SIX plants under construction and three new plants 
were also ldent~fied as potentla1 Investments at a cost of $4 8 bdllon 

Transmsszon and Dtspatc-h 

33 The transmsslon system of Russ~a needs to be modernrzed to Improve its efficiency 
and rehabhty, to enhance the ability to transfer power among regons and to fachtate the 
development of an electnclty market Eleven ~ntra-regonal and inter-regonal transmsslon 
projects/programs have been Identified for pnonty Investment, the two most urgent of 
whch are descnbed below Sub-transmsslon system losses exceed western norms, 80% of 
losses are in the distnbutlon system A speclfic list of projects and pnonties was developed 
to reduce these losses 

34 The control, commurucatlon and dispatch systems of Russia conslst of a Central 
Dlspatch Office in Moscow and a number of regonal dlspatch offices These centers and 
the commurucatlon system that links them are llmted in channel capacity, rehabil~ty, and in 
their ability to accommodate modern software Thus they are limted In thar ability to 
gather data and to use the data, once gathered, to advantage Ths limts optlmation of 
both operating costs and reliabil~ty The technology m the control centers 1s not adequate 
to meet the current system requirements nor the requirements of a developing electnclty 
market Two hgh pnonty control system projects are cited next 

35 There are some urgent upgrades needed for the control, commumcations and dispatch 
systems of the IPS The control and dispatch equipment for the North-West regon was 
formerly housed in the control center in Rga, Latvla, th~s  1s now housed in temporary 
quarters m St Petersburg Ths equipment needs to be upgraded and moved Into a 
permanent facllity 

36 Ths  project would consist of the construction and equipping of a new control center 
building, purchase of modem appl~cat~on software, the upgrading of data acquisition 
systems at substations mthn  the regon, modenuzation of load frequency controls w t h n  
the regon, and the reconstruction of the commurucatlon systems between the North-West 
Region center and the Central Dispatch Office In Moscow The aggregate cost of these 
improvements would be approximately $59 mllion 

37 A corollary project would be the modenmation of the dlspatch center whch 
coordinates all operations of the Integrated Power System, or the Central Dlspatch office 
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Ths would consist of reconstruction and m o d e ~ t ~ o n  of the exlstrng central dispatch 
fachties, t h g  full advantage of the North-West-Central Dispatch cornmumcations 
upgrade above, and prepanrig the Central Dispatch office for simlar upgrades to other 
regons The estimated cost for ths project is $20 xndhon 

38 Two pnonty transrmssion projects are recommended in the North-West regon and for 
interties among the Mddle Volga, Center and North Caucuses regons In the North-West 
regon, whlch consists of three man utility systems, Kola, Karelia, and Lemngrad, the 
latter being by far the largest The Karelia system, deficient in generation, now depends 
strongly on imports fiom Kola and from the Lemngrad system Its supply 1s unreliable 
since ties in both directions are weak, as is the tie from the Lemngrad system to the Center 
Reglon 

39 Proposed reinforcements projects consist of both 330 kV and 750 kV h e s  and 
substations, at an aggregate total cost of approximately $775 mllion These could avoid 
emergency tnpping of nuclear plants, allow the option of theu decomrmssiomg, prowde 
greater reliabhty to the entue North-West regon, mcludmg Kola, and allow greater 
power Interchange and reserve shanng between the North-West and Center regons 

40 The second pnonty concerns the North Caucuses Regon, whch was prewously 
supplied through ties wth Ukrane, and is now wrtually isolated and suffenng severe 
power shortages The remarung two long 220 kV ties from the North Caucuses to Center 
have only 200 MW of transfer capability Four 500 kV transmssion projects, aggregating 
about 1,000 km, are recommended, one of whlch w11 feed directly to the North Caucuses, 
the others w11 reinforce the internal systems of the Center and hhddle Volga Regons to 
enable increased transfers to the North Caucuses These projects, totaling about $430 
mllion, w11 increase the transfer capability fiom the Mddle Volga to Center region by 
2,000 MW and from the Center to the North Caucuses by 1,200 MW 

41 In addition to these pnonty transmsslon projects, special emphasis should be gven to 
carrylng out a detaled study of construct~ng a hlgh voltage transmsslon inter-tie fiom 
Sibena to Center wth 3-6 GW capaclty 

Fznance 

42 It is difficult for lenders to assess the credit-worthness of potentla1 borrowers in the 
electnc power Industry m Russia A legal and regulatory system for the new industry 
structure IS not yet in place The non-payments problem remains (for some compames 
45% of blllings are unpard), though there are mechmsms such as bills of exchange and 
barter to overcome short-term difficulties At present there is no long-term lending in 
roubles, and short-term annual rates are measured in hundreds of percent Pu~lttive taxes, 
inflat~on, and the inability of the industry to cover its costs in revenues are part of the 
problems faced by the sector Despite the uncertainties of the current situation, the power 
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sector needs to mobihe knds for operations and Investment The sector does not 
generate s~gdicant amounts of foreign exchange and so it is more dacult  to attract 
fore~gn lending and Investment than is the case for the 011 and gas sectors 

43 The amount of financmg requlred over the next ten years could range fiom $23 to $58 
bdhon, dependmg p m d y  on the demand for electricity Over this penod, it is expected 
that the power sector wll need to generate 65-75% of its financlng requirements ($16-$40 
bdhon) fiom mternally-generated hnds The power sector wdl need to ensure that tanffs 
are set at levels that cover operating costs and the costs of its capital investment program 
Tanff Increases required to cover the capital investment requirements over the study 
penod are estimated to be less than 1 cent per lalowatt-hour no matter how the program 
is financed, although financing wth debt would decrease the tanff Impact m the near term 

44 It is estimated that the power sector w11 be able to borrow up to approximately 20- 
3 0% of its cap~tal requirements ($4-$17 bdlron) Total borrowng wll be limted for 
several reasons 1) the credit-worthmess of power sector enterpnses wdl take tlme to 
establish and wdl be greatly influenced by the general econormc and busmess climate in 
Russia, 2) medium- and long-term domestic capltal is not avalable m Russia and d l  take 
years to develop, 3) foreign sources of borrowing, whlle extremely important as gap 
financing over the short term, wd1 be limted m the long term because of the large 
domest~c content m power sector investments and the foreign exchange nsk inherent m 
repaylng dollar-denormnated debt wth domestic revenues 

45 Project financing and innovative financing mechmsms could speed up the process at 
whch debt could be made avsulable but wll still take tlme to structure and negotiate 
These mechmsms include independent power projects, sales of generating assets, leasing, 
energy savlngs contracts, and barter and counter trade 

46 The role of the Russian government in develop~ng financing for the power sector is 
important Government decisions on the sale of power sector enterpnses, the use of the 
proceeds, and the hture Industry structure wll influence the amount of funds available and 
whch entities (pnvate/publ~c, generat~on/transmssion/distnbution) will have access to 
markets and financlng The wllingness of the government to provlde sovereign guarantees 
on foreign borrowng wll affect the amount of foreign borrowng available, especially 
dunng the next three years Tax polic~es for power sector enterpnses will Influence the 
amount of internally-generated finds avalable for the investment program Tax cred~ts, 
accelerated depreciation and lower tax rates would improve the power sector's ability to 
become financially independent Direct subsidies or credits fiom the government may be 
requ~red to provlde financing for nuclear umt safety upgrades and energy efficiency 
improvements 
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FINAL RECOMMENDATIONS AND CONCLUSIONS 

47 The JEAS confirmed the importance of the electrrc power sector to the econormc 
development of Russia under the new conditions The pmcipal conclusions of the JEAS 
are consistent wth the importance gven to the electnc power sector m the Energy 
Strategy for Russla The study Indicated that it would be unportant for Russia to 
undertake certan hlgh pnonty projects on a tune phased basis over the next 10 -15 years 
to m w e  the effectiveness of its power sector and energy efficiency mvestment 
decisions 

48 The JEAS analysis shows that Russia should gve  highest pnonty dumg the penod 
1995-2000 to (1) Improvements in the efficiency of electricity end-use, (2) Nuclear safety 
upgrades, particularly for first-generation nuclear power reactors where approved by the 
regulator, (3) Further development of the Integrated Power System through expanaon 
and strengthemng of inter-regonal and intra-regonal transmssion, particularly between 
surplus and deficit areas, and the moderruvng of controVdispatch centers, (4) Fossil 
thermal plant modemation and rehabilitation using Improved technology, wth the 
conslderatlon of llfe extension options, (5) Completion of those nuclear power plants that 
are in advanced stages of construction, (6) Construction of new gas-fired slmple cycle and 
comblned cycle plants, (7) Complet~on of deslgn and perrmt process for new generation 
NPPs 

49 JEAS analysis shows that dunng the penod 2000-2005 it wll be increasingly 
important to complete large under-construction HPPs, to construct clean coal generation 
plants and to construct new generations NPPs To prowde for the comssiomng by 2010 
of 1 4 - 3 1 GW (includmg Kalirun 3) of new nuclear capacity and 12 0 - 13 7 GW of 
envlronrnentally-cleaner coal fired uruts, a pnonty of Russia's long term scientific and 
technologcal policy should be the development of new generation design NP 500 and NP 
1000 and cleaner coal power uruts as well as developing the potential for their 
manufacturing 

50 In order to realize potentlal energy savlngs of 29 bkWh by the year 2000 and up to 
1 12 bkWh by 2010, market-onented incentives should be Introduced to improve end-use 
efficiencies The development of energy servlce comparues and joint ventures should be 
encouraged These would provlde equtpment, energy management techmques and 
financing for energy eflic~ency improvement 

5 1 Where approved by the regulatory authonty and economcally justified programs 
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 billion 
between 1995 and 2000 These wll require GOR financial support and, to the extent 
possible, support of international financial institutions 
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52 A major goal for RAO EES Rossu and A 0  Energos should be the rehablhtation and 
modermzation of older thermal plants so as to extend thelr operating hves and to Improve 
environmental and operational performance Approximately 79 GW f d  into thls category 
of whlch about 39 GW mll require modermzation by the year 2000 Plant level 
evaluations should be undertaken to detemne rehabilitation requlrements and the extent 
to whch hfe extension at lower capital cost may be possible In addition, Russia should 
place bgh pnonty m its technological and investment policy for the power sector on using 
slrnple cycle and comblned cycle gas turblnes (4,000 - 18,000 MW by 2000,38,000 to 
83,000 MW by 2010) and develop domestic capabhty for their manufactunng, ~nclud~ng 
jolnt ventures wrth western partners 

53 Further detaled study, including project ~dentlfication, of the electnclty and he1 
supply situation in the North Caucasus, Urals, the TransBarkalia area should be gven hgh 
pnonty Ths work should take into account specific factors at the local level and apply 
least cost uthty p l m n g  tools It is estrmated that 24,000 MW wrll need rehabilitation and 
that around 24,000 - 36,000 MW of new capacity d be required m these regons, as well 
as the strengthemng expansion of transrmssion mter-ties Further feas~bility studies are 
needed for the western and eastern extension of transmssion between Sibenan hydro 
capacity and demand centers m European Russia and TransBakalia In addition, the issues 
in electncity interconnection among the CIS repubhcs and other neighbonng countnes 
should be investigated, including the potential for electnclty trade wth Chna, Central 
Europe and other countnes 

54 The Investment requlrements ~nd~cated by the JEAS findings are Ilsted in Table 4 The 
share of electnclty output by fuel type 1s shown In Figure 4 

Table 4 
Investment Requirements Ind~cated by the JEAS Find~ngs 

($ billion) 
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Low Demand 

9-10 

14 - 20 

23 - 30 

1995 - 2000 

2001 - 2005 

Total 

High Demand 

21 - 26 

25 - 32 

46 - 58 



Flgure 4 
Electr~clty Output by Fuel Type In 1995,2000, and 2010 under Lower Demand 

Hydro Nacleu 

coal Oar & L~qoldr 

55 Regional Investment requirements under hgh and low demand are shown rn Frgures 5 
and 6 

56 Russian Federation Government support IS needed to insure hrther development of 
the power sector under condltlons of mderung economc reforms and to create condltrons 
conducive to attract~ng financing and capltal Investment An unproved state system of 
regulatlon of natural monopohes, whlch tncludes state regulatlon of electricity and heat 
rates on both federal and regonal levels, as well as an appropnate legal and standards 
lnfiastructure IS needed Economc mechmsms are needed to Implement the pnnc~ple of 
self financing in the power sector to Increase rnternal cash generation by power entlties 
and to Improve the efficiency of allocatlon of these hnds (depreciatron rates and retamed 
emngs) of operating entlties As a transition measure to a new regulatory system, a 
mechmsm should be establrshed to facllltate the ratronal allocatlon of power sector 
rnvestment funds between federal and reglonal levels, and to create lncentlves to attract 
hnds Into the power sector fiom both domestrc and foreign sources on both an equity and 
debt basls, whle provldrng guarantees for the conversron of debt (loans and bonds) into 
equity 
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F~gure 5 
Ind~cated Power Sector Investment by Regron from 1995-2000 

for Hrgher and Lower Demand (%brIIron) 
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F~gure 6 
Ind~cated Power Sector Investment by Reg~on from 2000-2010 

for H~gher and Lower Demand ($bd~on) 
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EXECUTIVE SUMMARY. 21 

57 It is also recommended to make tax deductible that part of retarned earmngs whlch 1s 
duected Into mvestment, mcludmg the part whlch is collected through centrahed 
Investment funds 

58 Economc stimuh should be created to attract Investment into the power sector by 
estabhshmg government guarantees on both federal and regonal levels, insunng investors 
rrght of recourse, guaranteed reasonable levels of return on Investment, and nghts to 
repatnation of capital and profits for foreign mvestors As an lntenm measure, hnds 
should be generated at the federal level to finance modemzation and rehablhtation and a 
mechamsm should be developed to allocate these funds between the federal and regonal 
levels 

59 In the nuclear power sector, an economc mechamsm should be developed that 
Increases internally generated funds through tanfEs wthout damagng the competitiveness 
of nuclear energy In the energy market A portion of these mternally generated funds 
would be centralized m a national reserve whch would finance pnonty safety upgrades, 
plant completions, decomssiomng and new NPP construction Opportumties should be 
created to attract loans into the nuclear sector w th  corresponding government guarantees 
The possibility to convert the nuclear sector into stock compames should be studied as 
well as the corresponding Issues of nght of recourse guarantees for potential domestic and 
foreign investors 

60 On the bas~s of hrther changes and defirutlon of the ownershtp structure, restructuring 
of the power sector should proceed to set up on competitive environment and to Improve 
rate setting in electnc energy markets 

6 1 A legal and tax infrastructure conducive to investment by Independent power 
producers should be created 

62 It is necessary to develop a comprehensive program for the public sale of government 
held power sector stock at an acceptable value Funds from these sales should be used for 
reinvestment to provlde needed lnvestment capital for the power sector 

JEAS Flnal Report 

14 Aprrl I995 



1 The goal of the Jolnt Energy Alternatives Study (JEAS) is to prowde, on the basis of an 
objective assessment of Russ~a's energy alternatives, a tune-phased investment program for 
the penod 1995-2000 The program would be amed at meeting future electncity demand 
in Russia rehably, economcally, and consistent wth env~ronmental and safety standards 
When Prune Mhster Chernomyrdrn and Vice President Gore met m September 1993 to 
imtiate the US-Russia Joint Comssion on Economc and Technologcal Cooperation, 
they also agreed to undertake ths  Study As noted in the Study's Terms of Reference, 
major investments will be needed over the c o m g  decades to overcome the Russian 
power sector's man problems, including an agmg population of thermal generating plants, 
doubts about the safety of first generation nuclear plants, and mefficient patterns of 
electncity use The international commumty, including the leaders of the G7 group of 
countnes, attaches great importance to worlung wth Russia to solve these problems As 
the Russian economy is restructured and recovers, electncity demand growth d l  be met 
by a combination of investments in efficient end-use technology, modernmition of exlsting 
generating plants, construction of state-of-the-art power plants, and upgrading and 
expansion of transmssion and dlstnbution systems to enhance the integrated national 
network At the same time, exlstlng thermal and nuclear power plants w11 be upgraded to 
meet environmental and safety requrrements or w11 be decomrmssloned 

2 Ths Study also is intended to indicate how the investment program could be financed 
from domestic and international sources, what the international sources mght be, and 
under what conditions they mght be tapped F~nancing power sector development from 
Russia's federal budget has all but ended, whle new financ~ng mechmsms appropnate for 
a market economy have not yet developed The report describes fbndamental conditions 
for investment and suggests measures to improve the investment climate for the power 
sector 

3 Although the orgaruzational and logistical elements between the U S and Russian sides 
took longer than enwsaged to be put in place, hghly productive techcal worlung 
relationshps have been established in all areas dunng the course of ths  Study Successfbl 
implementation of ths collaborative effort is a major mlestone in achevmg the Joint 
Study objectives enunciated by the Russlan and Amencan governments These productive 
worlung relationships, whch compnse mutually beneficial exchanges of concepts, data, 
analytical methods, and perceptions, represent the start of a process that will yield benefits 
for all parties with an interest in the development of the Russlan electnc power sector 
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4 Five separate worlung groups of Russian and US experts were assembled to develop 
the lnfonnation needed to complete ths  evaluation Worlung Group 1 analyzed the 
potential for lmprovrng the efficiency of electnclty end-use and prepared an evaluation of 
the economcs of the range of demand-side mvestment options (Append~x D) Workmg 
Group 2 analyzed the costs of modertllzlng exlsting fossll thermal power plants and 
Investing m new fossil-fired power plants (Appendlx F) Worlung Group 3 evaluated the 
economcs and feasibility of certaln safety improvements to nuclear power plants, 
decomrmss~omng, repowenng, completion of partially-budt nuclear plants, and 
construction of new, evolutionary nuclear power plants (Appendix G) Worlung Group 4 
assessed the feasibility and economcs of mvestments m transmssion, power control, and 
hydroelectncity Thelr final reports are presented in Appendlx H (transmssion and power 
control) and Appendix I (hydroelectnc options) Finally, Worlung Group 5 had the tasks 
of prepamg economc and electnclty demand scenarios (drawn from the new Russian 
energy strategy presented in Appendix A), addressmg financmg usues, and integrating the 
results of the work of the other worhng groups The work of Worhng Group 5 is 
presented m Appendices B and C (model results), Appendlx E (institutional and regulatory 
issues related to improvements in energy efficiency), Appendix J (institutional and 
regulatory reform issues prerequisites for financing), Appendu K (finance), and Appendlx 
L (enwronment and safety issues) Appendlx K also includes a summary of those projects 
already identified by Russian and foreign institutions that mght be candidates for hndlng 
by international lenders and investors 

5 To respond to the questions considered in ths Study, the joint team used two mews of 
Russian economc performance and electncity demand, set forth in the Russian Energy 
Strategy, based on a set of assumptions regarding the pace and degree of success of 
measures to control inflation and reform the economy Time-phased Investment 
requirements were estimated using two planrung models Financing requirements were 
calculated from the total costs of the investments, and potential domestic and foreign 
sources of finance were identified All of the scenanos and financing requirements are 
based on assumptions regarding future developments that are subject to uncertainties, and 
the team has prepared an investment strategy that addresses the main elements of 
uncertanty As the future dlrect~on of reform and the rate of evolution to a market 
economy become clearer, ~t w11 be necessary to undertake penodic reevaluations of 
investment pnonties The two economc models of the Russian electnc power sector that 
were developed and tested as part of ths Study w11 be avalable for future reevaluations 

6 Ths report addresses four man topics 1) the costs and charactenstics of investment 
options on both the supply and demand side, 2) investment requirements under different 
demand scenanos and assumptions, 3) conditions for capital mobilization and potential 
sources of financing, and 4) possible projects for international financing The first chapter 
of thls report descnbes the macroeconomc situation in Russia, electncity demand 
projections, and the major issues that w11 govern requirements for investment in the 
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power sector Chapter 2 descnbes the power sector and its exlstmg supply ITU, and 
Chapter 3 presents the range of fhture demand and supply-slde Investment optlons 
Chapter 4 descnbes the modehg that was done and the major conclus~ons that can be 
drawn fiom the modehg results Chapter 5 outhes the sources of finance that may be 
avdable to meet the lndlcated Investment requirements, and sets forth lllustratlons of how 
specdic project financing mght be arranged Fmally, Chapter 6 summames the mam 
conclusions and recommendations of the Study 

7 Please note that all dollar amounts used in the text, unless othervvlse noted, are in U S 
dollars Also, totals In tables may not add up due to round~ng 
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8 Thls Study was orgmzed into joint Russian/Amencan Worlung Groups and a Joint 
Steemg Comrmttee responsible for overall direction of the Study The Steenng 
Comnuttee mcluded representatives of the follomg Rusaan government orgmzations 

Umstry of Fuels and Energy 
Mmstry of Atomtc Energy 
hhmstry of Economy 

The Steemg Commttee mcluded the followng U S government orgmzations 

Agency for International Development 
Department of State 
Department of Energy 
Nuclear Regulatory Comrmssion 

In addition to the orgawtions represented on the Steenng Comrmttee, the followng 
orgmzations contnbuted to the development of the JEAS 

Workzng Group 1 
Kr&anovsky Energy Power Institute (ENIN) 
Bums and Roe Enterpnses 
Resource Management Associates 
RCGfHagler, Badly, Inc 

Workzng Group 2 
TeploEnergoProekt 
Bums and Roe Enterpnses 

Workzng Group 3 
RosEnergoAtom 
Institute of Nuclear Reactors (Kurchatov Institute) 
AtomEnergoProekt 
GydroPress 
VNnAES 
Brookhaven National Laboratones 
Raytheon Engineers and Contractors 
NUS-Halhburton 
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Workmg Group 4 
EnergoSetProekt 
Central Dispatch Center 
adroProekt (Hydroproject Design Institute of Moscow) 
EnergoPromTechca 
agh Voltage Direct Current Transmssion Research Institute 
Harza Engmeermg 
Power Technologes, Inc 
Arnencan Electnc Power Energy Semces 
NRECA International 
Burns and Roe Enterpnses 

Working Group 5 
RAO EES Ross11 
Institute for Energy Research, Russian Academy of Sc~ences (ERI) 
ENIN 
TeploEnergoProekt 
Kurchatov Institute 
EnergoSetProekt 
Bums and Roe Enterpnses 
ICF Resources, Inc 
RCGJHagler Batlly, Inc 

9 In addition, a number of independent consultants contrtbuted to thls work, and other 
US agencies participated as requlred for information policy coordination and project 
tmplementation 
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CHAPTER 1 
&!~CROECONOMIC AND ELECTRICITY 

DEMAND SCENARIOS 

1.1 ENERGY POLICY SITUATION AND KEY ISSUES FOR INVESTORS IN 
THE RUSSIAN POWER INDUSTRY 

1 The "Energy Strategy for Russia," (Appendix A) approved by the Russian Federatton 
Government m December 1994, considered several scenanos for electncity consumption 
in Russia The two scenanos representtng the hlghest and lowest consumptton levels 
(Scenarios A and B, respectively) were used in t h s  project m order to exarmne a range of 
possibilities for electncity demand Gven the numerous uncertanties that exlst in present- 
day Russia, these are not to be considered as forecasts Rather, they represent possible 
paths of economc development and electnctty consumptlon The macroeconomc 
assumptions used to develop the scenanos and the resulting electncity consumption are 
descnbed in sections 1 2 - 1 5 

2 The Energy Strategy sets forth polictes to tmprove the efficiency with whtch Russia's 
energy resources are used and to real~ze the considerable industnal potenttal of its fuel- 
and-energy complex One of tts man objectives IS to rase the standard of hving and to 
sttmulate the econormc recovery of the country Other important strategy objectives 
include the reduction of environmental impacts and the costs of the matenal inputs, labor, 
and natural resources needed to ensure a reliable energy supply for consumers 

3 The Strategy's hghest energy poltcy pnonty u in the area of energy conservation The 
government holds the vlew that the most efficient way to meet domestic demand and to 
Increase fie1 and energy exports would be to implement a phased program to reverse 
wastefil practices and tap the country's enormous energy efficiency potential Wastefil 
consumptlon accounts for up to 40-45% of Russia's current energy demand and for 35- 
40% of electncity consumptton An effective pnclng policy would be the most effective 
means of achevlng the energy effictency objecttves Nevertheless, the escalation of 
domesttc he1 pnces to reflect world pnces would have to be supplemented with special 
Incentives for energy effictency and a package of admmstrative measures and instttutional 
tmttattves to overcome barners to Investments in efficient technology Energy efficiency 
programs at the national and local levels wll be needed to realize a substantial share of the 
energy efficiency potential It IS esttmated that energy conservation measures could curb 
the overall energy demand by 10-15% by the year 2000, and by 2540% beyond the year 
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MACROECONOMIC AND ELECTRICITY DEMAND SCENARIOS . 1-2 

2000, and that a 1% sawngs in energy demand would result m a 0 35-0 40% mcrease m 
GDP 

4 Whlle promoting the use of all energy resources, the Energy Strategy emphasrzes the 
pnmacy of natural gas, whch accounts for 50% of all pmary  energy sources produced in 
Russia The government intends to stabilize and then increase oil production and to 
restructure the oil refimng industry entirely Russia's coal industry, whch needs to be 
restructured and rebuilt, wll retain its prormnent role in the energy supply system, 
particularly in the Eastern regions Expanding fbel and energy exports are also important 
objectives of the Energy Strategy, whlch enwsages sigmficant od exports and gromng 
natural gas exports to foreign countnes and former Sowet republics, and to the European 
as well as Asian markets 

5 The Energy Strategy descnbes the electnc power sector as the core of the Russian hel- 
and-energy complex Interfuel competttion m the power sector is expected to mprove the 
overall efficiency of energy supply and end-use Modehg conducted to support the 
Strategy projects a moderate growth in hydro generation, a flat or modest growth of 
nuclear generation, and the upgrading of exlsttng thermal plants w th  advanced 
combustion and combined-cycle umts 

6 Effective pncing, a key component of the Energy Strategy, is expected to play an 
tmportant role in areas other than end-use energy efficiency The Strategy calls for the 
ltberaltzation of pnces for most hels whle maintaimng monopoly pnce regulation at both 
the federal and regional levels for gas, electnc power, and distnct heating Effective 
pncing policies would ensure that domestic market pnces gradually move fiom the utility 
self-financing or full-cost pnce levels that were reached tn 1994 to world market pnces 
Any change to real competition in electncity generation markets would change how pnces 
are set, but would nevertheless be expected to lead to pnces that reflect marginal costs of 
supply Potential inequities between exlstlng capacity (largely depreciated fiom hstoncal 
tnvestment costs) and new capacity (pnced to reflect current market conditions) would 
need to be addressed 

7 Although the absolute levels of Russlan GDP are the subject of debate, there is general 
agreement that GDP growth slowed in the late 1980s and fell 2% in 1990 According to 
Russian Mmstry of Economy esttmates, GDP fell 13% in 199 1, 18% in 1992, 13% in 
1993, and 15% in 1994 In 1994, GDP was at 52 7% of 1990 levels 

8 The current uncertainties regarding Russia's economc turnaround and the strength of 
thls recovery are demonstrated in the GDP projections under Scenanos A and B (Figure 
1-1) Scenano A represents a qutcker turnaround in econormc growth and then hgher 
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growth rates than Scenmo B Thls scenmo reflects a haltrng of the declme m GDP by 
1996, wth recovery follourlng in 1997 By 2004, GDP is projected to be back at 1990 
levels, and then grow by 3 5 to 4 5% per year to 2010 Scenano A dustrates an opt~rmstic 
version of reform of the Russian economy For the power sector, ths  scenano would 
reflect Intensive energy conservation, the rapid growth of energy resources, and a 
conservative investment policy 

9 Scenano B assumes that macroeconormc activities continue to fall through 1998, 
stagnate through 2000, and recover gradually thereafter Under ths scenano, by 20 10 
GDP wll recover to just over 70% of 1990 levels Scenano B reflects unfavorable 
development of the Russian economy, demonstrated by the absence of effective anti- 
inflat~on policies, sluggish Investment processes due to massive capital flight from the 
country, a continued fall in industrial production, and a continuous increase in the energy 
tntensity of the economy 

F~gure 1-1 
Projected Trends In GDP 

10 Whlle electncity consumption levels fell very slightly in 1991, it was not until 1992 
that they fell noticeably Ths decline in electncity consumption (-6%), however, was 
slight compared to the drop in GDP (-18%) Electricity consumption continued to decllne 
in 1993 (falling another 5 5%) and in 1994 (-8 5%), but it again failed to match declines in 
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MACROECONOMIC AND ELECTRICITY DEMAND SCENARIOS 1-4 

GDP of 12% and 15%, respectively W e  1994 GDP was 52 7% of 1990 levels, 
electncity consumption was at 80% of 1990 levels These trends suggest a rapidly 
increasing electncity mtensity (as measured by electncity consumption per umt of GDP) of 
the economy ' 
11 The lack of response of electncity consumption to macroeconomc activlty IS hnked to 
govenunent pnclng pohcies and the rapidly growng non-payment problem Electricity 
pnces remaned controlled, wth insufficient adjustments for inflation, until the second half 
of 1992 By ths  time, real electncity pnces were lower than in 1990 Starting m the 
second half of 1992, electncity pnces kept pace wth inflation, and in 1993 and 1994 they 
rose faster than Inflation However, it appears as if mcreased pnces have had little effect 
on consumption decisions, as a growng number of consumers (particularly in industry) 
simply stopped paying their electncity bills In 1994, for example, almost 45% of revenues 
owed to the electncity sector were not pad Ths non-payment problem makes ~t 
impossible to establish any sort of pnce elasticity for the penod 1990-1994 

12 Final electncity consumption patterns (not includmg in-plant use, distnbution losses, 
or exports) for the penod 1990 to 1993 are shown in Figure 1-2 The sectors showng the 
largest drops in electncity consumption dunng ths  penod were industry (including 
construction actiwties) and transport (whch in Russia is based heady on electnfied rall) 
Even wth ths  recent decline, the industnal sector still plays a major role m electncity 
consumption Including construction actiwties, ths sector accounted for 58% of final 
electncity consumption in Russ~a m 1993, compared to 61% m 1990 

The GDP figures used here are from the Muztstry of Economy, and are considered ''ofic~al'' figures Many 
speclallsts both m Russ~a and abroad, have voiced oplnlons that this offic~al senes does not capture many 
econormc acbnhes whch were not reported Hence, it IS d~fiicult to provlde an accurate figure for the pace 
at whch electnc~ty mtenstty IS mcreasmg 
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Industry & Conrtrnc~on # Transport 

Agnwltnre 00ther sectors 

13 It is difficult to analyze the dynmcs of Russia's sectoral electncity consumption in 
recent years because of inconsistencies among data sources Withn industry, the largest 
consumers have been nonferrous metals (whch accounted for approximately 20% of 
industnal electncity consumption in the early 1990~)~  followed by manufacturing and 
ferrous metals The dormnance of heavy industry in electnc~ty consumptlon, coupled wth  
the lack of management of electnclty use w t h n  industry and the lack of economc 
mechamsms (pnces and bllls) to change consumption patterns, has led to hgh electncity 
intensities If the government pursues radical reforms that result in a restructuring of 
lndustnal actlvltles, it IS llkely that lndustnal electncity consumption would fall 
substantially before rebounding The social consequences of such rad~cal reform efforts, 
however, prevent ths  posslbllity 

14 On the other hand, certan sectors of the economy can be said to be "under 
electnfied " The commercial and res~dential sectors have tradltlonally played very rmnor 
roles in final electnclty consumptlon However, the cornmerclal sector's electncity 
consumption should grow wth the addition of stores and other servlce-sector activltles In 
the residential sector, the expansion of electncity use ullll be closely linked unth new home 
construction and the subsequent increase in the stock of appliances 
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~ O E C O N O M I C  AND ELECTRTC~Y DEMAND SCENARIOS . 1-6 
15 There is also some potential for mcreased electnc~ty use in the exlstmg houslng stock 
Although most Russ~an homes have refhgerators, there are fewer automatic washmg 
machmes or advanced consumer electromcs than m other lndustnal countnes Because 
many people resort to usmg electnc space heaters when the dlstnct heatmg system has not 
been turned on or IS not worlung properly, an Improvement m heat delrvery or bullding 
insulation could moderate an absolute mcrease m electncity use m the exlstmg housmg 
stock Electncity pnces to the residential sector have been held artficrally low, In hne wth  
the government's soclal pohcies, and it is unclear to what extent hlgher pnces m the b r e  
mght dampen potential mcreases in ths sector's electnc~ty consumption 

16 A companson of per capita electncity consumption for Russra and several OECD 
(Orgamzation for Economc Cooperation and Development) countnes shows that in 1990 
Russia (5,3 60 kWh per capita) lagged significantly behmd Canada and the Uruted States, 
but was very simlar in its magmtude of consumption to Japan (6,140 kWh), Germany 
(6,020 kWh), and France (5,350 kwh) Perhaps the most stnlung element of ths  
companson IS the role the lndustnal sector plays in consumption patterns In most OECD 
countnes, the res~dentiaYcommercial sectors play a more lrnportant role in consumption 
patterns than the lndustnal sector But in Russia, the lndustnal sector has the domnant 
role In fact, per capita electncity consumption in Russla's industnal sector was close to 
U S levels 

17 When electncity consumption is compared per umt of economc output (GDP), the 
Russian economy appears to have been three to four tlmes more electncity intenslve than 
the Umted States, Japan, and most European members of the OECD GDP estimates for 
Russia are incomplete, these figures provlde only an estimate of the electncity intensity 
dynamcs However, the differences are considerable, especially in compansons of 
lndustnal sector electnclty consumption Gwen that per capita electncity consumption in 
the lndustnal sector of Russia was simlar to that of the Umted States in 1990, and that per 
capita GDP vaned sigmficantly between these two countnes, the Russian economy has 
been extremely electncity intensive in light of its economc output An underlying aspect in 
compansons of electncity intensity is that Russia has hgh electncity consumption in 
industries producing goods with l~ttle (or dechmng) market value 

18 Figure 1-3 shows the two scenanos for electncity demand Electncity consumptlon m 
Scenano A falls less and recovers at a faster pace than under Scenano B In Scenano A, 
after 1995, electncity consumptlon begins a moderate climb, nearly reachtng 1990 
consumption levels by 2005 After ths, consumption grows at an annual average rate of 

2 These figures are not corrected for clunahc condltlons 
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2 5%, and by the year 2010, it is 19% above 1990 levels Scenano B shows a deeper and 
longer deche m electncity consumption In ths  scemo,  consumption does not begm to 
nse agam untd 1998 It is not untd after the year 2000 that growth rates average 2%, and 
by the year 2010, electnclty consumption just reaches 1990 levels 

19 The opportunities for electncity conservation measures appear to be substantial The 
electncity demand estimates embody energy conservahon measures m the two scenanos 
Scenano A, mth hgher macroeconomc growth rates (and hgher pnces and Investment 
levels), embodies more energy conservatron than does Scenano B 

Figure 1-3 
Projected Trends m Electr~city Demand 

- Scenano A - Scenano B 

Note Base year for the two demand scenanos is 1993 

20 Therefore, as shown In Figure 1-4, there is a rapid decline m electncity lntensity after 
1995 in Scenano A, where electncity lntensity peaks at about 50% above 1990 levels By 
the year 20 10, it shows the Russlan economy as less electncity intensive than in 1990 Ths 
pattern of electnclty lntensity 1s simlar in nature to the expenences of East European 
countnes, where electncity intensity Increased rapldly after reforms were implemented, but 
also rapidly fell after several years of reform efforts Scenano B, on the other hand, shows 
a much hgher and longer rate of Increase m electncity intensity, whch peaks at 80% over 
1990 levels m the year 2000 After thls pomt, electnclty lntensity gradually declines, but is 
still 37% above 1990 levels In 20 10 
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MACROECONOMIC AND ELECTRICITY DEMAND SCENARIOS . 1-8 

F~gure 1-4 
Projected Trends m Electrlc~ty Intensity 

21 Table 1-1 shows the projections for total centrahzed heat demand for the two 
scenanos (as given In the "Energy Strategy for Russia"), as well as the share of thls heat 
demand that IS to be met by the power system 
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Table 1-1 
Projected Requ~rements for Heat from Central~zed 

Sources and the Power Sector 
(M~lhon G~gacalor~es) 

22 Russia's Integrated Power System is composed of seven regional power systems, sur of 
whtch are inter-connected through a transmssion network with intertle lines rated at 330 
kV and above The power systems were developed as relatively Independent gnd systems, 
with little exchange of power among them The strongest interconnection was formerly 
between the Center system and the North West and South systems The South system 
used to be a part of the Urufied Power System of the former Soviet Union, but now 
cornpnses the power system of Ukrane Three power systems -- Center, Urals, and 
Sibena -- together accounted for 75% of Russia's electncity consumption ln 1991 The 
Center is the largest electncity-consumng region in Russia, accounting for 28% of 
electncity consumption, followed by the Urals system (26%) and Sibena (22%) 

1993 I 1995 

23 The structure of electncity consumption in the Integrated Power System is shown m 
Table 1-2 There are some vanations in consumption patterns among these systems The 
Sibenan and Urals systems have the hghest relative levels of industnal consumption 
(70 0% and 65 1%, respectively), whlle the North Caucasus system has the lowest 
(45 5%) 
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2000 2010 

Scenano A 

Total Requuements for 
Centralzed Heat 

Of W c h  Heat Supplled by the 
Power Sector 

1,950 

876 

Scenano B 

1,880 

838 

Total Requuements for 
Centralized Heat 

Of W c h  Heat Supplied by the 
Power Sector 

1,950 

865 

1,950 

876 

2,050 

949 

1,850 

814 

1,870 

79 1 

1,900 

838 
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Table 1-2 
Structure of F~nal Electnclty Consumptron, 
Russla and Regional Power Systems In 1991 

24 There are only slight vanations In per capita levels of electncity consumption in the 
residential sector across the Integrated Power System, ranging from a low of 480 kWh per 
capita in the North-West system, to 550 k W h  in the Center, and to 650 kwh per caplta m 
the Urals system 

Russla as a whole 

North-West 

Center 

fiddle Volga 

North 
Caucasus 

Urals * 

Sibena (1990) 

Far East 

25 The two scenarios both suggest slight shlfis In regonal consumption patterns In 
Scenano A (Table 1-3), the North-West power system Increases from 6 7% to 7 1% of 
the Integrated Power System total, and the Far East Increases from 3 0% to 3 2%, whlle 
there 1s a decrease In the share of Sibena (19 9% to 19 4%) Under Scenano B (Table 1- 
3), the largest power-consurmng region, the Center, declines slightly from 28 9% of the 
Integrated Power System's consumption in 1990 to 28 3% in 2010, there is also a very 
slight decl~ne in the Mddle Volga (10 1% to 9 8%), and slight increases ln Sibena (19 9% 
to 20 8%) and the Far East (3 0% to 3 2%) 
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* Includes Tyumen Power System 
n a - not available 

Industry 

61 1% 

59 4% 

54 0% 

57 0% 

45 5% 

65 1% 

70 0% 

n a  

Agriculture 

7 8% 

6 2% 

9 4% 

10 3% 

15 4% 

6 7% 

6 6% 

n a  

Transport 

10 8% 

4 9% 

10 2% 

13 4% 

7 6% 

12 9% 

9 3% 

n a  

Commerc~aU 
Serv~ce 

10 9% 

18 9% 

15 0% 

9 3% 

14 8% 

8 0% 

6 7% 

n a  

ResidentmI 

9 5% 

10 6% 

11 4% 

10 0% 

16 7% 

7 3% 

7 3% 

n a  
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TabIe 1-3 
Equ~valent Full Load Hours and Load Max~mum 

26 Per caplta electncity consumption In the Urals system is close to the average levels in 
the Ututed States In 1991, ~ t s  per caplta electncity consumption was 9,650 k W 3  whle m 
the Umted States (1990) it was 11,400 kwh Industrial electncity consumption in the 
Urals (agam, measured per capita) was almost M c e  the U S level 

Equvalent 
Full Load 

Hours 

This data set has not been adjusted to OECD format while it does not mclude the m-plant use of 
electncity or lme losses, ~t does mclude electncity use m the fuel sector and for p~pelme transport 

Load Mawnum, GW 

1993 1995 2000 2005 2010 
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Scenano A 

Integrated Power System 

North-West 

Center 

Wddle Volga 

North Caucasus 

Urals 

Tyumen Power System* 

Sibena 

Far East*** 

6,118 

5,900 

%go0 

6,200 

5,800 

6,400 

6,500 

6 450 

5 300 

138 7 138 3 155 1 173 4 201 7 

96 9 8 11 12 5 14 9 

42 2 41 6 46 8 52 2 59 8 

14 4 13 8 15 3 16 9 19 7 

9 1 9 1 10 2 11  6 13 8 

31 3 24 2 27 8 30 9 35 9 

nfa** 7 6 86 9 5 11 1 

26 6 27 2 29 3 32 6 37 2 

5 5 5 0 60 7 2 9 2 

Scenano B 

Integrated Power System 

North-West 

Center 

W a l e  Volga 

North Caucasus 

Urals 

Tyumen Power System* 

Stbena 

Far East** 

* Part of the Urals regional power system 
** 1993 data for Tyumen are mcluded m the Urals data 
*** The system is isolated h the IPS and ~t has 1t.s own load mamum 

6 502 

6,200 

6 200 

6 400 

6,200 

6,800 

7000 

7 000 

5 500 

138 7 123 9 1268 1402 159 8 

9 6 8 9 9 10 1 1  3 

42 2 37 4 38 2 42 47 4 

14 4 12 8 13 0 14 3 15 9 

9 1 8 1 8 2 9 10 3 

31 3 21 8 22 3 24 7 28 8 

n/a** 67 7 7 9 9 1 

26 6 16 5 24 4 27 1 30 9 

5 5 4 5 4 6 5 2 6 
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27 Industrial electncity use 1s quite concentrated m the Urals, Center, and Sibena power 
systems (over 75% of mdustnal electnclty use among the power systems) Almost 40% of 
electncity use by the metallurgcal mdustry m the Integrated Power System 1s consumed 
wthm the Sibenan system, followed by the Urals (37%) The machmery mdustry m the 
Center regon accounts for 45% of the Integrated System's electncity use m thls rndustry 
(followed by the Urals system, wlth 23%) Of the major electncity-consurmng industrial 
branches, only the chermcal Industry is d~stnbuted rather evenly across regions (Center 
27%, Mddle Volga 22%, Sibena 2 I%, and Urals 19%) 

28 The changes forthcommg in electnclty consumption patterns rn all of Russ~a and in the 
power systems wll influence electnc load patterns Scenano A envisages greater shes  m 
the structure of electncity consumption, w th  a smaller share of mdustnal and a greater 
share of residential consumption Therefore, the load duration curve for t h s  scenano IS 

less "dense" for all of the power systems, w th  the number of equlvalent peak load hours 
down from 6,502 to 6,118 hourdyear for the Integrated Power System In Scenano B, on 
the other hand, there are no fbrther changes In electncity consumption structure, and the 
number of equlvalent peak load hours IS taken at today's levels (6,502 hourdyear) whch 
IS, nevertheless, considerably lower than the 1990 levels 

29 Because SIX of the seven Russ~an power systems work as parts of the Integrated 
Power System of Russla, they have a common load curve and load peak Usually, lt takes 
place at approxlmately 6 p m Moscow time in late February The yearly load maxlmum 
for the Far East power system, whch works separately from the Integrated Power 
System, takes place at approxlmately the same hour local tlme Table 1-3 shows the values 
for load maxrmum and its duration that were used In the calculations for the Integrated 
Power system and the power systems w ~ t h n  lt 
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2 1 1 Background on the Power Sector of Russla and Structure 

1 Russia's power sector is based on a range of diverse technologes and fbels Fossil-fired 
plants provlde the bulk of electncity capacity and generation, followed by hydroelectnc 
and nuclear plants Cogeneration plants compnse almost 50% of fossil-fired capacity, the 
secondary heat and hot water from these plants are sent through extensive distribution 
systems to mdustnal, commercial, and residential consumers 

2 Almost all of Russia's power plants were managed centrally, approximately 10 GW of 
capacity (less than 5% of total capacity) were held outside of the main power sector 
rmmstnes or organnations These power plants, whch are located pnmanly at large 
industrial facilities, are powered almost exclusively by fossil fbels 

3 The Integrated Power System of Russia represents a subset of Russia's capacity, not all 
of the country's power plants and regions are integrated into the Integrated Power 
System The Integrated Power System consists of six large umfied regional systems 
(North-West, Center, Mddle Volga, North Caucasus, Urals, and Sibena) plus the Far 
East, whlch IS only weakly linked (see Figure 2-1) There are 65 local electncity 
admmstrations that operate in conjunction wth  the Integrated Power System, and 7 local 
electncity admmstrations are located in remote regons (such as Kamchatka, Magadan, 
and Sakhalin) that are not connected to the Integrated Power System 

4 A series of steps have been taken to bnng the power sector in h e  with the market 
reforms talung place In the rest of the economy The changes in the ownershp and 
structure of the power sector were formulated in three presidentla1 decrees 

Decree #922 (August 14, 1992) "On Particulars of Transfomng State 
Enterpnses, Assoc~at~ons, and Orgamzations of the Energy Sector into 
Jolnt-Stock Compames" 

b Decree #923 (August 15, 1992) "On the Orgamzation of Management of 
Electnc Power Sector of the Russian Federation Under Conditions of 
Pnvatization" 
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F~gure 2-1 
Power Transmlss~on Capac~ty between UPS Regrons m Russ~a 

Current Transfer Capac~ty (MW) 
- - ) Non Operatlonal Exrstmg Copac~ty (MW) 
- - - - ) Planned Addrtlonal Transfer Capacity* (MW) 

Note *Includes planned and work under construchon to be operahonal by 2000 

Decree #I334 (November 5, 1992) "On the Implementation of the Electnc 
Power Sector Decree #922 " 

