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BCM 

bkWh 

BTU 

CHP 

CHP-CC 

CPP 

CPP-CC 

Equivalent Peak 
Load 

GWh 

IPS 

BIUron Cublc Meters 

BIUron Krlowatt hour 

Bntrsh Thermal Unrt 1 BTU equal to 1,055 joules whch 1s equivalent 
to 252 calones 

Combrned Heat and Power Plant Plants uslng coal or gas that supply 
heat m the form of hot water for the heatmg of buildings and steam for 
lndustnal use, and that generate electncity 

Combrned Heat and Power Combrned Cycle Plant A plant cons~sting 
of a combustion gas turbme coupled to a heat recovery steam generator 
and condensmg turbme, wth recovery of heat for distnbutlon m the local 
heat gnd 

Condensrng Power Plant. A plant generating electnc~ty either from coal 
or from gas (mth he1 od backup capability) uslng condenslng steam 
turbmes 

Gas Turblne Combrned Cycle Power Plant A plant producing 
electnc~ty using a combustion gas turbme coupled to a heat recovery 
steam generator and condenslng turbine 

a term used in the Russlan power Industry to represent the avrage annual 
utdrzation rate for one or more power plants 

Mrllron Kllowatts hours 

Hydroelectnc Power Plant 

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

Integrated Power System of Russ~a refers to the system covenng the 
followng dnspatch regons (Northwest, Center, North Caucasus, Mddle 
Volga, Urals, Tyumen, Stbena and Far East 
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MBTU 1,000,000 BTU whlch is equivalent to 36 kgsf 

MWh Megawatt hour, equivalent to thousand &lowatt hours 

Nm3 Normal Cublc Meter 

NPP Nuclear Power Plant 

O & M  Operat~on and Marntenance 

RAO EES Ross11 RAO EES Ross11 refers to the Russian Jomt Stock Holding Company 
for Electnc Power and Electrification 

RBMK-1000 A graphlte moderated, pressure-tube, low emched reactor rated 1,000 
MW, designed for on-line refbehng 

Standard Fuel Un~t (Coal Equivalent) 1 kgsf equal to 7,000 
ktlocalones 

SGU Steam Gas Un~t A Combmed Cycle generatmg umt 

tce 

tsf 

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

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

TWh B~ll~on Kilowatt hours 

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

VVER-440 A first-generat~on pressunzed water reactor rated 440 MW 

VVER-440/213 A second-generation pressunzed water reactor rated 440 MW 

VVER- 1000 A second-generation pressunzed water reactor rated 1,000 MW 
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1 The goal of the Jomt Energy Alternatrves Study (JEAS) IS to prowde, on the basrs of an 
objectrve assessment of Russra's energy alternatives, a tune-phased mvestment program for 
the penod 1995-2000 The program would be auned at meetmg future electncrty demand 

- 
m Russra rehably, economcally, and consrstent vvlth enwonmental and safety standards 
When Pnme Mhster Chernomyrdln and Vrce ~resrdent Gore met rn September 1993 to 
imtrate the US-Russra Jo~nt Comssron on Economc and Technologcal Cooperation, 
they also agreed to undertake ths Study As noted m the Study's Terms of Reference, 
major rnvestments wll be needed over the comng decades to overcome the Russian 
power sector's man problems, mcludrng an agmg population of thermal generatmg plants, 
doubts about the safety of first generatron nuclear plants, and mefficient patterns of 
electncrty use The mternatronal commumty, rncludrng the leaders of the G7 group of 
countnes, attaches great importance to worlung with Russra to solve these problems As 
the Russran economy 1s restructured and recovers, electricity demand growth wdl be met 
by a combmatron of mvestments m efficient end-use technology, modermzahon of exlstmg 
generatmg plants, construction of state-of-the-art power plants, and upgrading and 
expansron of transmssron and drstnbutron systems to enhance the mtegrated natronal 
network At the same tune, exlstrng thermal and nuclear power plants wdl be upgraded to 
meet enwonmental and safety requrrements or d be decomssioned 