5 Dunng the second half of 1992, the Russlan State Property Comrmttee created a new 
Russian joint stock company "RAO EES Rossii" as a holding orgamzation for certain 
power sector enterpnses, and the assets of the Integrated Power System were split 
between RAO EES Ross11 and other adrmmstrative umts RAO-EES Rossii was assigned 
dlrect responsibility for transmsslon llnes of 330 kV and lugher, substations and dlspatch 
centers, fossil-fired power stations over 1,000 MW capacity, and hydroelectnc power 
plants greater than 300 MW RAO EES Rossii holds 46 fossil-fired plants and 37 
hydroelectnc plants These plants represent just over 40% of Russia's fossil-fired capacity, 
and 60% of ~ t s  hydroelectnc capacity The remarung capacity and distnbution lines are 
owned by joint stock compames formed on the basis of local electncity admmstrations 
(now called A 0  Energos) RAO EES Rossii holds a financial stake in the A 0  Energos as 
well (at least 49%), although the actual share vanes among the A 0  Energos RAO EES 
Rossii also owns 100% of vanous research and design institutes and a trust that in turn 
owns 49% of the natlon's electnc power construction and maclune building enterpnses 
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RAO EES Rossn's largest shareholder IS the Government of the Russian Federatron, whlch 
by statute must retan at least a 49% mterest m RAO EES Rossn for a three-year perrod 
endmng m 1995 

6 It has been decrded that fbrther reform of the power sector IS needed introduce 
competition and Improve the mndustry's efficrency A umquely Russian approach IS berng 
developed m whch a wholesale power market IS an essential component of the final 
structure basrc approach modeled in many respects after the electncity mdustry m the 
Umted Kmgdom 

t A national wholesale market based on competrtlve brddrngs 
t Unbundling the ownership of generation and transmssion, mth 

privatization of RAO EES Rossii's thermal and hydro generation 
t Direct access by large customers to the wholesale market 
t Efficient, system-wde dispatch of generation 
t An efficient system of national and regonal regulation to preserve 

competition, regulate monopoly actrvltres, and protect electnclty 
consumers 

t Encouragement of independent pnvate power producers 

7 Dunng the second half of 1992, Rosenergoatom was set up under the Mmstry of 
Atonuc Energy to manage the operation of commercial nuclear reactors Under 
Rosenergoatom's management are 16 2 GW of nuclear capacity, 4 GW at the Lemgrad 
nuclear plant, together wth  the Bilibino nuclear plant (capacity of 50 MW), operate 
directly under the Mrustry of Atonuc Energy 

8 Whlle generation from nuclear power holds a relatrvely small share of total generation 
In Russla (about 1 I%), nuclear plants play an mmportant role in electnclty productron in 
the North-West, Center, and Mddle Volga power systems (32%, 21%, and 14% of 
generation, respectively) 

9 Economc regulatory authonties (Federal and Regional Energy Comrmssions) control 
electnclty tanffs, and safety, health, and environmental regulatory authonties have 
guidelines and regulations that affect the technology choice, timng and cost of new plant 
upgrades and rehabilltatton 

10 The legal fiamework for the power sector is talung shape as the government manages 
the transition of the sector to a market onentat~on At the federal level, the Federal Energy 
Comss ion  (FEC) has authonty over all wholesale power taIlffs As a result of a March 
1, 1995 Prestdenttal Decree, the FEC is belng transformed Into an mdependent regulatory 
body wth  hll-time comrmsstoners and pad staff Because the Government of Russra 
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ELECTRICITY SUPPLY 2-4 

owns most of RAO EES Rossii's shares, the Mmstry of Fuels and Power also represents 
the government's interests as a shareholder At the regonal level, each regional 
government has established a Regional Energy Comrmssion (REC) to set the level of 
t d s  to electricity consumers Distnct heat pnces and billmg are controlled by mumcipal 
housing authonties Wholesale pnces for power plants that belong to A 0  Energos and 
retad pnces are set by the RECs The FEC detemnes the wholesale t d s  for power 
plants that are 100% owned by RAO EES Rossu Electricity tarrffs are set to reflect the 
full cost of production, lncludlng enwonmental and mvestment costs, and to allow for a 
reasonable return RAO EES Rossii does not earn any profits per se Rather, it charges a 
"user's fee7' to cover transmssion costs, the operation of dispatch, salanes of workers, and 
network development Residential tanffs are currently set below cost, whlch results in 
hgher t d s  for mdustnal customers 

11 The Umstry of Atomc Energy retains responsibhty for the development of nuclear 
power plants The operation and mantenance of these plants is the responsibility of 
Rosenergoatom, a joint-stock company whose shares are held by the Mmstry The 
construction and operation of nuclear power plants is regulated for l~censing and safety by 
GosAtomNadzor (GAN) (The Federal Nuclear and Radiation Safety Authority), the 
federal nuclear regulatory agency 

12 The Government Property Comrmttee is responsible for the property management and 
hence privatization of all but the nuclear power plants The Anti-Monopoly Comrmttee has 
the legal authonty to prevent the abuses of monopoly power There IS not yet any 
~nstitution with the regulatory authonty to ensure reliable financial information and 
transparency, although a major source of investment nsk in Russia is the absence of a 
regulatory authonty to protect the interests of investors 

2 1 3 Environment and Safety 

Arr Qualrty 

13 The basis for the Russian enwronrnental protection regime is the Law on 
Enwronmental Protection, whch went into force in March 1992 Thls law replaced the 
premous law "On Protectron of Nature in the RSFSh" whch had been effect in the Sovlet 
Umon since 27 October 1990 The new law is comprehensive, relatively stnct, and 
onented toward a market economy It lays out the principles that guide environmental 
protection in Russia and del~neates the diwsion of responsibilitres among the Supreme 
Sowet of the Russ~an Federat~on, the Russian Government, state organs, the Republics 
and autonomous adnurustrations, and local governments It also makes provisions for the 
following 1) ermsslons standards for air pollution, water pollution, and solid waste 
d~sposal, 2) a perrmt system, 3) pollution fees for the use of natural resources or for the 
ermssions of pollutants, and 4) an Enmronmental Fund A very distinctive element of 
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Russian envlronmental efforts IS that pollution fees are the pmclpal source of revenues for 
activities to promote enwonmental quahty 

14 W e  Russia has made enormous stndes in developrng a regulatory structure for 
environmental protectlon, its Impact IS severely llmted by enforcement problems, m large 
part because Russian envlronmental law does not set a clear procedure for enforcing 
certan standards To comphcate matters further, there is no clear delineation of the 
spheres of authonty of government agencies m relation to economc entities, and in many 
instances there is conflicting jurisdictional authonty between mmstnes, whch often results 
rn inaction 

Nuclear Safety 

15 Russia is unplementlng measures to enhance engrneemg and operational safety at its 
nuclear power statlons RBMK and first-generation VVER reactors were designed and 
built before Russia promulgated its current safety standards The areas of weakness 
include inadequate instrumentation and control systems, lack of emergency power, 
insufficient fire protection and fire fighting systems, madequate operator tramng, and lack 
of contanment (These are discussed in greater de td  in Appendlx G ) Since 1990, much 
work has been done to improve the situation at first-generation plants considered to 
represent the hlghest nsk One issue studied is how the first-generation plant upgrades 
compare wth other supply- and demand-side alternatives Safety upgrade alternatives 
considered in thls study were proposed by Russian design engineers and include measures 
prepared for the International Users' Group (published by WANO') as well as additional 
contanment measures These measures w11 bmg safety levels closer to safety levels in 
reactors currently operating in the west 

2 1 4 The Power Sector's Flnanclal S~tuatlon 

16 The present financial situation of the Russian power sector is difficult Overall 
econormc conditions in the country have had an adverse effect on utilities' operations, 
leavlng them wthout sufficient worlung capital or Investment hnds There are three major 
financial pressures on power sector enterpnses non-payments by customers, excessive 
taxation, and inflation 

Nun-Payment Cnsis 

17 Due to the economc downturn and lack of adequate mechmsms to enforce non- 
payment for electncity has reached 50% of total bdhng Uncollected electncity bills 
amounted to 15 tnll~on rubles as of end-1994 Because accounts receivable are not 

1 World Association of Nuclear Operators 
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mdexed for mflatlon, the real value of accounts rece~vable declmes over tune Thls cnsis 
requlres uthtles to put all therr cash into worlung caprtal, mcludlng cash fiom that part of 
the electnc~ty tariff designated for mvestment purposes Even th s  does not msulate 
uthties from cntlcal shortages of hnds In 1994, the Russian power sector supplled 
electnclty valued at 24 6 tnlhon rubles ($12 4 bdhon), but was pad only 10 3 tnlhon 
rubles ($5 3 bdhon) and owed ~ t s  supphers 8 2 tnlhon rubles ($4 1 bdhon) Of ths, only 
1 7 tdlion rubles ($0 9 billion) were avalable for investment in power sector capltal 

18 The Government of Russia and RAO EES Ross11 fblly understand the payments cnsls 
and the need for the power sector to generate sufficient cash flow not only to cover ~ t s  
operating expenses, but also for Investment Actions they have taken include increasing 
the non-cash component of payments (e g , direct debitlng fiom bank accounts) and 
implementing a vanety of penalty, incentive and customer credit programs 

Taxes and Accountzng Rules 

19 Russian power sector enterpnses pay 23% value-added tax on their revenues After 
deducting costs and expenses, their tax obligation (income tax, royalties, other taxes and 
payments to the budget, local taxes) on net income 1s about 50% Such a fiscal burden 
leaves no funds for lnvestment 

20 Further, utilities in Russia suffer fiom double taxatlon Imposed by the Wmstry of 
Finance through its accounting rules Russian accounting standards do not allow for the 
consohdated reporting of financial statements for taxation purposes In the regulated 
industnes in Russla, taxes are included in t m f f  Obviously, ellmating double taxation 
would reduce tanffs for end users, consistent wth  the government's goals 

2 1 Revaluation of fixed assets to reflect current market conditions and increases in 
depreciation allowances is a pnonty to improve utilities' reinvestment capabilities 

The Fzght Agaznsf Inflaaon 

22 The government has taken aggressive steps to control and reduce inflation The major 
negative impact of inflatron IS recogmzed in its effect on enterpnses' access to short-term 
credit and the vrrtual elimnation of long-term credit 

2 1 5 Factors Affect~ng Future Development of the Power Sector In Russ~a 

Elecfnc Generatzng Capaczty Requirements 

23 The Russian power sector is undergoing radical change, and it is necessary to explore 
reliable and efficient ways of restructuring the sector It is very important to evaluate the 
external and internal factors that affect power sector development In Russla so that the 
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most rational options for restructuring can be selected The most important factors are as 
follows 

b In the past few years there has been a dechne m electricity and heat 
consumption Thls trend IS expected to be followed by "wave-like" patterns 
of nsmg and falling electncity and heat consumption 

b In the transition of the Russlan economy towards a market basis, relative 
costs are changmg dramatically In th s  new environment, traditional 
not~ons about power plant cost competitiveness in different regons of 
Russia may not be valid 

b The enwonmental requirements and expenses associated wth  the use of 
natural resources (e g , land, water) and envlronrnental protection have 
nsen dramatically and continue to rise The most difficult enwonmental 
challenge for the power sector is to meet ermssion standards 

b There is a rapidly growing number of thermal generating umts that have 
reached the end of their service life and should either be decomssioned 
or upgraded 

b Although the service lives of RBMK and first-generation VVER reactors 
have not expired, these umts do not meet the current safety requirements 
Consequently, there is an urgent need to upgrade these umts or 
decommssion them early 

2 2 1 Installed Capac~ty 

24 The 135,700 MW of thermal power plants in Russia's IPS vary wdely in their station 
configuration, power block size, he1 type, thermal cycle, age, etc As much as 79,000 
MW (58%) of ths  capacity will reach the end of its design life by the year 2010 The 
exlsting installed capaclty of thermal power plants in Russia is distnbuted geographcally 
fiom the northwestern part of the country (St Petersburg) to the far eastern region The 
plants fire a range of hels including natural gas, mazut and a vanety of coals, frequently 
depending on the fuel available in the regon 

25 Table 2-1 presents an inventory of exlstlng thermal power plants as a hnction of the 
type of &el fired The majonty of these boilers are fired by natural gas alone, or with 
either mazut or hgh-grade biturnnous coal as a backup &el Where both natural gas and 
mazut are indicated as the he1 types, about 92% of the heat input (annual basis) is fiom 
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natural gas, whlle the remamng 8% 1s kom mazut Where high-grade bitummous coal IS 
used as a backup to natural gas (Natural GasfBH), about 80% of the heat is generated by 
h g  natural gas, whlle 20% comes fiom coal (pnmanly dunng the wmter months) Coal 
finng IS possible because the boilers were onginally designed to fire coal but were 
subsequently converted to gas finng 

26 The remanung Installed exlstlng capacity is fired by coal (whose quahty vanes fiom 
low-grade ligmte to hgh-grade biturnnous, depending on the location of the power plant) 
Approxlmately 46% of the exlstlng umts are of the condensing power plant (CPP) type, 
whlle the remaimng umts are of the combined heat and power plant (CHP) type 

Table 2-1 
Total Exlstlng Capacity of Thermal Plants by Fuel Type 

27 Table 2-2 presents the same Inventory as a function of umt type The emsting plants 
utlllze steam bollers to generate power, although some new c o m t t e d  plants wlll utillze 
gas turbines in the more efficient combined cycle configurat~on 
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Table 2-2 
Total Exlsting Capaclty of Thermal Plants by Unrt Type 

28 Table 2-3 presents an inventory of the exlsting thermal power plants by region More 
than 67% of these plants are located in three regons -- Center, Urals, and Sibena -- whch 
are the major regions of power production and consumption w t h n  Russia 

Table 2-3 
Total Exist~ng Capacity of Thermal Plants by Reg~on 

Total Eushng 
Capac~ty (%) 

46 4 

53 6 

100 0 

Umt Type 

CPP 

CHP 

Total 

Total I 135 707 I 100 0 I 

Total Exlshng 
Capacity 0 

63,006 

72,701 

135,707 

29 Tables 2-4 and 2-5 present full-load net plant heat rates for the exlsting plants as a 
fbnction of &el fired for both CPP and CHP plants The heat rates for CPPs are presented 
as a function of both he1 fired and urut size, since slze has a sigruficant impact on heat 
rate, and include CPP uruts as large as 1,200 MW Net plant heat rates for CHP umts are 
given for all operating seasons since there is a sigdcant seasonal vanation Because the 
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CHP units are relat~vely small, size is not a s imcan t  cntenon For more detaded 
mformation, refer to Appendlx F 

Table 2-4 
Est~mated Net Plant Heat Rates for Exlstlng Thermal Plants 

(Condens~ng Power Plants Only) 

Table 2-5 
Est~mated Net Plant Heat Rates for Exut~ng Thermal Plants 

(Comb~ned Heat and Power Plants Only) 

Fuel F~red 

Large Umts (z 300 MW) 

M e d m  Umts (150-299 MW) 

Small Umts (< 150 MW) 

30 Table 2-6 presents estlmated operating costs for these exlstlng plants as a fbnction of 
he1 fired and unlt slze for both the CPP and CHP plants Operating costs were estlmated 
In accordance wlth Electnc Power Research Institute's (EPRI) Techcal Assessment 
Gulde (TAG) procedures, as descnbed m Chapter 3, and Include both the fixed and 
vanable components Costs are presented m 1994 dollars For more deta~led iformation, 
refer to Append~x F 

Full Load Net Plant Heat Rate 
@*wh) 

Fuel F~red 

Wlnter 

SpmgFall 

Summer 
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Natural GaslMazut 

8,600 - 9,000 
8 800 - 9 200 
9 400 - 9,700 

Coal 

9,100 - 9,700 
9 300 - 10 000 

10,300 - 10,800 

Full Load Net Plant Heat Rate 

Natural GaslMazut 

5 000 - 5,200 
5,900 - 6 100 

6 800 - 7,000 

Coal 

5,700 - 6,100 
6,800 - 7,300 
7 700 - 8,300 
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Table 2-6 
Estimated Operating Costs for Exlsting Thermal Plants 

(Excluding Fuel) 

2 2 2 Rellab~lity and Avallab~ltty 

Fmed Operatmg Costs 
SIkWlyr 

3 1 Forced and planned outage rates for the emsting thermal plants were estimated and are 
presented in Appendix F and Table 2-7 The estimates were based on a computenzed 
database of thermal power plant avalability produced by the North Amencan Electnc 
Reliability Council (NERC) Availability statistics were compiled for both coal- and gas- 
fired umts of varylng thermal capacity and varylng years of service These were applied to 
specific Russian urut types w th  simlar charactenstics 

Vanable Operatmg Costs 
SIMWh 
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Natural GasIMazut-F~red U ~ t s  

Large CPPs (r 300 MW) 

M~&UII CPPs (150-299 MW) 

Small CPPs (< 150 MW) 

CHPS 

5 10 - 13 10 
12 50 - I5 80 

17 80 

33 00 

065-085 

095-100 

1 20 

1 25 - 1 50 

Coal-F~red Umts 

Large CPPs (2 300 MW) 

Medrum CPPs (150-299 MW) 

Small CPPs (< 150 MW) 

CHP' s 

8 85 - 14 75 
16 05 - 16 70 

20 45 

37 60 

135-140 

1 50 - 1 60 

1 90 

5 15 



Table 2-7 
Estimated Plant Outage Rates for Eustlng Thermal Plants 

2 2 3 Retirement Program 

Unit Type 

32 Approximately 79,000 MW of thermal plant capacity are scheduled for retirement 
between the years 1994 and 20 10 Table 2-8 presents the dlstnbution of t h s  capacity as a 
function of retirement date by region The total dlstnbution of capacity to be retired is 
firly uruforrn over the 15-year penod, excluding a large number of plants that have 
already passed their projected retirement date and are descnbed as 1994 retirements 
Based on th s  dlstnbution, ~t is apparent that a program for rehabilitation or l~fe extension 
must be established as soon as posslble because almost 17% of the boilers have already 
passed their projected retirement date More than 68% of the retinng capacity is located in 
the Center, Urals, and S~bena regions As previously mentioned, these are the three major 
power production regons in Russia 
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Forced Outage Rate (%) Planned Outage Rate (./a) 

Older Umts (to be retwd by 2010) 

Large CPPs (2  300 MW) 

Medlum CPPs (150-299 MW) 

Small CPPs (< 150 MW) 

CHPS 

110-181 

98 -140  

9 0 - 9 3  

9 0 - 9 3  

12 2 - 17 9 

122-130 

110-118 

11 0 -118  

Newer Uruts (not subject to rehrement by 2010) 

Large CPPs (2 300 MW) 

Medium CPPs (150-299 MW) 

Small CPPs (C 150 MW) 

CHPS 

9 0 - 9 5  

63 -128  

6 0 - 6 8  

6 0 - 6 8  

12 2 - 13 5 

12 2 - 13 0 

105-118 

105-118 
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Table 2-8 
Capacity of Thermal Plants Subject to Retirement by Region (M3) 

Key 1 = North-West 4 = Urals 7 = Slbena 
2 = Center 5 = Tyumen 8 = Far East 
3 = Mddle Volga 6 = North Caucasus 

33 Table 2-9 presents the distnbution of the retinng capacity as a function of retirement 
date by he1 type Nearly 65% of the retinng capaclty IS currently provlded by natural gas- 
fired umts, wth the remarung capacity provlded by coal-fired umts 

Rehrement Date 

1994 

1995-1998 

1999-2002 

2003 -2006 

2007-20 10 

Regon Total 

% of Total Thermal 
Rehrlng Capaclty 

% of Total Capac~ty 
ExlstmgThermal to 
be Rehred 

JEAS Flnal Report 
14 Aprrl I995 

1 

387 

318 

1,142 

885 

1 750 

4,482 

5 7  

68 1 

2 

2,828 

3,154 

5,564 

5,025 

6 752 

23,323 

296 

56 4 

5 

39 

40 

231 

1,260 

1,062 

2,632 

3 3 

27 2 

3 

1,137 

2,257 

1,854 

1,671 

2,108 

9,027 

114 

67 0 

4 

4,015 

4,692 

3,742 

5,984 

1,565 

19,998 

253 

70 7 

6 

1,910 

1 607 

1,161 

1,148 

607 

6,435 

8 2  

77 3 

7 

2,907 

2,011 

3,045 

1,256 

1,637 

10,856 

138 

48 7 

8 

113 

215 

669 

811 

344 

2 152 

2 7  

37 6 

Total 
cap 

13,336 

14,294 

17,410 

18,040 

15,825 

78,905 

1000 

58 1 



Table 2-9 
Capaclty of Thermal Plants Subject to Retirement by Fuel Type (MW) 

Key NG = natural gas BH = hlgh-quallty bihmunow LH = high-quahty ligmte 
M = mazut BL = low-quality b~turmnous LL = low-quahty ligxute 

34 Table 2-10 presents the distnbutlon of plant capacity subject to retirement by umt 
type About 50% of the 79,000 MW capacity that wl1 reach the end of its design life by 
2010 is in combined heat and power plants, w th  the remaimng 50% in condensing power 
plants The number of CHI? umthoiler scheduled for retirement will be greater than that of 
CPPYs due to the~r smaller umt capaclty 
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NGIBH 

907 

1,051 

1,401 

1,075 

1,935 

6,369 

8 1 

NGIM 

4,337 

6,962 

10,831 

10,623 

11 298 

44 051 

55 8 

Rehrement 
Date 

1994 

1995-1998 

1999-2002 

2003-2006 

2007-20 10 

Total 

YO of Total 
Thermal 
Rehmg 
Capaclty 

14 April 1995 

NG 

300 

150 

0 

0 

0 

450 

0 6 

BH 

1,935 

1,132 

1,900 

0 

0 

4,967 

6 3  

EL 

3,504 

2,259 

10 

2,982 

385 

9,140 

116 

LH 

470 

1,443 

1,734 

650 

711 

5 008 

6 3 

LL 

1,883 

1,297 

1,534 

2,710 

1,496 

8,920 

11 3 

Total 
cap 

13,336 

14,294 

17,410 

18,040 

15,825 

78,905 

100 0 



Table 2-10 
Capac~ty of Thermal Plants Subject to Ret~rement by Unlt Type (MW) 

2 2 4 Fuel Resources 

Coal Supply 

Rehrement Date 

1994 

1995-1998 

1999-2002 

2003-2006 

2007-2010 

Total 

W of Total 
Rehlulg Cap 

3 5 The Russian coal industry is charactenzed by low productivity and an inability to 
operate wthout subsidles, even though market pncing has been allowed since July 1993 
The Industry continues to receive subsldles for labor, capltal, operatmg, and social costs 
that total about 2% of Russia's GDP Recent studies have indicated that the short-run 
demand for coal wll llkely contlnue to decline, and that many operating rmnes are not 
vlable under expected demand and forecasts of rail pnces to transport coal 

Totalcap 

13,336 

14,294 

17,410 

18,040 

15,825 

78,905 

100 0 

36 Two scenanos were developed for total coal production, whlch are given as percents 
of 1993 productlon In the hgh scenano, total production would decline to 88% of 1993 
production by 2000, then grow to 106% of 1993 production by 2010 In the low scenano, 
production would decline to 82% of 1993 levels by 2000, but recover to only 98% by 
2010 In 1993, domest~c productlon (~ncluding stock build-up) was 212 mt of steam coal 

YO ofTotal 

16 9 

18 1 

22 1 

22 8 

20 1 

100 0 

CPP 

6,108 

7,793 

10,222 

11 671 

4,057 

39,851 

50 5 

37 These coal production figures were used to roughly estimate Russia's coal-fired 
electncity generation from 1995 to 2010 These estimates do not consider improvements 
m the efficiency of coal use Table 2-1 1 shows the estimated coal-fired electncity 
generation that corresponds to the production figures gven in the Energy Strategy of 
Russia 

CHP 

7,228 

6,501 

7,188 

6,369 

11,768 

39,054 

49 5 

JEAS F~nal Report 
14 Aprjl1995 



Table 2-11 
Coal-Flred Electnclty Generation (bkWh) 

Coal Pnczng 

Scenano 

Bgh 

Low 

38 The long-run costs of coal production m each basin were estimated m September 1994 
to evaluate whch coals and coal regons are likely to be vlable in 2010, and are thus likely 
to supply the electncity sector as it is rebuilt Because incentives that were created under 
the Sovlet system and persist today can distort investment and production decisions, 
market conditions were assumed when developing these cost estimates The estimates are 
thus based on the geologcal and quality charactenstics of the coals, as descnbed in 
Russian data, and not on current operating or investment practices 

39 Estimated umt costs for coal vary sipficantly by regon In Sibena (both North 
Sibena and East Sibena) coal cost were estimated to be lowest By contrast, coal m the 
Far East was estimated to be among the most costly 

1990 

3 50 

3 50 

40 On the basis of geology, two basins provlde outstanding opportumties to produce 
significant volumes of low-cost coal Kuzbass and Kansk-Achnsk When used locally, 
these coals have relatively low production costs and compare favorably to commercial 
(1 e , unsubsidlzed) operations in other countnes 

41 At least one coal was identified for each basin on the basis of quality charactenstics 
(energy, ash, sulfur, moisture content, and volatility) Where coal quality vanes in a basin, 
multiple coals were identified to clan@ whether one type of supply would offer cost and 
operating advantages over others Transportation rates were also estimated on the basis of 
U S costs for hauls of varylng lengths Special attention was gven to identifying each of 
the coals to be used In the modenuzed plants costed in t h s  study and to provlde a 
delivered cost for each coal and each market called for in the JEAS 

1992 

307 

307 

42 In the JEAS reference cases, fuel pnces were assumed to be based on Energy 
Research Institute (EN) calculations of the "full cost of production basis " Ths means 
that the cost includes all production costs (wthout operating or investment subsidies), and 
that transport carners are pnced at full cost 
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1995 

302 

285 

2000 

302 

285 

2005 

333 

3 10 

2010 

364 

336 



Natural Gas Supply 

43 The Energy Strategy of Russia presents two scenanos for natural gas production in 
Russia through 2010 These scenanos are shown in Table 2-12 

Table 2-12 
Scenar~os for Natural Gas Productron (1990-2010, bcm) 

Low 

44 Of the 120 billion cubic meter (bcm) mcrease in production between 1993 and 2010 
that is envisaged in the low scenano, only 25 bcm are expected to reflect increased 
exports The remander represents increased domestic consumption and is expected to be 
avalable for the power sector In fact, the constrant on domestic natural gas supply is not 
considered to be the resource base, whlch is vast in Russia m terms of both proven and 
estimated reserves Rather, pnce is the man constrant Accordingly, the analysis of using 
natural gas for power generation in Russia was based on its pnce projections 

Natural Gas Pnczng 

45 The Energy Research Institute prepared two scenanos of natural gas pnces, one based 
on the full costs of production and the other reflecting world natural gas pnce levels 
(Table 2-13) The latter was based on the IEA's European lmport pnces from the 1993 
World Energy Outlook Pnces were adjusted to reflect transport costs in both scenanos 
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Table 2-13 
Pnce Scenanos for Natural Gas (1994 $/tce) 

2 2 5 Env~ronmental Issues 

Regon 

Moscow 

North-West 

North Caucasus 

Volga 

Urals 

North Tyumen 

North Sibena 

East Sibena 

Khabarovsk 

Far East 

46 Russia has stnct envlronrnental standards, but they are often ignored in practice Most 
exlsting generating capacity was built before current ermssions standards were enacted, 
although new standards wll be applicable when plants are modemzed Older plants 
produce most emsslons in Russ~a In 1992, thermal power plants operated by the Wmstry 
of Fuel and Energy produced 20% of all ermssions from stationary sources in Russia The 
most common pollutants are sulhr dioxlde, mtrous oxlde, carbon dloxlde, and ash 
Because of reduced electricity output and the use of more efficient ermssions control 
technology, ermsslons In 1992 were slightly less than the 7 05 rmlhon tomes produced In 
1991 However, only half of the thermal power plants stayed wthm limts the lirmts set 
forth in their ermssions perrmts Table 2-14 shows SOzNOz, and ash ermssions for 1990, 
1991 and 1992 
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MI Cost 
1996-2000 

43 

45 

47 

40 

36 

16 

3 5 

46 

70 

World 
1995 

47 

48 

49 

45 

42 

23 

40 

42 

60 

FullCost 
2001-2005 

65 

67 

74 

62 

54 

32 

52 

60 

90 

World 
2000 

71 

72 

76 

66 

61 

40 

59 

68 

93 

Full Cost 
2006-2010 

75 

77 

81 

70 

64 

40 

62 

72 

100 

World 
2010 

88 

90 

93 

84 

78 

5 1 

74 

84 

107 



Table 2-14 
Pr~mary Alr Pollutant Em~ss~ons from Power Generat~on In Russ~a 

(miion of tonnes) 

Source FBIS State Report on the State of the Environment an the Russran Federahon m 1991 JPRS- 
TEN-93-00 l-L 7 January 1993, and the State Report on the State of h e  Env~ronment In the Russran 
Federahon m 1992 TPRS-TEN 94-0005 25 February 1994 

47 Worlung Group 2 discussed ermssion lirmts for new u~uts Worlung Group 2 explained 
that although final standards for emtssions had not had not yet been adopted, it was 
probable that such standards would be in place when the rehabilitation program was 
lnlttated Worlung Group 2 tndicated that, based on avalable informatton, the ermssion 
standards for uttlity-size coal-fired boilers are as follows 

Pollutant 

Ash 

Sulfur Il~oxlde 

N~trogen Oxldes 

Table 2-15 
Ex~st~ng Russ~an Emlss~on Standards 

1990 

n/a 

3 18 

1 61 

1991 

nla 

3 06 

1 64 

1992 

2 

2 7  

1 4  

48 In developing rehabllttation proposals for the vartous categones of thermal plants, 
Worhng Group 2 assumed that the rehabtlitation of the exlsting factlities would requtre 
the appl~catton of appropnate emsston control technologies For each category of boilers, 
Worlung Group 2 selected the most suitable Western emssion control equipment, based 
on efficiency requtrements and plant stte lirmtat~ons, and developed both tnvestment and 
operating cost requtrements to acheve the requtred ermssion Iimt 

Pollutant 

Parhculates 

NO, 

SO* 

49 Subsequent to ths  program, tn December 1994, the Russian Mmstry of Nature 
approved draft ermsslon standards for new thermal plants Unfortunately, these standards 
are not the same as the exlsttng standards Draft standards are summanzed in Table 2-16 

(m@m3) 

150 

240 

400 
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Table 2-16 
Draft Standards of Atmospheric Emlss~ons 

New and Reconstructed Bollers 
(Boilers Larger than 300 MW) 

50 These draft emssion limts are, for the most part, less stnngent than those used as the 
basis of thls study Th~s is especially true for NO, and SO, emssion limts As a result, 
cost estimates reflecting the appl~cation of the more stnngent limts are likely to be 
conservative 

Fuel Fred 

Natural Gas 

Mazt 

Ligmte 

Black Coal 

5 1 Still, the exlsting Russian thermal power generating uruts that are subject to retirement 
by the year 2010 cannot achleve these ermsslon lirmts Whde the majonty of boilers are 
equ~pped wth  some means of particulate collection (either electrostatic precipitators, 
mechamcal collectors or wet scrubbers), the equipment is old and the design efficiencies 
may be lower than required to acheve the standards In recent years, some of the boller 
combust~on systems have been modified to reduce NO, formation, but these modifications 
were usually insuffic~ent to acheve the ermsslon standard SO, control technologies have 
not been applied to any of the boilers and, as a result, SO, emssions remain uncontrolled 
Controls would be required to acheve the proposed 700 mg/Nm3 SO2 emssion standard 

2 2 6 Planned Capac~ty Addrt~ons and Replacement 

Ermssion Lmt,  mg/Nm3 

52 A program for constructing new power (CPP) and heat and power (CHP) thermal 
umts has been underway for the past several years, with planned comrmssiomng dates 
begimng in 1994 Wlule more detaled information is avalable in Appendix F, the 
following exhibits provlde an adequate summary of the data Table 2-17 provldes a 
breakdown by fuel type of the total capacity of new thermal power plants planned and 
under construction 

Before 1 December 2000 

No, = 150 

Nox = 300 
so2 = 2000-3000 
Particulates = 100-400 

No, = 370 
so2 = 2000-3000 
Parhculates = 100-400 

No, = 540-700 
so2 = 2000-3000 
Particulates = 100-400 
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After 1 January 2001 

No, = 125 

No, = 250 
so2 = 700 
Parhculates = 50-150 

Nox = 300 
so2 = 700 
Parhculates = 50-150 

No, = 390-570 
so2 = 700 
Parhculates = 50-150 



ELECTRICITY SUPPLY 2-2 1 

Table 2-17 
Total Committed Capacity of Thermal Plants by Fuel Type 

53 It can be seen that some 16,000 MW have been planned (or c o m t t e d )  for 
constructlon About 60% of the planned capa&ty is to be fired w th  natural gas These 
umts include comblned cycle plants, gas turbines and gas-fired bollers The remalmng umts 
wlll be fired by a vanety of solld hels rangng from low-quallty ligmte to hgh-quality 
b~tumnous he1 

54 Table 2-18 presents a breakdown, by umt type, of the total capaclty of new thermal 
power plants planned and under constructlon In add~tlon to the power prov~ded by CPP 
and CHP plants, 26% of the comnutted capaclty wlll be provlded by advanced gas turbine 
and comblned cycle technologies 
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ELECTRICITY SUPPLY 2-22 

Table 2-18 
Total Commrtted Capac~ty of Thermal Plants by Unrt Type 

55 Table 2-19 presents a breakdown of total c o m t t e d  capacity by region, wth  respect 
to umt type The dlstnbutlon of new uruts vanes s~gruficantly by regton 

Sibena wll be the site of the largest investment tn new capacity (over 
27%), wth almost all new umts finng solld he1 

Total Comm~tted 
Capacity (%) 

66 2 

7 8 

0 1 

25 9 

100 0 

Umt Type 

CPP 

CHP 

Gas Turblne 

Comblned Cycle 

Total 

t The Tyumen regon w111 also be the site for major new investment (about 
25%), but in thls regon all the new capacity wll be fired by natural gas 

Total Comm~tted 
Capac~ty 

10,685 

1,264 

24 

4,184 

16,157 

t The North-West regon wl1 be the site of about 20% of the planned new 
capacity, wth most of t h s  capacity in natural gas-fired combined cycle, 
CHP ~nstallations 

t These three regions account for almost 75% of the comrmtted new fossil 
capactty 
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Table 2-19 
Total Regional Committed Capaclty of Thermal Plants by Unit Type (MW) 

Key 1 = North-West 4 = Urals 7 = Slbena 
2 = Center 5 = Tyumen 8 = Far East 
3 = hhddle Volga 6 = North Caucasus 

U ~ T Y P E  

CPP 

CHP 

Gas Turbme 

Comblned Cycle 

Regon Total 

% of Total Cap 

56 Table 2-20 shows the annual investment (m d i o n s  of 1991 rubles) for c o m t t e d  
thermal units by regon through the year 1997 "Total Investment" refers to the total finds 
allocated for construction, whlle "Used Investment" refers to finds used as of January 1, 
1994 Roughly 6,700 mllion rubles w11 be used to b m g  approximately 9,000 MW on line 
by 1997 Completion dates are not avsulable for the remsumng 7,000 MW of capacity 
Approximately 3,200 mllion rubles w11 be needed to b m g  the remamng capacity on h e  
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1 

630 

0 

0 

2,700 

3 330 

20 6 

2 

1,260 

0 

0 

0 

1 260 

7 8 

3 

0 

3 10 

0 

0 

310 

1 9  

4 

930 

0 

24 

0 

954 

5 9  

5 

4,000 

0 

0 

0 

4,000 

248 

6 

0 

0 

0 

1,484 

1,484 

9 2  

7 

3,865 

614 

0 

0 

4,479 

277 

8 

0 

340 

0 

0 

340 

2 1 



ELECTRICITY SUPPLY b 2-24 

Table 2-20 
Annual Expenditure for Committed Unlts by Reglon 

(m~ll rubles, 1991 year) 

Key 1 = North-West 4 = Urals 7 = Sibma 
2 = Center 5 = Tyumen 8 = Far East 
3 = Mddle Volga 6 = North Caucasus 

2 3 1 Overvlew of Installed Capac~ty 

Repon 

1 

2 

3 
- 

4 

5 

6 

7 

8 

57 As of January 1994, there were rune nuclear power plants (NPPs) w th  29 power uruts 
in Russia The total installed capacity was 21 242 GW, or 10 2% of the total installed 
capacity in the Russian power sector In 1993, Russian nuclear power plants produced 
some 1 18 billion lulowatt-hours (1 18 bkWh) of electnc energy 

1994 

199 4 

9 5 

36 6 

36 9 

53 5 

47 5 

73 6 

16 8 

58 Nuclear power IS one of the major electnclty sources in Russia In 1993, the share of 
nuclear electnc~ty m total electnc~ty generation was about 12 7% However, the 
importance of nuclear power greatly vanes from region to region For example, in the 
regions wth the most developed nuclear power (the North-West, Center and Mddle 
Volga power pools) nuclear shares were 47 8%, 23 9% and 16 4%, respectively 

Total 
Investment 

3331 8 

292 4 

161 0 

472 4 

2166 2 

1687 3 

1328 3 

364 6 

59 Of the 29 operating umts, there are 

Used 
Investment 

432 1 

237 1 

82 4 

61 5 

1183 1 

73 2 

670 9 

127 4 

1995 

341 0 

24 3 

16 0 

64 0 

123 0 

247 9 

142 5 

30 8 

b pressurized 11ght-water reactor umts of the VVER type 
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/ 
&, 

1996 

4720 

25 0 

13 0 

67 0 

175 0 

290 0 

82 0 

32 0 

1997 

4590 

6 0  

13 0 

56 0 

197 5 

315 0 

71 9 

33 0 

199% 

1428 3 

-- 

0 0  

187 0 

434 2 

713 7 

287 4 

124 6 



t channel-type graphte moderated reactor umts of the RBMK and EGP 
types 

t liquid metal cooled fast neutron reactor umt of the BN type 

60 The breakdown of total tnstalled capacity by reactor type IS gven tn Table 2-21 

Table 2-21 
Structure of the Russ~an Nuclear Power Sector, 1995 

61 The power reactors in commercial operation are of several types 

Reactor Type 

RBMK-1000 
VVER-1000 

VVER-440 

BN-600 

EGP-6 

t RBMK-1000, a graphlte moderated, pressure-tube, low emched reactor rated 
1,000 MW, designed for on-line rekeling (there are two generations of 
RBMK-1000 reactors that dtfFer in some design features and physical 
parameters) 

t VVER-440 (of the V-179 and V-230 modifications), a first-generation 
pressunzed water reactor rated 440 MW 

Number of Units 

11 

7 

6 

1 

4 

t VVER-4401213, a second-generation pressurized water reactor also rated 440 
MW 

Share m Total Capac~ty, % 

51 8 
33 0 

12 2 

2 8 
0 2  

t VVER-1000( of the V-187, V-338, and V-320 modifications), a second- 
generat~on pressunzed water reactor rated 1,000 MW 

62 The liquid metal-cooled fast reactor (BN-600) is connected to the Ural gnd The four 
small (I2 5 MW) reactors ofthe water-cooled graphite-moderated channel type umts (EGP- 
6) operate isolated From the gnd in the far eastern portion of Russia In addition to these 
comnussioned plants, the followng are under construction 

F Balakovo - uruts 5 and 6 
t Kalirun - umt 3 
t Rostov - umts 1,2 and 3 
t Kursk - umt 5 
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63 Charactenstics of operating Russian NPPs are prowded m Table 2-22 

64 Figure 2-2* prowdes top-level capacity factor data on NPPs for the years 1990 through 
1993 The capacity factor is defined as the percent of tune m t h  a calendar year dumg 
whlch a nuclear umt is operating at its normal power level 

65 System-mde performance (average capacity factor) was 75 17% in 1990, 74 35% in 
1991, 77 49% in 1992, and 75 90% in 1993 Dunng thls same penod, the system mde- 
average number of emergency reactor tnps per reactor umt was 1 39 in 1990, 1 04 in 1991, 
1 29 in 1992, and 0 79 in 1993 

Figure 2-2 
Availab~lity Over T~me for Russian Nuclear Power Plants (1990-1993) 

Smolensk - 

Kursk - 

Novovoronezh - 

Kola - 

Balakovo - 

0% 20% 40% 60% 80% 100% 
% of Total Hours m Year Plant was Available 

2 "Performance Ind~cators of Russian NPPs 1993", Rosenergoatom, 1993 
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Table 2-22 
Nuclear Power Plants in Russ~a (as of January 1, 1994) 

JEAS Flnal Report 
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Q% 

No 

1 

2 

3 

4 

5 

Power Pool 

North-West 

North-West 

Center 

Center 

Center 

&o"$%V 

440 
440 
440 
440 

lo00 
1000 
1000 
1000 

1000 
1000 

1000 
1000 
1000 
1000 

210 
365 
417 
417 
1000 

Non-fuel 
O&M Cost 
mills/kWh 

4 36 
4 36 
4 36 
4 36 

3 92 
3 92 
3 92 
3 92 

5 03 
5 03 

3 92 
3 92 
3 92 
3 92 

6 16 
6 16 
6 26 

Plant Name and 
Unit Number 

Kola 1 
Kola-2 
Kola-3 
Kola-4 

Lerungrad-1 
Lerungrad-2 
Lmngrad-3 
Lenmgrad-4 

Kalm-1  
Ka lm-2  

Kursk-1 
Kursk-2 
Kursk-3 
Kursk-4 

Novovoronezh- 1 
Novovoronezh-2 
Novovoronezh-3 
Novovoronezh-4 
Novovoronezh-5 

Ca CI 

(nefhl% 

414 
414 
414 
414 

917 
917 
917 
917 

905 
905 

893 
893 
893 
893 

- 
367 
367 
88 1 

Reactor Type 

VVER-440 
VVER-440 
VVER-440 
VVER-440 

RBMK 1000 
RBMK- 1000 
RBMK-1000 
RBMK- 1000 

VVER- 1000 
VVER-1000 

RBMK-1000 
RBMK-1000 
RBMK- 1000 
RBMK- 1000 

VVER-2 13 
VVER-365 
VVER-440 
VVER-440 

VVER-1000 

Capacity 
Factor m 
1993, % 

56 
6 1 
7 1 
79 

8 1 

89 
84 

59 
70 

57 
57 
70 
71 

5 1 
74 
72 

Fuel Cost 
mllslkWh 

3 2 
3 2 
3 2 
3 2 

3 8 
3 8 
3 8 
3 8 

3 2 
3 2 

3 7 
3 7 
3 7 
3 7 

- 

3 7 
3 7 
3 2 

Regulatory 
Requuement 

Pnor to OPB-73 
h o r  to OPB-73 

OBP-73 
OPB-73 

Pnor to OPB-73 
Pnor to OPB-73 

OPB-73 
OPB-73 

OPB-73-OPB-82 
OPB-73-OPB-82 

Pnor to OPB-73 
Prrm to OPB-73 

OPB-73 
OPB-73 

h o r  to OPB-73 
Pnor to OPB-73 
OPB-73-OPB-82 

2 

Planned 
Shutdown Date 

2003 
2004 
201 1 
2014 

2003 
2005 
2009 
201 1 

2014 
2016 

2006 
2008 
2013 
2015 

shutdown m 1984 
shutdown m 1990 

200 1 
2002 
2010 
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* Not considered m JPNAS' 

3 Jomt Parallel Nuclear Alternatives Study 

t 
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Regulatory 
Requ~ement 

OPB-73 

OPB-73 
OPB-73-OPB-82 

OPB-82 
OPB-82 

OPB-82 
OPB-82 

OPB-73 
OPB-73 

OPB-73 
OPB-73 

Non-he1 
O M  Cost 
mills/kWh 

4 15 

4 15 
4 IS 

4 36 

4 36 
4 36 
4 36 

Planned 
Shutdown Date 

2012 

2015 
2020 

2015 
2017 

2018 
2023 

shutdown m 1980 

shutdown m 1989 
2010 

2004 
2004 
2005 

2006 

Fuel Cost 
nullskwh 

3 8 

3 8 
3 8 

3 2 
3 2 

3 2 
3 2 

So"s!& 

1000 
1000 

1000 

1000 
1000 

1000 
1000 

100 
160 
600 

12 
12 
12 

12 

No 

6 

7 

8' 

9* 

Plant Name and 
Un~t Number 

Smolensk- 1 

Smolensk-2 
Smolensk-3 

Balakovo- l 

Balakovo-2 
Balakovo-3 
Balakovo-4 

Beloyarskaya- 1 

Beloyarskaya-2 
Beloyarskaya-3 

Bilibmo-1 
Bllibmo-2 
Bilibmo-3 
Bilibmo-4 

Power Pool 

Center 

M~ddle 
Volga 

Ural 

Isolated 

PI 

Ca ci 
( n e f k l b  

88 1 
88 1 

88 1 

900 
900 
900 

900 

- 
570 

Reactor Type 

RBMK-1000 
RBMK- 1000 

RBMK- 1000 

VVER-1000 

VVER-1000 
VVER-1000 
VVER-1000 

AMB- 100 

AMB- 160 
BN-600 

EGP-6 
EGP-6 
EGP-6 

EGP-6 

Capacity 
Factor in 
1993, % 

78 
82 

83 

40 

45 
54 

65 

- 
80 

61 

60 
62 
75 



66 The Russian schedule for decomrmssiomng of nuclear power umts requlred for the 
JEAS is provlded in Table 2-22 

2 3 4 Nuclear Fuel Supply and Cost 

67 There are several categones of nuclear matenals avdable for fuel rn Russia They 
rnclude 

b urmum in deposits 
b natural and enrrched urmum m stocks 
b depleted urmum as a byproduct of the emchment process 
b urmum and plutomum from spent nuclear fuel 
b plutomum and hgh-emched urmum from nuclear weapons 

68 In 1993,4 the quantity of uramum was assessed as about 720 thousand tomes of 
natural uramum in deposits and stocks The annual consumption of urmum for electricity 
generation in Russla is about 4,000 tomedyear Thus, at the present rate of consumption, 
Russia has resources for the foreseeable future It is clear that w t h  the addition of other 
nuclear resources and less certain categones of urmum deposits, thls number can become 
even greater Therefore, ~t is reasonable to assume that there is no &el llrmtation m the 
foreseeable future for any reasonable development of nuclear power in Russia 

2 3 5 Current Status of the Implementat~on of Safety Upgrades 

69 The world cornmumty's concern regarding the safety of further operation of Russian 
NPPs, manly NPPs wth  RBMK- 1000 and first generation VVER-440 reactors, was an 
lmtial premse for the JEAS and the M A S  

70 Followng the Chernobyl accident, additional measures for increasing the reliability and 
safety of Russian reactors were identified through additional safety analyses Some of 
these have been implemented, others are in the process of implementation Safety 
upgrades at operating nuclear umts are made sequentially based on financial considerations 
and planned umt outages 

71 Safety can be ~mproved not only by improved equipment upgrades, but also by 
operational improvements Therefore, the Russian safety program includes measures 

4 (Development of the Strategy of the Development oJNuclear Power m the Framework of the Long- 
Term Integrated State Fuel-Energy Program "The Energy Strategy of Russra" of the Russran 
Federatron for the Perrod up to 2010 Phase Development of the Prqect of the Nuclear Power Strategy 
m Russ~a MINATOMENERGO RF, Tsr\mATOMInfonn, No 37810, Moscow 1993 - In Russ~an) 
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auned at lmprovlng operation and mmtenance, qu- control, diagnostic methods, 
admstrative controls, personnel qualifications and trammg, and penodic safety 
assessments 

72 Among the orgamzatronal and techcal  measures, the most mportant was the 
mtroduchon m 1990 of the special operatmg regune for umts unth the RBMK-1000 and 
first-generation VVER-440 reactors Ths regune Includes expanded survedance of the 
mtegnty of the prrmary cucuit and an annual reassessment of safety for each umt, 
mcludlng a report to the Russian regulatory authonties Authornation for contmued 
operation is based on ths  report 

73 Specifically, the safety upgrades assessed in the Joint Study are based on 

b A subset of the upgrades developed by the Russian engineers for the 
International Users Group (IUG) of Sovlet Designed Reactors and 
pubhshed in a March 1994 report prepared for WANO that includes all the 
upgrades directly associated wth  reactor and plant safety 

b The implementation of continement/contianrnent system for RBMK and 
first generation VVER-440's 

w Certrun additional engneenng studies fiom the current Russian program to 
identi@ upgrades not included in the two prevlous items 

74 The safety upgrades programs that have been developed and implementated in Russian 
NPPs overlap those published in WANO reports Additional safety upgrades are 
envisioned for the Russian program are as follows 

Upgrades to cope wth "station blackout " 
Provisions to safely manage anticipated transients wthout scram (ATWS) 
Interactions between the plant and the grrd (measures to protect the plant 
fiom transients or fhnctional degradation on the gnd) 
Additional safety upgrades that address common cause failures 
Environmental qualifications (assurance that the capability of safety-grade 
equipment and certan other systems and components function as required 
under acc~dent conditions) 
Performance of a comprehensive set of accident analyses that ~ 1 1 1  support 
current safety upgrade proposals and identi@ additional upgrades, lf any 
Addltlonal fire protection measures 
Addressing long-term cooling capabilities 
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2.3 6 Current Regulatory ~nv~ronmenf  

GosAtomNadzor Responsr brlrties and Actrvr fres 

75 GosAtoniNadzor, as approved by statute fiom the President of the Russian 
Federation, is responsible for the followmg 

b Participation with other state control authonties of the Russian Federation 
m determmmg and introducmg a system of measures (legal, economc, 
organnational and techcal) to promote nuclear and radiation safety 

b Establishment of cntena, norms and procedures in the field of nuclear and 
radiation safety 

t Supervision of government, mlitary, pnvate orgarmations and the citizenry 
to assure stnct compliance wth  the laws of the Russian Federation 
regarding the production, handhng and use of atomc energy, nuclear 
matenals, radioactive matenals and products based on them, m both civll 
and defense envlronrnents Ths includes development, production, testing, 
transportation, storage and elimnation of nuclear weapons as well as the 
maintenance of codes and standards for nuclear and radiation safety 

w Supemsion over orgaruzation, storage and inventory control of nuclear 
and radioactive matenals, utilization and disposal of radioactive wastes and 
spent nuclear matenals 

t Supemsion of physical protection for nuclear technologies, materials and 
non-proliferation Together wth  the Mmstry of Foreign M a r s  of the 
Russian Federation, supemslon over the performance of pertinent 
international agreements 

t Safety revlew of nuclear and radioactive products, production processes 
and technologies 

t Licensing of act~vities listed in the Annex to the present Statute and 
preparation of proposals to improve the licensing procedures 

6 The mformalon m h s  sectlon was extracted m part fiom NUSAC News (G-24 Nuclear Safety 
Assistance Coordmatlon) January 1995, Issue 5 
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Implementation of R&D pohcy, orgamtlon and coordlnat~on of research 
studies to vahdate principles and cntena, development of requirements for 
codes and procedures whch regulate nuclear and radiation safety 

b Orgaruzation and control of quahiications for personnel and departmental 
control over nuclear and/or radiation safety of controlled matenal 

b Reporting responsibility, to both the state and the public, regarding the 
state of nuclear facilities and radioactive matenal To implement th s  task, 
GosAtomNadzor of Russia considers the followmg activlties Important 

Independent safety assessments for 

- Construction licensing 
- Operational hcensmg 
- Operation 
- Decomssiomng 

Licensing and pemts for apphcants or operatmg orgarmations to 
fulfill specified activlties and dehtions of license terms 

Control the execution of license and p e m t  terms by examnation of 
reports and on-the-spot inspections 

76 The implementat~on of GosAtornNadzor's man tasks has required a complete 
restructuring of its pol~cy Thls Includes both the essence of its work and scope of its 
references GosAtomNadzor does not supemse industrial and mmng enterpnses formerly 
controlled by the USSR's Gospromatomnadzor Instead, GosAtornNadzor supervises the 
country's nuclear power plants and research reactors, as well as the orgaruzations 
associated wth the he1 cycle and nuclear matenals that are part of the war industry and in 
clvlllan nuclear powered slups (ie , ~cebreakers) These were not controlled by the USSR's 
Gosatomenergonadzor Accord~ng a new orgaruzational chart was developed and is 
presented in the F~gure 2-3 below 
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Fjgure 2-3 

GAN Organlzatlonal Chart 
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Marn Tasks of Transztton Penod 

77 The Restructumg of GosAtomNadzor IS an ongomg process Soon after it was 
founded, GosAtomNadzor presented its understandmg of its hcensmg-control tasks m a 
pubhshed pohcy statement as follows 

b State supemsion of nuclear and radiahon safety m the terntory of Russian 
Federation 

b Granting of licenses to fulfill activities on production and use of nuclear 
matenals, atonuc energy, radioactive substances and products based on 
them 

78 According to thls policy statement GosAtomNadzor, dunng thls transition penod, wll 
be dealing wth  nuclear power plants (NPP) only 

79 For these Nuclear Power Plants the main tasks dumg thls transition penod are as 
follows 

b Establishment of supemsory o r g w t ~ o n s  
b Development of licensing standards and procedures 
b Granting of temporary pemts  for operation of exlsting NPP umts 
b Granting of temporary pemts  to complete ongomg NPP umt construction 

Temporary Permrts Dunng the Transrhon Penod 

80 The necessity for temporary perrmts for the operation of exlsting NPP umts and to 
allow the completion of ongoing construction is important because 

b Documentation regulating licensing is not avalable yet 
b It w11 take tlme to develop the necessary documents on nuclear and 

radiation safety for licensing 
b Economc and political reasons do not allow the suspension of operation or 

construction of NPP umts even for a short penod of time 

8 1 For the above reasons, a simplified procedure for granting pemts  is a necessity It 
would require putting exlsting Russian power umts under the control of a new established 
supemsron body and could be performed quickly 

82 Procedures have been developed and implemented for ciwlian nuclear power plants 
These are presented in the "Statute on the order of temporary perrmts granted by 
GosAtomNadzor of Russia to operate NPP umts in Russian Federation", a sinular statute 
for ongoing NPP constructing sites is being developed 
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2 3 7 Currently Planned Capacrty Addrtrons 

83 In Russia today, there are seven power reactors at different stages of completion at 
four different NPP sites w t h n  Russia 

b Balakovo umts 5 and 6 The umts wdl be VVER-1000s 
b K a h n  umt 3 Ths umt wdl be a VVER-1000 
b Kursk umt 5 Ths umt wdl be a RBMK-1000 
b Rostov umts 1,2 and 3 These umts wdl be VVER-1000s 

2 3 8 Additronal Factors for the Russran Nuclear Sector 

84 Other factors that have a sigmficant b e m g  on the role of nuclear sector development 
in Russia's energy future are 

Energy Secunty Drverszty of Supply The existence of a nuclear sector provldes a 
strong measure of protection agmnst events that mght threaten the ava~lability and 
cost of fossil fuel supplles 

Envrronmental Conszderatzons In evaluatmg vanous approaches to generation 
capacity expansion m the Russian Federation, unpacts to the enwronment must be 
considered For example, nuclear power does not produce the atmosphenc 
ermsslons associated wth fossll fuel plants, but it does produce hgh level nuclear 
wastes that require long term storage and there 1s some nsk posed by accidents 
These and other factors are difficult to quantfy and were not mcluded m the 
modeling, but are an Important element necessary to detemne what generation 
expansions options are 

Infrastructure Resources and mfia-structure exlst in Russia to support the 
production of most nuclear power plant components required for power plant 
completion, safety-related upgrades, and new power plant construction 

Reactor Safety The upgrades addressed m Sectlon 2 3 5 above are designed to 
substantially Increase the level of safety of Russian reactors The implementation of 
such upgrades IS likely to Increase the acceptance of nuclear power in Russia by 
the public and by the international comrnumty 
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85 The plan for Russra's electrification was the earliest imtiative to build the country's 
economy and Industry on a large scale Hydroelectric energy played a key role m the early 
development of Russla's electnc energy system Figure 2-4 shows the growth of 
hydroelectnc generation capacity in Russ~a 

Figure 2-4 
JEAS Hydro Assessment 

Growth of Hydro Capacity 

M~ddlaVolga Urdr S~bena 

North-West North Cnucuur FuEort 

center 

2 4 1 Installed Capacity 

86 As of January 1, 1994, hydropower plants accounted for 41,162 MW of whch plants 
of 30 MW and above accounted for 40,852 MW Hydro's share is about 21% of the total 
installed capacity of the Integrated Power System of Russia The regonal distnbution of 
major hydroelectnc plants IS shown in Table 2-23 Table 2-24 gves some of the 
charactenstics of each region's hydroelectnc plants (Appendix I gives a plant-by-plant 
breakdown) 
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87 Four plants are currently undergoing rehabfitahon Nlzhne-Tulomskaya, 
Vokhovskaya, Volzhskaya (Center regon), and Volzhskaya (Middle Volga) Without 
rehabhtation, ~t is expected that these plants wdl be out of semce by the year 2000 
Lkewse, another four plants need rehabhtation, but work has not started on them 
Kamskaya, Ivankovskaya, Pavlovskaya, and Ughtchskaya These plants are also expected 
to be out of s e ~ c e  by the year 2000 Ifwork is not undertaken on them 

Table 2-23 
Reg~onal D~s t r~bu t~on  of Ex~stlng Hydroelectr~c Power Plants 

' Includes Tyumen 
"small" lrnplles less than 30 MW mtalled capac~ty 
' na=not ava~lable 

Repon 

North-West 

Center 
a convenhonal 

b pumped storage 

Mddle Volga 

No& Caucasus 

Urals' 

Siberia 

Far East 

Subtotals 

SmallZ plants 

Totals 
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Number of 
Plants 

26 

6 

1 

4 

11 

5 

8 

1 

62 

na3 

na3 

Capac~ty 
@lw 

2,693 

3,615 

800 

6,348 

2,014 

1,748 

22,343 

1,290 

40,852 

310 

41,162 

Energy 
Output (GWh) 

1 1,760 

13,220 

800 

18,900 

5,930 

4,890 

94,260 

4,900 

154,660 

1 350 

156,010 





2 4 2 Rel~abll~ty and Avallab~l~ty 

88 It is reported that the trend over the last five years has been to use more and more 
hydropower for pealung energy Thls has meant the increased startlng and stopping of 
turbmes, sometunes as much as ten tunes a day, whch has accelerated the degradation of 
system avadabllity The amount of down-tune has been steadily increasing for urut repars 
and overhauls 

89 In general, the hydro-turbines have been subject to decreasmg semce life for new 
uruts over the last 40 years That is, umts mstalled before 1950 had a usefbl llfe of about 
50 years Since that time, the reduction in specific metal content has lowered the usefbl llfe 
to about 30 years As a result, turbines are also showmg signs of deterioration (e g , 
cavitation) at earlier stages in their production lives 

90 In 1994, the remarung semce hfe of the 66 largest emsting hydro plants in Russia was 
analyzed The results are presented m Table 2-25 

Table 2-25 
Rema~nlng Serv~ce L~fe of Hydro Plants 

2 4 3 Retirement Program 

Remauung Servlce 
Llfe (years) 

50 and more 

40 to 49 

30 to 39 

less than 30 

Total 

91 There are no formal plans to retire any of Russia's emsting hydroelectnc plants A 
hydro plant's semce llfe 1s typically controlled by the condition of the turbine and 
generators In general, the usefbl life of civll structures is much greater than that of the 
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No of 
Uruts 

3 1 

25 

125 

333 

514 

Inrmed capac'(r 
0 

470 

775 

8,140 

34,060 
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equipment Exlstmg hydro plants wll contmue to operate until a key component f d s  At 
that tune, retirement or rehrbishment wdl be evaluated Exlstmg capital budgets for 
routme and preventative mamtenance have dwmdled 

92 A considerable effort has already been made by the Russ~an Hydroproject Insbtute to 
evaluate the rehabhtation needs of almost all hydro plants The options for life extension 
appear to be llmted to mcreased budgets for preventatwe mantenance and equipment 
replacement 

2 4 4 Environmental Issues 

93 These issues have not been hlly studied for all hydro plants m Russia under the 
current assessment However, for the speclfic plants recommended for investment 
(Appendix I), the enwronmental considerations (If any) have been included in the project 
investment discussions 

2 4 5 Planned Capacity Additions and Replacement 

94 Several hydroelectnc plants in the Russian Federation have been identified for 
rehabllltation Prevlous studies by Russian engneers have identified many plants in need of 
rehabilitation Rehabilitation at some of these plants has started due to i m n e n t  
equipment falure Four plants currently undergoing some time of rehabilitation were 
identified for pnonty investment to accelerate rehrbishment and upgrades 

w Nhe-Tulomskaya 
t Volkhovskaya 
w Volzhskaya (Center) 
t Volzhskaya (Volga) 

95 These plants account for 4,957 MW and 20,460 GWh of exlsting installed capacity 
and energy product~on, respectively After rehabllitatlon, the plants wr11 increase to 5,202 
MW and 22,720 GWh of installed capaclty and energy production, respectively, due to 
modem equipment and efficiency improvements 

96 The proposed investment of $585 mllion would prowde approximately a 40-year llfe 
extension for the four e~lstlng plants Wrthout continued investment, these exlsting plants 
wrll likely be out of semce by the year 2000 

97 In addition, four hydroelectnc plants have been Identified as pnonty projects for new 
rehabilitation including modemuation and expansion 

w Karnskaya 
b Ivankovskaya 
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b Pavlovskaya 
b Uglitchskaya 

98 No rehabihtation construction has started yet for any of these plants except for 
Ughtchskaya, whch is currently being repaued as a result of the falure of a portion of the 
draft tube llnlng 

99 The estimated investment requirement for rehabilitation of the four pnonty plants is 
$370 d o n  over the five-year penod 1995 to 1999 The proposed mvestment would 
provlde approximately a 40-year life extension for these four exlstmg plants The four 
plants account for a total of 810 MW of mstalled capacity and 2,560 GWh of average 
annual energy production After rehabihtatlon, the plants wdl mcrease to 891 MW of 
installed capacity and 2,63 1 GWh of average annual energy production due to modern 
equipment and efficiency improvements 

2.5 TRANSMISSION, DISTRIBUTION, DISPATCH, COMMUNICATION, 
AND CONTROL 

2 5 1 H~gh-Voltage Transm~ss~on and D~s t r~bu t~on  

100 Russia's Integrated Power System (IPS) is one of the largest in the world, spamng 
some 9,000 km from east to west and six time zones It holds six large interconnected 
regonal power systems (UPS) North-West, Center, Middle Volga, Urals, North 
Caucasus, Sibena, and Tyumen The power systems of the Far East region (Amur, 
Khabarovsk, Vladivostok) operate separately from the IPS In thls report, Tyumen, whlch 
is part of the Urals UPS, is treated separately in the analysis of power needs However, for 
transrmssion purposes, it remlns part of the Urals UPS The power systems of new 
independent countnes (Kazakhstan, Ukrane, Belorussia, South Caucasus States, Baltic 
States, Middle Asia States) are In synchronous operation with the IPS 

10 1 As of January 1993, the total installed generation capacity of the IPS was 190 GW, 
wth an annual production of some 850 billion kwh 

102 As a result of diversity in daily maxlmum load shapes, it has been possible to reduce 
the total load demand of the IPS by 10 GW Ths factor, together mth decreases in 
operational (spimng) reserves and the rationalization of the generation structure, are 
major advantages of the system's operation 

103 Two separate voltage sequences have hstoncally developed in the former USSR 
110-220-330-750 kV in the western and southern parts of European Russia and 110-220- 
500-1,150 kV over the rest of the country After the dissolution of the former Sovlet 
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Umon the mqonty of hnes voltage classes 330 kV, 750 kV and 1,150 kV became a part of 
the systems of newly formed western states and Kazakhstan Nevertheless, the total length 
of 110-1,150 kV transmssion lmes m Russia is now 400,000 km, includmg 36,000 km of 
500,750 and 1,150 kV lmes 

104 The exlstlng transmssion network basically prowdes for energy transfers from power 
plants to consumers However, there are several places where the underdevelopment of 
transmssion has created bottlenecks, preventing a reliable supply to consumers and 
limtmg the full use of exlstlng generation capacity 

105 As a rule, Russia does not meet N-1 planmg cntenon, a fbndamental pnnciple of 
transmssion p l m n g  in most countnes though attempts have been made to meet ths  
cntena in systems surrounding nuclear plants To accommodate th s  lack of hgh 
transmssion redundancy, special sophsticated emergency control procedures have been 
engmeered and implemented m Russia These procedures are used routmely to preserve 
the operational stabhty of the power system follomg contmgencies They automatically 
shed consumer loads, and disconnect either mdivldual generatmg umts or whole power 
plants, including nuclear umts Such control actions and the nsk to the safe operation of 
the nuclear plants could be avoided by strengthemg the transmssion system Ths issue 
argues for increased redundancy in the power transmssion network, Irrespective of normal 
power flow demands That incentive is reinforced by the needs imposed by the automation 
and modertllzation of Russia's industnal processes, the latter being more sensitive to 
power interruptions than have been the case in Russia heretofore 

106 The interconnection transfer capability required between regons is largely 
detemned by forecasts of normal or emergency flow Official forecasts of load/generation 
balances for Russia's regons reflect uncertainty in the pace of economc recovery, 
industnal modemzation, nuclear plant retirement policy, and other factors 

107 The collapse of the Sovlet Umon created important new problems for the IPS The 
transmssion links that interconnect some regons of Russia were suddenly in foreign 
countnes (e g , Kazakhstan, Ukraine, the Baltic states) The use of such ties became 
dependent on political relationships, and extremely large investments are needed to 
dimmsh Russla's vulnerability to those relatlonshps Nonetheless, because transmssion 
between regons is normally a fraction of the generation cost mthn a regon, strong 
interconnections represent good "insurance" aganst forecast errors and political 
uncertrunty 

6 N-1 means that the system can stay w h  acceptable llrmts for hquency and voltage fluctuations, 
&spite the failure of one major component (a power plant or llne segment) N-2, whch is more stnct, 
means that the system can handle the failure of two major components 
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108 At the same time, changes in mter-regonal transfer capabhty wdl affect regonal 
generatron requirements The former Sovlet Umon's mandatory value of a 13% to 14% 
capacity reserve margm for the country ss a whole IS now bemg revlsed The new planmg 
target for thls m a r p  is bemg rased to about 16% to 18% T ~ H  takes Into account the 
new economc and pohtical enwonments m whlch Russian utilities must now operate 

109 System losses at al l  levels of the Russian power system are hgher than those of 
western systems, o w g  partly to the use of smaller conductors, the longer distances, and 
the lack of facdities to control reactive power flows Losses are especially hgh m 
subtransrmssion and distnbution systems, i e , at 110-220 kV and below, where an 
estimated 80% of the losses occur 

2 5 2 Control, Communlcat~on, and Dlspatch 

110 The system operation orgmzation In the IPS is herarchcal The Central Dispatch 
Office (CDO) is at the top of the herarchy, it is responsible for controlling system 
condit~ons to meet the nattonal electnc demand, and for provldlng a rel~able and 
economcal electnc energy supply The CDO is also responsible for coordinating day-to- 
day operations among separate interconnected power systems to assure stable, economc, 
and relrable operation The operational fbnct~ons of each of the Interconnectron Dispatch 
Offices (DO), whch are under the duect supervision of the CDO, are basically s d a r  to 
the corresponding knctions of the CDO, although theu responsibihty 1s hnuted to the~r 
respective systems Each of these control centers is equipped wth computers and an 
associated cornmumcation network to gather and process data fiom power plants, 
substattons and thelr regonal dispatch centers Thls computer system 1s a pnmary means 
by whlch dispatch knctions are acheved 

1 1 1 The responsibilities of the control centers are changng along wth the structure of the 
electnc power sector Their new responsibilities include 

t Enhanced dispatch of generation and transrmssion systems wll be needed 
to optirmze &el cost and improve system reliability In the past, the 
dispatch function nurumzed the amount of he1 used Ths major change in 
ph~losophy wll requlre additional equipment and systems at the control 
centers 

b The new structure of the Russian power market calls for more evaluation, 
scheduling, accounting and billing of electncrty transfers between 
compmes and between regons than has occurred in the past 

b The A 0  Energos (utilities) are now mdependent fiom the CDO and the 
IDOs In fact, many parts of the bulk transmssion system are not part of 
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the A 0  Energos at all Nevertheless, the CDO and the IDOs contlnue to 
coordinate activities on the bulk transrmssion system 

b Whlle apprownately 50 of the largest generating plants remiim under the 
direct control of the CDO and IDOs, most of the electnc generatmg umts, 
cogeneratmg heat umts, and mdependent generatmg umts are wth the A0 
Energos and other compmes Yet the CDO and IDOs need direct control 
of key generatlng umts to control frequency and mter-companylinter-regon 
electnc energy transfers 

2 5 3 Plann~ng Performance Cr~tena 

112 To bmg the Russian power system lnfiastructure to the state where it meets an N-1 
p l m n g  cntenon would require the construction of a very large number of transrmssion 
facdities throughout the country Even where thls would be des~able in the long term, it 
would be imposs~ble in the short term because of the immense transrmsslon distances and 
the enormous costs involved A special long-range transrmssion system redorcement 
study should be undertaken to detemne the degree to whch the Russian power system 
should be modlfied to Incorporate the N-1 plamng pmciple Studles performed by the 
transmssion worlung group began that process by using the N-1 cntenon as a basis for 
estabhshng the mmmum transmssion required for several of the cases considered 

113 Worlung Group 4's approach to analyvng and evaluating the performance of the 
transmssion system, both before and after reinforcement, followed present Russian 
practices, standards and regulations The man guidelines used in the study to calculate 
maxlmum transfer capabilities between port~ons of the system are as follows 

b The maxlmum allowable power flow under normal and mamtenance 
conditions shall not exceed Psdl 20, where Pss is the steady-state stability 
limt deternuned fiom load flow simulation studies 

F The maxlmum power flow pernutted under post-contingency conditions 
shall be wthn  Pssfl 08, where Pss is the steady-state stability lirmt 
followng an outage deternuned from load flow simulation studies 

b No marpn IS estimated and no 11mt u set on transient stability calculations 
For certan emergency disturbances, however, checks are made for the 
stablllty of the dynamc transition fiom the l~lltial state to the post- 
emergency state As a rule, a phase-to-phase-to-ground fault involving the 
outage of the faulted network component or d~sconnection of a power 
plant as a whole or its umt(s) IS simulated for 330 kV through 750 kV 
transmssion For 1,150 kV transrmssion, the imtial disturbance is modified 
to include only a single-phase-to-ground fault Three-phase faults are 
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tested for 110 kV and 220 kV transmssion fachties The foregoing are 
general guidehes for transient stabhty sirnulabon studies 

b A general assumption is that power flow constrants are Imposed by the 
cntenon of maintamng stabihty m transition to a post-emergency mode 
under normal and mantenance outage conditions wthout and wth 
emergency control procedures (the N-1 prmciple), respectively 

114 In practice however, power flows (whch under smgle contmgencies, require 
emergency control to preserve stability) are allowed Ths IS particularly true where a 
single transmssion line has a hgher voltage class (much greater power rating) than the 
surrounding system In those cases, the outage of the hlghest-voltage lme could cause 
mstability wthout emergency control actions In other cases the cntenon is set aside 
because even wrth all avdable lines m servlce, the transmssion capacity IS madequate to 
deliver electnc energy from regons of ample supply to deficit regons 

11 5 The major hmtations Imposed by the present control, cornmumcatlon and dispatch 
systems identified by the jolnt study can be summarized as follows 

b Most control center equipment IS obsolete and its masntenance is 
increasingly problematic The capability and capacity of the present 
equipment should be improved to meet secure power system operation 
requirements in the near future 

The man computer system's hardware and software are technologcally 
outdated The aging system prohb~ts implementing the new fbnctions 
requlred to support changes in the system operations of the IPS 

b The cornmumcations among control centers, and between a control center 
and field momtonng devlces, are constratned by data speed and channel 
capacity due to the obsolescence of cornmumcation media and equlpment 

b The amount of currently telemetered data fiom power plants and 
substations IS lnsuffic~ent for any advanced applications such as on-line 
econonuc load dispatch, state estimates and contingency evaluations 

w The exlstlng remote momtonng and control equipment at substations and 
power plants needs to be upgraded Since there is httle or no manufhcturer 
support or spare parts for exlsting equlpment, it is common to 
"canxubal~ze" equlpment in less demand for spare parts 
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b Most generating umts do not take part m automatic dady load regulation 
Most Instrument systems at the power plants were not onpally deslgned 
to support remote monltomg and control 
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1 Ths chapter discusses several options for Investment m Russia's power sector 1) 
energy efficiency improvements in the industrial, residential, transportation, agnculture, 
and semce sectors, 2) power plant modenzlzation, conversion, he1 swtchmg, hfe 
extension, and the completion of new thermal plants, 3) the completion, safety upgrade, 
andlor decomssiomng of nuclear plants, 4) the rehabilitation, modemzation and 
expansion of exlsting hydro plants and the construction of new hydro plants, and 5) 
transmssion and dispatch projects 

2 There is a large potential to improve the efficiency of electnclty use throughout the 
Russian economy As wth other bastc soctal goods, electnclty pnces were held low and 
there were few tncentives to reduce consumption Also, industnal~zation policies favored 
the production of electnclty- (and energy-) intensive goods, particularly in heavy industry 

3 As can be seen in Table 3-1, the Energy Strategy for Russia tdentifies potential savlngs 
of 330 to 390 bkWh per year based on 1990 electnclty consumption patterns For 
companson purposes, total electnctty consumption tn 1990, including in-plant use and 
distnbutton losses, was 1,074 bkWh Sectoral consumption in 1990 was industry (without 
power plants) 554 bkWh, agnculture (not including rural housing) 67 bkWh, transport 
104 bkWh, servlces 96 bkWh, and residential 78 bkWh In Table 3-1, effictency potential 
has been broken down tnto two categones, investment measures and operation and 
maintenance measures (low cost/no cost) These potenttal savings estimates descnbe the 
effect if all current wasteful practtces and technologies were replaced by those that are 
energy efficient The achevable savlngs are lower than the theoretical potential, as 
descnbed below 
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Table 3-1 
Electricity End-use Efficiency Potentlal (based on 1990 consumption) 

Determined from the Energy Strategy of Russla, bkWh 

4 Some improvements in the utilization of electncity m11 evolve as a result of economc 
reform As pnces are freed to reflect actual costs through market forces (or in the case of 
regulated utilities, through regulatory reform), consumers mll respond to hgher pnces by 
elimnatlng costly waste The first naturally occumng responses are called operation and 
mantenance measures (also referred to as low-cost/no-cost or housekeeping measures), 
reflectlng the possibility of malung improvements vvlthout the need for extensive capital 
Investments (shutting off llghts and equipment when not in use, for example) 

Sector 

Total for Russia 

Industry 62 Construchon 

Agriculture 

Transport 

S e r ~ l ~ e s  
- - 

Residenbal 

5 It is important to note, however, that some operation and maintenance measures m11 
require Investment and attention in order for these savlngs to be fblly realized For 
example, meters will often need to be Installed to morutor electncal and thermal 
performance, and energy managers wll need to receive t r a m g  in the operation and 
mantenance slulls that are required to elimnate energy waste Nevertheless, these low 
cost/no cost options do not requlre srgmficant capital investment, and have not been 
considered in the cost estimates in this sectlon 

6 There 1s also a cntical role for structural change wtlun the Russian economy for 
changlng electncity use T h s  should occur on several levels of the economy, both between 
sectors (for example, a slufi in econormc actiwtles away from Industry to consumer 
products and services) and wtlun branches of industry (a shfi from heavy industry to light 
industry, a reonentation of industrial output and activities to those producing hgher-value 
goods using less electncity, the production of more spare parts and hgher-quality goods 
in the manufactunng sector to reduce the absolute number of uruts produced, etc ) The 
possibilities and Investment needs for structural change to reduce electncity consumption 

Total 

330-390 

260-290 

25-30 

4 4  

27-32 

30-35 
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- 

Of Wluch 

Investment Measures 
(Technology Measurer) 

240-290 

195-220 

15-18 

2-3 

21-25 

23-27 

Operahon and Manntenance 
(Low CostLNo Cost) 

90-100 

65-70 
- 

10-12 

2-3 - 

6-7 
- - 

7-8 



are very dficult to quanta The efficiency benefits offered by structural change are a 
secondary benefit of decisions made for other economc reasons, and as such are not 
included in ths  specific investment program for energy efficiency Also, structural changes 
resulting in energy savings will mady take place after the year 2000 when the economc 
cnsls is over in Russian and favorable economc conditions are present 

7 There are measures descnbed in tlus report that requlre capital investment (1 e , the 
installation of energy-efficient equipment), that could produce large energy savmgs, and 
that have wde applicability Thls section identifies the major energy efficiency measures 
requmng capital investment, and estimates their costs and energy sawngs in the five major 
end-use sectors of the Russian economy industnal, residential, transportation, agriculture, 
and semce For JEAS efficlency investment calculations, the potential efficiency 
improvements shown in Table 3-1 were not completely taken Into account Instead, 
Worlung Group 1 exarmned the investment requirements and efficiency potential of a large 
number of specific end-use efficiency measures The methodology and findings of 
Worlung Group 1 are descnbed in greater de td  for the 57 energy efficiency measures 
studied In the folloulng sections and in Appendlx D 

3 1 1 Methodology and Find~ngs 

8 The underlying method for evaluating energy efficiency investments is to consider the 
Installed cost and the llfet~me electricity sawngs of each measure Worlung Group 1 
developed the Russian End-Use Electncity Efficiency Model to estimate the energy 
efficiency potential and to develop energy efficiency supply curves Ths model allowed 
the user to select the lowest-cost set of energy efficiency measures and forecast the 
measures' energy savlngs and Investment requirements for vmous industnal and non- 
industrial categones 

9 Table 3-2 surnmmzes the 57 energy effic~ency measures cons~dered in ths  study and 
estimates the savlngs they would provlde under Scenano A These estimates assume that 
equipment replacements wll be made only when exlsting equipment reaches the end of its 
estimated design llfe In ths case ~t was assumed that the average cost of saved energy 
would not exceed 4 cents/kWh Tlus value was prowded by analyses performed using the 
ICF optlnuzation model used to provlde integrated least-cost p l m n g  for the JEAS Ths 
model selected efficiency measures that are summmed In ths  list based on a companson 
wth supply costs (on a regond bass) after both were converted to 1994 dollars Hence, 
not all of the effic~ency measures shown here were chosen by the ICF optimation model 
in all regtons More spectfic detals on methodology can be found in the Time-Phased 
Energy Efficiency Plan for Russ~a (Appendix D) and Appendix C 
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Table 3-2 
Energy Efficiency Measures for the Year 2010 (Scenano A) 

JEAS Final Report 

S ~ R  1 EFFICIENCY MEASURES I SAVINGS-GWH 
Measurer mth Savings NPVr Leas Than Zero 

14 April 1995 

7,325 

3,945 

1 1,679 
4,095 

1 582 

3 14 

28 940 

Industry 

Agriculture 
Industry 
Industry 
Agriculture 

Mtsc 

Efficient florescent fixtures 
Mercury and florescent lamps 

Effic~ent and downsized motors 
Improved b c e  msulahon 
Downslvng electnc motors 

Other measures 

Subtotal 

Measures wlth savmgs NPVs from 0 00 to 0 50 cents per kwh 
1 208 

3,07 1 

2 588 

5,705 

2,046 
1,335 

5,561 

21,514 

Service 

Transport 

Industry 

S m c e  

Industry 
Servlce 
M sc 

Efictent motors m bulldmgs 

Improved locomotives 

Efficient motors 

Lightmg controllers 

Hall smeltmg process 
Efficient fluorescent lamps 

Other measures 

Subtotal 

Measures w~th  savmgs NPVs from 0 50 to 1 00 cents per kwh 
1,953 

3 521 
1 026 

3,948 

10 401 
2 298 

23 147 

Agriculture 

Industry 
Agriculture 

Servlce 
Industry 
MSC 

Improved msulat~on m p ~ g  barns 

Eficient motors - 60 hp and above 

Efficient heatmg m pig b r d g  
Adjustable speed dnve water pumps 

Adjustable speed dnve motors - above 13 5 hp 
Other measures 

Subtotal 
Measures w ~ t h  Savmgs NPVs from 1 00 to 4 00 cents per kwh 

9 665 
2 263 

13 546 
5 796 

2,212 
1,768 

1,989 

533 

37,772 

11 1,373 

Residentla1 

Industry 

Indushy 

S m c e  

Industry 
Residentla1 

Industry 

Msc 

Compact fluorescent l~ght bulbs 
High pressure sod~um lamps 

Adjustable speed dnve motors - up to 13 5 hp 

Adjustable speed dnve bluldmg motors 

Compact fluorescent l~ght bulbs 
Improved refingerator insulation 

Metal hall& lamps 

Other measures 

Subtotal 

Overall total 



FUTURE INVESTMENT O ~ O N S  ~3 -5 

10 In summary, the Tlme-Phased Energy Efficiency Plan for Russia examed the sector 
of use for each measure, estimated the total number of umts, and number of ellgible umts 
The total number of umts represents the number of each technology that would be used m 
Russra m 2010 Elrgble umts is the subset of the total umts for wluch replacement (or 
retrofit) by efficient devlces is techcally feasible The actual number of untts replaced IS 

the number of devices that would be replaced (or retrofitted) by the years 2000 and 2010 
under Scenanos A and B Th~s number is smaller than the number of ehgble umts because 
of vmous conditions that limt the economc apphcation of efficiency measures The plan 
assumed market penetration rates for the energy efficiency measures (these rates are 
related to the need to replace worn-out equ~pment) The penetration rate for the measures 
in the lndustnal applications is 33% by the year 2000 and 90% by the year 2010 The 
penetration rate for the measures in the non-mdustnal applications IS 20% by the year 
2000 and 60% by the year 2010 Early replacement of equipment is not considered in 
these estimates, although some early replacements would be economcally justifiable 

1 1 Because of tlme constrants and the complexity of assessing the h r e  power needs of 
an economy in transltlon, the Time-Phased Energy Efficiency Plan should not be mewed as 
a conclus~ve statement of the contnbutlon that can be made by electnclty efficiency In 
several ways, the study IS conservative - lt considers only a representative set of major end 
uses 1s limted to proven technologies In fact, Russia could become a showcase for 
advanced, efficient technologies U S costs were used when Russian costs were not 
avalable However, energy-savlng products represent a huge potential growth industry for 
Russia, whch could bnng down these costs sig~llficantly Some measures, such as frost- 
free refhgerators, were not included because stnctly based on the cost per kwh saved, tlus 
option does not look attractive at present 

12 F~fly-two of the fifty-seven energy efficiency measures Identified in Appendix D that 
have an incremental cost of less than 4 #/kwh are included in the Time-Phased Energy 
Efficiency Plan for Russia Motor efficiency improvement measures are particularly 
Important in the lndustnal sector, and llghtlng efficiency measures have broad applicability 
m all five sectors Flgure 3-1 IS a graph that illustrates the energy samngs that could be 
acheved at vanous cost levels About 90% of the energy savlngs could be aclueved at a 
cost of 2 cents per kwh or less 
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FUTURE INVESTMENT OPTIONS 3 -6 

F~gure 3-1 
Energy Efficiency Supply Curve 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 
NPV per k w h  Saved (cents per kwh) 

140 - 

120 - 

Note - Average costs of all measures selected is 1 centkwh 
- Polnt of lnflevlon of the energy effic~ency supply cure 1s at 2 centskWh 

I 
I 
I 
I 

13 Table 3-3 presents the annual electricity savlngs and the cumulative costs of the 
efficiency measures for the years 2000 and 20 10 Estimates are provided for two 
economc and power demand scenanos the opt~mstlc scenano (Scenano A) and the 
pesslmstlc scenano (Scenano B), whch are described in Chapter 1 

100 - -  
P O L ~ ~  of Inflexion 

40 -. - - - 

20 -- 
Average Cost of dl Measures Selected 

I I I I 1 I 
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F'UTURE INVESTMENT OPTIONS 3-7 

Table 3 3  
Annual Electnc~ty Sav~ngs and Cumulative Costs 

(from Measures Screened at 4 centskWh and Less) 

14 The total savlngs From the implementation of these measures is 19 to 29 bkWh in the 
year 2000 These savlngs are equivalent to the annual generation of eight to twelve 400 
MW power plants By the year 20 10, the savings potential increases wth the further 
penetration of the measures, reachng 78 to 1 12 b~llion kwh These savings are equivalent 
to the generation of forty to fifty 400 MW power plants 

15 Table 3-3 also describes the capital and incremental costs for the energy efficiency 
measures The capital cost is the replacement cost (where applicable) plus the additional 
cost required for more efficient equipment at the point in time where worn-out equipment 
is replaced The incremental cost is only the additional cost beyond the replacement cost 

Sector Year 

Industrial 
2000 
20 10 

Resldenbal 
2000 
2010 

Transportation 
2000 
2010 

Agriculture 
2000 
2010 

smce 
2000 
2010 

Total 
2000 
2010 

16 The capital costs of the energy efficiency measures are large By the year 2000, these 
costs range from $14 to $19 billion By the year 2010, the costs nse to $57 to $78 billion 
However, much of ths cost is replacement cost the net present value (NPV) of 
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t I *  

Incremental Cap~tal 
(bdhon 

Scenano A 

16 3 
61 1 

3 5 
15 1 

15 
5 1 

3 0 
1 1  3 

4 5 
19 5 

28 8 
112 0 

($ 

Scenano A 

1,668 
6 382 

755 
3 278 

42 
146 

62 
232 

512 
2,223 

3 040 
12 262 

kwh) 

Scenano B 

8 8 
37 5 

2 8 
1 1  7 

1 5  
4 8 

2 2 
8 8 

3 6 
15 1 

18 9 
78 0 

Total Capital Costs 
mdhon) 

Scenano B 

892 
3,950 

614 
2 545 

42 
139 

45 
182 

416 
1,726 

2 010 
8 542 

($ 

Scenano A 

5,481 
20,969 

10,073 
43,720 

123 
422 

1,062 
3,958 

1,95 1 
8 468 

18 690 
77 538 

maon) 

Scenano B 

2,93 1 
12,977 

8,187 
33 948 

123 
402 

733 
3,094 

1,586 
6,575 

13 600 
56 997 



mcremental costs is $2 to $3 bllhon by the year 2000 for the two scenarios By the year 
2010, the range is $9 to $12 bilhon 

17 The industnal sector would account for approximately one-thrd of the capital costs 
and one-half of the Incremental costs of the efficiency measures Thls sector also provldes 
for somewhat more than half the electricity savlngs under thls scenmo Although the costs 
are substantial under Scenano 4 it IS unportant to note that the average cost of the cost- 
effective efficiency measures is less than 1 centkwh saved 

18 Table 3-4 shows the geographc distribution of energy savings and costs for the year 
2010 under Scenmo A Two of the seven regons (UraldTyumen and the Center) account 
for approxtmately half of the energy savlngs and mvestment requirements 

19 Even wthn  developed market econonues, barners to energy efficiency exlst 
Frequently, governmental bodies step in to help consumers transcend these market 
barners The institut~ons that have played an important role in stimulating efficiency in 
Western econonues have not yet been developed m Russia Dunng the past several years, 
there has been a great deal of discussion, and several drafts, of a law on energy efficiency 
for Russia, although none of these versions has been enacted to date Cntical aspects of 
such legislation wll be the relative strength of regional bodies versus federal, and the 
encouragement of incent~ves over penalties A major b m e r  for Russia is the outdated 
nature of facilities and equipment Firms are now unalbe to manufacture the required 
machnery and equipment The level of efficiency of Russian equipment is now lower than 
that of imported equipment Financial resources are also laclung, so there is a need to 
create special hnds for energy effic~ency 
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Table 3-4 
Geograph~c D~str~but~on of Electrlc~ty Sav~ngs and Costs 

for Scenar~o A In the Year 2010 

North- M~ddle North Urals & 
West Center Volga Caucasus Tyumen S~berra Far East Total 

Total 
Savings (GWh) 8,309 32,359 11,140 7,414 27,047 2 1,404 4,325 1 12,000 
incremental NPV Cost ($ 990 3,645 1,143 797 2,908 2,288 490 12,262 
nullion) 
Capital Cost ($ million) 6,958 24,500 6,934 5,944 16,773 13,198 3,23 1 77,539 

Monetary discount rate 15% 
Electricity savlngs discount rate 0% 
Investment penod 15 years 
Average cost of saved electricity <I  #/kwh 4$/kWh 
Non-~ndustnal energy efficiency measure penetration 60% 
Industnal energy efficiency measure penetration 90% 
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20 Of the actions that could be taken at the federal level, comprehensive laws on 
efficiency standards and labehg are of cntical Importance, not only for mdustnal, servlce, 
and resident~al equipment, but also for bulldlng matenals and bulldmgs themselves The 
federal government can also act to provlde financial incentives to manufacturers or 
Importers of energy efficiency equipment through the reform of taxation, depreciation, and 
Investment pohcies 

21 Foreign captial is needed if the energy savlngs amounts shown in the Study are to be 
successfblly acheved Pnonty areas of Russian investment are efficient hghting and 
motors and other domant  efficient technologies Pnonty should be gven for foreign 
investments in the followng areas 

t Developing the capability for mass producing 

o energy-efficient motors 
new lighting technologes (such as compact fluorescents and metal 
halide lights 
Automated electnc ovens wth thermal heating 
heat pumps for agriculture 

t Implementing new manufacturing methods (1 e , process changes for oil 
and chemcal plants using hgher quality catalysts 

Establishmg new demonstration projects for energy-efficient technologies 
and providing asslstance for caryng out energy audits 

22 The transition to a market-based economy will create large opporturuties for energy 
efficiency The results of Worlung Group 1's analyses indicated that the average cost of 
the electricity efficiency options exarmned was 1 cent per kwh In the short term, a 
number of barners to implementing efficiency measures must be overcome These include 
the shortage of cap~tal, the shortage of pnce signals, the lack of Federal laws to encourage 
efficiency, and relatively weak and understaffed Regional Energy Comssions 

23 Implementing efficiency measures cnll reman a major challenge in the cormng years 
Energy efficiency investments are typically financed by users, and in Russia today, the 
economc depression makes ths unlikely Financing from other sources w11 be needed in 
the medium term lf these investments are to take place The lack of financing is a senous 
impediment to investing In effic~ency improvements Government support of investments 
to improve efficiency (such as investment tax credits and revolvlng loan funds) could play 
an important role in opemng the market for efficiency Investments 
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3 2.1 Cost Development Methodology 

24 Capital cost estimates were prepared for both the construction of new un-srted 
generating umts and for the rehabibtation of exlsting thermal power plants The capital 
cost information was requlred as Input to the Worlung Group 5 modebng studies The 
methodology applied m the development of these capital costs 1s descnbed below 

25 Cost estimates for the rehabilitation of a large number of agmg thermal umts were 
prepared by estimating rehabilitation costs for a h t e d  number of umts and by limting the 
number of potential rehabilitation schemes to be mvestigated for each umt As a first step, 
Worlung Group 2 developed categones of power plants based on turbinelgenerator 
capacity, boiler type and fbel type 

26 Fuel type and urut size were key classification parameters These dictated boiler 
designs, whch in turn dictated the magmtude of flue gas treatment required for 
rehabilitatlon A typlcal power station, generally consisting of multiple umts, was selected 
by Worlung Group 2 in each category to be evaluated for alternate rehab~htation/ 
replacement options The typical plant umt was selected based on its simlanty to other 
umts of thls size and fbel type so the results of rehabilitation could be extrapolated to 
include those other uruts In total, 24 categones were identified 

27 Boiler and turbine design data sheets and heat balances were obtaned from Workmg 
Group 2 gvmg design temperatures, pressures, flows, he1 feed rates, fbel analyses, major 
equipment types, etc Also, boiler drawngs and station plans and cross-section drawngs 
were obtaned These documents were reviewed by Worlung Group 2 to understand the 
plant design parameters when ~t was imtially constructed The analysis was focused on 
detemmng the cntena used m detemmng a plant's required rehabilitation Additionally, 
thls revlew process allowed Worlung Group 2 to gam insight into the wde  vanety of hels 
fired by Russian plants and the wde vanety of plant designs needed to accommodate 
those fuels The plant deslgns rewewed included both power production (CPP) and 
combined heat and power (CHP) plants 