2 Ths Study also is mtended to rndrcate how the rnvestment program could be financed 
fiom domesttc and rnternattonai sources, what the mternatronal sources mght be, and 
under what condrtrons they mtght be tapped Financrng power sector development fiom 
Russra's federal budget has all but ended, wMe new financtng mechatusms appropnate for 
a market economy have not yet developed The report describes fundamental condrtrons 
for Investment and suggests measures to mprove the mvestment clmate for the power 
sector 

3 Although the organmtronal and logstrcal elements between the U S and Russian srdes 
took longer than envisaged to be put m place, hghly productrve techcal worlung 
relationshps have been estabhshed m all areas dunng the course of ths Study Successful 
implementation of tlus collaboratrve effort IS a major destone m acluevmg the Jolnt 
Study objectrves enunciated by the Russian and Amencan governments These productrve 
workmg relatronshps, whch compnse mutually beneficral exchanges of concepts, data, 
analytrcal methods, and perceptions, represent the start of a process that will yeld benefits 
for all partres with an interest rn the development of the Russran electnc power sector 
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4 Five separate worlung groups of Russian and US experts were assembled to develop 
the mformabon needed to complete th~s  evaluation W o r h g  Group 1 analyzed the 
potential for mprovmg the efficiency of electncity end-use and prepared an evaluation of 
the economcs of the range of demand-side mvestment options (Appendlx D) W o r h g  
Group 2 analyzed the costs of m o d e r m g  exlstmg fossrl thermal power plants and 
mvestmg m new fossd-fired power plants (Appendur F) Worlung Group 3 evaluated the 
economcs and f a i b h t y  of certatn safety mprovements to nuclear power plants, 
decomrmssiomng, repowenng, compleuon of partially-budt nuclear plants, and 
construction of new, evolutionary nuclear power plants (Appendur G) Worlung Group 4 
assessed the feasibhty and economcs of mvestments m transmssion, power control, and 
hydroelectncity Theu- final reports are presented m Appendlx H (transmssion and power 
control) and Appendix I (hydroelectnc options) Finally, Workmg Group 5 had the tasks 
of preparing economc and electncity demand scenanos (drawn from the new Russian 
energy strategy presented m Appendlx A), addressing financmg issues, and mtegratmg the 
results of the work of the other worlung groups The work of Worlung Group 5 is 
presented in Appendices B and C (model results), Appendlx E (institutional and regulatory 
issues related to mprovements in energy efficiency), Appendlx J (mstitutional and 
regulatory reform issues prerequisites for financing), Appendlx K (finance), and Appendlx 
L (enwonment and safety issues) Appendu K also mcludes a summary of those projects 
already identified by Russian and foreign mstitutions that rmght be candidates for fundmg 
by international lenders and investors 

5 To respond to the questions considered m ths  Study, the joint team used two vlews of 
Russian economc performance and electncity demand, set forth m the Russian Energy 
Strategy, based on a set of assumptions regarding the pace and degree of success of 
measures to control fnnation and reform the economy Time-phased investment 
requlrements were estmated usmg two planntng models Financing requu-ements were 
calculated from the total costs of the mnvestments, and potential domestic and foreign 
sources of finance were identified AU of the scenanos and financmg requirements are 
based on assumptions regardmg fiiture developments that are subject to uncertanties, and 
the team has prepared an mvestment strategy that addresses the man elements of 
uncertamty As the &re direction of reform and the rate of evolution to a market 
economy become clearer, it d l  be necessary to undertake penodic reevaluations of 
mvestment pnonties The two economc models of the Russian electnc power sector that 
were developed and tested as part of ths Study d l  be avatlable 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 requlrements under different 
demand scenanos and assumptions, 3) conditions for capital mob&zabon and potential 

- 
sources of financing, and 4) possible projects for mternational financing The first chapter 
of ths  report descnbes the macroeconomc situation elekcity demand 
projections, and the major issues that wll govern requirements for Investment in the 
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power sector Chapter 2 descnbes the power sector and ~ t s  extstmg supply mur, and 
Chapter 3 presents the range of f h r e  demand and supply-slde mvestment 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 
avadable to meet the mhcated mvestment requirements, and sets forth dlustratlons of how 
spec& project financmg rmght be arranged Fmally, Chapter 6 summarrzes the mam 
conclus~ons and recomrnendat~ons of the Study 