28 Much effort was expended in the development of proposals for the rehabilitatlon of 
aging thermal power plants These proposals were developed in order to prowde capital 
cost, operating cost and performance information that could be used to charactenze the 
entire inventory of aging thermal power plants scheduled for retirement before the year 
2010 The rehabilitation proposals were developed by Worlung Group 2 after considerable 
discussions and work performed in Moscow 

29 Using a combination of Russian and Western technologes, the method of 
rehabilitation of "typical" plants was detemned Depending on the plant and its fuel 
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FUTURE INVESTMENT OPTIONS b3-12 

avadabhty, more than one rehabihtation method may have been developed for economc 
and techcal  analysis The scope of work was defined for each rehabhtation alternative 
Where special technologes are employed, such as fluid~ed bed, combustion turbmes, etc , 
equipment manufacturers were requested to assist m conceptualmg the rehabditation 
effort Equipment suppliers were contacted, as required, for techcal  assistance 

30 The pnmary Western technologies considered for rehabilitation are 

t Combined Cycle Combustion Turbines (CCCT) 
b Atmosphenc Circulating Fluid Bed Boilers 
b Emssion Control 

SO, Wet Scrubber 
SO, Dry Scrubber 
Baghouse 
Precipitator 
NO, Reduction 

3 1 For each rehabilitation alternative, a general arrangement drawmg, elevations, heat 
balance, and a description of the alternative was provlded In addition, to identify the 
requirements for the Russian work component, the required modifications to 
accommodate the Western technology were listed 

32 The scope of work considered In developing the capital cost est~mates was quite 
extensive The costs include new equlpment and labor for dismantling exlsting equlpment 
and for installing the new equlpment In add~tion to estimating these direct costs, the 
estimates include related indlrect costs as well as the owner's costs and project 
contingencies 

33 A capital cost estimate was prepared for each alternative rehabilitation method The 
key components of the estimate were detemned to be the followng 

b Western equipment 
b Western ~ndirects 
b Russ~an equipment 
b Russian matenal 
b Russ~an labor 
b Russian ind~rects (rncludlng contingency and owner's costs) 

34 Worlung Group 2 was responsible for the development of the "Western costs " 
Equipment suppliers were contacted, as required, to obtain quotations for major Western 
equipment items These costs were provlded in current (1994) dollars 
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35 Russian cost estunates for the installation of Western equipment and for Russian 
rehabilitation equipment and labor were prepared by Worlung Group 2 because all of ths  
work wdl be performed m Russia The rapidly changmg economc chmate w t h n  Russia 
made it dficult to estunate the current costs of equipment and labor usmg Worlung 
Group 2's hstoncal database, however To overcome thts ddliculty, it was agreed that 
Russian cost estimates would be based on a time penod when sound economc data were 
avdable January 1991 was selected as the base penod for all Russian estimates 

36 Appendix F presents estimated rehabilitation costs for each of the alternatives 
considered for each plant category Western costs have been de-escalated to reflect 
January 1991 U S costs The Western costs are presented in $, whlle the Russian costs 
are presented in 1991 Rubles No attempt has been made to combine the two estimates 
because escalation rates fiom 1991 to the anticipated date of installation w11 be 
dramatically different for the two economes Adjustments to a common cost basis year 
and for currency translations are included in the Worlung Group 5 model 

37 Operating and marntenance cost estimates (excluding fbel) were also estimated for 
each rehabilitation alternative evaluated for each of the plant categones These costs are 
also presented in Appendix F The operating cost estimates were developed by applylng 
est~mating procedures recommended by the Electnc Power Research Institute's (EPRI) 
Techcal Assessment Guide (TAG) Applylng these procedures results in an estimate of 
operating and mamtenance costs whlch includes the followng components 

t Operating labor 
b Maintenance labor 
b Maintenance matenals 
b Overhead charges 
b Consumables 

3 8 Estimates of typ~cal US fixed and vanable operating and maintenance costs at 1994 
pncing levels, broken down by maintenance matenal, consumables and labor were 
prepared 

39 These typical US O&M costs were translated to a Russian cost basis using the 
followng assumpt~ons 

t Russian labor costs in 1994 are 10% ofUS labor cost, 
b US labor productivrty in 1994 is 50% greater than Russian labor 

productivity, 
w Russian mantenance matenals and consumable costs in 1994 are 70% of 

US costs 
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3 2 2 Rehabd~tatlon/Modem~zatlon of Aglng Power Plants 

40 As descnbed m Chapter 2, some 600 thermal power plant umts wth  a combtned gross 
output of almost 80,000 MW w11 reach thelr projected retuement date by the year 2010 
For each umt reachng the age of retirement, a number of options are avadable to generate 
replacement power Ths section discusses the option of rehabhtatig and modemng  
these uxuts 

41 The thermal power plants subject to retirement daer  in thex station configuration, 
power block slze, he1 type, boller design, thermal cycles, age, and other factors Because 
both Russian and Western technologies are avsulable to upgrade and rehabihtate ths  wde 
vanety of agng plant designs and the optimum technology for a given generating unit is 
dependent on that umt's specific techcal characteristics, an approach was developed to 
allow a large number of generating umts to be represented wthm a manageable number of 
rehabilitation strategies These are presented in Appendix F as Performance 
Charactenstics for Exsting Thermal Power Plants Scheduled to Retire (1994-2010) 

42 The major charactenstics of Russia's thermal plants considered for rehabilitation may 
be categonzed as using cntena sirmlar to those descnbed in Chapter 2 of ths  report 

b Fuel type 
b Urut type plants are either condensing power plants (CPP) or comb~ned 

heat and power (CHP) plants 
b Plant locat~on plants are classified wth respect to their location in seven 

power pool regons wthln Russia 

43 Table 3-5 presents a breakdown of exstlng thermal power plants that w11 reach 
retirement age by the year 2010 as a hnct~on of the type of fie1 fired Although coal is an 
important hel, it is clear that the majonty of umts subject to rehabilitation are fired by 
natural gas (wth mazut as a backup hel) Where both natural gas and mazut are indicated 
as the fbel type, about 92% of the heat ~nput (annual basis) 1s from natural gas, whle the 
remsurung 8% 1s fiom mazut 
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Table 3-5 
Total Capac~ty of Thermal Plants Subject to Ret~rement 

(by Fuel TY pel 

Natural GasMazut 

44 Where hgh-grade biturnnous coal is used as a backup to natural gas (Natural 
Gas/BH), about 80% of the heat IS generated by finng natural gas, whle 20% comes from 
coal (pnmanly dunng the wnter months) Coal finng is possible because the boilers were 
onginally designed to fire both coal and natural gas 

45 Table 3-6 presents the same inventory as a function of urut type Nearly 50% of the 
uruts are of the CPP type, whle the remamng umts are of the CHP type 

Table 3-6 
Total Capac~ty of Thermal Plants Subject to Ret~rement 

(by U n ~ t  Type) 

JEAS Flnal Report 

Unit Type 

CPP 

CHP 

Total 

Total Capac~ty 
0 

39 054 

39 851 

78 905 

Total 
Capaclty (%) 

49 5 

50 5 

100 0 



46 Table 3-7 presents a breakdown of the thermal power umts considered for 
rehabhtation, by regon More than 65% of thls capacity is located in three regons -- 
Center, Urals, and Sibena -- whch are the major regons of power production wthln 
Russia 

Table 3-7 
Total Capac~ty of Thermal Plants Subject to Retirement 

(by Reg~on) 

Total I 78 905 100 0 

47 A sigruficant number of rehabilitation alternatives were considered for application to 
the retinng thermal plants In most cases, the reconstruction of the power block equipment 
utillvng Western technology was Included as one of the alternatives Other alternatives 
included constructing circulating fluid bed combustors (CFB) to replace coal-fired boilers, 
repowenng gas-fired bo~lers wth combustion turbines, and replacing gas-fired bollers wth  
combined cycle systems 

48 Post-reconstruction performance and cost data were developed for each alternative 
These data are presented in Appendlx F Descnptlons of each rehabilitation alternative 
considered for each of the categones are also presented in Appendlx F A companson of 
the performance charactenstlcs of exlsting thermal power plants scheduled to ret~re w th  
the post-reconstruction performance provlde information related to 

b Heat rate improvement 
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b Operating cost improvement 
b Avadabhty unprovement 

49 Tables 3-8 (a) and 3-8 (b) present estunated full load net plant heat rates for the umts 
subject to rehablhtation as a function of the fuel fired for CPP and CHP umts The heat 
rates for CPPs are presented as a fbnction of both fbel fired and umt sue, slnce slze has a 
sipficant Impact on heat rate Net plant heat rates for CHP umts are grven for operatmg 
seasons smce there 1s a sigruficant seasonal vanation Because the CHP umts are relatively 
small, sEe IS not a sipficant correlatmg vanable 

50 Estlrnated heat rates are presented for the umts both before and afler rehabilitation 
Heat rates for coal-fired rehabrlrtated umts presented in the tables reflect the 
reconstruction of the boilers and generating system in-kmd, utllrzing the coal as the heat 
source Rehabilitation optrons based on swtchmg fbels, from coal to natural gas, are not 
rncluded m ths  summary table Estrmated heat rates for the natural gas-fired umts reflect 
reconstruction of the steam borlers, except where such a rehabll~tation case was not 
considered These cases are descnbed in the footnotes to the tables 

Table 3-8 (a) 
Estimated Heat Rate Improvement 

for Rehabhtated Thermal Plants 
(Condensmg Power Plants) 

(1) Reflects hot wmbusbon alr repowenng of the hollers 
(2) Reflects replacement of boilers wth more efficient comb~ned cycle un~ts 

FulI Load Net Plant Heat Rate (BtulkWh) 
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Before Rehabhtabon After Rehabhtahon 

Natural GasIMazut-Flred U ~ t s  

8 800 

7 500 ('I 

6 700 

Large Umts (2 300 MW) 

Medlurn Umts (1 50-299 MW) 

Small Umts (< I50 MW) 

9,000 

9,100 - 9,200 

9,700 

CoaEFlred Un~ts 

9,200 - 9,400 
9 300 - 9,600 

10,500 

Large Urllts (2 300 MW) 

Med~um Units (1 50-299 MW) 

Small Umts (< 150 MW) 

9 600 - 9,700 
9,800 -10 000 

10,800 
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Table 3-8 (b) 
Est~mated Heat Rate Improvement 

for RehablI~tated Thermal Plants 
(Combmed Heat and Power Plants) 

5 1 Simlarly, the estimated changes m plant operating costs as the result of rehabilitation 
are presented In Tables 3-9 (a) and @) These tables demonstrate that rehabilitation does 
not always improve operating efficiency In fact, vanable operating costs for the 
rehabilitated umts are hgher than for the retlnng umts, pnmanly due to the costs for the 
a r  pollution control equipment associated w th  the rehabilitation program 

F ' d  Load Net P h t  Heat Rate (BtulkWh) 

52 An improvement in avalability is anticipated as a result of the rehabilitation of the 
umts, and the magmtude of the improvement has been estimated The estimated forced 
and planned outage rates for the umts, pnor to retirement and followng rehabllltation, are 
presented in Append~x F for each plant category These outage rates have been provlded 
as input to the WG 5 model~ng act~vltles 

Before Rebabltahon 
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After Rebabltahon 

Natural GaslMazut-Rred Umts 

5,100 

6,100 

6,900 

5,800 - 5,900 

6,800 - 7,100 

7 700 - 8,000 

Wmter 

SpnngIFall 

Summer 

Coal-F~red Umts 

W~nter 

SpnngIFall 

S ~ m m a  

5,200 

6,100 

7,000 

6 000 - 6 100 

7,100 - 7 300 

8 100 - 8  300 



Table 3-9 (a) 
Estimated Changes m Fmed Operat~ng Cost 

for Rehab~l~tated Thermal Plants 

(1) Reflects repowenng of the boilers usmg gas turbrne dscharge 
(2) Reflects replacement of boilers with more efficient combmed cycle m t s  

Before Rehabhtahon %/kW-yr 
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After Rehabhtahon%/kW-yr 

Natural Gas/Mnzut-F~red Uruts 

15 10 

7 25 ('1 

19 70 

36 65 

Large CPPs (2 300 MW) 

M d u m  CPPS (150-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

13 15 

15 15 - 15 80 
17 75 

33 00 

Coal-Fired Uruts 

14 00 - 18 15 
17 85 - 19 40 

22 75 

41 75 

Large CPPs (z 300 MW) 

M d ~ m  CPPS (150-299 MW) 

Small CPPs (< 150 MW) 

CHPs 
- 

1260- 1480 

16 05 - 16 70 
20 45 

37 60 
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Table 3-9 (b) 
Estimated Changes in Vanable Operating Cost 

for Rehabditated Thermal Plants 

(1) Reflects repowenng of the hollers usmg gas turbme d~scharge 
(2) Reflects replacement of hollers wth more efficient combmed cycle m t s  

Before Rehabhtahon SIMWh 

3 2 3 Convers~on of Nuclear to Foss~l 

After Rehabhtatron %/IMWh 

53 In addltion to developing modernization proposals for the fossil-fired umts scheduled 
for retirement, the alternatives for the conversion of partly built nuclear plants to gas or 
coal finng (repowenng) were invest~gated The Rostov Nuclear Power Plant, a VVER- 
1000 des~gn, served as the bass for this lnvestlgation Two alternatives were evaluated 

b One alternat~ve was repowenng the umt utillmg multiple gas turbines in 
comb~nation wth HRSGs (heat recovery steam generators) to generate 
steam to dnve the exlstlng nuclear cycle steam turbine-generator (gas 
turblne comblned cycle) Several repowenng configurations were 
considered These included the use of auxiliary low pressure steam turblnes 
wth and wthout topping turbines Supplementary h n g  of the HRSGs was 
also considered 

Natural GasflMazut-F~red Units 
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Large CPPs (r 300 MW) 

M d u m  CPPS (150-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

0 85 

095-100 

1 20 

1 25 

0 85 

0 30 ( I )  

0 30 

1 50 

Coal-Fired Umts 

1 85 - 2 15 

235-255 

300 

7 65 

Large CPPs (r 300 MW) 

Medium CPPS (150-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

1 20 - 1 40 

1 50 - 1 55 

1 90 

5 15 



Gross power output from the repowered unit ranged from 2,921 MW to 
4,608 MW, depending on the system configuration Total plant heat rates 
ranged from 8,856 to 7,307 Btu/kWh, respectively 

Thls alternative was found to have several disadvantages, lnclud~ng 1) the 
major investment in gas turbme equipment requued to match the exlsting 
turbme steam requuements, 2) the large volume of natural gas requued to 
fire these turbmes, whch could not be made avadable at t h s  site wthout 
additional major rnvestment, and 3) the lack of exlstmg space to mstall the 
addrtional equipment (up to 14 gas turbine and HRSGs) Such 
disadvantages indicated that t h s  would not be an attractive alternative and 
it was dropped from consideration 

t Repowenng the umt ut i lmg a coal-fired boiler (supercntlcal) was the 
second alternative Investigated The new boiler would generate hgh- 
pressure steam whch would flow first to a new topping turbine and then to 
the exlsting nuclear cycle steam turbine-generator Ths was found to be a 
more attractive alternattve Although th s  configuration would mcrease 
output by about 45%, an increase of t h s  magmtude was not considered to 
require major modifications in station transmssion capability 

The source of coal cons~dered in ths  investigation was from the Donets 
Basin It was assumed that sufficrent land area could be made available at 
the site to accommodate coal storage but ths  assumption was not 
investigated further 

The costs assoctated wth ths  option were estimated as part of this 
investigatton 

3 2 4 Fuel Switch~ng/Fuel Upgrades 

54 Improved energy effictency and/or reductions in the cost of power production can 
often be acheved by upgrading the solid fuel fired or by swtchng to another &el source 
Actrvlttes directed towards opttrnung hels were consrdered beyond the scope of t h s  
program, tnstead, he1 swtchng was cons~dered on a case-by-case basis as a part of the 
rehabilitation/modem~zatton program The cases selected are 

t Some 3,000 MW of capactty (6 x 500 MW uruts) located in the Urals are 
currently finng a low-quality biturnnous &el (Elubastuz) The future 
availability of ths  he1 was consrdered doubtfbl and an alternatrve &el, 
Beryozovsky hgh-qual~ty ligmte, was rdentified as a candidate for &el 
swtchng The impacts of swtchng on the design of the boiler, rmlls, 
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auxiliary equipment and ermssion controls were Included m the 
investigation 

b An additional 9 x 300 MW, also located m the Urals and currently fimg 
Elubastuz biturnnous coal, were subjected to a s i d a r  analysis The 
poss~bility of retinng four of the umts and replacing them wth  2 x 500 MW 
boilers finng Beryozovsky hgmte (at the same site) was evaluated 

F Some 1,400 MW of capacity (7 x 200 MW), located in the Center regon, 
are currently finng Beryozovsky hgmte The lugh cost of transporting tlus 
fuel to the station (some 5,000 km), combined wth  the avadability of 
natural gas as a potential alternate fuel, led to an analysis of replacing the 
coal-fired boilers wth  a natural gas-fired combined cycle system The 
system would include both new gas turblnes and new or sigruficantly 
modfied steam turbines 

Detmls of the impacts of fbel swtchng on the technology and Investment costs associated 
wth  the modemzation of the individual plants are presented m Appendix F 

3 2 5 Life Extension Opt~ons 

55 Worlung Group 2 focused on detemmng an investment plan for the rehabilitation of 
the agng fossil power plants scheduled to be retired by the year 2010 The results of ths  
investigation form the basis for the investment requirements presented in t h s  report 

56 mstoncally, older generating units were retired when new, larger and more 
economcal base loaded plants came on l~ne More recently, however, because the rate of 
growth of demand for electncal power has declined and heat rates for new umts are not 
sigmficantly less than for exlsting uruts, the construction of new, large umts has been 
sigruficantly reduced and these older uruts are no longer routinely retired and abandoned 

57 For most of the Russian thermal plant categones considered, one of the pnmary 
alternatives evaluated was the reconstruct~on of the power plant, in lund, applying 
Western technology where appropnate to improve efficiency or other key plant 
performance vanables ms plant investment program would be expected to extend the 
life of the power plant by an addltlonal25 to 30 years Although costly, the investment 
requirements are slpficantly less than the construction of a new greenfield power statlon 
Ths  alternative was designated as a rehabilitation/modermzation approach, but it rnght be 
more properly referred to as a fill I~fe extension program 

58 An alternative not considered in the development of ths  investment plan was a less 
aggressive life extension program Tlus 1s sometimes referred to as "phased" or "hrnted" 
life extension Ths  strategy IS based on a much more limtted approach to the rehabilitation 
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of the umts, mstead of a major rebuild, and would sigdicantly reduce Investment costs 
The concept of h t e d  Me extenslon, as it mght be apphed to the agng Russ~an thermal 
umts, IS descnbed below 

59 Whlle the underlying assumption associated wth  the rehabfitation approach utihzed m 
ths  study was that upon reaclmg retuement age a umt was taken out of sennce and either 
retued or was subject to a major rehabihtation, m actual practice thls has not occurred 
Many of the Russian thermal umts have passed the~r planned retlrement date and, because 
of their need for power and lack of rehabilitation cap~tal, they cont~nue to operate Some 
of these umts may be In very poor condition and may, m fact, be Inoperable These umts 
would be candidates for major rehabilltation programs Others may be in farly good 
condition wth  no outward slgns of havlng reached therr retirement age These umts would 
not requlre major capital Investment as assumed in t h s  study 

60 A s~gmficant number of umts, havlng reached their retlrement age, are operating wth  
hlgh forced outage rates and relat~vely hgh annual mantenance costs These umts are 
potential candidates for a linuted life extension program A life extenslon program apphed 
to these umts would have the pnmary goal of continued operation whle maintaimng or 
improving avalability, efficiency, operation and mantenance, and safety 

61 Est~mating the costs for a linuted life extenslon program requires a systemat~c 
component evaluation to select the Items in the plant that are poss~ble candidates for 
rehabilitation, Identify the repar or replacement options, and est~mate the cost of each 
potential option The first phase of a umt evaluation includes pnontiung station 
components, exarmmng station records, and conducting intennews and walkdowns at the 
statlon, inspections and non-destruct~ve testing of identified components Expenence has 
ind~cated that, in most cases, cntical Items for consideration are 

w Bo~ler 
o Steam drums 
o Superheater and reheater headers and tubing 

Waterwalls 
Economzers 
Downcomers 

o Man steam and hot reheat steam plplng 

o Rotors 
Valves 
Steam chest 
Blades and nozzle blocks 
Cas~ng and shells 
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t Generator 

Rotor shaft 
Stator wndings and insulation 
Retamng m g s  
DC exciter 
Voltage regulator 

62 In addition, other items (including balance of plant components) identdied by plant 
personnel would be included m any life extension evaluation program 

63 Each item identdied for consideration is then subject to an economc evaluation to 
establish the cost of repar or replacement and the anticipated econormc benefit associated 
w t h  the activlty (reduced mantenance, lower heat rate, etc ) Decisions are then made, on 
a component-by-component bass, to rehabilitate the specific component or to "do 
nothing" The impact of the "do nothmg" alternative on the projected fUture performance 
of the system may be considered when conducting thls evaluation 

64 It should be obvlous that llrmting llfe extension investment to key components in the 
system is considerably less costly than a complete rebuild of the power plant since only a 
fraction of the power plant equipment wll be mcluded In some cases a clear economc 
advantage (payback) can be demonstrated for the rehabilitation of a specific plant 
component, whether the component requires replacement or not, and such projects rmght 
be cons~dered independent of llfe extenslon In other cases (improved safety for example) 
the decision to implement the mod~fication may not be so clear 

65 The life extension cost ($/kW) for any umt is a fbnction of the condition of the umt 
and the number and type of components requinng attention Umts where the majonty of 
the boiler and turbine components identified above require immediate rehabilitation would 
probably not be considered candidates for a limted life extension program of the type 
descnbed above For some umts, however, a relat~vely small investment may result in 
achevlng the goal of continued operation whle mantamng or lmprowng avalability, 
efficiency, operat~on and mantenance, and safety The potential for reducing investment 
requirements for the Russian power sector by applylng a program of limted life extension 
should not be Ignored 

3 2 6 New Thermal Capac~ty 

66 Tables 3-10 (a) and 3-10 @) present performance and cost data for new (un-sited) 
thermal power plant technologies for both CPP and CHP plants The data reflect 
approximate levels of plant performance and cost They are intended to represent average 
or typlcal performance and cost for plants in a given category Actual performance and 
cost parameters may vary considerably due to vanations m he1 quality, specific plant 
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configuration, and site conditions For more detaded mformatlon refer to Appendix F Net 
plant heat rates for CHP umts are gven for wnter months, and represent worst-case 
values for the year 

Table 3-10 (a) 
New Un-Slted Thermal Power Plants 

Performance and Cost Data 
(Condensing Power Plants Only) 

Key AFB = atmospheric fluidized bed PC = pulverized coal 
C C = comblned cycle NG = natural gas 

U N ~  Type 

PC 

PC 

AFB 

C C  

C C  

JEAS Flnal Report 

Fuel 

Coal 

Coal 

Coal 

NG 

NG 

Slze 
rn 

300 

500 

300 

360 

450 

Vanable 
Opentmg costs 

($-) 

2 20 

1 SO 

300 

0 30 

0 30 

Full Load Net 
P'ant Heat Rate 

Pawh) 

9,300 

9,200 

9,300 

6,200 

6,200 

Fued Opentrng 
Costs (SIkWIyr) 

15 00 

12 60 

11 90 

7 20 

6 40 



Table 3-10 (b) 
New Un-Sited Thermal Power Plants 

Performance and Cost Data 
(Combmed Heat and Power Plants Only) 

Key AFB = atmospheric flwdmd bed PC = p u l v d  coal 
C C = wmb~ned cycle NG = natural gas 
wgen = wgenerabon mt 

67 The Joint Parallel Nuclear Alternatives Study (JPNAS) IS a parallel study to the JEAS 
Thls study was umed at the assessment of the costs of enhancing the safety level of 
Russlan Nuclear Power Plants (NPPs), decomrmss~orung of umts wth  the RBMK-1000 
and first generation VVER-440 reactors, the completion of NPP construction, NPP 
repowenng Into a fossll fuel plant as well as for the construction of new generation NPPs 
In the framework of the Jolnt Energy Alternatives Study, the JPNAS provlded the latter 
wth those data of the nuclear sector whlch were needed to exerclse an Integrated 
resources p l m n g  model for Russ~a's power sector 

Umt Type 

C C (cogen) 

C C (cogen) 

C C (cogen) 

PC 

AFB 

3 3 1 Cost Development Methodology 

Full Load Net 
'Iant Heat Rate 

( ~ t u ~ ~ b )  (rmter) 

4,500 

4 700 

4 800 

5,800 

5,800 

68 A U S -based Engneenng Econormc Database (EEDB)' was used as a bas~s for 
developing the cost estimates that were requ~red for thls study The EEDB was selected 

he' 

NG 

NG 

NG 

Coal 

Coal 

1 Tlus database IS operated and mamtamed by Raytheon Enpeers and Constructors, a U S -based 
enpeenrig and construcbon fm 

Fmed Ope"- 
Costs ($IkWIyr) 

7 90 

10 00 

19 90 

19 80 

15 70 

Slze 
wW 

t e  

330 

260 

27 

180 

180 
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ri 3 

Vanable 
Open- costs 

( s m )  

0 30 

0 40 

0 45 

2 60 

3 60 



for ths  study because of its capability to acheve consistency and comparability across a 
vanety of cost estimates for dissimlar items 

69 The EEDB cost models are quantity (matenals and related installation hours) dnven, 
reflecting the specdic design features of the U S power plants represented by the techtllcal 
data models The EEDB techcal data models are based on actual power plant design and 
construction expenence Additionally, the data models have been penodically checked 
aganst actual field data to assure their compatibility mth current U S techcal practice 
and cost expenence 

70 The direct costs are estimated m terms of quantities of commodities, equipment and 
rnstallation labor that reflect the design features of the power plant of interest Costs are 
developed from the estimated quantities based on actual design features, or adjustments of 
quantities for representative or slnular design features found in the data base 

Base Construcbon Cost Bans 

71 The cost optlons were first developed by Arnencan experts using EEDB detaled data 
models (U S basis), then modlfied by detaled techcal data provlded by Russian experts 
to reflect actual Russlan NPPs, and then finally converted to Russian conditions, based on 
the conversion factors provlded by Worhng Group 5 and shown in Table 3-1 1 

72 For each system or faclhty, the follourlng procedure for direct cost estimation has been 
implemented 

b the U S experts selected the design prototype for the systendfacility from 
the EEDB database 

b the prototype parameters such as mass, sue, capacity, etc were refined and 
corrected on the bas~s of detaled techcal information provlded by the 
Russian experts 

b the cost estimation of the systedfacility was computed on the basis of the 
corrected parameters 

73 For each unlt an Indirect cost, owner's cost, contingency and "total" were calculated 
for each dlrect cost In accordance wth EEDB procedures and methodology Indirect costs 
were calculated by talung Into account the magmtude and type of construct~on, craft labor 
requinng supervlslon, engneenng costs and construction duration The owner's cost and 
contingency for each urut was calculated as a percentage of the base construction cost 
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Table 3-11 
Character~st~cs of Pr~orlty Exlstlng Plants for Rehabll~tatlon 

Note Capital Investment cost ($/kW) was computed based on the "new" capacity because it was assumed that without rehabllitatlon, these plants will be out 
of s m c e  by the year 2000 
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(BCC) The economes associated wrth the multiple umts on a slngle plant site were 
taken Into consideration, and are reflected m the cost estimates 

O&M Costs 

74 The non-&el O&M costs were developed on a Russian bas~s fiom EEDB procedures 
and data These costs were based on detaded umt stafhg levels provlded by the Russian 
experts and an estimated relative allowance for expendable matenals The non-fuel O&M 
costs were developed in terms of both fixed and vanable costs 

75 The fuel costs were developed by the Russian experts The assumed model of the 
nuclear cycle consists of eight phases from uramum extraction through the final disposal of 
spent fuel Ths composition of the he1 cycle corresponds to the so-called open or 
once-through cycle when there are not fuel reprocessing and related activities Other 
possible ke l  cycles (closed cycle wth the use of reprocessed uramum and plutomum, 
thonum cycle) are less ready for practical implementation and were therefore excluded 
fiom consideration In ths study 

76 The basic assumptions used to assess the cost of the nuclear fuel cycle are as follows 

b Due to the existence of large stocks of extracted urmum m vanous forms 
in Russia, pnce escalation for nuclear he1 over the entire penod of the 
study need not be considered 

b The costs incurred at different times dunng the nuclear &el cycle should be 
levelized to the moment of placing the fabncated fuel into the reactor 

b The pnce of nuclear fuel is determned on a umt-by-umt basis depending on 
the emchment of the fuel used 

77 Three scenanos of the pnces for nuclear &el were suggested a rmmmum pnce 
scenano, an average pnce scenano and a maxlmum pnce scenano (the average pnce 
scenano is part of the reference case in the integrated model) The specific assumptions 
for these scenanos are as follows 

2 EPRI, 1993 Technrcal Assessment Guide 

3 The levellvthon of mfferent tune costs m this context means the levellzabon of all fuel cycle costs to the 
tune of placmg the f k l  mto the reactor Such a procedure 1s necessary for nuclear fuel to account for 
substanbal tune dfferences among the vanous mvestments re@ However, h s  levellzation IS 

hfferent fiom the cost levellzabon to be implemented wthm the Integrated model of a power system 
The latter levellzes all the costs to one selected tune pomt, usually the b e g m g  of the p l a m g  penod 
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b Mmmum - the pnce of emched urantum is assumed to be zero Ths 
reflects the fact that a very large stock of emched urantum, mcluding 
hghly emched urmum, exlsts m Russia Ths scenano represents an 
extreme case designed wth  the objectlve of mvestigatmg, w t h  the 
~ntegrated model, the marpal system Impact of the cost of nuclear fuel In 
reality, ths  case could occur only for h t e d  quantities of nuclear &el 

b Average - the costs are at the pnces at the world unrestricted market Ths 
market 1s served manly by the CIS countries lncludmg Russla 

b Maxlmum - all costs are the pnces charactenstic of long-term contracts for 
major producers in the world market 

Decommrssronzng Costs 

78 Decomssiomng costs have two pnncipal components direct Impact costs and socio- 
economc costs For the purposes of ths d~scussion, duect impact costs include costs of all 
on-site and off-slte actiwties directly associated wth the decomrmssionmg process 

79 The duration of actiwties and their manpower resource requirements formed the basis 
for the present estimate The Russian experts developed the defimtion of the 
decomssiomng phases, their duration, the outline of activities for each of the phases, 
and the manpower requirements for each activlty The decomssiomng process 1s diwded 
into three sequential phases preparation for decomrmssiomng, preparation for a long-term 
safestore, and the long-term safestore itself (analogous to the U S -type process wth long- 
term safestore) 

80 The cost dnvers considered in ths study for the estlrnate of socio-economc costs are 
as follows staffing levels at the umt dunng normal operation, staffing levels at the umt 
dunng vanous decomssiomng phases, the duration of the decomssiomng broken 
down into phases, town slte demographcs, costs of retranmg and relocating st& made 
redundant by decornmss~omng, continued compensation for redundant workers, and 
allowance for liwng accornmodat~ons at new location 

8 1 Substitute heat sources for dlstnct heating may be required when NPPs are shut down 
for decomss~orung These costs associated wth decomssiomng have not been 
estimated in the JPNAS but were accounted for in the Worhng Group 5 modeling 

4 The Economrcs o / h e  Nuclear Fuel Cycle OECD (Orgamhon for Ewnomc Co-operahon and 
Deve1opment)MEA (Nuclear Energy Agency) Reused F m l  Draft NEAEFClDOC(93) 1, June 1993 

5 Nuclear Fuel A b~weekly Report from the mtors of Nucleonics Week Vol 19, No 10, May 9, 1994 
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82 Also not considered m ths  study is the constructron of additional generatmg capacity 
at the site or m the v~cmty of a decomssioned reactor umt It is obwous that t h s  
scenmo may mtrgate or completely e h n a t e  the socio-economc costs 

3 3 2 Assessed Nuclear Options 

83 The JPNAS analyses were structured on the cost assessment of six options for the 
Russian nuclear power sector whch were rdentified in the Terms of Reference (TOR) 
They are as follows 

Optlon 1 Provlde safety upgrades to all RBMK and first generation 
VVER-4401230 reactors to allow operation until the end of s e ~ c e  
life at safety level acceptable to the West 

Opt~on 2 Decomssion RBMK and first generation VVER 440 reactors 

Option 3 Repower partially completed VVER-1000 NPPs as fossd fbel 
plants The representative plant used m ths  study was Rostov-1 

Opt~on 4 Complete the partially completed VVER-1000 reactors, wth safety 
levels comparable to the West 

Opt~on 5 Provlde safety upgrades to operating plants wth the VVER-440 
I2 13 and VVER- 1000 reactors to perrmt the operation of these 
reactors at reduced levels of nsk 

Option 6 Build a new evolutionary power plant NP-500 

84 The cost estimates denved here were based on defined concepts and also on drawngs 
and specifications for some specific upgrades and uruts prowded by Russian experts 
(These cost estimates are presented in Appendix G ) It should be noted that these assessed 
optrons are attempts to implement the study Terms of Reference For options that include 
safety upgrades (opt~ons 1,4, and S), worhng group 3 operat~onally defined, for the 
purposes of thls study, a set of upgrades that rased the level of safety at the associated 
NPP's and that mght be acceptable to potential investors Ths set of upgrades included 
the followng 

A subset of the upgrades developed by the Russian engneers for the 
Internattonal Users Group (lUG) of Sovlet Des~gned Reactors and 
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pubhshed m a March 1994 report prepared for the WANO that mcludes all 
the upgrades dlrectly associated wth  reactor and plant safety6 

b The implementation of confinement/contment system for RBMK and 
first generation VVER-440's 

w Certan additional engneenng studies from the current Russian program to 
identify upgrades not included ln the two prewous items 

85 It is important to note that nsk is not only reduced by design measures, but also by 
operational improvements Therefore, the Russian safety program includes measures 
auned at improwng operation and malntenance, quality control, diagnostic methods, 
admmstrative controls, and personnel qualifications and t r a m g  The safety culture is also 
improved by penodic safety assessments and the personnel expenence 

86 Safety Upgrades to Umts wth RBMK- 1000 and VVER-440 Reactors The mtllmal 
upgrades for the umts wth RBMK-1000 and first-generat~on VVER-440 reactors are as 
specified m the March 1994 World Assoc~ation of Nuclear Operations (WANO) Reports 
entitled Improvement of RBMK- 1000 Nuclear Power Plant Safety and Improvement of 
VVER-4401230 Nuclear Power Plant Safety, and in particular, m Chapter 3 of these 
reports, "Major Measures on Safety Enhancement to be Implemented in the Future " Not 
all of the IUG recommendations were costed as some of the items addressed 
improvements In availability and operation, and not in safety Those upgrades that were 
costed are llsted In Appendlx G 

87 Safety upgrades that have already been completed as part of the current Russian 
upgrade program have not been included in the Study Prorated costs associated wth 
completing safety upgrades that are currently in process were included in the study 
Additional engineenng studies and confinement/contmnment systems whch are aimed at 
addressing safety issues not included In the current program are also included in the study 

88 The major measures for the safety enhancements of these nuclear power plants have 
been categorized by the TUG on the basis of the specific plant elements whlch they 
address, namely 

b Integnty of the pnmary loop 
b Measures to avo~d or control transients 

6 It should be noted that the major part (>85%) of the IUG-set are directly associated with reactor and 
plant safety 
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F Integrity of the contauunent/confhement 
b Protection fiom fires 
b Accident management 
w Reactlvlty Control 
b Methods, studtes, and procedures 

89 For the purposes of ths study, three contanment functions were conceptually 
designed and costed These were 

a U S -style full contrunrnent system for RBMK-1000 and first-generation 
VVER-440 reactors 

b a jet condenser pressure suppression system and a metal confinement 
structure of Russlan deslgn over the operating floor for RBMK-1000 

b ajet condenser pressure suppression system wthout additional 
confinement elements for the first-generation VVER-440 reactors 

90 The evaluated over-mght costs of safety upgrades to the RBMK-1000 umts ranged 
fiom $35 to $90 mll~on for the confinement and jet condenser deslgns, and fiom $136 to 
$228 rmll~on for the full contanment deslgns The evaluated over-mght costs of safety 
upgrades to the first generation VVER-440 umts ranged from $29 to $39 mlllon for the 
confinement and jet condenser deslgns, and from $87 to $1 11 mlllon for the full 
contanment des~gns 

91 Decommissioning The study assessed the cost of decomrmsslomng umts vvlth 
RBMK-1000 and first-generation VVER-440 reactors Two approaches were considered 
a Russlan approach and a U S approach Both approaches were based on data provlded 
by the Russlan experts The soclal costs of decomnussiomng were assessed In the same 
way for both the U S and Russlan approaches 

92 The Russlan approach to decommss~o~ng was used as the reference case in the 
JEAS Ths approach IS analogous to the approach for the long-term safe storage of the 
plant untll the tlrne of final plant d~smantllng accepted m the U S The Russlan approach 1s 
based on Russ~an Federatlon stud~es tempered by mantenance, repalr and replacement 
expenence As such, ~t reflects d e c o m s s l o ~ n g  procedures that regulatory and utlllty 
orgamzatlons find acceptable In the Russlan Federatlon today 

93 The U S approach IS Included Into tlus study at the request of the U S experts Tlus 
approach 1s based on a process wth lmrned~ate full plant dismantling The U S approach 
IS based on the results of U S stud~es tempered by the effects of actual expenence As 
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such, it reflects decomssiomng procedures that regulatory and utility organnations find 
acceptable in the U S today 

94 The U S approach to decornmssiomng Russian nuclear power plants was developed 
as a hypothetical case on the basis of nuclear regulation, financial conditions, and the 
technology base exlsting m the U S Neither approach can be c l m e d  to be optlmal 

95 The evaluated costs of the planned decomrmssiomng of RBMK-1000 umts ranged 
from $169 to $198 rmllion for the Russian approach, and from $49 to $77 d o n  for the 
US approach The evaluated costs of the planned decomssiomng of VVER-440 umts 
ranged from $108 to $124 mllion for the Russian approach, and from $48 to $64 rmllion 
for the US approach 

96 The evaluated costs of the early decomrmssiomng of RBMK-1000 umts ranged from 
$172 to $200 mlhon for the Russian approach, and from $52 to $81 rmllion for the US 
approach The evaluated costs of the early decomrmssiomng of VVER-440 umts ranged 
from $109 to $125 mllion for the Russian approach, and from $49 to $65 mllion for the 
US approach 

Opaon 3 

97 Repower~ng Rostov-1 The Rostov site was selected by the JPNAS experts as a 
representative repowenng site for the purposes of t h s  study Thls site was ~mtlally planned 
as a four-u~ut VVER-1000 NPP, however, the plant constmct~on has been discontinued 
Umt 1 is approxlmately 95% complete, whle Umts 2, 3 and 4 are only about 50 , 10 and 
5% complete, respectively The site, installed systems and equipment have been 
maintained by the plant staff slnce construction at the plant was halted 

98 Two alternatives were evaluated 

t Repowenng the urut utilivng multiple gas turbines in combination with 
HRSGs (heat recovery steam generators) to generate steam to dnve the 
exlsting nuclear cycle steam turbine-generator (gas turbine combined 
cycle) Th~s  was found to have several disadvantages, including 1) the 
major Investment in gas turbine equipment required to match the exlstlng 
turbine steam requirements, 2) the large volume of natural gas required to 
fire these turbines, and 3) the substantial Increase in station output fiom the 
combined gas turbindsteam turbine generators Such disadvantages 
indicated that this optlon would not be an attractive alternative 

t Repowenng Rostov-1 as a coal-fired plant under the premse of the 
maxlmum use of equipment whch is already Installed The basic concept 
involves producing supercntical steam in fossil-fueled boilers to dnve 
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additional high-pressure toppmg turbmes The exhaust steam flow fiom ths  
system IS cooled so as to match Inlet conditions of the turbme of the 
partially completed nuclear umt The combmed output of the generators 
dnven by the topping turbmes and those drrven by the turbme of the 
partially completed nuclear plant 1s approxrmately 1500 MW To 
implement the repowenng, substantial development of fossil fbel resources 
and ralroad capacity wdl also be requlred Site development for coal 
storage and ash disposal IS also needed The JPNAS has not estimated 
these costs 

99 Ths option is the most costly of the six options considered by Worlung Group 3 As a 
result, it was not chosen by the plamng models The ovemght cost of repowenng 
Rostov-1 as a fossil fie1 plant was estimated at $557 rmllion 

100 Complet~on of Kalin~n-3 Ths option involves completing the construction of 
K&m-3, a VVER-10001320 plant, whch is reportedly 75% complete If t h s  option is 
exercised, construction wll be restarted after a penod of relative inactlvlty Ths penod of 
~nactivlty was assumed to be at least two years m duration, long enough to require some 
rework of certan plant systems and structures It IS reasonable to assume that If the plant 
is completed, it w111 incorporate safety upgrades to p e m t  operation at safety levels 
comparable to the West The cost of completing the Kalinln III reactor (75 percent 
complete) with safety upgrades was estimated at $146 mllion 

101 In addition, Worlung Group 3 assessed the costs for the completion of Balakovo 
umts 5 and 6,  Kursk umt 5, and Rostov umt 1 These units are 30, 15, 75, and 90% 
complete, respectively 

Opaon 5 

102 Safety Upgrades to Operat~ng VVER-1000 and VVER-4401213 Reactors These 
safety upgrades involve the modification of operating VVER- 1000 and VVER-4401213 
reactors so that they can operate at reduced level of nsk As the basic set of upgrades, the 
recommendations for IUG were taken that correspond to the published WANO reports 
dated March 1994 ' 
103 Additionally, the costs of engneenng studies amed at addressing safety issues that 
were not included in the WANO guidance were assessed 

7 Improvements of WER-1000 Nuclear Power Plant Safety and Improvement of WER-440B13 
Nuclear Power Plant Safety 
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104 The evaluated costs of safety upgrades to operatmg VVER-1000 umts ranged from 
$16 to $29 d o n  The evaluated costs of safety upgrades to operatmg VVER-440/213 
umts ranged from $1 1 to $14 d o n  for destgns ustng the confinement and jet condensor 
approach, and $69 to $86 d o n  for desrgns usmg the 1 1 1  contanment approach 

105 New Generat~on Nuclear Power Plants. Russ~a has developed several advanced 
NPP concepts mth enhanced safety features m a program analogous to the U S advanced 
reactor program The design considered m ths  study u the 635 MWe NP-500 (smce 
December 1994, ths  project has been denomnated as VVER-640) The NP-500 IS one of 
the Russian Federat~on's evolutionary nuclear power plants wth a medlum power reactor 
rated at 1800 MWt The NP-500 was developed to acheve a hgher level of safety than 
nuclear power plants operating in the Russlan Federation by applylng passlve safety 
systems and providing a double protectlve contanment shell 

106 The evaluated costs of construction of an NP-500 are $529 mlllon for the first unit 
and $440 mllion for the second umt, lf a two umt plant IS bullt 

3 3 3 Projects Proposed for Implementat~on 

107 Development of the opt~mal ~mplementat~on strategy for safety upgrades of 
operating NPPs In JPNAS, the costs of lmplementlng vanous safety upgrades have been 
developed The Russlan and international expert groups have conducted many studies of 
the safety of Soviet-des~gned NPPs The development and lmplementatlon of a 
methodology IS recommended Tlus methodology would allow, on the basis of -- 1) the 
studies already performed, 2) the avalable expenence and knowledge of the specific safety 
systems and the fac~lity as a whole, and 3) some addlt~onal studles involving Probabilistic 
Safety Assessments (PSA) -- to rank the suggested safety upgrades m accordance wth 
thelr nsk sigmficance so that the maxlmum safety benefit of the Investments In safety 
upgrades could be ensured, wth due conslderatlon of the financial constraints 

108 As a continuation of tlus activlty and as the recommendations of the IUG include 
PSAs for each operating VVER, tt IS proposed that a level 2 PSA be performed for 
Balakovo-1 A genenc PSA for the VVER-1000 is currently m process for Kahmn umt #1 
as part of a jolnt Russian GAN - US NRC program The appllcatlon of the genenc PSA 
methodology to a speclfic Russlan power plant performed by Russlan engineers would 
complete the technology transfer Inherent m the PSA project Many problems m the PSA 
process have been ~dentified and solved by U S engineers Ths knowledge wll now be 
used to help Russlan engneers Improve thelr PSA methodology 
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109 Completion of the design of the NP-500 and NP-1000 (evolutionary reactor) to 
a sufficient level of detall so as to prov~de for a full-scale Iicenslng process The NP- 
500 and NP-1000 are approachmg design completion Ths  design Includes innovative 
passive and active systems Further work is needed to verrfjl the operational rehabhty of 
the designs, mcludmg enwonmental requirements of these systems It 1s proposed that 
Russian engmeers undertake such venfication and optmzation of design features wth  the 
support of U S experts, so as to facilitate the hcensmg of the NP-500 and NP-1000 m a 
manner consistent wth  international practice Additionally, to hrther design completion 
and the subsequent construction process, thls project wdl make avalable to Russian 
engneers cost estlmatmg and project management tools Note that such tools wll be 
useful across the entlre spectrum of electricity sector projects 

110 Development of the decommissioning program m the context of a specific 
RBMK-1000 reactor The level of matunty of the Russian approach to decornmssiomng 
is charactenzed by a lack of comprehensive regulatory guidance and the absence of 
options for the disposition of spent fuel and radwaste A conclusion whch may be drawn 
from the JPNAS is that Russian p l m n g  for decomssiomng is not at the stage where 
the decomrmssiomng of a specific plant can be undertaken 

1 1  1 It is proposed that ths  project Identify an RBMK reactor whch is likely to be 
decomrmss~oned In the near term In the context of decomssiomng the identified 
reactor, the followng objectives w11 be addressed 

t Recommend appropnate regulatory development 
t Spec15 detals and progression of decomssiomng activities 
b Develop detaled cost and schedules 
t Identify U S technology that supports and facilitates NPP 

decornrnissio~llng 

112 Note that the results of ths project w111 be applicable to the decomrmsslomng of 
other RBMK reactors 

1 13 Hydroelectnc plant charactenstics and financial Investment data were used to 
pnontize exlsting hydro plants for rehabilitation, modemation and expansion, and to 
pnontize new hydro plants for completing comrmtted construction and starting new 
construction 
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114 For thls study, four categones of hydroelectnc plants were estabhshed to ldentlfjr 
potential plants for Investment The four categones are 

Category 1 Exlsting Plants, Commtted Rehabditation 
Category 2 Exlstmg Plants, New Rehabilitation 
Category 3 New Plants, C o m t t e d  Construction 
Category 4 New Plants, New Construction 

3 4 1 Cost Development Methodology 

115 All capital cost data presented in thls section reflect the estimated "ovemght" capital 
costs (the cost excludmg Interest dunng construction) of rehabilitation and new 
construction as of January 1, 199 1, excluding any interest or financing costs These costs 
include all equipment, labor and matenals necessary for rehabhtation or new construction 

116 Average operating costs for the Russian hydro system are about $15/kW and 
$3/MW/hr for fixed and vanable costs, respectively 

117 No escalation of the annual capital costs has been included m the costs presented for 
hydro rehabilitation and new construction 

3 4 2 Exsting Hydro Plants 

1 18 To mantan the hydroelectnc generation system's exlst~ng capacity through the year 
2010, investments wll be required to complete construction at plants currently under 
rehabilitation Investments w11 also be needed for new rehabilltation at other plants to 
preclude the need to retlre them pnor to the year 2000 

119 Category I - Exrstzng Plants, Cornnutted Rehabrlztatzon. Four hydroelectnc plants 
currently under rehabilitation were rdentified as pnonty projects Nhe-Tulomskaya, 
Volkhovskaya, Volzhskaya (Center) and Volzhskaya (hhddle Volga) Without investment, 
these plants d l  likely be out of service by the year 2000 The charactenstics of the four 
plants are shown in Table 3-1 1 They w11 require an investment of approximately $585 
mllion over the five-year penod 1995 to 1999 (Table 3-12) The cost breakdown by 
equipment, labor and matenal components 1s shown In Table 3-13 The proposed 
investment would prowde a 40-year lrfe extenslon for the four plants These plants 
currently have 4,957 MW of installed capacity and 20,460 GWh of average annual energy 
production After rehabilitation, they unll have 5,202 MW of mstalled capacity and 22,720 
GWh of average annual energy production as a result of the installation of modem 
equipment and effic~ency improvements 
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Table 3-12 
Investment Plan for Pnonty Ex~stlng Plants for Rehabllltatlon 

120 Category 2 - Exrstzng Plants, New Rehabzlrtatzon Four hydroelectnc plants were 
identified as pnonty projects for new rehabilitation including modemzation and 
expansion Karnskaya, Ivankovskaya, Pavlovskaya, and Uglitchskaya Wrthout investment, 
these plants w11 l~kely be out of servlce by the year 2000 The charactenstics of the plants 
are shown In Table 3- 11 No rehabilitation construction has begun on any of these plants 
except for Uglitchskaya, which IS currently being repaired as a result of the failure of a 
portion of the draft tube limng The estimated Investment requirement for rehabilrtating the 
four pnonty plants IS $370 mllion over the penod 1995 to 1999, as shown in Table 3-12 
The cost breakdown by equipment, labor and matenal components is shown in Table 3-13 
The proposed investment would prowde a 40-year life extension for the four plants They 
currently have 8 10 MW of Installed capacity and 2,560 GWh of average annual energy 
production After rehabil~tat~on, they wll have 891 MW of lnstalled capacrty and 2,63 1 
GWh of average annual energy production as a result of the installation of modem 
equipment and efficiency improvements 

JEAS F~nal Report 
14 Aprrl1995 

I 

Plant Name 

Investment Requirement, % -on, per Year 

1995 

Emtmg Plants, Committed Rehabhtahon 

1996 

Volzhskaya (Muidle Volga) 

Volzhskaya (Center) 

NlzhneTulomskaya 

Volkhovs kaya 

TOTALS 

37 5 

37 5 

75 

250 

250 

25 

60 

585 

37 5 

37 5 

5 

9 

89 

Emshng Plants, New Rehabhtahon 

1997 1998 1999 

50 

50 

12 5 

2 1 

133 5 

Total 

48 

48 

Pavlovskaya 

Kamskaya 

Ivankovskaya 

Ugl~tchskaya 

TOTALS 

75 

75 

7 5 

21 

1785 

10 

48 

12 5 

42 5 

113 

4 

36 

5 

17 

62 

50 

50 

9 

109 

36 

36 

6 

72 

7 5 

25 5 

111 

20 

240 

25 

85 

370 



Table 3-13 
Cost Structure for Prlorlty Eglstlng Plants for Rehab~l~tat~on 

3 4 3 New Hydro Plants 

Plant Name 

12 1 Russia has substantial untapped hydropower resources The economc potential for 
hydropower has been estimated at about 850,000 GWyear  of deliverable energy At 
present, the average annual energy production from hydro plants is about 160,000 
GWyear ,  representing only 19% of the estimated avalable hydro resources in Russia 
(slgruficantly less than most European countnes and the Umted States) Most of the 
undeveloped hydro resources are located in Sibena and the Far East Whlle approximately 
50% of the hydro resources in the European part of Russia (west of the Ural Mountans) 
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Cost Structure - % man (1991) 

Eqwpment 

Elristmg Plants, Committed 

Volzhskaya v d d l e  Volga) 

Volzhskaya (Center) 

NheTulomskaya 

VolWlovskaya 

TOTALS 

Labor 

38 

38 

4 

9 

89 

Matenals 

Eustmg Plants, New Rehabd~tahon 

Total 

63 

63 

6 

15 

147 

Pavlovskaya 

Kamskaya 

Ivankovskaya 

Uglitchskaya 

TOTALS 

149 

149 

15 

36 

349 

3 

36 

4 

13 

56 

250 

250 

25 

60 

585 

5 

60 

6 

21 

92 

12 

144 

15 

51 

222 

20 

940 

25 

85 

370 



has been developed, less than 5% of the resources have been developed to date m Sibena 
and the Far East 

122 To meet increasing demand through the year 2010, investments were identified to 
complete the construction of new plants Pnonty plants for future construction were also 
identdied 

123 Category 3 New Plants, Cornnutted Constructton. SIX new plants under c o m t t e d  
construction were identified for pnonty investment Aushgerskaya, Zelentchukskaya, 
Zaramagskaya, Zagorskaya-1 Pumped-Storage, Bogutchanskaya, and Bureyskaya 
Construction is proceeding slowly at each of these plants due to a lack of financing The 
charactenstics of these four plants are shown in Table 3-14 These plants require an 
investment of approxlmately $4 24 billion over the seven-year penod 1995 to 2001, as 
shown in Table 3-15 These projects wll add 6,861 MW of mstalled capacity and 27,694 
GWh of average annual energy production when completed The cost breakdown by 
equipment, labor and matenal components is shown m Table 3-16 

124 Category 4 New Plants, New Constructton Three new hydroelectnc plants were 
identified for pnonty investment to start construction Zagorskaya-2 Pumped Storage, 
Ziuratkulskaya, and Pravdinskaya Construction has not yet started at any of these plants, 
wth the exception of the Zagorskaya Plant, where Stage 1 1s under construction and 
Stage 2 is planned The charactenstics of these plants are shown in Table 3-14 They wll 
require an investment of approxlmately $620 mllion over the penod 1995 to 2001, as 
shown in Table 3-1 5 The cost breakdown by equipment, labor and matenal components is 
shown in Table 3-16 When completed, these new plants w11 add 823 MW of installed 
capacity and 860 GWh of average annual energy production 
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Table 3-14 
Characterlstlcs of Prlorlty New Plants for Construct~on 

Note Capital mvestment cost ($/kW) computed based on the Incremental (new m u s  exlstmg) capacity 
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Priority 
Rank Region Plant Name 

New Plants, Committed Construction 

2 

5 

3 

6 

8 

1 

Generahon Capaerty 

Existlng 
(MW) 

Bogutchanskaya 

Zelentchukskaya 

Zararnagskaya 

Bureyskaya 

Aushigerskaya 

Zagorskaya- 1 PS 

New 
(Mw) 

Avg. Annual Energy 

TOTALS 

Esishng 
(GWh) 

Caprtal Investment 

S~bena 

North Caucasus 

North Caucasus 

Far East 

North Caucasus 

Center 

New 
( G M )  

Total 
(S Million) 

800 

$/kW 

0 

0 

0 

0 

0 

800 

New Plants, New Construction 
6,86 1 

7 

4 

9 

3,000 

262 

342 

2,000 

57 

1,200 

800 

Z~uratkulskaya 

Zagorskaya-2 PS 

Pravhskaya 

0 

0 

0 

0 

0 

800 

TOTALS 

27,694 

Urals 

Center 

North-West 

17,600 

769 

789 

7,100 

236 

1,200 

4,240 

0 

700 

1,400 

204 

233 

2,200 

103 

100 

0 823 1 

0 

0 

0 

467 

779 

68 1 

1,100 

1,807 

250 

0 

0 

0 

10 4 

800 

12 7 

860 

30 

800 

30 

620 753 

15 

570 

35 

1,442 

713 

2,756 
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Table 3-15 
Investment Plan for Pr~or~ty New Plants for Construct~on 
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Plant Name 

Investment Requrrement, % Wlhon (1991) per year 

New Plants, Commrtted Construchon 

2001 1995 Total 1998 

210 0 

61 2 

69 9 

330 0 

30 9 

30 0 

732 0 

210 0 

40 8 

46 6 

330 0 

51 5 

50 0 

728 9 

Bogutchanskaya 

Zelentchukskaya 

Zaramagskaya 

Bureyskaya 

Auslugerskaya 

Zagorskaya- 1 PS 

Total 

1996 

140 0 

20 4 

23 3 

220 0 

20 6 

20 0 

444 3 

New Plants, New Constructron 

1999 1997 

210 0 

61 2 

69 9 

330 0 

671 1 

2000 

210 0 

20 4 

23 3 

330 0 

583 7 

85 5 

85 5 

85 5 

85 5 

15 

570 

3 5 

620 

Ziuratkulskaya 

Zagorskaya-2 PS 

Pravdinskaya 

Total 

210 0 

330 0 

540 0 

85 5 

85 5 

85 5 

85 5 

3 0 

57 0 

7 0  

67 0 

210 0 

330 0 

540 0 

1,400 

204 

233 

2,200 

103 

100 

4,240 

7 5 

85 5 

17 5 

1105 

4 5 

85 5 

10 5 

100 5 
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Table 3-16 
Cost Structure for Prronty New Plants for Constructron 

3 4 4  Summary 

Plant Name 

125 Russia's hydro capacity of 4 1,162 MW w11 decrease over the next I 5 years as 
exlsting plants are retired The cost to rehabilitate these plants was calculated to determne 
the Investment requirement dunng the penod 1995 to 2001 New hydro plants currently 
under construction were also identified for pnonty investment 

126 It was assumed that investment in hydro plant rehabilitation and new plant 
construction w11 take place dunng the penod 1995 to 2001 W~thout investment, it was 
assumed that approxtmately 5,767 MW w11 be retired between 1995 and 2000 With 
investment, tlus lost capacity w11 be replaced wth capacity from the rehabilitation of 
exlsting plants at a slightly greater rate to account for increases in efficiency That is, 
approximately 6,093 MW wll be added between 1995 and 2000 at an average rate of 
1,015 MW/yr 

Cost Structure - $ Mdhon (19 9 1) 
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Eqlupment 

New Plants, Comm~tted Construcbon 

Bogutchanskaya 

Zelentchukskaya 

Zaramagskaya 

Bureyskaya 

Aushgerskaya 

Zagorskaya- 1 PS 

TOTALS 

Labor 

194 0 

35 0 

63 2 

236 0 

9 0  

0 0  

537 2 

Materials 

New Plants, New Construchon 

Total 

337 7 

47 3 

47 4 

550 0 

26 0 

28 0 

1,036 4 

Ziuratkulskaya 

Zagorskaya-2 PS 

Pravdmskaya 

TOTALS 

868 3 

121 7 

122 4 

1,414 0 

68 0 

72 0 

2 666 4 

3 8 

136 0 

6 0 

145 8 

1 3  

83 0 

15 0 

99 3 

1,400 

204 

23 3 

2,200 

103 

100 

4,240 

9 9 

351 0 

14 0 

374 9 

15 

570 

35 

620 



127 Wlth fbrther mvestment, new capaclty is added wth  the capaclty fiom new plants 
based on the Russian designers' construction schedule, assumng mvestment for all new 
plants b e p s  in 1995 

128 Under these assumptions, Russia's future hydro capaclty 1s shown m Table 3-17, 
including the drop-off due to the retuement of exlstlng umts, the replacement of retlred 
capacity wth capacity fiom the rehabilitation of exlstmg plants, and an mcrease in capacity 
due to the construction of new plants The annual Increase m capaclty is summanzed m 
Table 3 - 1 8 

Table 3-17 
Future Hydro Capaclty (MW) 
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Category 

Exlstmg Plants with 
Retirement 

Replacement Capacity 
wth Rehabihtatlon of 
Exlstmg Plants 

New Capacity wlth 
Construchon of New 
Plants 

Totals 

1995 

40,201 

867 

0 

41 068 

1997 

38 279 

2,957 

597 

41 833 

1996 

39 240 

1,912 

200 

41 352 

1998 

37,318 

4,002 

2,076 

43 396 

2001 

35,395 

6,093 

6 884 

48 372 

1999 

36,357 

5,047 

4,176 

45 580 

2000 

35,395 

6,093 

6,050 

47 538 
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Table 3-18 
Annual Increase m Hydro Capac~ty, MW 

3.5 TRANSMISSION, DISTRIBUTION, COMMUNICATION, DISPATCH, 
AND CONTROL 

3 5 1 Cost Development Methodology 

Category 

Exlstmg Plants, 
Comrnttted 
Rehabhtatmn 

Exlstmg Plants, 
New 
Rehabilltation 

New Plants, 
Comrmtted 
Consmcbon 

New Plants 
New Construction 

Totals 

129 Estimations of the cost for each transmsslon project relied on certain assumptions 
concerrung whch components w11 be supplied by Russian sources and whch will be 
imported The followng general guidelines were used in the cost estimation process 

1997 

867 

178 

374 

23 

1442 

130 The estimation of transmsslon llne costs assumed that engineenng and construction 
labor and matenals, lncludlng tower steel, conductors, line hardware and insulators would 
be sourced wthln Russia It was assumed that the labor and matenals for the design and 
construction of all substations, including all civil works and basic buildings, would be of 
Russlan ongin 

1995 

867 

0 

0 

0 

867 

13 1 For costing purposes, it was hrther assumed that all electncal and electromc 
equtpment would elther be the subject of a joint venture wth foreign firms or imported 
directly As a result, the pnces for such equipment were assumed to be at general world 

1996 

867 

178 

200 

0 

1,245 
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1998 

867 

178 

1,279 

200 

2 524 

2001 

0 

0 

634 

200 

834 

1999 

867 

178 

1 900 

200 

3,145 

Total 

5,202 

89 1 

6,061 

823 

12,977 

2000 

867 

179 

1,674 

200 

2 920 
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pnce level Ths assumption would extend to a h t e d  portion of bullding construction, 
e g , heatmg, ventllatlng and a r  cond~t~omg systems 

132 It was also assumed that a small portion of the engmeenng content of each project 
could be mported, particularly where Western methods could either expedite project 
completion, reduce project costs, or affect a technology transfer of value to Russian 
industry 

133 Western cost estimates (as of January 1995) were adopted dlrectly Russian cost 
estimates are much more difficult to predict under the current conditions of hgh inflation, 
matenal shortages, and weaknesses in the construction infrastructure For these reasons, it 
was felt to be more reahstic to adjust Western costs based on projections of the 
relationshp between Russian and Western labor rates and matenals pnces 

134 Transmssion llne costs are composed predomnantly of matenals, largely steel and 
alumnum, and labor (e g , engneenng, surveymg, construction supervision, erection 
labor) Table 3-19 lists typical Western costs, exclusive of nght of way, for llnes of 
330 kV to 1,150 kV ac and h750 kV dc 

Table 3-19 
Representatwe Western Transm~ssron L ~ n e  Costs 

(Excluding R~ght of Way) 

135 ERI's memorandum of July 8, 1994 suggests that the Russian matenals' cost are 
approximately 70% of the values shown and that Russlan engneenng and labor costs are 
about 20% These adjustments are made in Table 3-20, except that engineenng and labor 
pnces are arb~tranly doubled On the bass that forelgn content would be Included m 
certzlln types of work 

Materials & Equipment 
Englneenng & Labor 

Total 
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(S x 10001km) 

% 

60 
40 

100 

330 kV 

198 
132 

330 

500 kV 

276 
184 

460 

750 kV 

420 
280 

700 

1150 kV 

630 
420 

1 050 

1500 kVDC 

5 10 
340 

850 
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Table 3-20 
Representative Russian Transmission Line Costs 

(Adjusted Pnces, Including aght-of-Way) 

136 fight-of way costs in Russia are very difficult to estunate and were arbitranly 
considered as approximately 12% of the matenals costs 

Materials & Eqwpment 
Englneemg & Labor 
fight of Way 

Total 

137 The cost estimate for cornmumcation, control, and dispatch projects consists of two 
parts foreign and local The base year for both is 1995 The local cost is further broken 
into three parts equipment, matenals, and labor and semces The costs include 10% 
contingency and project management 

3 5 2 Transm~ssion Projects 

(3 x lOOO/lon) 

138 Most of the projects studied in the transrmss~on area are interconnections between 
regions of the Russian Integrated Power System To avoid numerous uncertanties 
(generatiodoad forecast, economc and political situation), inter-regional transmssion 
projects were selected whlch represented a need independent of future load/generation 
assumptions or an almost certain need for increased transfer capability Intra-regional 
projects were also considered because they either increase the reliability of the exlsting 
transrmssion system or provlde for the delivery of power from plants under construction 
by integrating them into the power system m l e  the studies undertaken were not 
comprehensive in terns of the overall transrmssion problems of Russia, the methodologies 
developed dunng th~s  work w11 expedlte analysis of problems not specifically included in 
the JEAS 

330 kV 

139 
53 
18 

210 

139 For most of the transrmssion projects discussed below, the followng analyses have 
been conducted 

load flow study of the exlsting and improved system including outages 
b dynamc study of the improved system 
b list of line and station equipment to be supplied 
b cost estimation 

500 kV 

193 
74 
23 

290 
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750 kV 

294 
112 
34 

440 

1,150 kV 

44 1 
168 
5 1 

660 

1,500 kV DC 

357 
136 
42 

535 



Detded documentation can be found in Append~x H 

140 Infer-Regzonal ProJects Four mter-regonal projects were examned The North- 
West and North-West-Center Transmssion Redorcement Program, the Mtddle 
VolgalCenter/North Caucasus Reinforcement Program, the Ural-Tyumen System 
Integration Project, and the Sibena-Center Redorcement Program 

14 1 North- West and North- West-Center Transmlsszon Relnforcement Program Several 
performance problems are often encountered m the North-West regon 

b The transfer capability of the emsting Kola-Karelia-Lerungrad tie is 
senously limted, especially under outage conditions 

w In efforts to mantin system reliability, nuclear power plant umts can be 
tnpped by the emergency control system 

b The transfer capablllty of the exlsting interconnection between the North- 
West and Center 1s senously limted, especially under outage conditions 

142 These problems could be aggravated in the event that some obsolete umts at the Kola 
and Lemngradskaya nuclear power plants were shut down after the year 2000 The 
construction of approxlmately 740 km of slngle-circuit 330 kV line and 930 km of 750 kV 
llne wth considerable upgrading of exlsting 330 kV and 750 kV stations is suggested to 
help resolve these system limtations 

143 M~ddle VolgaCenterhVorth Caucasus Relnforcernent Program The North Caucasus 
reglon virtually always suffers power and energy shortages Its bulk transmssion system is 
not well integrated wth the contiguous Russian Center regon and is directly connected by 
only two long 220 kV interconnections Most power to the North Caucasus IS dehvered 
from the Center via W a n e  However, the power that can be delivered via exlsting 
Interfaces is not sufficient for the region Ths  linutatlon has forced the curtalment of from 
200 to 500 MW of the load over the past several wnters, requiring rolling blackouts to 
accommodate power deficiencies A transnussion reinforcement program consisting of 
four complementary 500 kV transmsslon addltlons is proposed to address these problems 
and to improve the flexibility of system operation 

144 Ural-Tpmen System Integratron Project The Tyumen Power System operates 
w t h n  the Ural Interconnected Power System It has ample generating capacity, but is 
unable to deliver all avalable surplus power and energy to deficient areas of the Ural 
because of Iimted transmssion connection to those areas The construction of 
approxlmately 420 km of 500 kV line and the installation of related equipment at two 
stations is proposed as a solution to thls bottleneck 
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145 Sibena-Center Reinforcement Program The analysis of power balances revealed a 
3,000 MW deficiency m 2005 and a 6,000 MW deficiency m 2010 for the Center regon It 
also showed that the Sibena regon could have a 28 to 35 bilhon kwh surplus of electnc 
energy in 2005 to 2010, whch would be sufficient to cover the above deficiency Several 
options were considered, each of wluch could create a hlgh-capacity mterconnection 
between the Sibena and Center regons Each option serves several important objectives 
and would gun advantages fkom 

w time diversity (three to six hours) 

b load shape diversity 

F mutual assistance in emergencies 

b difference in generation charactenstlcs (economy interchange), based on a 
prevalence of hydro plants in Sibena and a domnance of thermal and 
nuclear plants in the European systems 

b providing access to energy from the vast coal deposits in Sibena 

b reinforcement of the network-building hnctions of the Russian integrated 
grid 

146 The design of a bulk transrmsston configuration capable of reliably delivemg 3,000 
MW imtially (Stage 1) and 6,000 h4W ultimately (Stage 2), fiom Sibena to Central Russla 
is proposed The transrmssion distance involved 1s 3,500 to 4,000 krn The exlsting 
network of 500 kV and the uncompleted 1,150 kV ac and 1,500 kV dc lines are the bases 
of the alternatives constdered 

147 Intra-Regtonal Pro/ects Three ~ntra-regonal projects were assessed the Eastern 
Slbena Reinforcement Project, the Integrat~on of the Omsk Power System, and the 
Integration of the Boguchanskaa Hydroelectnc Plant Program 

148 Eastern Srberran Rernforcement Project At the time of system peak demand, the 
Chtinskaa and Buryatskara systems have a comblned capacity shortage of about 700 
MW The Irkutsk system enjoys a substantial surplus of hydroelectnc capacity Tlus 
surplus, however, cannot be transferred to the east due to inadequate transmssion 
capacity The construct~on of approximately 870 krn of a single-circuit 500 kV 
transrmsslon line and four 500 kV stat~ons is proposed Thls project would also be a major 
step In meeting the eventual goal of synchronous operat~on of the Far Eastern System and 
the Integrated Power System of Russia 
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149 Integrafion of the Omsk Power System The Omsk Power System can be supphed 
rehably when the Russian and Kazakhstan power systems are operated synchronously 
However, the stramed pohtical relationship between Russia and Kazakhstan rases 
concerns regardmg the adequacy of power supply to the Omsk Power System, should the 
rnterconnected operation of the Russlan and Kazakhstan power systems be disrupted Thls 
project contemplates the construction of approximately 750 km of 500 kV transrmssion 
hnes and their Integration into the emsting 500 kV network 

150 Integrat~on of the Boguchanska~a Hy&oelectrIc Plant The program proposed here 
is designed to provlde adequate transmssion capacity to mtegrate thls plant mto the 
Sibenan power system and to Improve the transfer capability fiom the Angara 
hydroelectnc cascade to the west The pnnc~pal components of the project include the 
construction of approxlmately 1,250 km of 500 kV llnes and 550 krn of 1,150 kV lines 
wth station upgrading 

15 1 Cost Eszimate and Inter-regzonal Transfer Capabzlzty The estimated costs and 
construction penods for the transrmssion projects are summanzed in Table 3-21 Table 3- 
22 gves estimates of the transfer llrmts among Integrated Power System regons resultmg 
fiom the implementation of the transmssion projects 
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Table 3-21 
Estimated Cost and Construct~on Penod 

* The data shown are an average of the alternatwes 
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Construchon 
Penod bears) 

4 

4 

5 

3 

15 

5 

5 

4 

Transmlss~on Pqects 

Internal North-West (Kola-Kareh-Lamgrad) 

North-West to Center Tie (T-mmgrad-Kalmn) 

Wddle VolgalCenterMorth Caucasus Reinforcement 

Ural - Tyurnen System Integration 

Slbena - Center Stages 1,2 

Eastern Sibena Reinforcement (Irkutsk - Ciutmskaia) 

Integrahon of the Chsk Power System 

Integration of the Boguchanska~a Hydro Plant 

Total Transrn~ss~on 

Investment 
Mdhon $ 

575 

200 

430 

170 

5 810* 

300 

325 

995 

8,805 



Table 3-22 
Prel~m~nary Est~mates of Transfer L ~ m ~ t s  Between Russ~an IPS Reg~ons as a Result of Implement~ng JEAS Projects 

Notes Numbers m parentheses are reversed flow lmts 
Reallzatlon of the flow wll In some cases depend on the completron of projects internal to the sendlng region, whch are not nted m h table 
Center North Caucuses values asslgn no credrts to exrstlng t~es that pass through the Ukrame 
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Slberh 
Urals 

3000 
(30'30) 

6000 
(6000) 

3000 
(30("3) 

6000 
(6000) 

Kamk- 
Unlla 

1600 
(1600) 

4600 
(4600) 

4600 
(4600) 

Tyumcn 
UrPls 

1 500 
(15OOO 

2500 

Pmjd 

Exrstlng Syskm 

North-West to Center 
Re~nforoement 

No& Caucasus Supply 

Tyumcn Ural 
Rcmfarcmcnt 

HVDC Center S~bena 
TIC 2005 

HVDC Centcr S~bena 
TIC 2010 

AC Cmter Srbena 
TIC 2005 

AC Cmter S~bena 
Tie 2010 

AC + DC Center S~bena 
 TI^ 2005 

AC + DC Center S~bena 
 TI^ 2010 

Umls- 
Center 

3000 
(3000) 

3000 
(3000) 

3000 
(3000) 

Slberh 
Kazak 

1200 
(1400) 

4200 
(4600) 

7200 
(7400) 

KnznL- 
Center 

3000 
(3000) 

3000 
(300°) 

N W  
Center 

1500 
(goo) 

2300 
(1650) 

Center- N 
Caucasus 

lo00 
( l o )  

M Volga 
Center 

3000 
(2800) 

6000 
(5800) 

6000 
(5800) 

6000 
(5800) 

6000 
(5800) 

Urnls M 
Volga 

1800 
(2800) 

4800 
(5800) 

4800 
(5800) 

4800 
(5800) 

4800 
(5800) 



3 5 3 Subtransm~ssion and Dlstnbutlon Loss Reduction Program 

152 Three typical radial distnbutlon systems were selected 

b supply system of a city 
b supply system for a rural area 
b supply system for gas pipehnes and nelghbonng dlstnct 

153 Studies Indicated that wth  improvements in voltage control, VAR flow controls wdl 
be needed in the near &re along wth  Improved dlspatchmg facilit~es The projected loss 
reductions, as calculated for the example systems above, amount to 100 kW for every 
MVAR of capacitor added to the system The total cost of proposed distnbution projects 
is estimated at $250 mllion 

3 5 4 Communicat~on, Control, and Dlspatch (CCD) Projects 

154 The followng improvements to the CCD systems at the Central Dispatch Office 
(CDO) and seven exlsting Interconnection Dlspatch Offices (IDOs) are recommended 

b The control centers at the CDO and IDOs and the associated data 
commurucation network are to be upgraded over a four-year penod Thls 
Includes the replacement of computer hardware and software, and 
improvements to the exlstlng control center facilities The upgrade wll 
allow the implementation of new fbnctions to address the changes talung 
place in the IPS and to provlde a rellable and economcal system operation 
A large portion of the application software (e g , load frequency control, 
on-line economc dispatch, state estimate) w11 be developed by the Russ~an 
m-house team 

The commurucat~on systems between the CDO and all IDOs are proposed 
for upgrading in a phased approach A new fiber optic cornmumcation link 
w11 be installed as part of ths  project to interconnect the CDO, and the 
North-West, Center and North Caucasus IDOs Thls new link wll fulfill the 
data and voice commumcatlon requirements by the control centers 
covenng Russia's major load areas Also, data llnks between the selected 
substations and power plants wll be upgraded to solve the bottleneck 
problem wth the present data commurucation hnes 

b New remote termnal umts (RTUs) w11 be installed at major power plants 
to interface the plant control systems wth  their respectlve control centers 
The plant instrumentation system wll be moddied, where needed, to accept 
raseflower signals for the automatic generation control fiom the new 
control centers 
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b At selected substations, the exlstlng telemetry devlce wdl be replaced wth 
a new RTU, and the current data morutomg system wdl be expanded to 
Install an enhanced supemsory control and data acqulsltlon system Thts 
upgrade wdl provrde the CDO and IDOs wth real-tune mfonnatlon on the 
transmsslon network to Increase system vrabhty and rellabhty Wlthout 
th s  upgrade, the fbnctiomng of the newly installed control centers wll be 
compromsed 

b A backup faclllty wll be estabhshed for each control center to cope mth 
the possiblities of the man center being out of semce The backup center 
wll be equipped wth mmmal hardware, yet be fblly capable of talung over 
the baslc finctions of the man control center Also, the major 
comrnurucation llnks w11 have alternative paths Ths measure IS requued 
to elimnate a s~ngle failure component in the dlspatch herarchy 

b Guidelines and a prototype Integrated mcroprocessor control system wlll 
be developed at several substations and generatlng plants Ths lmtial 
investigation of integrated mcroprocessor control by the Russlan power 
engineers is needed soon, because many fiture transmssion and generating 
plant systems will be using integrated mcroprocessor systems They need 
to develop the understanding and guidelines before major projects uslng 
ths technology are approved 

155 Economc benefits of $7 1 3 mllion per year have been Identified for these measures 
Ths results from reduced fossil he1 usage because of better economc dispatch of 
generatlng umts, and reduced losses on the transmssion system 

156 Operational benefits have also been Identified for 1) enabling the CDO and lDOs to 
better handle the new power market in whch the IPS now operates, 2) Increased reliability 
of the transmssion and generating systems (including the nuclear plants), 3) operating 
closer to transmssion line transfer limts, 4) better VAR flow in the transmsslon system 
and between the transrmsslon and dlstnbution system, 5) reduced malntenance of 
generating umts, and 6) Improved regulation of frequency and voltage 

157 The total est~mated cost for the proposed project IS $308 3 mlllon in foreign 
exchange costs and Russlan Rubles 91 1 8 million in local costs 
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1 To determme the investment requirements for the power sector's development, the 
Joint Study has made use of two integrated planrung models a Russian simulation model 
and an Amencan integrated resource planrung model Detasled descriptions of these 
models are given in Appendlx C The two models are mutually complementary and, 
together, they provide a solid integrated least-cost p l m n g  analytical framework 

2 The Russian simulat~on model uses the expenence gamed in p l m n g  for the power 
sector, and the results of a screerung analysls of the cost-effectiveness of vmous power 
generation technologes and energy conservation options Based on heunstlc knowledge 
and pre-feasibility studies, the Russian model performs the followng fbnctions 

t develops capacity and power balances for each regional energy system 
(wth respect to inter-regonal capaclty and power exchanges) 

t detemnes a preferred sequence of capacity build-up for vmous types of 
electnc power plants (mcluding the modemzation and reconstruction of 
emsting power plants and new construction) 

t ldentlfies thermal power plants' requirements for different fbels for each 
regional energy system (wth regard to constraints on the use of ind~vldual 
types of fuel) 

b deternunes the environmental ~mpacts of electnc power plants w t h n  each 
regional energy system wth respect to stack enussions 

b detemnes Investment requirements for decomssionmg, rebuilding 
emst~ng power plants, and constructing new plants and inter-regional 
transnussion llnes 
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3 The Amencan optlrmzation model, IPM, IS designed to solve the same set of problems 
usmg the same data developed by the Worhng Groups for the JEAS However, rather 
than usmg a sunulation fiamework, IPM employs a formal dynmc  h e a r  programrmng 
cost-mummation framework The major features of E M  mclude 

w a dynmc  optimation structure that provldes a least-cost solution and 
accurately evaluates inter-temporal tradeoffs 

b accurate system dispatch and operations simulation 

b exphcit modehng of the trade-off between decomrmssiomng and safety 
upgrades of nuclear umts 

b simultaneous cost mmmation of electnc and heat supply 

b simultaneous optmzation of electnc supply and demand-side technologes 
to prowde an integrated resource plan 

4 The Amencan model prowdes a formal structure for optimvng the development of the 
power sector that includes a detailed descnption of ~ t s  dynamcs, and mmrmzes total costs 
over the entire p l w n g  penod IPM's ability to take Into account a vanety of constraints 
typical of the system as a whole and ~ t s  major elements allows for investigating the 
~ntluence of major factors on the system's development Hence, IPM can be used not only 
for developing the best options under specified conditions but also for studylng the 
sensitiwty of solutions to a range of inputs reflecting major uncertanties 

5 Electricity demand in the Russian model makes use of two aggregated charactenstics 
(a) wnter daly load curve and (b) the number of hours of maxlmum load use per year to 
detemne the techcal feasibility of the use of hydro plants, TPPs and NPPs dunng the 
intense penod of maxlmum lodd 

6 The Amencan model describes electncrty demand by three seasonal load durat~on 
curves (for the mnter, summer and spnng-autumn penods) These load duration curves 
are denved from hourly load project~ons using typical load profiles by season and day- 
type, and annual energy project~ons for each sector The use of the three curves makes it 
possible to descnbe demand patterns and the participation of all types of power plants in 
greater detail 
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4 2 1 Electnclty Demand and Capaclty Requirement Assumptions 

7 The h r e  electncity requuements for each of the regonal power systems are 
deterrmned pmcipally by projected consumption, hlstoncal data or peak and average load, 
and reserve margm requirements Projected trends of electncity demand for Russla's IPS 
under the two energy demand scenarios described in Chapter 1 are presented in Figure 4- 
1 

F~gure 4-1 
Projected Trends In Electnclty Consumption 

8 The design reserve margn for synchronized operation wthm the IPS was set at 13% of 
the total peak load according under the former p l a m g  of the USSR Integrated Power 
System The reserve margns for lndivldual regional power systems range from 11-14%, 
except for the isolated Far East power system where it has been set at 20% In ths  new 
rapidly changing environment, reserve margns may need to be increased However, the 
need for changes in reserve margn requirements is st111 being analyzed and is uncertan at 
ths  tlme 
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9 The total generatmg capacity requirements as defined by the above conditions under the 
two demand scenarios are shown m Flgure 4-2 It should be noted that whlle ths  
discussion focuses on meetlng demand on the basis of capac~ty only, energy efficiency 
gans effectively meet electricity needs by reduclng demand Energy efficiency options 
were analyzed separately and are reported m Section 4 4 

Figure 4-2 
Total Capacity Requirements 

10 The actual system capacity denved From exlsting generating units has been detemned 
on the assumptions that 

b TPPs and NPPs wll normally be decomrmssioned after they reach the end 
of their deslgn lives (However, the North Caucasus and Ural regions are 
currently expenencing capaclty deficits For these regions, TPP life 
extensions are needed dunng the period 1995 through 1997 ) 

+ hydro capac~ty wl1 not decrease, because the all needed upgrading of 
exlstlng umts is expected to be performed wthn  the time period 
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11 The dflerence between requlred capacity and the falling capacity of the exlstmg stock 
of power plants deterrmnes the amount of requred generatzng capaczfy replacements or 
energy eflczency gazm and additions The requlred Increase m capacity under the two 
demand scenanos can be seen as the d~fference between the exlstlng capacity and the 
requlred capacity levels in Figure 4-3 

F~gure 4-3 
Exist~ng and Requlred Generating Capaclty 

12 The detalled projections of generating capacity needs in Table 4-1 indicate that 

b The requ~red capacity replacements and additions for the IPS of Russia by 
2005 are expected to be nearly twce as hlgh in Scenano A as in Scenano 
B 

b Over the fi l l  study penod, more than 80% of the capacity needs are 
concentrated in the European regons of Russia (including the Urals) 
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b The Urals and North Caucasus power systems currently have capacity 
deficits 

b In a number of regonal power systems (e g the Center, North-West, 
Sibena) the exlsting capacities are more than requlred 

Table 4-1 
Relatlve Generating Capac~ty Levels (mln kW) 

' +' mdcates excess capac~ty and - ' indicates a capacity deficit. 

Years 
Power 
Systems 

IPS of Russia 

EwopeanPart ofthe IPS 

North-West 

Center 

Ivbddle Volga 

North Caucasus 

Urals 

TYUrnen 

Sibena 

Far East 

4 2 2 Heat Demand Assumptions 

13 One of the d~stinguishng features of the Russian IPS is the hgh share of CHPs (39% 
in the European reglons and 36% in the ent~re IPS) Ths  fact requlres that the analysis of 
electncity requirements Incorporate the demand for future heat supply 

Scenano A 

1995 2000 2005 2010 

6 2  -326 -71 1 -1278 

3 5 -26 8 -57 2 -100 5 

2 4  1 3  -45 -100 

4 2  -80 -173 -378 

2 9  -13 -43 -96 

-36 -67 -89 -125 

-24 -12 1 -222 -306 

0 8  -04 -24 -54 

1 3  -43 -85 -156 

0 6  -11 -30 -62 

14 The forecasts of total heat consumption under the two demand scenarios are presented 
in Table 4-2 Considerable change is expected to occur in the heat consumption pattern, 
mostly due to the Increase In residential and service sector consumption and the fall in 
industnal consumption The change in heat consumption dynamcs in Russia makes 
evaluations of the poss~ble scale of heat supply development difficult 

Scenano B 

1995 2000 2005 2010 

199 -5 2 -33 5 -80 5 

13 5 -7 3 -29 9 -66 4 

3 4  3 6 -1 6 -60 

8 9  -1 7 -5 8 -23 8 

4 1 1 2  -1 5 -5 5 

-25 -45 -5 9 -8 7 

-04 -59 -15 1 -22 4 

1 8  1 4  -05 -3 3 

3 5  0 1 -2 4 -8 5 

1 1  0 6  -07 -2 3 

JEAS Flnal Report 



Table 4-2 
Projected Requxrements for Heat from Centraltzed Sources and the Power Sector 

(Mllhon G~gacalones) 

15 The potential heat output from TPPs is shown m Table 4-3 Based on the information 
summanzed in thls table, the Arnencan and Russian models meet heat demand wth  either 
CHPs and stand alone boilers on the lowest life cycle cost alternative 

1993 1995 2000 

Table 4-3 
Heat Possibly Available from Thermal Power Plants (Mln kW) 

2010 

JEAS Flnal Report 

Scenano A 

Scenano B 

1995 2000 2005 2010 

8504 8274 8519 874 

653 4 639 7 652 6 666 

557 538 536 59 

2772 2740 2821 288 

1226 1183 1184 119 

222 226 224 23 

175 7 171 1 176 1 176 

128 128 128 13 

155 6 1483 1574 163 
- 

287 265 291 30 

Years 
Power 
Systems 

IPS of Russla 

EuropeanPart ofIPS 

North-West 

Center 

Mddle Volga 

North Caucasus 
-- 

Urals 

T ~ e n  

Sibena 

Far East 

Total Requrrements for Centralzed Heat 

Of Whlch, Heat Supplied by the Power Sector 

1,950 

865 

1993 

9118 

703 5 

598 

2871 

1276 

250 

204 0 

132 

164 8 

302 

2,050 

949 

1,950 

876 

Scenano B 

Scenano A 

1995 2000 2005 2010 

8621 8766 9238 9779 

659 0 661 4 684 3 725 8 

557 576 602 704 

2772 2802 2900 3107 

1246 1220 1253 1300 

227 231 238 242 

178 8 1786 185 1 1902 

128 128 128 132 

158 9 1688 1878 1964 

314 335 389 425 

1,880 

838 

Total Requrrements for Cent ra ld  Heat 

Of W c h ,  Heat Supplied by the Power Sector 

1,850 

814 

1,950 

876 

1,870 

791 

1,900 

838 



4 2 3 Fuel Pncrng Assumpt~ons 

16 Two he1 pnce forecasts were analyzed The Study's base he1 for each scenario 
assumed that he1 pnces m Russia would be based on domestic supply and demand In ths 
case, fie1 pnces are expected be set to cover the fil cost of production and dehvery from 
Russian sources of supply The he1 cost pnce forecast for major fuels m dfierent 
economc regons of Russia is provlded m Table 4-4 These pnces were used as the basis 
for the Reference Case analyses conducted for the JEAS 

Table 4-4 
Fuel Pr~ce Forecast, $/tsf 

Based on Fuel Sector Enterpr~ses Belng Self-F~nanc~ng 
(Full Cost of Production) 

*) The upper figure IS for b~turmnous coal the lower IS for Kansk-Achk Ilgmte 

Regrons 

Center 

North-West 

North Caucasus 

The Volga Basln 

Urals 

North Tyumen 

West S~bena 

East Sibena 

Khabarovsk Krai 

Pnmorye 

17 A second forecast assumes a radlcal change in the pncing and taxation policy in 
Russia Under thls change, a substantial share of tax rece~pts would be replaced by 
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1996 

Gas 

43 

45 

47 

40 

36 

16 

3 5 

46 

70 

2006 

Gas 

75 

77 

8 1 

70 

64 

40 

62 

72 

100 

- 2000 

Coal* 

35 

38 

40 

30 

26 

13 - 
13 

fi 
6 

4 5 - 
48 

50 

2001 

Gas 

65 

67 

74 

62 

54 

3 2 

52 

60 

90 

- 2010 

Coal* 

57 - 
54 

60 

65 

51 - 
46 

44 
37 

28 - 
21 

3 7 
12 

68 - 
62 

65 

- 2005 

Coal* 

52 - 
51 

55 

60 

46 - 
43 

3 9 - 
34 

- 
23 - 
18 

32 - 
9 

63 - 
59 

65 



royalties for using natural resources and merals Royalties would be set such that oil and 
gas pnces m Russia would be brought into confomty wth the world market pnces More 
preasely, domestic pnces for exported fuels would be set at levels comparable to those in 
Central Europe The pnce forecast for major fuels by economc regon based on thls world 
pncing pollcy is presented m Table 4-5 The Impact of such a change in &el pnces was 
evaluated m the model studies 

Table 4-5 
Fuel Pnce Forecast, $Itsf 

Based on Equ~valent World Market Pnc~ng 

*) The upper figure is for b~turmnous coal the lower IS for Kansk-Achsk ligrute 

Regons 

Center 

North-West 

North Caucasus 

The Volga Basln 

Urals 

North Tyumen 

West Sibena 

East S~bena 

Khabarovsk Krai 

Pnmorye 
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1996 

Gas 

62 

64 

65 

59 

55 

30 

53 

5 5 

80 

- 2000 

Coal* 

45 - 
43 

48 

49 

40 
35 

3 5 
28 

- 
2 1 - 
15 

28 - 
8 

54 - 
5 1 

55 

2001 

Gas 

80 

82 

86 

75 

69 

45 

67 

77 

105 

- 2005 

Coalf 

60 - 
59 

63 

68 

54 - 
51 

47 
42 

3 1 - 
26 

40 - 
17 

71 - 
67 

60 

2006 

Gas 

95 

97 

100 

90 

84 

55 

80 

90 

115 

- 2010 

Coal* 

68 - 
64 

72 

76 

62 - 
56 

5 5 - 
47 

40 - 
3 1 

49 - 
22 

80 - 
72 

65 



4 2 4 Escalation of Russian Capital Costs' Assumptions 

18 One of the mam problems addressed by the Jomt Study concerns the estlrnates of 
capital costs for Russia's power sector Specifically, ths  means anticipating the h r e  
relationshps between Russian and world pnces of the major plant cost components basic 
metals, equipment, construction matenals and labor 

19 The estunates of the fbture relatlonshlps between Russlan and world market pnces for 
equipment and matenals are based on the assumption that Russia's domestic pnces wdl 
not exceed world pnces Currently, relatlvely cheap labor and energy costs m Russia 
enable ~ t s  industry to offer lower pnces for capital goods Thls difference is expected to 
d i m s h  over the study penod Table 4-6 indicates that the rate at whlch Russia's 
domestic pnces nse to world levels mll vary greatly for different components of plant 
costs ths  rate will also depend on the pace of economc reforms 

Table 4-6 
Comparison of Cost Components for Russian and U S. Power Plants 

20 A relatively hgh rmt~al pnce level for metals and budding matenals costs (0 70-0 75 of 
the U S pnces) in 1994 results in relatlvely slow escalation rates for these Investment 
components in the fbture The hghest escalation rates are expected for labor costs, 
however, the actual rate of labor cost escalatlon wll depend heavlly on the rate of 
economc reform Consequently, there IS a hgh degree of uncertamty concemng the rate 
of labor cost escalatlon 

21 m l e  recogrung the uncertanty In estimating the future ratlos between Russian and 
world market pnces, the Jolnt Study used uruform ratios for each type of new or 
modemzed plant Umfomty was essential m order to meamnghlly compare all the 
supply alternatives 

22 Worlung Groups 2 and 3 obtaned imtlal information on Russian and U S costs (m 
constant 1994 $) and their structures to provlde a bass for companng overmght costs for 
the new and modemzed plants Table 4-7 shows the escalation rates for a complete range 
of technolog~es developed by the worlung groups According to ths  table, the escalat~on 