7 Please note that all dollar amounts used m the text, unless othemse noted, are in U S 
dollars Also, totals m tables may not add up due to rounding 
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8 Ths Study was orgamzed rnto jolnt RussranlAmencan Workmg Groups and a Jolnt 
Steenng Comrmttee responsrble for overall d~ectron of the Study The Steenng 
Comrmttee rncluded representatrves of the followmg Russran government orgaruzatlons 

Miustry of Fuels and Energy 
Ministry of Atomc Energy 
Mmstry of Economy 

The Steenng Cornnuttee rncluded the follomg U S government orgaruzatrons 

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

In addrt~on to the organmtlons represented on the Steenng Comrmttee, the following 
orgamzations contnbuted to the development of the JEAS 

Workzng Group I 
KrManovsky Energy Power Inst~tute (ENIN) 
Burns and Roe Enterpnses 
Resource Management Assocrates 
RCGlHagler, Bdly, Inc 

Workng Group 2 
TeploEnergoProekt 
Burns and Roe Enterpnses 

Workng Group 3 
RosEnergo Atom 
Inst~tute of Nuclear Reactors (Kurchatov Inst~tute) 
AtomEnergoProekt 
GydroPress 
VNUAES 
Brookhaven Natronal Laboratones 
Raytheon Engmeers and Contractors 
NUS-Halhburton 
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Workzng Group 4 
EnergoSetProekt 
Central Dispatch Center 
GdroProekt (Hydroproject Design Institute of Moscow) 
EnergoPromTechca 
Bgh Voltage Duect Current Transmssion Research Institute 
Hana Engmeenng 
Power Technologes, Inc 
Amencan Electnc Power Energy S e ~ c e s  
NRECA International 
Burns and Roe Enterpnses 

Working Group 5 
RAO EES Rossu 
Instltute for Energy Research, Russian Academy of Sciences (Ew 
ENIN 
TeploEnergoProekt 
Kurchatov Institute 
EnergoSetProekt 
Burns and Roe Enterpnses 
ICF Resources, Inc 
RCGiHagler Badly, Inc 

9 In addition, a number of ~ndependent consultants contnbuted to ths work, and other 
US agencies participated as requ~red for mformabon pohcy coordrnation and project 
lrnplementation 
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JOINT ELECTRIC POWER ALTERNATIVES STUDY: 
VIP SUMMARY 

1 Followmg an agreement between Vice Preadent Gore and Pnme Mimster 
Chemomyrdrn ln late 1993, the Russran Federatron and the Umted States decided to 
undertake the Joint Electnc Power Alternatives Study (JEPAS) The goal of the JEPAS 
was to prowde a time-phased Investment program for the penod 1995-2000 on the basis 
of an objectlve assessment of Russia's electnc power sector alternatives through the year 
2010 A study objective was to find ways to meet h r e  electnclty demand in Russ~a in a 
reliable and econormc manner, consistent wth enwronmental and safety standards 

2 Ths Jomt Study has identified the strategc duections for the Russlan electnc power 
sector's development, mvestment requirements, and opportumtles for energy efficiency 
over the next fifteen years under two scenarios that daer  m their assumptions about the 
t ~ m g  and speed of Russia's economc recovery The Study addresses a broad range of 
issues afEectmg mvestment, such as the scope for more efficient advanced generatlon and 
end-use technologes, nuclear safety upgrades and decomrmss~oxung optlons, 
enwonmental standards, sources of financmg, and energy pohcy Impacts on mvestment 
cholces Ths Study is expected to have a major duence  on Russian power sector 
mvestment, including environment and safety conmderations, and to promde a basis for 
follow-on actlons by countnes and lnstltutions wth an Interest in Russia's economc 
hture 