Eqrupment 

0 50 

050-060 

060-090 

Construchon M a t e d  

0 70 

070-085 

080-090 

Year 

1994 

2000 

2010 
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Labor 

0 10 

020-030 

035-060 

Metals 

0 75 

075-100 

085-100 



rates of ovemght costs for different types of plants vary considerably due to different cost 
structures Consequently, the competitiveness of Werent technologes wdl vary over the 
study penod 

Table 4-7 
Overnight Cost Escalat~on Factors 

4 2 5 Representatwe Costs of Power Generat~on Technolog~es Used In the 
Model~ng 

23 Tables 4-8 and 4-9 present escalated overrught capital costs for the upgrading and new 
construction of representatwe plant types These escalated ovemght costs were developed 
by applylng the goods, labor, and matenals escalation rates presented in Table 4-6 to the 
overrught costs provtded by the worlung groups Tables 4-8 and 4-9 also present the 
corresponding operating and performance charactenstics for these representative plant 
o'l"=s 

Technology Type for Capltal Escalahon 
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Escalahon Mulhpher 

Pulverized Coal 

Combined Cycle 

Nuclear 

500 MW new CPP 

400 MW new CPP 

500 MW - NP-500 
Modenuzabons 

2010 

1 577 

1 448 

1 722 

1995 2000 2005 

1 000 1 150 1 369 

1 000 

1 000 

1 279 

1 445 

1411 

1 522 

OiVGas 

Coal 

OlVGas 

Coal 

1 147 

1 120 

1 425 

1 700 

1641 

1811 

loo0 

lo00 

loo0 

loo0 

CPP 300 MW 

CPP 150 MW 

CHP Vanous slzes 

CHP Vanous slzes 

All new and reconstruchon opt~ons were assumed to have the same O&M escalabon, as follows 

1301 

1410 

1 128 

1 197 

1 198 

1 253 

Vanable 0&M 

Fixed O&M 

1 033 1214 1 249 1 286 

1 098 1 750 2 174 2 700 



Table 4-8 
Characterlstlcs of D~fferent TPP Upgrade Technologres 
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Retrofitting Technologies 

1 

K-300 Reconstruct~on 

CCP-360 

CCP-250 

CCP-360 

CCP-220 

K-500 Reconstruct~on 

K-500 Swltchmg over to 
Kansk-Achsk Coal 

K-300 Reconstruction 

K-300 Reconstruction 

K-300 Reconstruction 

K-300 Reconstruction 

K-300 Reconstructton 

Technology 
Categories 

2 

Heat 
Rates, 

Btu/kWh 

4 

8,694 

6,300 

7,468 

6 300 

6,460 

9,226 

9,226 

9,378 

9 378 

9,402 

9 310 

9,388 

Fuel Types 

3 

G- 1 

G- 1 

G-2 

G-2 

G-2 

C- 1 

C- 1 

C-2-A 

C-2-A 

C-2-B 

C-2-C 

C-2-D 

NG', M' 

NG 

NG, M 

NG 

NG 

BL3 

LH4 

BL 

LH 

LLS 

BH6 

BL 

N1 

6B2 12 

3 

4 

612 

1 1 2  

2 1 

1 1  

2 1 

1 

1 1  

1 1  

Non-fuel Costs, $lkW ------- 
Fued Variable 

5 

Gas Res~dual Fuel Oil 

Gas 

Gas Residual Fuel Oil 

Gas 

Gas 

Elubastuz Coal 

Kansk-Achinsk Coal 

Elubastuz Coal 

Kansk-Achsk Coal 

Moscow Basln Coal 

KuznetskCoal 

Donbass Coal 

11 49 

5 87 

7 25 

5 87 

9 05 

13 98 

13 98 

16 41 

16 41 

16 41 

16 41 

16 41 

Overrught Costs, $kW 
-----"'-"'-'-'----"-'-------"- ---- 

1994 2000 2010 

6 

2 27 

1 82 

1 82 

1 82 

1 82 

1189 

11 89 

14 1 

14 1 

14 1 

14 1 

14 1 

253 7 

465 

421 4 

508 7 

545 5 

430 3 

400 6 

4779 

454 9 

4702 

414 5 

452 1 

342 

557 8 

532 1 

602 4 

641 6 

558 3 

532 0 

6100 

595 8 

6136 

5474 

5897 

501 6 

694 5 

704 1 

738 9 

784 2 

761 8 

739 6 

8216 

826 3 

8365 

758 2 

805 8 



Key 1 NG = natural gas 
2 M = mazut (residual 011) 
3 BL = low-quallty bitunmous coal 
4 LH = hghquality ligmte coal 
5 LL = low-quahty I i p t e  coal 
6 BH = hghquality bitunmous coal 

Retrofittmg Technologies 

1 

K- 150 Reconstruct~on 

K- 150 Reconstruction 

K-200 Reconstruct~on 

K-200 Reoonstruct~on 

CCP-115CHP 

T- 100 Reconstruction 
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Technology 
Categones 

2 

C-3-A 

C-3-B 

C-4-A 

C-4-B 

G-4 

C-5-B 

Fuel Types 

3 

2 1 

1 1  

1 1  

1 1  

1 Wi 

1 1 Wi 

Heat 
Rates, 

BtulkWh 

4 

9511 

9,511 

9,438 

9,426 

4,544 

5,826 

LL 

LH 

LH 

BH 

NG M 

BH 

Local Coal 

Kansk-Achmsk Coal 

Kansk-Achmsk Coal 

Kuznetsk Coal 

Gas 

Kmetsk Coal 

Non-Tuel Costs, $IkW 

Fmed Vanable 

5 

18 58 

18 58 

17 83 

17 83 

36 65 

41 76 

Overmght Costs, $lkW --------------------------------------------- 
1994 2000 2010 

6 

15 92 

1592 

1527 

1527 

8 3 

42 

473 1 

5013 

4696 

493 6 

5445  

6518 

634 8 

6562 

6154 

6545 

6941 

8797 

886 1 

8997 

8431 

9004 

9199 

12430 



Table 4-9 
New Thermal Power Plant Charactenstics 

24 Hydroelectnc generation options were evaluated by Worlung Group 4 Russia's 
current plan for the rehabllttation and construction of new hydro fachties was assumed to 
reman as it is The schedule and costs of the hydro program were included m the models 

25 As IS typically done in generation capacity p l m n g  studles, the ovemght capacity 
costs provlded by the worlung groups were adjusted for estimated interest dunng 
construction costs (IDC) These Interest costs can be a substantial proportion of total 
Investment requlrements Table 4- 10 presents capltal costs, lncludrng IDCs, for selected 
capaclty optlons evaluated in thls study The escalated capital and fixed and vanable 
operation and mantenance costs, along wth the fuel costs presented in Table 4-4, form 
the bass for detemning optlmal cholces to meet projected capacity requlrements 

New TPP 
Eqwpment 

T~pes 

CPP-CCP-360 

K-500 

K-300 

K-SO0 

K 300 

CHP-CCP-260 

T 1 15 

T-115 

JEAS Fml  Report 
14 Aprrl1995 

Heat 
R.tes, 

BMcWh 

6 194 

9.226 

9 310 

9 226 

9 310 

4 556 

5 861 

5 861 

Fuel Types 

NG 

BH 

BH 

LH 

LH 

NG 

BH 

LH 

Non-Fud Costs, SkW 
"""--'-""""--"""""""""- 

F'ked Vanable 

Gas 

KW Cod 

Kuz Coal 

K-Ach Coal 

K-Ach Coal 

Gas 

Kuz Coal 

K-AchCoal 

904 

12 58 

14 97 

12 58 

14 97 

10 0 

19 81 

19 81 

Ovetnight Costs, SlkW ---. 
1994 2000 2010 

182 

11 9 

14 07 

11 9 

1407 

2 14 

1435 

1435 

599 

752 

816 

772 

816 

666 

1 107 

1 107 

720 

960 

1043 

960 

1043 

823 

1400 

1400 

903 

1,286 

1 398 

1,286 

1 398 

1 045 

1 848 

1 848 
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4.3 STRUCTURE OF THE ANALYSIS: THE REFERENCE CASES AND 
CHANGE CASES 

4 3.1 Analytical Framework 

26 The purpose of ths  Jomt Study modehg is to obtm information needed to answer 
questions of lrnportance to policy makers, to system planners and to mvestors Such 
questions mclude 

b What is lowest cost combination of mvestments needed to meet expected 
demand, whlle mantatmng the reliabihty of the system? 

b What are the cost implications of energy pohcy decisions, e g mamtamng 
the present share of nuclear and coal generation in the overall m x  of 
generation capacity? 

b Can mvestment savlngs be acheved by expandmg the inter-regonal 
transmssion facilities to move electnc power between regons 

b What are the implicattons of programs to increase the efficiency of 
electricity end-use? 

b What are the cost implicattons of early decomrmssiontng or upgrading the 
safety of first generation RBMKs and VVER 440-230 NPPs? 

What are the tmplicatlons of shortages in investment cap~tal for power 
system investment? 

4 3 2 Definit~ons of Terms 

27 A Scenar~o refers to a set of assumpt~ons about the future of the Russlan economy 
and of electnctty demand These economc scenanos assume a certain level of energy 
efficiency gans and tnclude specific he1 pnce assumptions Electnctty demand scenanos 
are denved fiom the economc scenanos 

28 The term Reference Case refers to a charactematton of the entire Russian power 
system, a demand scenano and certan pollcy assumptions The charactenzation of the 
exlsttng power system consists of regonal aggregations of plant types into elght 
conventional and three nuclear categones Ltfe extension and modemation options for 
thermal plants are avalable for approximately 20 types of plants For nuclear plants, new 
plants and safety upgrades are included as options Charactenstics of the hgh voltage 
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transmssion system between regons is included, rntra-regronal transmssion and 
distnbution is not charactenzed 

29 The term Scenano Case is used to descnbe the analysis of changes m reference case 
parameters whose future values are uncertsun, e g fbel pnces, capital avadabllity, d~scount 
rates, fixed charge rates, etc In a sensitivity case model run, one or more parameters m 
the reference case are vaned to study the effects on rnvestment costs and changes in plant 
and transmssion capacity needs 

30 The term Change Case or Declsron Case is used to descnbe the analysis of changes 
in reference case parameters that are d e t e m e d  by technology, policy or by speclfic 
econormc structural developments, e g changes m demand for and sources of space 
heating 

4 3 3 Reference Cases 

3 1 Two Reference Cases were analyzed The pnncipal difference between the two Refer- 
ence Cases is the electncity demand As descnbed previously, Reference Case A has 
electncity demand dropping until 1996, and reachlng levels about 20% hgher than the 
1990 level in 20 10 In contrast, Reference Case B has electncity demand dropping until 
1997, and then slowly recovenng to 1990's level by 2010 Both Reference Cases assume 
that all cost-effectrve end-use efficiency measures are undertaken and that the demand 
scenanos have incorporated the demand reductron resulting from these measures The two 
cases also differ in followng 

b the level of heat demand 

v the amount of interregonal imports and exports of electnc capacity 

v the level of 11fe extension in the early years of fossil umts requ~red to meet 
demand in the Urals and North Caucasus regions 

Other assumptrons are common to both cases 

32 With respect to the retirement schedules of fossil fbel-fired power plants for both 
Cases, rt is assumed that plants wll be retired at the end of each untt's desrgn life (except 
as noted in the early years In the N Caucasus and Urals) 

33 The choice of whether or not to modemze a untt wth a modem equivalent umt 
depends on the need for power, the costs of the replacement options, and the econormcs 
of alternative supply optrons The study has assumed that retinng CHP umts must be 
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modemzed or replaced wth equivalent CHP umts, although not necessmly ones based on 
the same fie1 or technology 

34 With respect to exlstlng nuclear power stations, the Reference Case assumptions are 
drawn fiom the JNPAS report Both cases treat each decision to upgrade or close as an 
option Hence, decisions to close or upgrade exlstlng umts depend on the need for power, 
the costs of upgrading and decomrmssiomng, and the economcs of alternative sources of 
supply 

35 Repowemg Rostov 1 as a coal plant and the completion of Kahrun 3 wth upgrades to 
acceptable safety levels was included as options that could be selected 

36 New NP 500-650 MW nuclear power plants (a pressurized water reactor design wth 
passive safety features) are also avalable as supply options starting m 2001 Whlle the 
new Russian energy strategy is based on a new 1,000 MW plant, it was not considered m 
thls study because these umts w11 not be avalable until late in the planrung penod 

37 Hydroelectnc generating capacity is assumed to reman constant in the Reference 
Cases, although upgrades to exlsting plants are treated as options There are no changes in 
mnter-regional bulk power transfer capability over the penod, and reserve margns remain 
as previously set at 13% for Russia as a whole On a regional basis, firm imports from 
nelghbonng regions wth excess capacity are pemtted to contnbute to the reserve 
margin 

4 3 4 Change Cases 

3 8 Alterative cases were analyzed for the followng categones 

Scenano cases, deslgned to analyze alternative assumptions about such 
factors as fuel pnces, capital costs, and heat demand 

w Nuclear decision cases , deslgned to evaluate alternative approaches to 
nuclear safety upgrade options, nuclear decommssio~ung costs and 
options, and the nuclear share of total generation capacity, including 
several options for completing partially built umts 

w Non-nuclear decislon cases , designed to evaluate alternative power sector 
development optlons includ~ng energy efficiency, life extension, additional 
technologies, easing a r  pollution control regulations, and expanding the 
system's transmsslon capacity 

39 Each of these cases was analyzed against both Reference Case sets of assumptions 
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4 4 1 Comparison of Results of the Two Models for the Reference Cases 

40 The Reference Case for the two power demand scenanos were analyzed usmg both 
the Russian and American models The results are s d a r  for the two models, see Table 4- 
11 The slight differences In the total electnc capacity Increments between these results are 
attributed to differences m the methods of computing electric capacity requirements set by 
the Russ~an and Amencan sldes 

Table 4-11 
Capac~ty Addrt~ons and Replacements from 1995 through 2010 

(Reference Cases, GW) 

41 Both models concluded that the HPP share in the total Installed capacity of the 
Russian Integrated Power System by 2010 w11 amount to 17% and 23% in Scenanos A 
and B, respectively 

New HPP 

New NPP 

NPP Upgrades 

Gas or Oil CPP 

Gas or 011 CHP 

Coal CPP 

Coal CHP 

Total Capacity Addltlons 

42 There is some difference in nuclear capacity between the two models The models 
confirm the cost-effectiveness of upgrading exlstlng nuclear power plants amed at 
increasing their safety and design semce Me, wth the exception of four VVER-440 uruts 
of first-generation (at the Kola and Novovoronezh nuclear power plants) under both 
scenanos and one RBMK umt at the Lemgrad Nuclear Power Plant under Scenano B 
Ths IS due to those reactors' short service lives after upgrading (the design semce lives of 
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Scenano A 

Russ~an Amencrrn 
Model Model 

3 3 2 7 

3 8 3 1 

20 6 19 1 

49 33 5 

52 6 71 1 

8 4 3 3 

10 6 10 6 

148 3 143 5 

Scenano B 

Russ~an Amencan 
Model Model 

3 3 2 7  

20 14 

20 6 18 1 

20 7 20 0 

45 7 41 2 

5 1 2 0 

7 7 10 8 

105 1 96 7 



these reactors explre m 2002-2004) Desplte the early decomrmssromg of the older 
VVERs and RMBKs, the capaclty of exlstlng NPPs by 2010 1n the Amencan model 1s 
somewhat hgher than m the Russlan model Thls IS attributed to the fact that the 
Amencan model takes account of the extension of exlstlng NPPs' Me span by 2 years, as a 
result of the "down-time" penod dunng whlch upgradmg occurs, whereas the Russlan 
model assumes that the NPPs' des~gn llfe span of 30 years wdl remzun unchanged 

43 In both cases, the scale of new nuclear capacity is small slnce m European Russia, it is 
economc only in the penod up to 2005 and m the Far Eastern UPS only beyond 2005 (see 
Table 4-12) 

Table 4-12 
NPP Projected Capacity at 2010 Levels (Reference Cases) 

(GW) 

44 According to these results, the share of nuclear capacity m the total installed capaclty 
of Russia's IPS in both cases wll decline from 10% in 1993 to 7-8% in 20 10 

45 Both models confirm that thermal plants w11 continue to provide the largest share of 
capacity additions and replacements over the time frame, amounting to 70-75% by 2010 
for Russia as a whole, and 75-80% for the European regons Both also predict that gas- 
fired combined cycle plants w11 account for 63-65% of total generatmg capacity additions 
and replacements through 2010 under case B and 69-73% under case A 

Scenano B 

Russian Amencan 
Model Model 

12 9 15 0  

2 0  1 4  

- 
1 0  1 0  

1 0  0 4  

- - 
14 9 16 4 

Emsting NPP 

New NPP, I n c l h g  

North-West 

Center* 

North Caucasus 

Far East 

Total 
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* K a l m  3 Completion 

Scenano A 

Russ~an Amencan 
Model Model 

12 9 15 0  

3 8 3 1  

0 6  0  3 

10  1 0  

10  0 6 

1 2  1 2  

16 7 18 1  



46 Both model results show that the greatest quahty new plants will be comblned cycle 
umts However, the growth rates for combined cycle unlts IS lower under both cases wth 
the Russian model than wth the Amencan model Thls is explained by the Russlan 
model's evaluation of gas supply limtatlons As a result of consldenng the physical limts 
of the Russlan natural gas mfi.astructure, the Russlan model predicts lower rates of 
co~rmss~onmg for new comblned cycle umts and somewhat hgher figures for coal-fired 
capaclty additions These differences apply largely to the Sibena, Far East and Urals 
regons 

47 The Reference Cases identified m the Investment requlrements for the modermzat~on 
and construction of new and replacement nuclear and thermal plants as shown In Table 
4-13 

Table 4-13 
Investment Requirements, Sbllllon 

48 As illustrated m Table 4-13, the total mvestment requirements projected for the penod 
fiom 1995 through 20 10 are consistent The models project total investment requlrements 
through 20 10 rangng from $106 to $1 14 bllllon In Reference Case A, and $67 to $69 
billlon in Reference Case B In Reference Case A, Investment requirements in the Russian 
model are below the Amencan estimates, because the Russlan model has assumed that a 
larger amount of life extension wll occur In the capaclty short regons of the North 
Caucasus and Urals Ths lower near-term investment profile in the results leads to hlgher 
investment requirements In the 2000 to 2005 tlme fiame as the five-year llfe extension 
penod is concluded In Reference Case B, the two models yleld markedly slmlar 
Investment projections 

Period 

Up to Year 2000 

2001 - 2005 

2006 - 2010 

Total 

4 4 2 Results of the Change Cases Based on the American Model, IPM 

49 The followng tables present the result of the model study change cases analyzed using 
the Amencan model 

Scenano A 

Russlan Amencan 
Model Model 

22 8 26 4 

36 5 31 8 

46 3 55 7 

105 8 113 9 
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Scenano B 

Russlan Amencan 
Model Model 

10 4 9 6 

21 5 19 8 

35 2 39 9 

67 2 69 3 



Table 4-14 
Scenano Cases 
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Case 

Low Nuclear Cap& Costs In thls change case the 
construct~on costs of new nuclear power plants are reduced by 
20% to reflect potentla1 plant cost sawngs assoc~ated w~th the 
mtroductlon of NP-1000 reacton or possible ~mprovements tn 
methods estunatmg the cap~tal costs of the NB-500 reactors 

Lower Nuclear Fuel Prices In order to examme the mipacts of 
the nuclear fuel market bemg m sltuatlon of substantla1 excess of 
supply over demand, a case was modeled m whch the nuclear 
fuel pnce rerna~ned below that of the reference case assumpt~on 
for the entue study p o d  

Higher Nuclear Fud Praces One of the key issues m this 
study 1s the role of nuclear power m Russia's long-term energy 
plan These change cases examed the Impacts of lugher 
nuclear fuel pnces on capacity m x  and costs 

Fossrl Fuel Rrcc Sensrtrvrty The Reference Case analyses are 
based on full cost of produchon fuel pnces m Russ~a An 
alternative set of pnces based on "world" pnces for natural gas 
and coal has been evaluated - the pnce assumptions for thls 
change case were descnbed above m Sect~on 4 2 

Results 

Because nuclear capaclty IS capltal-mtensive, the add~t~onal nuclear capacity addmons m these cases 
increases overall mvestments, however, total system costs declme because of the lower vanable cost 
of nuclear generation Under hgh  load cond~t~ons, the investments are 17% ($19 7 bilhon) htgher 
that Reference Case A, and under low loads the mvestments are 26% ($18 1 billton) hgher than 
Reference Case B The system cost savlngs are $2 1 billion and $1 3 billlon under hlgh and low load, 
respectively Among the scenano change cases, the largest change m mvestments and capac~ty 
addltlon decis~ons occurred m the cases where nuclear capacity costs were reduced by 20% In these 
cases, substantla1 amounts of new nuclear capaclty are added In both cases, the combmatmn of 
nuclear capac~ty and stand-alone boilers to meet heat demand were found to be lower-cost options 
than combmed cycle CHP capac~ty 

Lower nuclear fuel pnce assurnpt~ons had a much smaller effect on nuclear capacity a a t m n s  than 
lower nuclear capac~ty costs Investment costs mcrease by 3%, whle system costs decrease by 2% 
Under low load con&bons, mvestment costs mcrease by 2%, whle system costs decrease by 2% 

Htgher nuclear fuel pnce assumptions have only a small unpact on capacity addtron decisions, 
Investment costs decrease by $0 7 and $0 3 blllion m the hgh and low load cases, respechvely, as 
some decisions shft away &om capltal-mtens~ve nuclear capacity Total system costs mcrease by 
$2 6 and $2 7 b~llion under the hgh  and low load condittons 

Under hgh load condlhons, thls case leads to an mcrease m nuclear capacity additions of 5 2 GW 
and a 3 4 GW mcrease m coal CPP capacity add~tions These mcreases are offset by declmes m gas- 
fired combined cycle CHP and CPP installations Under low load cond~tlons, m l  CPP capacity still 
mcreases by 3 4 GW, whle nuclear capacity mcreases by only 0 6 GW from the Reference Case 
Investment costs mcrease m h s  scenano under hlgh load growth cond~t~ons, but decrease wth low 
load growth Total system costs mcrease by about 4% m both the low and hgh cases 
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Case 

Lower Heut Demand This change case was designed to analyze 
the sensitivity of projected ~nvestment requirements to a change 
m heat demand assumpt~ons In these runs, the projected 
Reference Case heat demand was reduced ThIs reduction was 
phased m over tune starting as a zero percent reduct~on m 1995, 
increasing to 30% by 20 10 

i 

Results 

The results for this case indicate that a reduction m heat demand would lead to a m s p o n d m g  
reduction m CHP capacity additions Smce total electnc demand remains at the same level, thls 
duct ion m CHP capacity additions must be replaced by other types of capacity, xncludmg wmbmed 
cycle and coal CPPs and nuclear capacity Given that electricity demand m thls case remams at the 
Reference Case levels, the reduction m heat demand has wtually no mpact on cumulatwe 
mvestment costs 



50 Table 4-15 presents total Investment and system costs for the scenano cases analyzed 
Results are presented for both hgh (A) and low demand (B) scenarios 

Table 4-15 
Costs of Scenano Cases 

4 4 3 Summary of Scenano Case Results 

&gh Load Cases 
Reference Case A 

Lower Nuclear Cap~tal Costs 
Lower Nuclear Fuel Pnces 
HIgher Nuclear Fuel Pnces 
Fossll Fuel Pnce Senslt~wty 
Lower Heat Demand 

Low Load Cases 
Reference Case B 

Lower Nuclear Cap~tal Costs 
Lower Nuclear Fuel Pnces 
HIgher Nuclear Fuel Pnces 
Fossll Fuel Pnce Senslt~wty 
Lower Heat Demand 

5 1 As noted above, only the cases In wluch actual cap~tal costs for new nuclear units are 
assumed to be 20% lower than the costs Included In the Reference Cases have a slgmficant 
(upward) on Investment requirements System costs for these cases are only 1 5 and 1 4% 
lower than the hgh and low Reference Cases, respectively Consldenng the scarcity of 
long term financ~ng in Russla, ~t does not seem prudent to dedlcate such a large sum to an 
lnvestment that 1s little more than a break-even proposltlon at best 

52 The other scenano cases have only a marglnal Impact on lnvestment and system cost 
requirements 

, Cap~tal Investment requuements are not present valued System costs are present valued 
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Investment 

Billion 
January 
1994 S 

113 9 

133 6 
117 5 
113 2 
115 0 
115 1 

69 3 

87 4 
70 8 
69 0 
68 3 
69 0 

Costs through 2010 

9'0 Change from 
Reference Case 

NA 

17 3 
3 1 

-06 
0 9 
1 1  

NA 

26 2 
2 3 

-04 
-1 5 
-03 

System 

Bdhon 
January 
1994 S 

143 6 

141 5 
140 9 
146 2 
149 4 
143 8 

116 7 

1154 
114 2 
1190 
121 5 
115 5 

Costs through 2010 

./. Change from 
Reference Case 

NA 

-1 5 
-1 9 
1 8  
4 0  
0 1 

NA 

-1 1 
-2 1 
2 0  
4 2 

-1 0 



Table 4-16 
Nuclear Dec~s~on Cases 
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Case 

No New Nuckar Constructwn In tlus change case, new 
nuclear power plants are not mcluded as capacity options The 
results of ths case show the costs assoc~ated with a pollcy of not 
allowing the construction of any new nuclear power plants Thls 
1s the only case not run for both load forecast scenanos, smce 
little new nuclear capac~ty was constructed m Reference Case B 
(low demand growth) 

Full Contaurmcnt Safety Upgrah Thls change case considers 
the cost Impacts of adoptmg the full contament approach to 
safety upgrades of exlstlng nuclear umts 

Early Nuckar Decommrssronrng Thls case accelerates the 
closure of nuclear power plants by five years In some cases 
oppomtles  for early closure are lmted by techcal  factors 
such as system balancing and local load requuements 

Results 

Under hgh load conditions, the new nuclear capaclty of 3 1 GW constructed m the Reference 
Case is replaced mostly by new comb& cycle CHP capac~ty (3 0 GW) and to a lesser 
extent by coal-fued steam cycle capaclty (0 3 GW) Wlth this restriction on new nuclear 
capacity investment requuements decrease by 1 2% and total system costs Increase by a 
small amount Thls case was not analyzed under low demand condlhons due to the relatively 
small amount of new nuclear capaclty added m the correspndmg Reference Case 

Under hgh load growth, the only change m the selechon of whlch exlstmg nuclear plants to 
upgrade 1s at the Letlmgrad plant, where umt number 2 is not upgraded All other plant 
upgrade choices are the same as m the compondmg Reference Case A Under low load 
growth condltlons, Letlmgrad 2 and Kursk 1 are not upgraded, although they were selected 
m Reference Case B 
Under both load forecasts, mvestment costs are $1 3 bdhon lower m these cases than m the 
Reference Cases, but total system costs mcrease by about 1 7% 

Under hgh load growth assumptions, early decomrmssioNng has llttle effect on the model's 
nuclear upgrade cholces Relatlve to Reference Case A, the only change is that h g r a d  1 
is not selected for upgradmg Under low load growth condlhons, h g r a d  1 and 2 and 
Kursk 1 are not upgraded, although they were selected m Reference Case B 
Investment costs mcrease by about $3 blllion under both load growth forecasts Total system 

costs also mcrease, but by a smaller amount 
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Case 

AmerrcanStyle Decommrrsronang The Reference Cases and 
all of the other change cases assume that nuclear 
decomrn~ss~onmgs a n  wnducted usmg the standard Russian 
approach, these cases assess the unpack of adoptmg a policy of 
decomss~onmg usmg Amencan-style decomrmss~omng 
practices 

Constant Nuclear Share In tlus case, the share of nuclear 
power in the generation capac~ty m x  IS held constant at current 
levels To mamtam a constant share as demand and capac~ty 
grow over tune, nuclear generatlng capacity IS added at the same 
rate as total generatlng capaclty is brought on lme 

Decommrsswnrng of Kursk I u, 1995, W I C ~  the Opnon to 
Complete Kursk 5 In th~s  case, Kursk 1 IS decomssloned m 
1995, and the completton of Kursk 5 is added as an option 

Nuclcor Compkhon Optwnr In thls case, several exlstmg, but 
currently not completed, nuclear power plants were added as 
options Balakovo w t s  5 62 6, Rostov 1, and Kursk 5 The 
completion of the Rostov 1 nuclear plant as a conversion to a 
coal-fired plant is also lncluded as an option, as it was m the 
Reference Cases 

? 

Results 

Under high load growth, Kola 1 is selected for upgradmg All other upgradmg choices are 
the same as ln Reference Case A Under low load growth cond~tions, selections are identical 
to the Reference Case The cost ~rnpacts of these cases are xmmmal 

Under hlgh load wndltlons, all exlstmg nuclear wts are selected for upgradmg In addition, 
1 1 4 GW and 6 5 GW of new nuclear capacity are added m the hgh and low load cases, 
respectively Under these cases, mvestment wsts mcreased by a substantial 5%, but the 
~mpact on total system costs is very small 

Th~s option IS selected for wmpletion m both the htgh and low load cases, and both 
~nvestrnent and system wsts are reduced 

In both the hgh and low load wndibons, Kursk 5 and Rostov 1 are selected for completion, 
but Balakovo 5 and 6 are not selected Both lnvestrnent and system costs are lower than m 
the correspondmg Reference Cases 



53 In general, the nuclear declsron cases had only margmal unpact on the model's nuclear 
plant upgrade declslons under the hlgh demand growth scenanos, but s~@cant 
differences m upgrade selections occurred m the low demand growth scenanos The cost 
unpacts of the nuclear deaslon cases are summanzed m Table 4-17 

Table 4-17 
Costs of Nuclear Dec~s~on Cases 

Bgh Load Cases 
Reference Case A 
No New Nuclear Construcbon 
Full Contament Technology 
Early Nuclear Decomrmssiomg 
Amencan-Style Decomrmssiomg 
Constant Nuclear Share 
Decomrmssion Kursk 1 wl Kursk 5 

Opbon 
Nuclear Complehon Ophons 

Low Load Cases 
Reference Case B 
Full Contament Technology 
Early Nuclear Dsmnrrmss~omg 

1 Amencan-Style Decomrmss~orung 
Constant Nuclear Share 
Decommssion Kursk 1 wl Kursk 5 

Option 
Nuclear Completion Opbons 

Investment Costs through 2010 
I 

Bdhon 
January 
1994 % 

./a Change from 
Reference Case 

System ( 

Bdhon 
January 
1994 % 

143 6 
143 8 
146 0 
145 0 
143 6 
143 8 
143 5 

143 0 

1167 
118 8 
1177 
1166 
1170 
116 5 

116 3 

sts through 2010 

% Change from 
Reference Case 

I Capital Investment requments are not present valued System costs are present valued I 

4 4 4 Summary of Nuclear Declslon Case Results 

54 There are s~gxuficant find~ngs m these cases wth respect to nuclear pol~cy and 
decis~ons on safety upgrade and decomrmssrorung 

b Halting all nuclear construction (mcludlng upgrades) only margnally 
affects Investment and system costs Compared to Reference Case A, the 
lnvestment costs declined by 1 2%, and system costs Increase by 0 1% 
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b The full contanment safety upgrade option (assumng it is techcally 
feasible) is economcally competitive wrth the jet condenser option Included 
in the Reference Cases Investment costs are marpally lower ( 1 and 1 8% 
for the hgh and low demand cases, respectively), and system costs are 
marpally hlgher (1 7 and 1 8% for the htgh and low cases, respectively) 

b Movlng the decomrmssionmg declsion forward 5 years, such that each 
decision to upgrade or decomrmss~on occurs 5 years ahead of schedule, has 
only a mar~nal  unpact on tnvestment and system costs Investment costs 
increase 2 8 and 4 1% for the hgh and low cases, respectively System 
costs Increase by only 1 and 9%,respectively 

w Amencan style decomrmssiomng (compared to the Russian style included 
in the Reference Cases) has negligble unpact on investment or system 
costs 

If the nuclear share of the generation rmx IS held constant at its current 
level over the study penod, investment costs are approximately 5% hlgher 
in both cases System cost are essentially the same 

b Decomssiorzlng Kursk 1 wth the option of completion Kursk 5 has very 
little impact on either investment or system costs 

b Completion of some nuclear uruts under construction, namely Kursk 5 and 
Rostov slightly reduces both ~nvestment and system costs (1 to 1 8% 
reductions in investment costs and 4 and 3% reduction m system costs for 
the hgh and low cases respectively) 

b In all cases, it appears cost effective to decomssion rather than upgrade 
Kola I & 2, and Novovoronezh 3 & 4, and m most of the low demand 
cases, Lerungrad 1 It 1s recogruzed, however, that there are intra regional 
constrants such as transrmsslon and fuel avalability and soclal and 
economc policy considerations that would make such a decislon non 
economc, particularly in the case of the Kola umts 
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Table 4-18 
Non-Nuclear Dec~s~on Cases 
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Case 

R e k d  Av  P o h n  Emuslons Requuemenu This case 
examlnes the unpllcations of relaxmg enwronmental standards 
by not requmng s u l b  dloxlde pollution control equipment on 
modenuzed uruts 
In order to evaluate the costs of meetmg the rewsed stack 
enusslons standards d~scussed m Chapter 2, two cases were run 
m whch the requirements for SO, scrubbers from new and 
m o d e d  coal plants were removed. 

Lzjk Ex&nswn Ophons In h s  case, the model was given the 
option to contmue the operation of exlstmg plants for an 
add~tional five years beyond theu deslgn lives Th~s was based 
on a projected mcremental capital cost that was well below the 
cost of a complete full modemzat~on of the same m t  The case 
retamed the Reference Case optlons of retmg the plants as 
scheduled or plant modermzat~on m addition to the five-year l~fe 
extension 

Results 

Thls resulted m mcreases m large coal consumpt~on under both low and hlgh load 
growth conditions Capacity addthons were also affected coal CPP capacity addihons 
Increased by over 5 3 GW m the hgh load case and 3 6 GW m the low load case Gas 
combmed cycle CHP capacity was reduced by the same amount Thus, wlth lower coal 
capltal costs, the model found it economtcal to build coal CPPs mstead of gas combmed 
cycle CHPs Addit~onal heatmg balers were butlt to meet the heat demand Total capital 
investments were reduced by $4 2 and $4 5 billion m the high and low load cases, 
respechvely Total system costs were also reduced, but by less than $1 billton Whde the 
blanket removal of requuements for SO, mssrons controls is not considered a vlable 
optlon for Russ~a's power plants, thls case demonstrates the potentla1 for savings 
through careful evaluation on a case-by-case basis of the costs and benefits of scrubb~ng 
stack gasses In certam cases, strategtes such as uslng low-sulfur fuels or pemuttmg llfe 
extensions wthout requmg SO2 scrubbmg may affbrd reasonable cost savlngs o p h m  

In this case, e s b t e d  total mvestment requuements were reduced by 14 7% under hgh 
load con&hons and 18 2% under low load cond~hons Under hgh  load conditions, hfe 
extensions also serve to substanhally reduce near-term mvestment requuements 
Cumulative mvestment requuements through 1999 m t h s  case were $21 0 billton In 
contrast, m the compondmg life extenston case, esha ted  cumulative mstrnent 
requuements through 1999 were $13 2 brllion Near-term mvestment requuements are 
also reduced under low demand conditions, but by a smaller amount of $2 1 billton 
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Case 

Energy Emiency Optwns As noted m the descnpt~on of the 
Reference Cases, certam econormcal energy efficiency measures 
are embedded m the Reference Case demand scenanos Worlung 
Group 1 analyzed the potentla1 for addrt~onal savlngs through the 
use of major energy eficlency measures m Russ~a The results 
show that there IS substantla1 potentla1 for electnc~ty demand 
reductron h u g h  the lrnplementat~on of a wde range of 
econormcal measures m many end-use appllcat~ons (e g 
res~dent~al apphances, I~ghtmg, mndustnal motors) The 
efficiency change case evaluates the costs and sawngs of these 
measures relatlve to generation supply-s~de options In h s  case 
the Reference Case electnc~ty demand forecasts are assumed to 
exclude dlrect energy eficlency measures, mcludlng low 
costlno cost" measures and efficiency galns from structural 
changes m the economy This case allows the cholce of pro- 
active energy efficiency and supply options The results prowde 
an estlrnate of the optunal nwc of supply and energy effic~ency 
optlons, and the related ~nvestrnent requlrernents for each 

Results 

The results mdlcate that energy efticlency mvestments can lead to capac~ty reductions 
totalmg 18 9 GW and 12 1 GW, respectwely, m the high and low scenanos by 2010 
The cost Impacts are slpficant, mvestment costs decrease by over 15% m both cases, 
and total system costs decrease by $7 3 and $4 3 bill~on m the hgh and low load cases 



4 4.5 Non-Nuclear Dec~slon Cases 

55 As shown in Table 4-19, the non-nuclear decislon cases generally had much more 
sigrdicant cost impacts than the nuclear deasion cases 

Table 4-19 
Costs of Non-Nuclear Declslon Cases 

4 4 6 Summary of Non-nuclear Declslon Cases 

56 These cases all have sipficant, Indeed major, Impacts on the Investment or system 
cost requlrements It IS clear from the analyses that, In addition to major nuclear pollcy 
issues, key decrsions In the areas of energy efficlency, life extension of exlstlng plants, and 
the addition of simple cycle gas turbrnes as a supply option dramatically affecting the level 
of Investment requlrements and system costs 

lbgh Load Cases 
Reference Case A 
Relaxed h Pollution 

Controls 
Life Extension Ophons 
Slmple Cycle CT Ophons 
Life Extension and 

Combushon Turblnes 
20% DIscount Rate 
Energy Eficiency Options 

Low Load Cases 
Reference Case B 
No Air Pollution Equpment 
Llfe Extension Optlons 
S~mple Cycle CT Ophon 
Lrfe Extension and 

Combushon Turblnes 
20% DIscount Rate 
Energy Effic~ency Ophons 
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Capital lnvestment requtrements are not present valued System costs are present valued 

System Costs 

Bdhon 
January 
1994 % 

143 6 
142 8 

141 5 
142 3 
140 2 

104 2 
136 3 

116 7 
1160 
115 8 
116 6 
115 8 

82 5 
1124 

through 2010 

./. Change from 
Reference Case 

NA 
-06 

-1 5 
-09 
-2 4 

-27 5 
-5 1 

NA 
-06 
-08 
-0 1 
-08 

-29 3 
-3 7 

Investment 

Bdhon 
January 
1994 % 

113 9 
109 7 

97 1 
88 8 
75 9 

109 9 
95 4 

69 3 
648 
56 7 
59 9 
49 6 

62 6 
57 2 

Costr &mu& 2010 

./a Change from 
Reference Case 

NA 
-3 6 

-14 7 
-22 0 
-33 4 

-3 5 
-16 2 

NA 
-65 
-18 2 
-13 5 
-28 3 

-9 6 
-17 5 



57 In combmation, a number of the opoons analyzed m these cases including energy 
efficiency, and hfe extension (m ths  analysis, only a 5 year Me extension option is 
mcluded) programs, and the addition of simple cycle gas turbmes as a supply option, could 
reduce the mvestment requuements and system costs m the range of 30% compared to the 
Reference Cases 

58 As the 20% discount rate case shows, the discount rate wdl have a major impact on 
system costs and a sipficant impact on investment costs The level of enwonmental 
regulation is also important and depends on what standards are eventually adopted Ths 
analysis, as noted elsewhere has very stnngent environmental regulations assumed in the 
Reference Cases 

4 4 7 Summary of Amer~can Model Study Conclus~ons 

59 Based on the results descnbed above, the followng conclusions can be made 

b There IS a need for immediate mvestment to mantan and upgrade the 
electnc generation and transmssion capablhty of Russla 

w There IS a broad range of estimated Investments requued in the Reference 
Cases, rangmg from $69 blllion m Reference Case B to $1 13 billlon In 
Reference Case A Much of ths  wde range m Investment projections is 
attnbutable to the difference in the electncity demand levels used in the 
two Reference Cases 

F The vanous change cases hrther expand the range of Investment 
requlrements from a low of $50 bllllon under the low demand scenano to 
$134 billion under the hgh demand scenano 

b There are substantial opportunities for reducing electricity requirements 
through energy efficiency Efficiency measures offer attractive low-cost 
solut~ons for meetlng Russ~a's energy needs 

N The llfe extension of exlsting capacity, even for the relatively short penod 
of five years, can s~gruficantly postpone capital investment requlrements 

b Slmple cycle combustion turbtnes are a low-cost means for meeting 
Russla's capacity requlrements However, there are practical llmtations on 
the extent to whch ths technology can be employed due to regonal and 
seasonal natural gas avalablllty Issues 
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t More detded mtra-regonal work is warranted to evaluate the potential 
unpacts of energy efficiency options, sunple cycle combustion turbmes, Me 
extension, and nuclear plant decomrmssionmgs 

t The modehg results indicate that it would be economcal to decomrmssion 
several older nuclear plants The umts that do not appear to be candidates 
for upgrading Include Kola 1 and 2, and Novovoronezh 3 and 4 Upgrading 
these nuclear umts is uneconomc due to then relatively short remammg 
operating Metunes More detztlled mtra-regonal analysis should be 
undertaken to evaluate the feasibility of decomrmssiomng these umts 

t While lower nuclear capital costs can make new nuclear capaclty an 
attractive capaclty option for reducing system costs over the long run, 
substantially hlgher capital investment would be required compared to 
other less capital-intensive capacity alternatives 

60 Final investment decisions for the Russian power sector, as in all other countnes, wll 
be subjected to vanous factors emanating fiom the energy, economc and social pohcies of 
the Government Secunty and diversity of energy supply are pnonty policy matters for 
most governments and Russia is no exception The pohcy considerations identified below 
are recogmzed by the Joint Study as being the factors that will be used to adjust the results 
that come fiom modeling and to influence decisions on investment by type of generation 
and regonal capacity mx 

4 5 1 Socio-econorn~c Pollc~es and Flnanclal Constraints 

61 The Government gves hlgh pnonty to the impacts of power sector investment on 
employment levels in key areas of the he1 and energy complex, namely, coal mnmg, 
hydroelectnc plant construction, nuclear he1 cycle, and thermal power sector engineenng 
and equipment manufacturing 

62 As a matter of industnal policy, Russia intends to maxlmze the capability of rts 
domestic industry to design and manufacture the most efficient, environmentally berugn, 
and proven power sector technologies 

63 The mmrmzation of capital investment requirements m the early period (as distinct 
fiom life cycle costs) is an important policy objective due to the hmtations on the 
avalability of capital Ths objective also supports investment choices that keep h r e  
technologes options open 
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64 The scarcity of pubhc sector finds over the next five years dictates that carefil 
assessments will have to be made between the cost and benefits of compliance unth (1) 
enwonmental emsslon standards that are now applicable to fossil power plants and (11) 
nuclear reactor safety standards Ths consideration apphes to standards at the Federal and 
local levels 

4 5.2 Energy Pollc~es 

65 The amount of natural gas avalable to the power sector are expected to be less than 
would be indicated by a generation m x  based purely on considerations of least-cost 
Constrants on natural gas avalability are hkely due to &el export policies, exlstmg 
constramts on natural gas transmssion and distribution, and due to shortages of 
investment to expand the domestic gas grrd 

66 Russia intends to continue a policy of mantamng diversity m the fuel mur for the 
power sector as between natural gas, coal, nuclear and hydroelectnc Ths policy w111 enter 
investment decisions where the modeling results indicates that the llfe cycle costs for 
power plants using different fbels in a parttcular regon are quite close 

4.6 PREFERRED CASE FOR POWER SECTOR DEVELOPMENT AND 
CORRESPONDING INVESTMENT REQUIREMENTS 

67 The results presented above using the Arnencan model reflect only the requirements 
ind~cated by Russian power system economc optimzation Defimtive plans for power 
sector investment w11 take into account other factors 

68 The &re structure of the Russian power sector wll not only be w e d  at achevmg 
economc efficiency but it will also have sufficient flexibility to adapt to evolvlng social 
and polltical conditions To meet these requirements, the preferred cases for demand 
scenarios A and B were developed by Russian JEAS Worlung Group 5 participants as a 
compromse between i) the Reference Case results in the Russ~an and Arnencan models, 
ii) the results of scenano change cases using alternative assumptions about the conditions 
of the hture power sector, and 111) additional non-economc cntena pollcy considerations 

69 The preferred case differs from the Reference Case results in the followng ways 

b In order to reduce investment requirements for the most difficult penod 
from now untll the year 2000, the least expensive approach for thermal 
plant rehab~litation, (1 e life extenston by means of the replacement of 
speclfic equipment components) is recommended In addition, the use of 
simple-cycle gas turblnes is recommended towards the same end 
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In regrons where new combined cycle CPPs are only slightly more 
economzcal than nuclear plants (the North- West and the Center) the 
construcfion of both u recommended1 At the same tlme, it is 
recommended that a new combined cycle CPP be built m Krasnodar Kra in 
the Northern Caucasus Although the Rostov NPP is an economcal cho~ce 
for the North Caucasus, its comrmssionmg has not yet been approved by 
the local authonties and it cannot be comssioned in time to meet the 
intense power needs of the region 

b In regons where the cost efficiency of coal-fired CPPs trad that of new 
combined cycle CPPs is only slightly lower than the cost of (the UPS of the 
Urals), the construction of new coal CPPs and rehabihtation of the exlstmg 
ones are recommended along wth the combined cycle technology 

b However, in the Urals and Sibena where coal fired CHPs are slightly more 
costly than the combined cycle CHPs by a shght rnargm, the conversion to 
combined cycle technology is not recommended 

Talung into account that there are numerous physical constramts involved 
in rehabilitating emsting plants, only partla1 replacement of steam turbine 
CHPs wth combined cycle CHPs is recommended for plant rehabilitations, 
whlle up to 30% of emsting capacity may continue as steam turbine CHPs 

b In Sibena, where the major 3,000 MW Boguchany HPP has been under 
construction for many years, the preferred case assumes its completion, in 
order to ensure employment for the large construction force currently 
comrmtted to the project 

b The evaluation of capacity balances for Sibena and the North-West argue 
in favor of hgher (1 e , >13%) capacity reserve margns In the case of 
Sibena a hgher capacity provldes for a reliable energy supply under dry 
year cond~tions, whle in the North-West it is needed to offset uncertainties 
about the schedule of completion of nuclear safety upgrades 