3 The two scenanos considered ln ths Study were based on two mews of Russlan 
economc performance and electnclty demand, set forth m the Russzun Energy Spategy 
(1Ma1n Dzrectzons), and on a set of assumptions regardmg the pace and degree of success 
of measures to control inflation and reform the economy Investment and fbel 
requlrements were estmated using two p l m n g  models Fmancing requuements were 
calculated fiom the total costs of the mvestments, and potential domestlc and foreign 
sources of finance were identified All of the scenanos and financing requirements are 
based on assumptions about future developments of the Russla economy whch are subject 
to uncertatntles, and the team has prepared an investment strategy that addresses the man 
elements of uncertamty As the fbture d~rection of reform in Russia and its rate of 
evolution to a market economy become clearer, it wdl be necessary to undertake penodlc 
re-evaluat~ons of Investment pnonties 

4 Russia cu~ently has 2 15 Ggawatts (GW) of generatlon capacity, of whch 20 1 GW are 
mcluded m the Integrated Power System (IPS) With the IPS, 80 GW (600 umts) of 
fosd thermal plants and 8 GW of nuclear capacity wdl reach the end of their service hfe 
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by the year 2010 Ftgure 1 shows the poss~ble evolut~on of the Integrated Power System's 
generatmg capac~ty accord~ng to the estabhshed schedule for power plant retirements 
Thls calculabon d ~ d  not take Into account hfe extensions, rehabllltat~ons or additions of 
new plants Supenmposed on ths plant retirement pattern are the two scenarios for 
electnc~ty demand that form the baas of the two "Reference Casesy7 used In the Jolnt 
Study Russia as a whole remans comfortably in surplus for the next four to seven years, 
depending on demand growth However, the same IS not true for the North Caucasus, 
Urais, Transbmkal~a and a few other reglons, whlch are already in defic~t 

F~gure 1 
Effectwe Capac~ty Reduct~on Dynam~cs for Russ~a's Power Plants 

Thermal 

2000 2005 
Year 

- 

Projected capaclty - High Demand 
\ 

Note The effechve capacity a deterrmned by adjusting the actual rnstalled capaclty by an amount equal to the 
fi-actxon of total capaclty that is hlstoncally out of service due to routme maintenance or equ~pment 
fallures The adjustment factor used m thls study IS 13 % 

- 

- 
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JOINT ELECTRIC POWER ALTERNATIVES STUDY VIP SUMMARY ~3 

5 The JEPAS confirmed the unportance of the firther development of Russia's electnc 
power sector m assunng rts economc development and socro-economc stabhty dunng 
ths  penod of transition The principal conclusrons of the JEPAS are consistent w~th the 
unportance gven to the electnc power sector rn the Ruman Energy Strategy The Study 
indrcates the need for support from the international financral commumty dunng 1995 
through 1997 for high-pnonty projects costmg apprownately $2-4 bllhon 

6 The JEPAS analysis rndicates the follounng ranlung of pnontres dunng the penod 1995- 
2000 (1) mprovements in the efficiency of electncrty end-use, (2) nuclear safety 
upgrades, particularly for first-generation nuclear power reactors where approved by the 
regulator, (3) hrther development of the Integrated Power System through the expansion 
and strengthemng of rnter-regonal and intra-regonal transmssron, partrcularly between 
surplus and deficit areas, and the moderntzrng of controlldispatch centers, (4) thermal 
plant modematron and rehabhtation usmg unproved technology, with the consrderatron 
of Me extensron optrons, (5) completion of those nuclear power plants that are m 
advanced stages of construction, (6) constructron of new gas-fired sunple cycle and 
combined cycle plants, and (7) completron of detaded design for new-generatron nuclear 
power plants to enable their certlficabon by regulatory authontres 

7 The Study's analysis also shows that dunng the penod 2000-2005, rt wrll be 
increasingly unportant to complete large under-constructron hydroelectnc plants, to 
construct clean coal generabon plants, and to construct new-generation nuclear power 
plants A pnonty of Russra's long-term screntdic and technologcal pohcy should be the 
development of new-generatron design NP 500 and NP 1000 nuclear power plants and 
cleaner coal power umts as well as developing the potential for theu manufacturing, to 
provlde for the comrmssronlng by 2010 of new nuclear capacrty and of enwronmentally- 
cleaner coal fired umts 

Energy EfHency 

8 The JEPAS analysis shows that energy efficrency should be gven a hgh pnonty There 
IS a large potentral for energy efficrency improvements throughout the Russran economy 
Power consumption could be reduced by up to 29 billion Mowatt hours (bkWh) by the 
year 2000 and 112 bkWh per year by the year 2010, just by rnstalhng efficrent end-use 
technologes 

9 The energy efficiency savlngs noted above could be acheved at relatrvely low cost The 
average hfe cycle costs of the recommended energy efficrency measures is apprownately 
one cent per kwh saved, and 90% of all measures recommended have hfe cycle costs of 
less than two cents per kWh saved Although the cost of replacrng outdated equipment 
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wth  new equpment IS hgh, the incremental cost caused by usmg energy-effic~ent 
equpment is relatively low and easlly justdied economcally 

10 In order to unplement energy effictency programs, adhtronal mvestrnents of $2-3 
bdhon wdl be requued over the penod up to 2000 dependmg on power demand levels, half 
of th s  amount d be needed m 1995-1997 It 1s equally unportant to undertake 
regulatory, lnstltutional, legal and economc measures m order to develop and unplement 
effective programs To be most  success^ energy effiaency programs should be designed 
for umque local conditions In the near future, legslabon on energy conservation should 
be passed Government support for energy efficiency should mclude tax and customs 
duties-based mcentlves, loans and accelerated depreciation 

Thermal Power 

11 The JEPAS modehng results mdicate that 49 0 and 47 1 GW -- hgh demand and low 
demand, respectively -- of reconstructed thermal generatmg capacity (conventional power 
plants and comblned heat and power plants) 1s needed 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 200 1 

12 The JEPAS modellng results also mdlcate that 69 2 and 27 4 GW of new thermal 
generatmg capac~ty wdl be reqwed to be mstalled through the year 2010 under hgh and 
low demand growth, respectively Under hlgh demand growth, 19 2 GW would be 
Installed through the year 2000, whle 3 5 GW is requred lfdemand growth is slower 
dumg the same penod Gwen the lead tune for the construction of new plants, these 
results mdlcate the need for an aggressive development and lmplementatlon program, 
particularly If demand nses quickly On a regonal basis, near-term new plant capaclty 1s 
needed m the North Caucasus, Urals, and Transbahha regions RAO EES Rossii, 
Kubanenergo and others are formulatmg plans to build modern gas-fired combined cycle 
umts in the North Caucasus 

13 The full rehabhtabon of thermal plants that are scheduled to be retired wll play a 
sigmficant role m meetmg hture power need, however, the investment costs are 
si&cant Llfe extension provides an opportumty to reduce Investment requuements 
dumg the penod under consideration Therefore, plant-level evaluations of rehabilitation 
and Me extension options are recommended for thermal power plants 

14 New, more stmgent environmental standards are bemg developed for thermal power 
plants These standards should allow for d~fferentiation among new, exlstmg and 
rehablhtated thermal plants Programs should be developed to 1) identlfjr the best 
emssion reduction technologes for each plant, 2) provide support for domestic 
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production of those technologies, and 3) employ contrnuous emsslon momtomg 
equipment to ensure comphance wth emsslon h t s  

15 Advanced technologes such as gas turbme combmed cycles and cuculatmg fluld bed 
bollers should be given senous conaderatron to unprove thermal efficiencies and 
enwonmental performance, and to take advantage of the avadabhty of low-quahty sohd 
fbel Developmg manufactumg capabhty for these advanced technologes, through joint 
ventures or other means, should be firther encouraged 

Nuclear Energy 

16 The JEPAS has confirmed the important contnbutlon nuclear power makes to the 
Russlan electnc power sector The JEPAS found that future mvestment m the power 
sector should mclude Investments m nuclear power plant upgrades, plant completions, new 
evoluttonary plant designs, and where appropnate, decomssionlng of first-generation 
reactors 