70 The effect of the above Preferred Case departures fiom the Arnencan model's 
optrmvation results leads to sigmficant changes in capital requirements Ths is due to 
more capltal-intensive NPPs, coal-fired thermal plants, and HPPs The use of thermal life- 
extension and simple-cycle gas turbines to meet capacity needs is, of course, less than in 
the pure economc optinmation cases Overall, the Perferred Case investment 

1 Srnce complehon of the Balakovo NPP (mts 5 and 6) is less expensive than buildrng a new NPP m the 
Center, it mght be advisable to shft the capacity ofthe NPP Into the Uddle Volga UPS wth a 
correspondmg transfer of capacity and power to the Center UPS 
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requlrements through the year 2000 are 20% lower than m Reference Case A and 10% 
lower than m Reference Case B 

71 Throughout the study penod the Preferred Case mandates sipficant changes in the 
&re capaclty rmx 1) the share of rehabhtation versus new construction 1s conslderebaly 
hgher, 11) the proportion of slmple-cycle and comblned cycle thermal untis versus steam 
turbmes mcrease m European Russla and the Urals m particular, ni) the overall capacity of 
coal-fired steam turbine CPPs and CHPs Increases (wth a correspondmg growth m coal 
consumption), whle their share m the new capacity mur is reduced, iv) the relatlve 
proportion of CHPs IS hgher at the expense of CPPs 

72 Capacity and investment requlrements for the Pederred Case under two demand 
scneanos are shown m Tables 4-20 and 4-21 
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Table 4-20 
Capac~ty MIX for the Integrated Power System Russ~a Preferred Case (GW) 

excludmg rehablhtabon and upgrades 
** mcludmg rehabilrtahon usmg slmple-cycle gas turbmes 

TOTAL 
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1995-2000 

A B 

32 5  I 85 

2001-2005 

A B 

40 5 I 28 0 

Inchdmg 

Rehabhtatron and 
Upgrades 

Life Extension 

HPP, Total* 

NPP, Total* 

CHP Total 

5 5 

12 1 

0 6  

2 0  

19 5 

Includmg 

2  8  

4 2  

0 4  

1 0  

5 8 

Rehabilltabon and 
Upgrades** 

Life Extension 

CPP Total 

27 6 

2  3 

3 3 

17 0 

18 7  

2 1 

0 

18 1 

3 9 

8 2 

10 4 

Includmg 

12 6 

17 9 

1 5  

4 2 

1 3  

Rehabllltation and 
Upgrades 

Life Extension 

Peaiung Slmple-cycle Gas 
Turbmes 

12 1 

7  8 

1 6  

3 9 

14  

1 3  

- 

- 

15 0 

- 

2 9 

6 6 

- 

1 2  



Table 4-21 
Russra Preferred Case 

Investment Requrrements For the Integrated Power System of Russra 
($ Birons) 

* mcludmg rehabll~tahon uslng sunple-cycle gas turbmes 

I Demand Slde 
11 Supply Slde 

Llfe Extension 
Rehablhtabon and Upgrades 

New Umts 

Total Supply Slde 

Hydro 
Rehablltabon 

New Umts 
Total Hydro 

Nuclear 

Upgrades 

New Umts 

Total Nuclear 

CHP 
Life Extension 

Rehabilitation* 
New Umts 

Total CPP 

CPP 

Life Extension 
upgrades 

New Umts 

Total CPP 

Sunple Cycle Combustion Turbmes 
111 Transmssion Networks 220 kV and above 

Total Investment Re~uiremmta 

73 An analys~s of the structure of investment requirements (Table 4-21) reveals the 
followng 

h rehabll~tatron of exlsting HPPs, NPP upgrades, and llfe extension and 
rehabllrtat~on of thermal plants accounts for a considerable proportion of 
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A 
4 6  

2 8  
5 4 

12 3 

20 5 

1 1  
1 9  

3 0 

1 2  

3 2 
4 4 

1 9  

2 0  
5 7 
9 6  

0 9 
1 1  

1 5  

3 5 

0 6  

2 1 
27 2 

200 

A 
10 8 

0 0  
16 8 

17 3 

34 1 

0 0  
3 0 

3 0 

0 0  

4 1 
4 1 

0 0  

7 3 
7 7 

15 0 

0 0  

9 5 

2 5 

12 0 

1 1  

5 1 
50 0 

1995-2000 

B 
3 0 

0 9 
3 8 

2 9 
7 7  

1 1  
1 9  

3 0 

1 2  

0 2  
1 4  

0 9 

0 7 

0 8 
2 4 

0 0  

0 8 

0 0  

0 8 

0 0  

0 8 

11 5 

1-2005 

B 
8 2  

0 0  
12 0 
10 0 

22 0 

0 0  

3 0 
3 0 

0 0  

0 0 
0 0 

0 0  

7 9 
6 5 

14 4 

0 0  

4 1 

0 5 

4 6 

0 5 
3 3 

33 5. 



mvestment requtrements Under Scenano A ths  proportion would make up 
30% of Investment untll2000, and 34% for the penod 20001-20005 
Under Scenano B, ths  proportion is even higher (33% and 36%) Smce 
rehabhtation and hfe extension mvolve much lower capital costs than new 
construmon, rehabilitation accounts for a much lower share of mvestment 
requirements than capacity addtions 

b Through the year 2000 the rehabhtation of exlstmg hydro plants and 
nuclear upgrades accounts for a slzeable proportion of overall Investment 
(over 8% under Scenano A and 20% under Scenmo B), whle m 2001- 
2005 these requtrements are negligble 

b In 200 1-2005 the increase in overall investment m supply-side options 
under Scenano A is relatively lugher than in the prevlous penod when 
compared to the increase in capacities Thls is due to the escalation of 
rehabilitation and new construction costs, and to an increase m the share of 
capital-intenstve new hydro and nuclear power plants In contrast, until the 
year 2000 Investment is pnmmly allocated to the completion of plants 
under construction 

b Under Scenano B the proportion of new construction m investment 
requirements is relatively small throughout the penod Therefore, even 
considenng cost escalation, the investments requu-ed under Scenmo B wdl 
increase more slowly than capacity addlttons 

74 The analysis carned out by the Joint Study has revealed important new strategic 
options for all those concerned wth  the Investment needs of the Russlan power sector 
over the next ten to fifteen years The Russian Preferred Case, descnbed above in Section 
4 5, reflects important policy constderattons ldentlfied by the Russian Government and 
r e c o p e d  by the Joint Study However, rt IS also recognized by the Arnencan and 
Russian participants in the Jo~nt Study that the final deterrmnation of investment decistons 
wll be a continuous process In market economes no power sector investment plan is 
ever immutable Such plans are plaruung blueprints that are subject to adjustment in 
accordance wtth policy and other conslderatlons, such as demographc and 
macroeconomc changes, and the cost of investment capltal 

75 By analyvng the tmpacts on investment of a large number of supply and demand- 
reduction options for meettng Russta's electricity needs, the Joint Study has shown that 
energy efficiency, simple cycle gas turbines, and fossil power plant life extension can 
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reduce near-term investment costs to a sigdicant degree As those entlties mvolved m 
Investment dec~sions for electnc~ty use and supply m Russia make defimtive choices for 
electncity supply and effic~ency mvestrnents, the JEAS analys~s has shown that Russia 
should gve  hghest pnonty to the follomg areas for the penod 1995-2000 

Promotion of and investment m unprovements in the efficiency of 
electncity end-use 

t Rehabihtat~on and nuclear safety upgrades, particularly for first-generat~on 
nuclear power reactors 

t Construct~on of inter-regonal and mntra-regonal transrmssion between 
surplus and deficit areas 

t Fossil thermal plant modemation and rehabilitation In the context of the 
evaluat~on of the benefits and costs of fossil power plant rehabilitation and 
modernrzation, the costs and benefits of optlons for hfe extension optlons 
should be considered as a way of defemng major expend~tures 

t Complet~on of nuclear power plants that are m advanced stages of 
constructlon 

t Construction of new gas-fired simple cycle and combined cycle plan 

76 For the penod 2000-2005, JEAS analys~s has shown that the followrng areas w11 be 
increasingly important 

t Construction of new generatron NPPs 

t Cornmerc~alization of clean coal power generation technologes 

t The western and eastern extension of transmssion between Slbenan hydro 
capacity and demand centers In the Center and in Sibena may become an 
important pnonty In ths  penod because of the development of the nat~onal 
wholesale market Further studies w11 be needed to detemne the benefits 
and costs In vlew of the hlgh cap~tal costs 
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CHAPTER 5 
INVESTMENT REQUIREMENTS AND 

SOURCES OF FINANCE 

1 Traditional sources of tinancing fiom the Russian Government's budget allocations have 
been largely removed and the power sector is m the process of becomng financially 
independent The most Important and largest source of financing now and for the 
foreseeable future is internally generated finds Sources of borrowed finds are also being 
identified Sales of newly pnvatued power sector enterpnses are another source of future 
hnding Steps are being taken to attract foreign capital into the power sector 

2 Electricity tanffs set by the regional and federal energy comssions are based upon the 
cost of service, but currently they do not cover fill costs For an irutial three years, the 
tanffs include an investment component, t h s  arrangement is likely to be extended 
However, customers' payments of tanffs have not been adequate to cover the industry's 
investment requirements The pervasive non-payments problem has left the industry 
strapped for cash, the hgh level of inflation and the cross-subsidies inherent in the tanffs 
are also a problem Even wthout the non-payments problem, it is not likely that the 
investment component and depreciation charges are adequate to provlde enough cash for 
the power sector to meet its capital investment program 

3 Imtially, power sector enterpnses will find borrowed finds and equity financing difficult 
to obtarn because of a lack of sat~sfactory financial information Ths means that potential 
lenders are currently unable to deternune the creditworthmess of enterpnses such as RAO 
EES Rossii and the A 0  Energos However, the fiture potential for borrowng or 
leveraging assets 1s quite hgh because most power sector comparues have hardly any 
long-term debt outstanding 

4 The current ~nvestment climate in Russia is difficult Changing legal, regulatory and 
political systems, uncertmnty regarding pnvatuation, and the hgh levels of inflation have 
caused the level of new investment in Russia to be less than anticipated Because it does 
not generate a significant source of fore~gn exchange, the power sector has been 
expenencing more difficulty in attracting new investment relative to foreign exchange- 
generating industnes such as oil and gas As a result, the sector wll need to rely more 
heavlly upon domestic sources of financing However, for new credits, especially medium- 
and long-term loans, enterpnses will irutially need to borrow in foreign currencies because 
there 1s currently no such lending avalable in Russian rubles 
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INVESTMENT REO-s AND SOURCES OF FINANCE 5-2 

5 Nomthstandmg the changmg Investment chmate and economc conditions, the power 
sector has already taken posltive steps to address the current situation and to prepare for 
the fbture The process of identlfylng capital requuements, locatmg mvestors and lenders, 
and meetmg their requirements is underway There have been clear signs of lncreaslng 
mvestor mterest, particularly in the purchase of RAO EES Rossu shares, m project 
development for new lending from multllateral financial mstitutions and export credit 
agencies, and in the capitahation of many new investment fbnds 

5 2 1 Internally Generated Funds of Electric Companies 

6 As the power sector moves towards becomg financially self-sufficient, the man 
source of funds for RAO EES Rossii and the A 0  Energos IS internally generated finds, 
whch compnse customers' payments of electncity bills less expenses (operating costs, 
interest expenses and taxes) Currently, the amount of mternally generated hnds available 
is less than what the power sector needs to be self-sufficient The most acute problem is 
the hgh level of customers' nonpayment of electncity bllls Other contnbuting factors are 
the absence of fhll cost recovery in an economy wth rapidly increasmg pnces, insufficient 
depreciation charges, and purutive taxes Additional bamers to self-financing Include 
cross-subsidies between consumer groups due to the existence of reduced tmffs for the 
residential and agricultural sectors (for the former, they are belng gradually rescmded) 
Concerns about the social, political and econormc effects of pnce increases are also an 
important factor affecting the pace at whch financial self-sufficiency w11 be attsuned 

7 It IS estimated that the non-payment of bills is currently as hgh as 45% of total billlngs 
for some power comparues The estlmate for total outstanding electnc sector receivables 
at the end of 1994 was 15 tnllion rubles (approximately $3 75 billion ) Both the Russian 
Government and RAO EES Rossii attach a very hgh pnonty to resolving the payments 
cnsis Recent actions include increasing the ability of customers to settle their accounts 
through non-cash transactions including barter and bills of exchange Other actions that 
have been recommended include the implementation of a system of lndexlng receivables 
and payment penalties to keep pace wth inflation, and the termnation of servlce m the 
event of non-payment However, for social and political reasons, semce ternnation is not 
always poss~ble 

8 It is likely that if the payments cnsis were resolved, some of the power sector 
enterpnses would generate sufficient cash flow to cover their operating expenses and to 
hnd a portion of their capital investment requirements However, the ability to hlly cover 
costs depends heavily upon the continued wllingness of Reg~onal and Federal Energy 
Comrmssions to grant tanff increases that match real cost increases plus inflation Energy 
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~JVESTMENT REQUREMENTS AND SOURCES OF FINANCE b 5 - 3  

comrmsslons are understandably concerned about the abhty of consumers, both mdustnal 
and residentral, to pay lncreasmgly hgh electnclty tad?,, 

9 In 1991-1992 electnclty tariffs m Russla mcreased at a much slower rate than other 
pnces, particularly after the h b e r h t l o n  of pnces for most goods m 1992 In contrast, m 
1993 and 1994, the electnclty tanffmcreases were almost the same as those for 
manufactured goods pnces - they increased 11 and 3 33 tunes, respectively, and at the end 
of 1994 the average retad tanff was 58 4 R/kWh (1 8 $/kWh) In 1994 a decision was 
made to d ~ m s h  the cross-subsidmtlon of households by mdustnal consumers In 
accordance wth the President's Decree, electnclty tanffs for the residential sector are now 
set by Regonal Energy Commssions but the pnce cannot exceed the cost of production 
by more than 5% 

10 The Federal Energy Comrmsslon (FEC) sets wholesale electnc power pnces m Russ~a 
These pnces are calculated for all production enterpnses and network compames based on 
their total annual income denved from electnclty sales The total annual income must 
cover current operating expenses, plus yleld a mmmum necessary profit to cover cap~tal 
expenditures, to pay dlvldends, to sermce loans, and to pay taxes 

11 According to Russian tanff-settlng methods, electnc power tanffs Include a moderate 
Investment component In 1994 the standard slze of ths  component amounted to 15% of 
the pnce of electnclty sold by RAO EES Rossil and to 8% for A0 Energos The latter 
norm could be Increased by a decislon of a Regonal Energy Comsslon Suggestions 
have been made to extend ths  procedure for another three years 

12 Depreciation deductions are an important component of internally generated hnds 
Because of hgh inflation rates that exceed allowable revaluat~ons of fixed assets, the 
amount of depreciation charged has not kept its value and the Industry IS in a state of self- 
llquldation The indexation of fixed assets (In rubles) - by a factor of 25 at the begimng of 
1993 and by a factor of 20 at the beginrung of 1994 - has not restored (even by half) the 
value of 1990 depreclatlon deductions Another revaluation of fixed assets at the 
beglmng of 1995 compensated for the 1994 lnflatlon Thls revaluatlon Increased the 
depreciatlon deductions, but wasn't enough because ~t failed to allow for any increases in 
the rate of depreciat~on 

13 Sales of addrtlonal shares of stocks are an Important source of financing, although to 
date ths  has not been a sign~ficant source of hndrng Pnvatrzatlon vouchers, whch were 
used to purchase shares on the voucher auctlon, were valued at 10,000 rubles and were 
glven away by the government Power company shares were sold to employees and 
management for nomnal values, and the proceeds of shares for cash have mostly gone to 
the government However, these early actrons have caused a secondary domestic market 

JEAS Flnal Report 
14 April 1995 



INVESTMENT REQUIREMENTS AND SOURCES OF FINANCE b5-4 

to develop and ths  1s a cntical step m the long-term process of maxmmng the market 
value of power sector shares For the power sector, the attractiveness of sellmg stock wdl 
be d e t e m e d  by the future market value of the shares and, m the case of the shares stdl 
owned by the government, whether or not the proceeds of the stock sales w111 be avadable 
to the power sector Issues regardmg ownershp control and the avoidance of e m n g s  
dilution also need to be considered in the decision to sell stock 

14 The long-term prospects for Russlan equltles are good The market is developmg at a 
f u  pace The secondary tradmg of shares has been mcreasing, although dady tradmg 
volumes are very low by U S standards and the market remms volatlle (the pnce of RAO 
EES Ross11 stock increased fiom $5/share in May 1994 to $30/share in September 1994, 
but then went down to $10/share at the end of 1994 ) Many of the market participants are 
speculators and hedge funds that are wlling to acquire shares despite bemg unable to 
properly value their shares Market values for Russian equities remain very low for several 
reasons The investment climate in Russia means that investors are seelung hgh returns to 
compensate for the nsk The lack of company financial information, low liquidity and 
Inadequate securities regulations keeps pnces low and Investors away Institutional equity 
fund managers would invest In the Russian equlty market if problems of stock registration 
were elimnated In the case of power sector shares, pnces remarn low due to poor 
business hndamentals (low or negative cash flow) and the uncertainty regarding the fbture 
ownershp and market structure 

I5 The current market valuation for RAO EES Rossii at $13/share is $1,800 mllion 
Since RAO owns roughly half of all power sector assets, total market capital~ation for the 
industry is approximately $3,600 mlllon Ttus 1s considerably lower than market 
valuations of comparable integrated electnc compmes in other countnes, when vlewed on 
the basis of slze (electncity production and capacity) Table 5-1 shows the comparative 
valuation of selected electnclty generators compared to RAO EES Rossii Ths table 
provldes an indication of the potent~al for growth in the market valuation of RAO EES 
Rossii and other power sector comparues 
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Table 5-1 
Cornparatwe Valuat~on of Electncrty Generators 

* Includes hstnbutlon assets as well as generation and transmss~on 

16 Gwen the lack of financial information, it is not possible to value shares based upon 
future cash flows or diwdend growth A very rough estimate of the potential for market 
valuation can be made based upon values of generating assets Although ths  is not the 
proper way to value shares since the value of the assets is based upon future e m n g  
capacity, asset size is used here as an mtial estimate For example, if Russian generating 
assets are valued at no less than one-thrd of the market value of U S generating assets, 
the market value for the total Russian power sector (approximately 200,000 MW) would 
increase tenfold to $30 billion, or over $100 per share for RAO EES (not including 
transmssion or distnbution assets ) Thls prowdes some indication of the potential for 
raising capital through the sale of authorized shares or the issuance of new shares 

17 Followng completion of the voucher auction in 1994 and anticipated cash sales in 
1995, the government wll continue to hold 5 1% of the shares in RAO EES Rossi~, whch 
in turn owns controlling shares in the 72 A 0  Energos As majonty owner, the 
government's declsion of when to sell its stock and how to dispose of the proceeds is of 
great importance to the power sector If the government sold its shares to the public and 
reinvested the proceeds in power sector bonds or preferred shares, the government could 
prowde the power sector wth needed investment capital and credit 

Capacity 

(GW) 

30 

24 

108 

18 The purchase of shares by foreigners is already occumng Foreign holdings of RAO 
EES Rossii stock have been estimated to be about 2 5% of shares outstanding The 
decision of fore~gners to ~nvest is different from domestic investors due to the foreigners' 
need to use foreign currency to purchase ruble-denomnated shares Ths makes the 
issuance of shares a potential option for attracting foreign investment to power sector 
comparues, assuming they are wlling to accept forelgn currency nsk 

Mkt Cap 

$ man 
13,993 

8,26 1 

1 800 

Country 

USA 

UK 

Russia 

Producbon 

@kwh) 

145 

109 

382 

Market Capltahhon to 
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Company 

Southern 
Company * 
Nahonal 
Power PLC 

RAO EES 
ROSSII 

Capacity 

% 000 per MW 

466 

344 

17 

Produchon 
S 000 

er GWh 
97 

76 

5 



bNESTMENT REQUIREMENTS AND SOURCES OF FINANCE 5-6 

19 RAO EES Ross11 has been approached by well-known mvestment banks to work wth 
the company on ~ t s  first offenng of shares through the Amencan Depos~tory Rece~pt 
(ADR) process Thls process would allow RAO EES Rossu to eventually move to pension 
finds, msurance compames, and other mstitutional investors It would provlde RAO EES 
Rossii wth prestige in the mternational equities market and could lead the way for some 
of the other A 0  Energos to follow suit The demand for RAO EES Ross11 shares offered 
through the ADR process has not been hlly analyzed 

20 A number of equity investors represented by special mvestment finds for Russia have 
emerged The Framlington Fund, sponsored by the European Bank for Reconstruction and 
Development (EBRD) and Credit Comrnerclal de France, has already invested m two 
Russian projects (one in the 011 and gas sector), and several new projects are in the final 
stages of preparation The P~oneer Fund, a U S hnd based In Boston, was capitalized 
with $3 mllion to invest and expects to grow to $100 mllion The Brunswck Fund, 
capitallzed at $10 mlhon, is targeting oil and gas, utilities (electncal energy and 
telecommumcations on the national and regional levels), and mneral extraction1 
processing The Alliance ScanEast Fund is a Fimsh venture capital find wth a focus that 
includes power generation and oil and gas The U S Fund for Large Enterpnses m Russia 
has been set up to provlde equity and other types of financing to enterpnses that occupy 
key positions m the Russian economy Other finds set up to invest in small and medium- 
size enterpnses could be a source of hnding for smaller-scale energy efficiency projects 

21 Domestic strategic investors could be another important source of investment 
Strategc alliances wth domestic partners, such as RAO Gazprom, the man supplier of 
fuel to the power plants, could be developed to the advantage of both parties Alllances 
wth industnes such as telecommumcations or large industnal exporters of energy 
intensive products may also prove usehl Alliances wth such domestic partners could help 
develop a source of foreign exchange for RAO EES Rossii and the A 0  Energos 

22 The power sector's efforts to attract foreign strategic equity investors are showng 
some results Several cooperative agreements and joint ventures wth European electnc 
utilities could turn into important strategic alliances Several pnvate power developers 
(pnmanly from Finland, Germany, Chna and the Umted States) are negotiating power 
projects that involve the export of electricity Other developers are loolung at captive 
pnvate power projects Some developers have offered to buy exlsting generating assets 

5 2 3 Borrowed Funds 

23 Since the Russian power sector has no sigruficant amounts of long-term debt 
outstanding, the theoretical potential for borrowng is large However, the 
comrnercial~zat~on of the newly-pnvatized entities has not been completed, and much 
work and many changes need to occur before power sector entities wll be able to borrow 
money from traditional lenders to the utility industry commercial banks, institutional 

JEAS Flnal Report 
14 Aprrl1995 



INVESTMENT REQUIREMENTS AND SOURCES OF FINANCE .5-7 

lenders, and the publrc Some mternational financial mstitutions such as the World Bank or 
the EBRD d l  be d i n g  to help enterpnses meet theu credit conditions Other lenders 
wll wa~t  untli those Banks have made a comrmtment to lend before they wll even begn to 
consider lendmg to the power sector Investment banks may be wlling to consider 
undemtmg a short-term domestic bond issue 

24 Before bemg able to readily access borrowed funds, power compmes wdl need to 
develop and demonstrate creditworthmess, prepare acceptable financial statements, 
prepare busmess plans and project feasibhty studies, and develop new project structures 
that d accommodate lenders' and equity mvestors' requuements Once ths  has been 
accomplished, more sources of borrowed finds wll be avzulable 

25 Power sector creditworthness w11 be dlficult to estabhsh untll tariffs cover fill costs, 
regulations are firmly in place, contracts are well-documented, executed and expected to 
be enforced, and the payments cnsis is Improved The hgh level of investment nsk for 
Russia in general wll not make it easy for the power sector to obtan credits For fore~gn 
loans a source of foreign exchange for repayment w11 need to be identified Establishng 
credltworthness could take several years to achieve, so continual progress needs to be 
made in ths  d~rect~on For enterpnses that have not yet begun to establish 
creditworthiness, it is cntical that they begin the process soon Some enterpnses have 
already started ths process 

26 Financial disclosure is another prerequisite to borrowng finds Lenders wl1 need to 
see that the company is perfomng and be able to momtor its financial condition and 
performance To access credits from foreign borrowers financial statements wll need to be 
restated into westem-style accounting statements The financial statements w11 also need 
to be audited RAO EES Rossu, wth assistance from the Umted States Agency for 
International Development (USAID), has already begun ths process Some of the larger 
A 0  Energos - MosEnergo and LenEnergo - have also begun to do the same 

27 Project defimt~on matenals wll also need to be prepared For International financial 
institutions, in add~tion to demonstrating financial and economc viability, a project must 
be justified wthn  the context of a least-cost plan and the technology used must be proven 
Further, there must be competitive bidding for equipment and semces Projects financed 
by official investors must be consistent wth certaln policy objectives including plant 
safety, envlronrnental performance, and energy effic~ency 

28 In light of the long lead time needed to establish creditworthness, the uncertain 
investment cl~mate, and the need to Identify a source of repayment in dollars, the first 
several capital-intensive projects wll need to be structured on a stand-alone project- 
finance basls, as independent power projects, or hybnd projects that have some degree of 
independence Projects wll need to involve Russian partners wth relative financial 
strength such as RAO Gazprom, RAO EES Rossii, large A 0  Energos, lndustnal 

JEAS Flnal Report 
14 Apnl1995 



INVESTMENT REQ-S AND SOURCES OF FINANCE b5 - 8  

compmes and foreign pnvate power developers Sources of foreign exchange for loan 
repayments w11 need to come from a combination of barter transactions, electricity 
exports, monetuation of energy efficiency or fie1 savmgs, or repayments fiom the export 
proceeds of selected mdustnal customers Once the Ruble is stabllued and exchange rate 
and convertibhty nsks dechne, indexation of power purchase contracts for exchange rate 
changes may be sufficient 

29 Not all projects can be structured on a project finance basis Investments m 
transmssion and dispatch upgrades, nuclear safety upgrades, enwonmental lrnprovement 
projects, and small energy effic~ency projects may not lend themselves to project financing 
Here, corporate financing or government baclung wll be requlred and establishmg 
creditworthmess w11 be an essential condition for lending 

30 Potential fore~gn official sources of finance for the Russian power sector are foreign 
governments (bi-laterally or multi-laterally), international financing institutions (IFIs) such 
as the EBRD, The World Bank, and the International Fmance Corporation (IFC, the 
pnvate sector lending arm of the World Bank group), foreign government-sponsored 
orgatmations such as Export Credit Agencies (ECAs), mvestment promotion agencies 
such as the U S Overseas Pnvate Investment Corporation (OPIC), Investment advlsory 
groups (Russian Project Fmance Bank), investment finds capitalized by official financial 
institutions (Framlington) and commercial banks wth  or wthout nsk reducing agencies 
(11ke The Multilateral Investment Guarantee Agency N G A ]  or the World Bank's 
guarantee scheme) The financ~ng tools available from these sources include limted 
recourse project finance, export credlts (wth or wthout a government guarantee), 
guarantees, equity Investments, and some techmcal assistance 

3 1 After lendlng $1 11 blll~on for oil projects and $50 nullion for the coal sector in 1993 
and 1994, the World Bank has proposed expanding its energy lending to include the 
power sector The World Bank would require that projects be part of least-cost solutions 
to address~ng the current problems, be able to demonstrate full-cost recovery (including 
capital costs), and meet rts environmental standards A World Bank loan would probably 
have a guaranty of repayment fiom the Mirustry of Finance Lending to projects for the 
construct~on of new capaclty m capac~ty-deficit repons d l  probably require co-financing 
from other financ~al lnstituttons 

32 MIGA encourages foreign investment by promding investment guarantees agalnst the 
nsk of currency transfer, expropnatlon, war and civll disturbance, and breach of contract 
by the host government In 1993, MIGA lssued ~ t s  first coverage m Russia to Multiserv 
Russia (a Belpan company) for rts investment in equipment in Magrutogorsk Additional 
guarantees could be prowded for lendrng to the power sector whch could help attract 
strategic investors and lenders 
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33 The IFC has already commtted over $100 d o n  to Russia to date, although not in 
the power sector Globally, IFC financing of lnfiastructure has been growmg at a rate of 
25% per year, wth power receiving the largest share This pattern could be extended to 
Russia on the conditions that the pnvatlzation and restructuring process succeeds, and that 
the appropnate legal and regulatory framework for pnvate project finance in the power 
sector is developed 

34 The EBRD finances both public and pnvate sector projects in Russia ECU (European 
Currency Umt) 884 rmlhon has been comrmtted through August 1994, a sum that 
represents over 18% of loans approved by the EBRD Board of Directors The mvestments 
thus far have been concentrated in the 011 and gas sector, although lendlng to the power 
sector IS under consideration for 1994195 Issues that need to be addressed include the 
tmplementation of an overall power sector strategy that addresses nuclear safety and 
energy effic~ency, the adequacy of tanffs -- particularly as related to the financ~al vlabihty 
of the project -- and the implementation of innovative methods of financmg mth adequate 
secunty EBRD projects wl1 concentrate on the rehrbtshment and repowenng of 
conventional power plants, mostly oil- and gas-fired 

3 5 G-7 ECAs are potentlal sources of insurance and credits for exports to Russia Their 
involvement has been strongly supported by the G-7 The amount of financmg to be 
provided by ECAs, however, w11 be based on a number of factors, mcluding the 
avalability of sovereign guarantees Because most power sector equipment wdl not be 
tmported, the assistance of ECAs wll be ltmted to the imports of spectfic pieces of 
equipment and access to new technologes To date, most ECA acttvity m Russta's energy 
sector has been in otl and gas The largest supplters of export credits to Russia have been 
Germany and Japan, followed by Italy and the Untted States 

36 The U S OPIC has slgtllficant authonty to guarantee loans, lend directly, and provlde 
~nsurance against polltlcal nsks to U S business Interests OPIC has $200 mll~on of 
financing and $200 mll~on of political nsk insurance avalable per project, and could 
support one or two power projects a year In Russta OPIC also has provided 
approx~mately 50% capltallzat~on for several equtty hnds that could Invest in the Russlan 
power sector OPIC project financlng can support cornrnercially viable projects involving a 
strong U S involvement through equlty ownershp, partictpation in management, or 
participation m financlng The pnvatlzatlon of the power sector would be essential for 
unloclung these investment hnds 

37 The Russlan domest~c bond market is another potential source of financmg, although 
currently, only short-term Treasury notes are being issued by the Mirustry of Finance The 
potentlal for power compames to issue bonds IS good, provlded they can demonstrate an 
abillty to pay the Interest and pnnc~pal payments, wluch wll ke ly  require increased tanffs 
Gven the lack of long-term domestic debt and lugh levels of inflation, the first type of 
domesttc bonds that are likely to be issued for the power compantes would be short-term 
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bonds, whch may not be appropnate to finance long-term Investment programs Short- 
term bonds are, however, worth pursurng to prowde the compames wth  finds for 
worhng capltal, Me extension programs, and construction financing 

38 Commercral banks ln Russ~a are expected to evolve rnto an Important source of 
finance for the power sector, but ths  has not yet occurred The potential for financrng 
fiom the Russlan comrnerc~al banlung sector wdl be k t e d  m the short run There are 
several Issues that must be resolved Flrst, the banks must restructure and recapitahe, a 
process that wdl requlre resolving thelr own poorly perfonrung portfohos Ths process u 
hkely to contmue for several years Untd recently the Ruble rnterest rate has been less than 
the rate of mflation, so forelgn currency lendlng has predominated and there has been no 
rncentlve to save Although there has been rapld progress ln unprovrng the payments 
clemng process, more work IS needed Second, the legal and regulatory framework for 
banlung remans weak, also, laws govemng fraud and false advertlslng, banlung 
supemsion, and capltal and accounting standards are Inadequate 

39 Forelgn commercial banks are only beglmng to establish a presence in Russla A 
number of banks have opened representatwe offices, branches or jo~nt ventures in 
Moscow or St Petersburg The maln focus of the Western bank offices 1s to semce thelr 
Western cl~ents and provlde correspondent banlung serwces Lendlng to the Russlan 
power sector by commerclal banks w11 probably lag the multllateral and bdateral financlng 
institutions Western commerclal banks are not currently provldlng credits beyond short- 
term trade cred~ts to Russ~an projects Ths pattern of lending stems fiom the overall 
investment cllmate In Russla as well as the banks' deslre to avold nsk Debt negotlatlons 
have clouded the possibil~ty of additional Western commerclal bank lendlng m Russia, 
although ths issue is be~ng resolved As Western compmes express an interest m the 
power sector In Russla and as IFIs begn financlng power projects, Western comrnerclal 
banks may follow the~r cl~ents Into Russia, provlded they have appropnate collateral and 
guarantees aganst excesslve nsk The World Bank and EBRD guarantee programs could 
assist In ths  effort and the banks are encouragng them 

5 2 4 Government F~nanclng 

40 Direct financ~ng fiom the Russ~an Govenunent has been dechmng and 1s udlkely to 
Increase grven the t~ght budgetary requirements of the federal government and the 
pnvatlzation of the power sector However, there are several important ways in whch the 
government could asslst the power sector 

v Investment of the proceeds from power sector enterprises' stock sales lnto 
the power sector through bonds, preferred stock or grants 

b Will~ngness to provlde sovereign guarantees for forelgn currency 
borrowng from multllateral development banks and export credlt agencles 
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b Tax rehef for power sector enterpnses, especrally enterpnses that wdl need 
to make s~gn~ficant caprtal unprovements over the next several years Tax 
relief could come in the form of mvestment tax credits, lower tax rates, tax 
hohdays, and Increased allowances for depreciatron 

b Support for energy efficiency programs The lmplementatlon of energy 
efficiency improvements will cause the power sector to need less caprtal (as 
much as 17% less ) Therefore, it is rn the mterests of the government to 
provlde as much support to energy efficiency programs as possrble 
Support could be rn the form of specral-purpose hnds and vmous forms of 
tax abatement 

41 Techcal assistance hnds are another source of fbndlng that IS avdable to the 
government for the benefit of the power sector Generally, these finds are avdable for 
industry restructunng and reforms, and project preparation Agencies parttcrpat~ng m these 
programs are the USAID, European Umon TACIS, the Uruted States Trade and 
Development Agency (TDA), the UK Know-How Fund, the EBRD techcal cooperatron 
hnds and internal budget, the World Bank Techcal Assistance Funds, and the IFC The 
TDA has ltsted power projects as one of its pnonty areas and has already hnded several 
power project feasibilrty studies Project preparation through one of these knding sources 
IS likely to enhance the Ilkellhood of attracting support fiom officral sources of project 
finance 

42 The EBRD also adrmmsters the Nuclear Safety Account (NSA), an ECU 13 5 nullron 
grant hnd set up to hnd safety upgrades at those reactors in the reglon that present the 
most senous safety nsks The projects seek to address pnonty safety problems m the most 
cost-effecttve way, talung Into conslderatlon the eventual closure of unsafe plants The 
NSA 1s provldlng ECU 90 mllion rn hnding for a project rnvolvlng the Kola, 
Novovoronezh, and Lemngrad reactors The EBRD 1s prepared to consider lendtng fiom 
its ordinary resources for safety upgrades of nuclear plants or aiternatlve sources of energy 
related to the closure of unsafe plants 

43 In addrtion, the European Investment Bank (EIB) admmsters a $1 2 brllion Euratom 
hnd for the European Uruon It provrdes hnding for up to 50% of nuclear safety projects 
at low rates Ths fbnd could be a source of nuclear safety finance rn Russta, although 
currently EIB does not operate ~ t s  programs m Russta 
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5 3 1 Amount of F~nancrng and Type of Investment 

44 The JEAS mdicates a wde range of mvestment requuements for the penod 1995- 
2010 Because it is difficult to develop financmg strateges for investments made beyond 
the next ten years, ths  analysis addresses pmanly the penod from 1995 to 2005 
Investment requirements and potential sources of financing are shown in Table 5-2 Ths 
table shows aggregate amounts potentially avadable fiom the four different sources 
discussed in section 5 2 These figures are indicative and are based upon expert judgement 
and research conducted over the past year including prelimnary discussions wth 
international financial institutions, investment banks, power sector enterpnses, and public 
accounting firms 

45 Total investment requirements for the next eleven years, as descnbed more hlly in 
Chapter 4, range fiom a low of $23 billion to a hgh of $58 billion depending largely upon 
assumptions regarding the demand for electricity and the retirement schedule of exlstlng 
generating assets Between $2 8 billion and $8 3 bilhon unll be needed over the next three 
years, and it is thrs amount that w11 be the most difficult to obtan gven exlsting economc 
conditions in Russra These figures do not include amounts requued for worlung cap~tal 
whch ordinarily may be considered mmmal, but in the case of Russia could be sign~ficant 
given the emsting nation-wde problem of non-payments 

46 Financing strateges wll differ by type of rnvestment required and wd1 no doubt 
change over time as electnc power industry restructuring is implemented, regulations and 
laws change, and econonuc cond~tions improve To some extent financing strategies w11 
also vary by region, stnce certain regons w11 require more investments than others, 
possess dtfferent mx of resources, have specific social policies to consider, and operate in 
different regulatory environments Financing strategies wll also be based upon the relattve 
attractiveness of specific projects to investors, policy makers and regulators Future cash 
flows, ownershp, and business nsk also vary between types of investment and wll 
influence the sources and amount of financrng available as well as the ease in whch 
financing may be obtuned 
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Investment Requirements 

upper range 

lower range 

SOURCES OF FUNDS 

Internally Generated b d r  

Upper Range 

Lower Range 

Sales of Power Sector Shares 

UPF Range 

Lower Range 

Borrowed h d s  

Upper Range 

Lower Range 

Government Cred~tslsubs~dies 

Upper Range 

Lower Range 

Total Sources of Fmanclng 

Upper Range 

Lower Range 

% from Borrowed Funds 

% Flnanced from Sales of Stock 

% from Internally Generated Funds 

% from Government 

Total Sources of Flnanctng 

Scenano B - Low Demand 

1995-1997 1998-2000 2001-2005 

3 880 5,666 19,795 

2,829 6,344 14,391 

2,910 3,966 12,867 

2,122 4,44 1 9,354 

388 567 2,969 

283 634 2,159 

582 1,133 3,959 

424 1,269 2,878 

0 0 0 

0 0 0 

3,880 5,666 19,795 

2,829 6,344 14,391 

15% 20% 20% 

10% 10% 15% 

75% 70% 65% 

0% 0% 0% 

100% 100% 100% 

Scenano A - hgh Demand 

1995-1997 1998-2000 200 1-2005 

8,301 18,055 3 1,790 

5,320 15 614 25,45 1 

6,226 12,639 20,664 

3,990 10,930 16,543 

830 1,806 4,769 

532 1,561 3,818 

1,245 3,611 6 358 

798 3,123 5,090 

0 0 0 

0 0 0 

8,301 18,055 3 1,790 

5 320 15,614 25 45 1 

15% 20% 20% 

10% 10% 15% 

75% 70% 65% 

0% 0% 0% 

100% 100% 100% 

total 

29,34 1 

23,564 

19,743 

15,917 

3,924 

3,076 

5,674 

437 1 

0 

0 

29,34 1 

23,564 

19% 

13% 

67% 

0% 

100% 

Total 

58,146 

46,385 

39,528 

31 463 

7 404 

5.91 1 

11,214 

9,011 

0 

0 

58,146 

46,385 

19% 

13% 

68% 

0% 

100% 
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47 New generation plants (gas-fired simple cycle and combmed cycle) can be built by 
Independent power producers, or by the uthty, or a combmation of both Structures for 
financmg mdependent power projects are g m g  more acceptance mternatlonally and thls 
could be a very attractive option for Russia because it would mnlrmze Russian 
government financing and provrde access to pnvate sources of debt and equity However, 
independent power projects require a level of contract enforcement that may not yet exlst 
in Russia Other b m e r s  to independent power development ~nclude uncertanty regarding 
who would purchase the power (a wholesale market or a regonal distribution utility), at 
what rate the power would be purchased (a slngle unrform wholesale tmff or a regional 
tmfl), and the types of entities that wU be allowed to become mdependent power 
producers (Energos, mdustnals, new jomt venturers, combmed heat and power 
producers) Also, independent power projects wll need to find a way to repay foreign 
loans In addition to independent power development, consideration should also be gven 
to utility-owned plants whlch can be financed wth  export credits to cover 85% of the 
imported components A 0  Energos that can demonstrate creditworthmess wdl be good 
candidates for conventional utility ownership of new plants or as joint venture partners in 
consortiums of independent power developers 

48 Fossil plant modemzation, rehabilitation, and life extensions can use some of the same 
strateges as new plants for obtamng financing These project can be made more attractive 
if the assets or comparues are sold , whether wholly or partially to pnvate compmes wth 
or wthout foreign ownershp If the Russlan power sector divests of generatlon, as IS 

being proposed, many opporturutles to purchase generatlon assets will anse A cntical 
factor in the valuation of the assets w11 be the tanffs , whch have not yet been 
detemned Another optlon is for the Russian power sector to sell some of its assets and 
lease them back A mechmsm for dolng ths  is hrther descnbed m Section 5 4 below 

49 Transmssion and d~spatch center projects wll need to be financed fiom a combination 
of Internally generated fbnds and cornmerclal borrowng The economc wability of these 
Investments should be possible to demonstrate to multilateral development banks or 
commercial banks, tf such term lending becomes avrulable in Russia Until then a hgher 
percentage of internally generated fbnds w11 be required It may be possible to finance a 
transmsslon project on a non-recourse basis based upon a specified tolllng arrangement 

50 Tradltlonally energy efficiency projects are more difficult to finance than supply slde 
investments, and thus they need special lncentlves and programs to change tradition 
Energy effic~ency projects are difficult to finance due to uncertanties in realizing profits 
fiom cost savlngs (as opposed to revenue generating investments) and because the 
Investments wll be made pnmanly by energy end-users whch may be diffused throughout 
Russia and not In good economc condltlons themselves Also, lenders are not nearly as 
farmliar wth energy savlngs lend~ng as they are wlth evaluating Investment in new 
generating or transrmssion assets However, certain aspects of energy efficiency 
investments make them very attractive Many energy efficiency investments have short 
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payback penods and could pursue short-term hancmg Also, certam large energy 
mtensive lndustnal users may be creditworthy enough to borrow on thelr own account to 
unplement an energy savlngs program, or they can enter mto borrowmg arrangements wth 
the small number of thud party lenders that are f d a r  with performance contracting and 
shared savlngs arrangements The potential for energy efficiency financing is tremendous, 
but d l  requlre innovation and additional government support - through tax policies and 
special purpose fbnds Legslation for energy conservation, whch would mclude a hnd, is 
currently pending 

5 1 External financing for safety upgrades at exlsting nuclear plants in Russia w11 be 
difficult to acquire because of the perceived nsk of an accident and potential liability for 
pnvate sector investors as a result of that nsk Therefore, internal cash generation may be 
the only sigrzlficant source of hnding for near-term safety upgrades Ths makes urgent the 
need for many nuclear power plants and utilities to become self-financing in order to raise 
cash to implement sorely-needed safety upgrades Multilateral development banks, export 
credit agencies and bilateral grants are the most likely secondary sources for near-term 
safety upgrades to supplement internally-generated funds 

52 External and commercial financlng for completion of nuclear power plants already 
under construction should be easier to acqulre because the plants under construction are 
of a new and more safe design However, an important test case regarding commercial 
financing of partially completed nuclear power plants is currently being considered at the 
EBRD regarding financing of completion of the Slovak Mochovce nuclear power plant 
Although the EBRD does not mantan a policy irhbiting financing nuclear power plant 
projects, the issue has roused sensltivlties whch may hamper future EBRD "nuclear" 
lending m l e  the EBRDMochovce case could provlde an important precedent for 
commercial financlng for nuclear completion projects, it should not automatically preclude 
"nuclear" lending by other export cred~t agencies and multilateral development banks 

5 3 2 Ability to Generate Funds from Operations 

53 The major near-term constrant on investment fiom internally generated funds and in 
attracting investors IS the cash balance cond~tion in the industry Internally generated fbnds 
w11 be the pnmary source of Investment capital, especially dunng the 1990s before 
wdespread cred~tworthness can be established and domestic capital markets developed 
Russian electnc compames wll need to retan as much of their cash fiom operations 
(retaned eamngs and depreclatlon deductions) as possible However, regulatory bodies 
may support ths  deslre only as long as the increases in electncity tanffs are not considered 
to be too much of a burden for consumers 

54 Over the next ten years it is expected that the power sector wll need to generate 
between 65% and 75% of its financing requirements fiom internally generated funds In 
dollar amounts ths ranges from $16 to $40 billion, wth between $2 and $6 billion 
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requlred over the next three years Obtamg enough mternally generated finds over the 
next three years is the most important issue for power sector financmg 

55 In order to rase finds fkom operations the power sector wdl need to ensure that the 
t d s  are set at levels that cover all operatmg costs and mclude additional costs to cover 
its capital mvestment program In addition to the level of mvestments, tanff requirements 
wdl be sipficantly affected by government pohcies on tax rates, tax deductibility of 
capital expenses, the method and rate of depreciation, and accountmg methods for 
recovemg capital costs The mx of sources of capital and the cost of capital are 
important factors that urlll be mfluenced more by market conditions than government 
policies The number of electncity users that are affected by tanffincreases plus the 
allocation of increases across type of consumer 1s also an important component of tariff 
requirements Whlle the JEAS has not performed a revenue requirements analysis for the 
power sector, a prellmnary analysrs of the impact on tanffs as a result of varylng amounts 
of investments, government policies and assumptions is shown in Table 5-3 and discussed 
below Ths analysls does not include tanff rncreases that need to be charged to cover fie1 
and other operating costs 

56 Three methods of calculating incremental tanffs with varylng assumptions are 
presented in Table 5-3 Option #1 assumes that all of the investments are pad from pre- 
tax income m the year in whlch they are incurred For example dunng the penod 1995- 
1997 where $3 8 billion IS required, it IS assumed that tanffs w11 increase by an aggregate 
amount of $3 8 billion, or 0 16 cents per lulowatt-hour It is also assumed that t a d  
increases are spread evenly over all electncity consumption throughout Russia (2 5 
bkWh) Simlar to Option # I ,  Option #2 assumes that all of the investment requirements 
wll be financed from rnternally generated funds, but uses a cost recovery methodology 
where the costs of long-term assets are recovered in rates over 30 years through annual 
depreciation and caprtal charges In Optlon #2 returns to equity holders are taxable and 
tanffs pad by customers include the tax obligatron Depreciation is considered to be a tax 
deductible expense Optron #3 is srmlar to Option #2 in that investment requirements are 
recovered m tanffs over time based upon depreciation and capital charge allowances In 
Option #3 a m x  of 30% debt and 70% equity IS assumed Interest on debt is tax 
deductrble and the return on equlty is agarn considered taxable 
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57 The analysis indicates that tadfincreases requred to cover the investment 
requrements wdl almost always be less than one cent per lulowatt hour provlded that (1 ) 
mvestments are pad fiom pre-tax income or are recovered over tune and (u ) tariff 
mcreases are spread over a very large number of elemcity users Over the short term 
expensing capital investment in the year in whch they are mcurred (Option #1) would be 
the most expensive method of financing mvestment requirements because it wll have the 
greatest lrnpact on tanff mcreases Table 5-3 indicates that m the near term meeting 
mvestment requirements through pre-tax income on an annual basis (Options #1) would be 
imce as expensive per kwh as recovenng them over time (Option #2 ) Moreover, it is 
mportant to note that If investment expenses are not tax deductible as indicated m Option 
#1, the tanff lrnpact fiom the investment program would double (assunung 50% mcome 
tax rate) and would be four times that of Option #2 in the penod 1995-1997 In later 
years, especially after 2000, cumulative capital charges increase to the point where they 
exceed the cost of annual investment expenses though the tlmng of ths  wll depend upon 
the cost of capital, tax rates and depreciation rules In the analysis shown in Table 5-3 ths  
begns to happen m 2001 

58 As mentioned, the analysis shown in Table 5-3 is prelimnary and useful only to 
indicate some of the impacts of vanous pohcies and market conditions on tanffs As 
noted, if investments are expensed in the year in whch they are Incurred it is cntical that 
they be tax deductible or the mpact on consumers w11 be onerous Clearly, lower income 
tax rates and allowances for accelerated depreciation w11 allow for lower t d s  to 
consumers It is also important to note that although capital recovery charges cause lower 
tanffs in early years, ths may not be possible to implement lfthe power sector is unable to 
generate sufficient cash to hnd the investment program Under capital recovery 
accounting, knds must still come from either operations or thrd party sources In Table 
5-2 it is assumed that external sources of financing can provlde a maxlmum of 25% of 
investment requirements If the power sector 1s unable to generate the remaimng 75% 
(between $2 1 and $6 2 billion), it would not be able to adopt the capital recovery 
methodology assumed above, ths could occur only lf addit~onal cash proceeds are 
generated fiom sales of stock or assets 

59 The cost of capital and the m x  of cap~tal w11 also affect the relative level of tanffs If 
capital costs are hgher than the 15% equlty and 10% debt indicated in Table 5-3 (whch is 
certztlnly possible) expensing investment requirements m the year in whch they are 
incurred becomes relatively more attractive Regarding the rmx of equity and debt, debt is 
always less expensive than equity due to the tax deductibility of interest payments Also 
the cost of debt is generally lower than the cost of equity because of its preference in 
bankruptcy At some polnt (generally assumed to be between 60% and 70% debt) it no 
longer remztlns less expensive to use more debt since the leverage of the enterprise wll 
increase the nsk of bankruptcy 
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60 The analysis m Table 5-3 assumes that t a m c r e a s e s  wdl be spread over all electncity 
users, however t h s  may not be the policy adopted m Russia Investment requuernent vary 
by regon and ~t is llkely that certam Investments wdl have a disproportionate effect on 
tarrffs m a particular regon For example, m regons w t h  supply deficits (North Caucasus 
and Urals), the introduction of new capacity wdl cause a much larger tmff unpact than 
noted m Table 5-3 if the Increase IS apphed only to electncity users in the regon As new 
supphes are brought on line, these hndamental issues wdl be cntical to resolve 

5.3 3 Avallabllrty of Debt from Any Source 

61 It is estimated that the power sector w11 be able to borrow approxunately 20% - 30% 
of its capital requirements over the next ten years, or between $4 6 and $1 1 2 billion 
Borrowng is lirmted to 20-30% for several reasons First, creditworthness of power 
sector enterpnses wll take time to establish and will be greatly influenced by general 
economc and business climate issues for Russia as a whole Second, medium and long 
term domestic capital is not available in Russia and w11 take years to develop Thrd, 
foreign sources of borrowng, whle extremely important as gap financing over the short 
term, wll be lirmted in the long term due to the large domestic content in power sector 
lnvestments and the foreign exchange nsk inherent in repaylng dollar denomnated debt 
with domestic revenues 

62 The estimated breakdown of borrowed hnds (for the upper range Scenmo A) 1s 
shown in Figure 5-1 Although international financial institutions are an excellent source of 
financing over the next several years, there are limts on the amounts that can be loaned to 
any sector and country It IS estimated that international financial institutions can provlde 
the Russian power sector wth between $950 mllion and $2 7 billion over the next six 
years However, as noted above, very stnngent credit cntena will have to be met to realize 
thls level of borrowed funds Other sources of debt financing include foreign commercial 
loans (most likely as co-financing wth international financial institutions) and new issues 
of domestic bonds and loans, be~nrung in 1998 guarantees on foreign borrowng w11 
affect the amount of foreign borrowng avalable, especially dunng the next three years 
Tax policies for power sector enterpnses wll influence the amount of internally generated 
funds available for the investment program Tax credits, accelerated depreciation, and 
lower tax rates would lmprove the power sector's ability to be financially independent 
Direct subsidles or credits fiom the government may be required to provide financing for 
nuclear and energy efficiency investments 

JEAS Final Report 

14 Aprrl1995 



INVESTMENT REQUREMENTS AND SOURCES OF FINANCE .5-20 

Figure 5-1 
Estimated Breakdown of Borrowed Funds (Scenano A - Upper Range) 

19951997 
Total $1 2 bilhon 

f.'.. 

1998-2000 
50% Total $3 6 bllllon 
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2001-2005 
Total $6 4 blll~on 

Internahonal Flnanc~al IWtutlons Cornmerclal Loans wth Credlt Support 

Domeshc Bonds and Loans Strategic Investors 

5 3 4 Cost of Financing 

63 Except for government subsidized credits and limted amounts of term loans fiom 
mult~lateral development banks, all new financing for the power sector wrll be very 
expensive over the next several years PLS power compmes develop a hlstory of 
profitabrlity, the nsk of invest~ng w11 be reduced and the cost of hnds wll declme, but ~t 
is not possible at th~s  polnt to pred~ct when th s  wll happen 

64 It is difficult to estlmate the actual costs of financ~ng for equities Typical returns for 
equ~ty in an independent power project are about 25% per m u m  Many emerging market 
growth knds have earned returns averagng 30% to 40% per year It is likely that equ~ty 
investors m the Russian power sector are currently loolung for returns m excess of 15% 
per year 

65 It is easier to detemune the costs of debt capital because rt IS based upon a stated rate 
of ~nterest plus the cost of credit enhancements such as loan guaranties, nsk msurance, and 
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standby comrmtments In add~t~on there are frequently hgh placement, apprcusal and legal 
fees that are added to the cost Currently there are no sources of long-term Ruble debt 
avdable and short-term Rubles loans are stdl m excess of 200% per year Long-term 
foreign currency loans are avslllable fiom multtlateral development banks and other 
government-supported loan programs such as the PC,  OPIC and export credit agencles 
W e  the costs of these loans vanes, most of them are lent at market or near-market rates 
of lnterest Including all of the associated costs, ten-year loans could cost as much as 15% 
per year One exception to th s  is the World Bank, whch lends at lower rnterest rates 
(about 7%) and for longer terms (up to 17 years) However, the foreign exchange nsk on 
World Bank loans is covered by a sovereign guarantee Frequently, the guarantor wdl 
charge the borrower a fee of several percentage po~nts for hawng prowded a guarantee 
Thts would rase the cost of the loan 

66 Foreign loans can become more expensive than anticipated if the Ruble depreciates at 
a rate faster than electricity pnces are Increasing 

67 Over the near term (next three years) the avadabhty of debt and equlty from any 
source w d  be more Important than the cost of capital and the particular rmx of equity and 
debt Power sector enterpnses must establish cred~t from any source and lay the 
groundwork for their partrc~pation in the capltal markets of the future Over the longer 
term the power sector must begn to develop strateges that wdl lead to a larger share of 
domestic financing In order to do thls, the power sector must play a role m cap~tal market 
developments in Russla Ths can be done through support for capital market 
developments as well as becomng a more active partlclpant in the dellvery of financial 
semces 

5.4 ILLUSTRATIVE P R O J E ~ S  AND MODELS FOR INNOVATIVE 
FINANCING 

5 4 1 Projects 

68 The Joint Study was asked to summmze projects that had already been identified by 
Russran and forergn ~nst~tutions and enterpnses, and that mght be candidates for hnding 
by internatlond lenders andfor Investors The list shown m Table 5-4 below IS not Intended 
to be exhaustwe It 1s a representatwe set of named projects, some of whch have already 
been the subject of pre-feaslbllity and feasibihty studies, and memorandums of agreement 
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Table 5-4 
Llst of Projects Evaluated for Possible Flnancmg 

Krasnodar Power Plant 

Urengol Power Plant 

Cherepovets Trans Line 

Beloparoskaya Hydro Plant 

S hakhtlnskaya CHP Plant 

Kamenskaya CHP Plant 

Cherepetz Power Plant 

Shulluno Power Plant 

Kola-St Petersburg 
Transmssion Line 
North-West to 
Center Transrmss~on Line 
North-West Region 
Power 
Moscow Central Dispatch 
Office 
Moscow Oil Refinery 
Lenenergo Power Plant 

RBMK power plants 

Kalimn NPP 
Rostov NPP 

A 3 x 450 MW, gas-fired power plant near 
the town of Mostovskaya m North Caucasus 
A 4 x 225 MW plus 24 MW, gas-fired steam 
turbrne near Yamalo Nenets m Tyumen 
A 270 km, 750 kV transmsslon h e  m the 
North-West that would p e m t  the 
Cherepovets regon to be supplled from the 
Kall~unskaya Power Plant 
A 103 MW pealung hydroelectric power 
plant m the North-West 
A partially-bullt 70 MW CHP plant at 
Shakhtl m the North Caucasus 
A 90 MW CHP plant at Rostov m North 
Caucasus 
Rehabilitation of 4 x 150 MW and 3 x 300 
MW, coal-fired umts m the Cherepetz State 
D~stnct m the Central regon 
A 2 x 450 MW expanaon of the Shuiluno 
Power Plant 
A 330 kV line from Kola to Karella and a 
750 kV line from Karelia to St Petersburg 
A 330 kV and a 750 kV l~ne between the 
two regons 
Reconstruction of the power control center 
Control Center for the North-West region 
Modemuation of the Moscow Central 
Dispatch Office 
Energy Conservation 
Repowenng the Lenenergo Power Station by 
adding three 50 MW gas turbines 
Develop a decomss~omng plan (e g , 
Novovornezh 3), 
hutlate siting and project preparation 
procedures for llcenslng a new NP500 
Complete construction of Kallmn 3 
Complete construction of Rostov 1 
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5 4 2 Flnanclng Models 

69 A discussion focuses on the h d s  of financmg that rmght be used for four very 
dflerent projects follows a gas combined-cycle power plant m Krasnodar, a transmssion 
h e  m the North-West (Cheropovets regon), energy efficiency improvements at the 
Moscow 011 Refinery, and the completion of a nuclear power plant (Kalmn 3 ) Three 
approaches to innovatwe financing that could be apphed to the power sector are also 
descnbed More de td  on these project financing structures and innovative financing 
concepts may be found m Appendix K 

70 Krasnodar 1350 MW (3 x 450 MW) Gas Combined-cvcle Plant (to be built by 
KubanEnergo to supply power in the deficit North Caucasus region) Two alternative 
approaches to financing ths  project are proposed The first would create ajoint venture 
between RAO EES Rossii and KubanEnergo, wth the latter as pnmary project developer 
using a straght term loan facility RAO EES Rossii would provide hard currency fUnding 
as part of its equity contnbution to the joint venture, and ths  contnbution would be 
translated into rouble debt Assumng, as RAO EES Ross11 does, that tanffs in the North 
Caucasus reach world levels by 1999, prelimnary analysis shows that ths  project would 
not only be attractive for RAO EES Rossii and KubanEnergo, it would also provide 
returns that could attract a pnvate developer The second approach considered for 
Krasnodar is the use of a "leveraged lease " Ths alternative mght be preferred if 
KubanEnergo's balance sheet could not support the debt that 80/20 or even 50/50 
debt/equity financing would Impose In such as case, RAO EES Rossii would own the 
plant and lease rt back to KubanEnergo, whle KubanEnergo would enter in to a turnkey 
contract to build the plant for RAO EES Rossii 

71 Cheropovets Transmsslon Line. a 750 kV connection between the Voloaodskava ~ n d  
and the Kalimn Nuclear Power Plant The parties involved in ths  project would be 
Volagnaenergo (whch is a distribution company in need of power), RAO EES Rossu, the 
owner of the transmission gnd, and Rosenergoatom, the operator of the Kahmn NPP 
Under Federal Energy Comnuss~on regulations, only RAO EES Rossii is allowed to own 
HV transmssion lines, hence lt is ltkely that ths project would have to financed on a 
corporate basls by a bank such as the World Bank Such financing would requlre a 
sovereign guarantee, I e the guarantee of the Russian Government that the loan would be 
re-pad Ths project rmght well appeal to other internatronal financial institutions as it 
could reduce the need for new power plants for a penod of years 

72 Enernv Efficiency Improvements at the Moscow Oil Refinery IMOR) A prelimnary 
energy audit of ths plant has identified sawngs in electncal efficiency that are hghly 
attractive when measured both in energy sawngs and return on investment The amounts 
needed are relat~vely small but the MOR 1s in a financial cnsis (as wrth many energy firms 
doing business domestically) due to non-payments With MOR's ability to borrow from 
Russian lenders made very low by its situation, the opportumty exlsts for Mosenergo (the 
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electnc power utdity servlng the Moscow regon) to lease the energy-savmgs equipment 
to the MOR, and other compames m slmlar predicaments MOR benefits fiom leasmg, as 
dlstmct fiom borrowrng to purchase, because lease payments are treated as an operatmg 
expense, whereas loan repayments are after tax Thrs could be seen as a Demand S~de 
Management @SM) transaction m that Mosenergo benefits by the amount of mvestment 
in new capaclty ~t has avolded as a result of unprovlng effic~ency at the MOR 

73 Com~letion of Kalimn 3 The Joint Study's optirmzatlon model selected the 
cornpletlon of th s  umt as a economc alternahve when compared with alternative fossil 
plant options K&nm 3 is a second generation VVER-1000 reactor whch is already 75 % 
complete It 1s located m the Center power pool regon The Joint Study has estimated that 
$243 mllion and four years would be required to comrmsslon thls unit Subject to 
licensing and operating regulations and the approval of MinAtom and Rosenergoatom, ths 
unit could be a candidate for pnvate sector financing under a leveraged lease arrangement 
that would return the umt to government control pnor to the end of des~gn I~fe Using a 
60-40 debt equity ratio, pnvate Investors would have to find approximately $100 rmlllon 
Assumng that such operators would be able to conclude a long-term he1 supply contract 
at the same pnces used in ths study, ths  umt would bid very low pnces in a wholesale 
market pool and would have the potentlal to provlde investors wth very attractive returns 
on investment Pnvate investors fiom the West would require assurance that acceptable 
safety standards had been acheved The International Fmance Corporation, whlch 
typically takes nunonty stakes m pnvate sector-financed projects, has no pollcy prohbition 
aganst participating in nuclear power projects 

74 Consideration should also be gven to an innovative approach to resolution of the non- 
payments problem that involves the creation of Deferred Revenue Accounts @RA's) Ths 
cash management tool, lnvolwng the close cooperation of the commercial banlung system, 
RAO EES Rossii and the Central Bank, would mandate a system of tempormly dlvertlng 
customers' revenues, thus allowng banks to accumulate a pool of knds large enough so 
that the interest on the knds would be sufficient to pay customers' electncity bllls It is 
estimated that the application of ths concept to industnal customers could not only 
allewate current cash flow constralnts, but also generate a source of long-term fbnding for 
RAO EES Ross11 and other power sector enterpnses 

75 As the pool of deferred revenues IS belng built up, a three year credit facility, fblly 
secured by the deferred revenue account, IS extended to the customer to offset the 
temporary loss of revenues Once the pool is in place, the credit facility IS repaid The 
customer pays an amount equal to its electncity bills and RAO EES Ross11 pays the 
rernsllnder of the credit facility 
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76 DRA's have sufficient flexlbhty to be Implemented nationmde over a short tune or 
Implemented over several years for specdlc apphcations 

77 For project financing, two innovative financing mechmsms could be pursued RAO 
EES Rossu could be the pnmary issuer of a new negotiable debt instrument to tap 
domestic sawngs Unlike commercial banks or the Muustry of Finance, RAO EES Ross11 
could offer a kWh denomnated debt instrument, backed by its power generating capacity 
These umts would be redeemable either in kWh or rubles for theu kWh value at tune of 
matunty or prepayment As the pnce of kwh's is adjusted to inflation, the holders of these 
issues would be protected aganst currency erosion from inflation As a result, the length 
of the debt issue should exceed what is currently avadable in the Russian market, and the 
interest rate should also be considerably lower than current market rates 

78 A guarantee hnd that would act as a catalyst in encouragmg energy efficiency 
projects, Independent power production and enwronmental unprovements could be 
developed fauly quickly Among other thmgs, the find could guarantee longer matunties 
of loans, thus leveragng corporate borrowng capacity and speeding up the 
implementation of new investments 
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 

1 The five worlung groups prepared conclusions and recornmendatlons based on their 
investigations and analysis These are presented below 

2 Ths study has concluded that energy efficiency should be gven a hgh pnonty by those 
in the power sector 

3 There is a large potential for energy effic~ency lrnprovements throughout the Russian 
economy Power consumption could be reduced by up to 5 GW and 29 Bdhon kwh by the 
year 2000 and 20 GW and 1 12 billlon kwh per year by the year 2010 by lnstalhng efficient 
end-use technologies These values do not include energy savmgs resulting from low- 
costlno-cost measures, and from structural changes m the Russian economy 

4 In all sectors of the Russlan economy, a slgmficant portion of the sawngs potential is 
associated wth llghting and motor improvements 

5 Industry accounts for the largest portion of sawngs potential However, energy use for 
the Residential and Servlce sectors is growng the fastest and there is a sigmficant 
potential for sawng energy in these two customer sectors Substantial sawngs also can be 
realized in the Transportation and Agricultural sectors 

6 Energy efficiency above could be acheved at relatively low cost The average cost of 
energy saved by the measures recommended m t h s  study is approximately one U S cent 
per kwh Although the cost of replacement of outdated equipment w th  new equipment is 
hgh, the incremental cost caused by the energy efficiency of the new equipment is 
relatively low and quite justified 

7 At present, there are some barners to the installation of efficient technologies Energy- 
efficient equipment IS not always locally available Some types of energy efficient 
equipment are not manufactured In Russia There is a considerable shortage of hnds for 
investment in energy effic~ency Also, even ~f these barners can be overcome, capital may 
not be avalable for such investments by consumers To overcome some of the barners, it 
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wdl be enough to change the legal and regulatory fiamework In other cases, special 
energy efficiency programs wdl be requued 

8 The changes in the demand and use of electricity wdl vary m daerent A 0  Energos, 
depending upon the effort of economc restructuring on local economc actimties To be 
most successfid, energy efficiency programs must be designed for these umque local 
conditions The p l a m g  of the development of the energy sector in the regxon should be 
based on promding least-cost energy semces to the consumer The A 0  Energos must play 
an mportant role in the design and dellvery of energy efficiency programs 

9 Through direct contact wlth their consumers, the A 0  Energos should inform the 
customers about the possible ways of sawng energy, educate consumers and promde 
financial semces for energy efficiency measures Ths w11 mean an increase m the number 
of semces relative to what the A0 Energos have promded in the past 

10 Several regulatory, institutional and economc measures must be undertaken before 
energy efficiency programs can be implemented 

1 1 In the near future, a Law on Energy Conservation must be passed 

t to implement the principle of plamng at least-cost to meet the energy 
needs of consumers, 

t increase economc Incentives and de-emphasize fines, 
t the responsibility for development and mplementation of energy 

conservation should be shifted to the admnlstrative regions, 
t create a federal and regional Energy Conservation Fund, 
t expand the range of energy conservation standards for energy consumng 

equipment and end-uses and adopting sanctions for non-compliance, 
t adopt energy conservation standards for new buildings and local 

enforcement, and 
t establrsh demonstration projects for energy-efficient technologies 

12 Government support for energy efficiency, including tax incentives and loans, 
accelerated depreciation 

13 Provlde customs wavers or reductions for the import of lughly energy-efficient 
equipment the is not presently produced in Russia 

14 Assistance through the Energy Conservation Fund should be prowded as loans to be 
pad back wthn  a reasonable amount of time The Fund is to be endowed by an increase 
in taxes on energy for enterprises, but overall, taxes are to be reduced Access to loans 
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through the Fund would be provlded on the basis of competitive bidding Funds should be 
promded on a non-competlfive basis for educat~on and lnformatton programs and energy 
audlts 

15 It is necessary to estabhsh market-type corporate bodies to ensure implementation of 
energy efficiency 

16 In the longer term, promde favorable condltlons for the Investment m large energy 
effic~ency projects by consumers 

17 Create jolnt ventures for the manufacture of energy-effic~ent equrpment for whlch 
there 1s a deficlt in Russla Create favorable conditions for such enterprises 

18 Major investments should be made in energy-efficient lights and energy-efficient 
motors and other domnant efficient technologes 

19 Set up information and traimng programs in the area of energy savlngs 

20 Pnonty should be given to investments in the followng areas 

c Developing the capability for mass producing energy-efficient motors and 
new lighting technologes (such as compact fluorescent and metal hallde 
hghts), 

C Implementing new process technologes for o l  and chemcal plants using 
hgh quality catalysts, 

C Demonstration projects for energy-efficient technologies 

2 1 A number of areas of energy efficiency improvement ment krther study, lncludlng 
providing assistance for carrylng out energy audits, reducing power consumption, and 
establishng a market for energy efficient equipment 

22 Some 79 GW of thermal plant capacity, whlch IS evenly divlded between CPP and 
CHP umts, wll reach the end of life by the year 2010 Ths retinng capacity represents 
40% of the current total electnc generating capacity wthln Russia More than 54 GW of 
ths capacity is located in three regions -- the Center, the Urals and Sibena Approximately 
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39 GW of the retlrrng capacity will have reached the end of llfe by the year 2000 and more 
than 13 GW of ths  total has reached its maxlmum semce We 

23 Reference Case A and B modehng results rncludlng that 69 2 and 27 4 GW 
respectively, of new thermal generating capacity (CPP and CHP) ~111 be requued to be 
mstalled through the year 2010 Under Reference Case 4 19 2 GW would be mstalled 
through the year 2000 whle 3 5 GW is requlred under Reference Case B dumg the same 
tlme penod Gtven the lead tune for the construction of new plants, these results, 
particularly for Reference Case A, indicate the need for an aggressive development 
program On a regonal basis, near term new plant capacity requirements are concentrated 
in the North Caucasus, Urals and Trans Bzukaha 

24 Reference Case A and B modeling results Indicate 49 0 and 47 1 GW respectively, of 
reconstructed thermal generating capacity (CPP and CHP) will be installed through the 
year 2010 In both cases the bulk of the reconstructed capacity, 40 1 and 41 5 GW 
respectively, would be installed after the year 2001 

25 Adoption of advanced technologes for new thermal power plants and the 
reconstruction of retinng power plants can have a sigdicant unpact on meeting Russia's 
fiture electnc energy need, and could involve sipficant changes in the current fie1 supply 
(natural gas verses coal) rmx 

26 The model results indicate that new simple cycle combustion gas turbines rmght be an 
attractive power supply option in certan regions The low capital cost of combustion 
turbines could have measurable impact on reducing total investment requirements 

27 M l e  reconstruction of retinng thermal plants is found to play a sigmficant role in 
meetlng future power needs, associated investment costs are sipficant Modehng results 
for the limted Lfe Extension demonstrate a reduction in total investment requirements, 
through the year 20 10, rangng fiom $12 6 to $16 8 billion, depending on the load forecast 
scenmo Whlle it IS not possible to hlly capture these savmgs, opportumties for more 
limted life extension programs, whch could serve to meet power needs at lower levels of 
investment, may exlst 

28 New and reconstructed thermal umts wll be required to meet certan emssion 
standards Achlewng these standards wll require the application of appropnate ermssion 
reductton technologes Optlons for coal fired borlers include combustion technologies 
such as low NO, burners, fabnc filters for particulate collection and flue gas 
desulhnzat~on Advanced, enwronrnentally-fhendly technologies, such as gas combined 
cycles and circulating fluid bed boilers wll also reduce emssions 
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29 Plant level evaluation of modertllzation and We extension options is needed for thermal 
power plants The Inventory of retlnng thermal power uluts should be examned on a 
plant-speclfic basis These exammations should be directed toward identlfjmg those 
thermal plants whch rmght be good candidates for Me extension/reconstruction programs 
mth a focus toward options wth lower levels of mvestment As appropnate, detaled 
designdcost estimates for moderncation, Me extension and upgrades should proceed 

30 The North Caucasus Region is an example of a regon wth sigmficant near term need 
of additional power generation capacity In that regon, the Krasnodar Krai (Kubananergo) 
has the largest self-generatmg capacity deficiency in the region Cogwant of the need, 
RAO EES Rossii and Kubanenergo and others have formulated plans to build modern gas- 
fired combined cycle uruts in the Kubanenergo system The modehng results appear to 
support t h s  approach It is recommended that work proceed quickly toward the 
development of comblned cycle capac~ty in Krasnodar Kra Such a project could serve as 
a major demonstration of ths  hghly effic~ent and envlronrnentally sound technology and a 
bluepnnt for replication in other parts of Russia 

3 1 When rehabilitatmg and constructing new thermal power plants, special attention must 
be pad to environmental requirements A program to idenbfy the best emssion reduction 
technologes for application to Russia's power sector is recommended The program 
should address methods of developing the manufactunng capability for the identified 
technologes Qoint ventures, etc ) in Russia Equipment for continuous emssion 
morutonng is recommended to demonstrate compliance wth emssion l m t s  

32 Advanced technologies such as gas turbine combined cycles and circulating fluid bed 
boilers should be given senous consideration to improve thermal efficiencies and 
enwonmental performance and to take advantage of low-quality solid ke l  avalability 
Developing manufactunng capability for these advanced technologes, through joint 
ventures or other means, should be investigated 

33 Russia's energy strategy emphasizes the importance of the power sector in the 
econonuc development of Russia under the new conditions Nuclear power plays a crucial 
role in ths development The JEAS has confirmed the important contnbution that nuclear 
power makes to the Russlan power sector 
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Concluszons 

34 The JEAS found that m r e  investment m the power sector should mclude Investments 
m nuclear power plant safety upgrades, plant completions, evolutionary plant designs, and 
as appropnate, decomrmssiomng of first generation reactors 

35 Investments m NPP safety upgrades are compet~tive wth mvestments m alternative 
energy sources It is economc to contlnue the operabon of most exlstmg nuclear power 
plants mth the safety upgrades evaluated m ths  study Four umts do not have sufficient 
remamng operatmg llfe to economcally just@ implementation of all of the safety 
upgrades evaluated m thls study because revenues must be set aside to prepare for 
decomrmssiomng in the short term 

36 New nuclear capacity IS an economc supply optron m some regons 

37 In the imtial study penod, investments In safety upgrades of the exlstlng NPPs are 
considered as a pnonty for both A and B scenarios 

Recommendafrons 

38 It IS necessary to proceed wth introducing safety upgrades evaluated in ths study at 
exlsting nuclear power plants, where approved by the regulatory authonty and 
economcally justified Implementation of such safety upgrades could encourage foreign 
Investment in Russla's nuclear power sector 

39 The JEAS shows that wth the scheduled servlce llfe remamng, ~t is not economc to 
implement all of the safety upgrades evaluated in the study for Kola 1 and 2 and 
Novovoronezh 3 and 4 (and Lemngrad-1 for B scenario) The decomrmssiomng of these 
umts should be cons~dered comprehens~vely on the bass of local area condltlons, and on a 
slte-specific basis 

40 Completion and comsslomng of Rostov 1, Kursk 5, Kalimn 3, and Balakova 5 and 
should be cons~dered in the context of regional least cost plans wth thelr full safety 
revlew Rostov 1 and KaIlrun 3 have been Identified as a pnonty for Investment 

41 The design of the NP-500 and NP-1000 evolut~onary reactors, whch w11 be the basis 
for future development of the nuclear energy sector, should be developed to a sufficient 
level of detail so as to permt ~ t s  certlficatlon by regulatory bodies 

42 Legislation requlred to support safe development and operation of nuclear power in 
Russla should be completed as soon as poss~ble 
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43 The JEAS estlrnated the cost of a spec~fic set of NPP safety upgrades The study dld 
not quant@ the safety sigdicance of these upgrade measures There are, however, 
exlstmg studles conducted both in Rus'sia and lnternationally whch have assessed the 
safety si@cance of many of these upgrades It may be usefil to conduct a study 
cornbung the results of the above with the following goals 

b to m m z e  the safety benefit of mvestments in safety upgrades w i t h  the 
h ta t ions  of the avalable financmg 

b to assess, the level of safety improvement denved from implementing each 
measure 

WORKING GROUP 4 - HYDROELECTRIC POWER, TRANSMISSION AND 
DISPATCH 

Hydroelectr~c Power Development 

Conclusrons 

44 Elght exsting hydro power plants have been identified as requinng rehabilitation to 
p e m t  them to operate effectively after 2000 The total capacity of these plants is 6093 
MW Rehabilltatlon of these plants would cost approxlmately $900 rmllion between 1995 
and 2001 

45 SIX plants under construction and three proposed plants have been identified as 
candidates for investment The total capacity of these plants 1s 6884 MW Their 
development would require $4 8 billlon 

46 Detaled designs, cost estimates, and financing plans should be prepared for hydro 
rehabilltation and new constmctlon projects that are shown to be part of regonal least 
cost plans 

Transm~ssion Projects 

Conclusrons 

47 The transmsslon system of Russla has bottlenecks m places that limt transfer 
capability and reduce reliability of supply Eleven intra regional and inter-regional 
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transmssion projects/programs have been identified for pnonty mvestment, the two most 
urgent of whch are descnbed below 

48 The Northwest regon of Russia consists of three mam ut~hty systems, Kola, Karelia, 
and Leugrad, the latter bemg by far the largest The Karel~a system, deficient In 
generatlon, now depends strongly on imports fiom Kola and fiom the Leugrad system 
Its supply is unrehable smce tles in both dlrect~ons are weak, as IS the tie fiom the 
Leugrad system to the Center Regon These h t a b o n s  have two senous results 

w The lack of redundancy m both mternal bes and ties to the Center Regon 
means that a transmss~on outage forces sudden tnpping of one or more 
nuclear generating umts at either Lemngrad or Kola 

t The weakness of these ties leaves the entlre Northwest Regon vulnerable 
to either temporary outages or eventual decomrmssionmg of nuclear plants 
at either Lemngrad or Kola 

49 The North Caucasus Regon, previously supplied through ties through the Ukrane, is 
now virtually isolated and suffenng severe power shortages Ties to the Ukrame at 500 
kV, 330 kV, and 220 kV are now of limted value due to transfer problems to and wthn  
the Ukraine as well as political and energy balance issues wthm the Ukraine The 
remmmng two long 220 kV ties from the North Caucuses to Center have only 200 MW of 
transfer capability 

50 Sub-transmssion system losses exceed western norms 80% of losses are in the 
distribution system A specific list of projects and pnonties was developed to reduce these 
losses 

Recommendattons 

5 1 Transmsston improvement is needed for the Northwest Region The reinforcement 
projects proposed consist of both 330 kV and 750 kV lines and substations at an 
aggregate total cost of approximately $775 mllion 

52 The strengthemng of the Center - Wddle Volga - North Caucasus intertie is needed It 
is recommended to construct four 500 kV transrmssion projects, aggregating about 1,000 
km, one of whch wIl feed directly to the North Caucuses, the others reinforcing the 
internal systems of the Center and Mddle Volga Regions to enable Increased transfers to 
the North Caucuses These projects, totaling about $430 mlhon, will increase the transfer 
capability from the Mddle Volga to Center region by 2,000 MW and from the Center to 
the North Caucuses by 1,200 MW 
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53 To enhance the Integrated Power system of Russia, promote overall economc 
efficiency and to unprove the rehabhty of supply, m addltlon to the pnonty transmssion 
projects, special emphasis should be gven to the detaded study of constructing a hgh 
voltage transmssion intertie from Sibena to the Center wth  a 3-6 GW capacity 

D~spatch Control Projects 

54 The technology m the control centers is not adequate to meet the current system 
requirements nor the requuements of a developmg electncity market Two hgh pnonty 
projects are cited below 

55 The control, commumcation and dispatch systems of Russia consist of a Central 
Dispatch Office in Moscow and a number of regonal dispatch offices These centers and 
their cornrnumcation links are limted in channel capacity and unable to accommodate 
modem software Thls impedes optimzation of operat~ng costs and reduces reliability 
Thus they are limted in their ability to gather data and to use the data, once gathered, to 
advantage 

56 Control and Dispatch of the North-West UPS was formerly assigned to a control 
center in hga, Latvla It IS now housed m temporary quarters In St Petersburg and needs 
both to be upgraded and moved to a separate bullding Its pnonty is dlctated by (1) the 
temporary facilities now in place, (2) the fiagle interconnections w t h  and external to 
ths  regon and (3) the importance of modem control in maxlmvng safe operation of 
nuclear stations at Kola and near St Petersburg 

57 The Northwest Control Center Ths project would consist of the construction and 
equipping of a new control center buildmng, purchase of modem application software, the 
upgrading of data acquisition systems at substations wthln the region, modemat~on of 
load frequency controls wthn  the regon, and the reconstruction of the commumcation 
systems between the Northwest Region center and the Central Dispatch Office in 
Moscow The aggregate cost of these lmprovements would be approximately $59  mllion 

58 Central Dispatch Office It IS recommended to moderntze the dispatch center whch 
coordinates all operations of the Umfied Power System Ths would consist of 
reconstruction and modemzat~on of the exlsting central dispatch facilities, talung full 
advantage of the Northwest-Central Dispatch cornmumcations upgrade cited above, and 
prepanng the Central Dispatch office for simlar upgrades to other regions The estimated 
cost for thls project IS $20 mllion 
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Concluszons 

59 The JEAS confirmed the importance of the electnc power sector to the economc 
development of Russia under the new conditions The pmcipal conclusions of the JEAS 
are consistent wth the importance gven to the electnc power sector m the Energy 
Strategy for Russia 

Strategrc Drrectrons 

60 JEAS analysis shows that Russia should gve hghest pnonty to the followmg areas for 
the penod 1995-2000 when finallzlng power sector and energy efficiency investment 
decisions 

t Improvements in the efficiency of electricity end-use 

t Nuclear safety upgrades, particularly for first-generation nuclear power 
reactors where approved by regulators 

To hrther development of the Integrated Power System of Russia, 
expansion and strengthemng of inter-regional and intra-regional 
transrmssion, particularly between surplus and deficit areas, and the 
moderruzing of controYdispatch centers 

t Fossil thermal plant modemzation and rehabilitation using state-of-the-art 
technologies wth the consideration of life extension options 

t Complet~on of those nuclear power plants that are in advanced stages of 
construction 

t Construction of new gas-fired simple cycle and combined cycle plants 

t Completion of design and p e m t  process face new generation 

61 JEAS analysis shows that the followng areas urlll be increasingly important dunng the 
penod 2000-2005 

t Completion of large under-construction HPP 

t Construction of clean coal generation plants 
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F construction of new generation NPPs 

Investment Requ~rements 

62 Under Scenano A the mdicated range of requlred Investment is $21-26 billion over 
1995-2000 and $26-35 bllhon for 2001-2005 

63 Under Scenano By the Indicated range of required investment 1s $9-10 billion for 
1995-2000 and $15-20 bilhon for 2001-2005 

Financ~ng Sources 

64 Financing fiom the Russian Government's budget allocations have been largely 
removed and the power sector is becomng financially independent The most important 
and largest source of financing now and for the foreseeable future is internally generated 
hnds 

65 Electncity tmffs set by the regonal and federal energy cornrmssions are based upon 
the cost of servlce, but currently they do not cover full costs Customers' payments of 
tanffs have not been adequate to cover the industry's investment requirements A 
pervasive non-payments problem has left the industry strapped for cash, the hgh level of 
inflation and the cross-subsidies inherent m the tmffs are also a problem 

66 Imtially, power sector enterprises wll find borrowed finds and equity financing 
difficult to obtain because of a lack of satisfactory financ~al information However, the 
future potential for bonowng or leveraging assets is quite hlgh because most power 
sector compames have hardly any long-term debt outstanding 

67 Depreciation deductions are an important component of internally generated finds 
Because of hlgh ~nflation rates that exceed allowable revaluations of fixed assets, the 
amount of depreciation charged has not kept its value and the industry is in a state of self- 
liquidation 

68 The long-term prospects for Russlan equities are good Market values for Russian 
equities reman very low for several reasons, the investment climate in Russia means that 
investors are seelung hgh returns to compensate for the nsk The lack of company 
financial information, low liquidity and inadequate securities regulations keeps pnces low 
and investors away 

69 The theoret~cal potential for borrowng is large However, the commercialuation of 
the newly-pnvatized entities has not been completed, and much work and many changes 
need to occur before power sector entitles w11 be able to borrow money fiom traditional 
lenders to the utility industry 
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70 There are several important ways m whlch the government could assist the power 
sector 

b Investment of the proceeds fiom power sector enterpnses' stock sales into 
the power sector through bonds, preferred stock or grants 

b Whgness  to prowde sovereign guarantees for foreign currency 
borrowmg 

b Tax rehef m the form of mvestment tax credits, lower tax rates, tax 
holidays, and increased allowances for depreciation 

Support for energy efficiency programs 

71 The EBRD admasters the Nuclear Safety Account (NSA), an ECU 13 5 rmlhon grant 
hnd set up to hnd safety upgrades at those reactors that present the most senous safety 
nsks 

Recommendatzons 

72 The followng measures should be taken by the power sector to implement needed 
improvements 

73 It is recommended that hgh pnonty be assigned to energy efficiency to realue 
potential energy savlngs of 29 bkWh by the year 2000 and by up to 112 bkWh by 2010 
Market-onented incentives should be introduced to lmprove end-use efficiencies The 
development of energy semce compmes and joint ventures should be encouraged These 
would provlde equipment, energy management techmques and financing for energy 
efficiency improvement 

74 Where approved by the regulatory authonty and econormcally justified programs, 
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 billion 
between 1995 and 2000 These will require GOR financial support and, to the extent 
possible, of IFIs 

75 A major goal for RAO EES Ross11 and A0 Energos should be the rehabilitation and 
moderruzation of older thermal plants so as to extend their operating lives and to improve 
enwronmental and operat~onal performance Approximately 79 GW fall into ths  category 
of whch about 39 GW w11 require modemzation by the year 2000 Plant level 
evaluations should be undertaken to detemne modemation requirements and the extent 
to whch life extension at lower capltal cost may be possible 
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76 A high pnonty of Russia's technologcal and investment pohcy for the power sector 
should be the utihzation of slmple cycle and combined cycle gas turbmes (4,000 - 18,000 
MW) untd 2000 and 38,000 to 83,000 untd 2010, whde developmg domestic capability 
for ther manufactunng, including joint ventures wth western partners 

77 To provlde for the commxssiomng untd 2010 of 1,400 - 3,100 MW of new nuclear 
capacity and 12,000 - 13,700 MW of enwonmentally-cleaner coal fired umts, the pnonty 
of Russia's long term scientrtic and technologml pohcy should be the development of new 
generation design NP 500 and NP 1000 and cleaner coal power umts as well as 
developing the potential for their manufactunng 

78 Further detaled study, including project identification, of the electncity and fbel 
supply situation in the No Caucasus, Urals, and the TransBsukaha area should be gven 
hlgh pnonty Thls work should take into account speclfic factors at the local level and 
apply least cost utdity planrung tools It is estimated that 24,000 MW wll need 
rehabilitation and that around 24,000 - 36,000 MW of new capacity wdl be requred m 
these regons, as well as the strengthentng expansion of transmssion inter-ties 

79 Further feasibility studies are needed for the western and eastern extension of 
transmssion to link Sibenan generation capacity and demand centers in European Russia 
to the west and to TransBaikalia in the east 

80 Investigate the issues in electncity interconnection among the CIS republrcs and other 
neighbonng countnes Evaluate the potential for electncity trade between Russia and 
Chlna and Central Europe 

8 1 Government support is needed to insure fbrther development of the power sector 
under conditions of wdemng economc reforms and to create conditions conducive to 
attracting financing and capital investment The major directions of such support should 
be 

• To improve the state system of regulation of natural monopolies, whlch 
mcludes state regulation of electncity and heat rates on both federal and 
regonal levels, as well as an appropnate legal and standards infrastructure 

b To implement the pnnciple of self financing m the power sector wth the 
creation of economc mechmsms for increasing internal cash generation by 
power entities and improving efficiency of allocation of these fbnds 
(depreciation rates and retaned earrungs) of operating entities irrespective 
of their ownershp, as a transition measure to a new regulatory system, 
establish a mechmsm to facilitate the rational allocation of power sector 
investment funds between federal and regional levels, and to create 
incentives to attract fbnds into the power sector from both domestlc and 
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foreign sources on both an equity and debt basis, whde provldmg 
guarantees for the conversion of debt (loans and bonds) mto equlty 

82 It is recommended to make the part of retaned e m g s  whch is directed mto 
Investment tax deductible, rncluding the part whch IS collected through centralized 
investment funds 

83 To create econormc stimuli, to attract Investment Into the power sector by establishmg 
government guarantees on both federal and regonal levels, insunng mvestors nght of 
recourse, reasonable levels of return on investment, and nghts to repatnation of capital 
and profits for foreign Investors 

84 As an Intern measure, hnd would be generated at federal level to finance 
modemation and rehabilitation and a mechmsm would be developed to allocate these 
hnds between the federal and regonal levels 

85 On the basis of hrther changes and defimtion of the ownershp structure, restructuring 
of the power sector should proceed to set up a competitive environment and to Improve 
rate setting in electnc energy markets 

86 A legal and tax infrastructure conducive to investment by Independent power 
producers should be created 

87 It is necessary to develop a comprehensive program for the public sale of government 
held power sector stock at an acceptable value Funds from these sales should be used for 
reinvestment to provlde needed investment capltal for the power sector 

88 In the nuclear power sector, an econormc mechmsm should be developed that 
increases rnternally generated funds through tanffs wthout damaging the competitiveness 
of nuclear energy in the energy market A portlon of these internally generated hnds 
would be centralrzed In a natronal reserve whch would finance pnonty safety upgrades, 
plant completions, decornmssionrng and partially new NPP construction Opportumties 
should be created to attract loans into the nuclear sector wth corresponding government 
guarantees The possrbrlrty to convert the nuclear sector into stock compames should be 
studred as well as the corresponding issues of nght of recourse guarantees for potential 
domestic and foreign investors 

89 Envlronrnental standards should be developed whlch would allow for differentiatron 
among new, exlstrng and rehabilitated thermal plants 
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Un~ted States Department of State 

IParAqpn, D C 20520 

TO, JEAS Participants 

FROM. c a r o l  Co-Chal r 

D a t e :  Marc 11 10, 1995  

You w 1 1 1  flnd at tached  t h e  Second Draft o f  the Final  JEAS 
R e p ~ r t .  T t  IS thxs drnPt winch wlll be dl-cussed a t  the 23-24 
March Steerlng Committee rneet lng In Washington It 1s  
antlclpated that the d z a f t  that will be dlstrxbuted In Moscow 
and Washzngtnn on March 10 w ~ l l  r lo t  be complete;  rrlisalng 
ssctlans will be d~strlbuted on Monday, March 13. 

I understand t h a t  t h e  reascn for thrs 7 s  t h a t  the team 
responsible f o r  cornplet~ny t h e  d r a f t  has recexved lnputs from 
t h e  worklnq groups up untll the last mlnu te  T h ~ s  zmpacted the 
trvductlon schedule, t h e  c o n s ~ s t ~ n c y  of t h e  entlre t e x t ,  the 
e d l t o r ~ a l  qualrty In boLh verslons and 011 the equitable graphlc  
rtpresentat~on of results from Russlan and U S models 

The U S. side would lzke our Russian colleapues to know t h a t  a 
document c o n t a l ~ r ~ ~ ~ g  exten~ive conrments and proposals f o r  
recomrnendatlo~ls was recelverl t h l  s week from Mr. Mastepanov We 
w l l l  only be In a positlon to t r a n s l a t e  and revLew t h i s  
docuvent a f t e r  t h e  March 10 draft of the JEAS h a s  been 
completed and d~strlbuted The U S side w ~ l l  revlew the 
contents 3nd be  prepared t d  d l rcuso  these a t  the March 23-24 
S t e e s l n g  Comnl t tee  meetlng 

f eqn snforrned that. t ~ c k u t s  fox a l l  Russlan partzcipants have 
been confirmed tor t h e  agreed 2 1  Karch departure date A t  
present the return fllqhts d:e reserved for a 28 March 
departura and all Russian part-clpants w30 iequxre a 27 March 
departure are requestad t o  ~ n f o r i n  t h e  Haqler Ba~lly Mosccw 
o f f t c e .  