17 The JEPAS found that mvestments m nuclear power plant safety upgrades are 
competltlve wth Investments m alternatlve power sources It is economc to contmue the 
operatlon of most exlstlng nuclear power plants mth the completron of safety upgrades 
evaluated m thls Study and where approved by the nuclear regulatory agency, 
Gosatomnadzor The implementation of such safety upgrades could encourage forergn 
mvestment m Russia's nuclear power sector In the imtial study penod, mvestments m 
safety upgrades of the exlstmg nuclear power plants are conadered as a pnonty whether 
demand growth u hgh or low 

18 The JEPAS shows that, mth the scheduled semce We r e m m g ,  ~t 1s not economc to 
unplement all of the safety upgrades evaluated m the Study for Kola 1 and 2 and 
Novorovonezh 3 and 4 (and Lemngrad-1 lf demand growth IS low) The d e c o m s s ~ o m g  
of these umts should be consrdered comprehensrvely, on the basts of local area conditions 
and on a ate-speclfic bas~s 

19 New nuclear capaclty was found to be an economc supply optlon in some regons 
The completion and comssiomng of Rostov 1 and Kalimn 3 have been identified as 
pnontles for mvestment 

20 The legslatrve basis requued to support the safe development and operatlon of nuclear 
power m Rusma should be completed as soon as possible 
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21 Eight exlsixng hydro power plants have been identaed for rehabhtation to p e m t  theu 
contmued operation after 2000 These plants' rehabfitation would cost approxrmately 
$900 d o n  between 1995 and 2001 Detaded designs, cost estunates and financing plans 
should be prepared for hydro rehabditation projects that are vlable under regonal least- 
cost plans The compldon of sur plants under construmon and three new plants were also 
identdied as potenbal Investments at a cost of $4 8 bdhon 

Transnusszon and Drspatch 

22 Russia's transmssion system needs to be modemed to provlde for hgher efficiency 
and the abdity to transfer power among regons for the ultunate development of an 
electncity market Intra-regonal and mter-regonal transmssion projectdprograms have 
been identified for pnonty mvestment, two of whch are descnbed below 

23 Two pnonty transmsslon projects are recommended m the North-West Regon and 
for interties among the Middle Volga, Center and North Caucasus regons The North- 
West Regon re~nforcement projects, at an apprornmate cost of $775 d o n ,  consist of 
330 kV and 750 kV h e s  complete wth substabons, and are designed to strengthen the 
supply to the nuclear plants The second pnonty project (four-500 kV h e s  at a cost of 
$430 d o n )  has been planned and at present is m the lrnplementation phase It wll 
remforce the Internal systems of the Middle Volga and Center regons to enable increased 
transfers to the North Caucasus and Center regtons 

24 A detaded study is recommended to evaluate the construction of a hgh-voltage 
transmssion h e  of 3-6 GW capacity between Sibena and Center regons 

25 Some upgrades are urgently needed for the control, cornmumcations and dispatch 
systems of the Integrated Power System due to madequate technology Two control and 
dispatch projects have been pnontlzed for early mvestment, namely the Central Dispatch 
Office and the North-West Dispatch Center for an aggregate cost of $80 nullion Such 
upgrades wdl accommodate smlar upgrades in other regtons of the IPS 

Projected Electric Power Generation 

26 The amount of electncity generated fiom natural gas is expected to nse signtficantly 
under both scenanos because generation fiom natural gas using combined cycle and simple 
cycle technologes is economcally competitive in many regions of Russia Generation 
from hydroelectric sources 1s also expected to mcrease in both scenanos, but by a much 
smaller amount Nuclear generation is expected to Increase in both scenanos until the year 
2000, in the hgh demand scenmo it 4 1  increase slightly after 2000, whle in the low 
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demand scenano it wdl deche after 2000 Coal use wdl deche m both scenarios Flgure 2 
shows estimates of electriaty generation by he1 source over the penod of the study, as 
Indicated by the U S model for the high demand scenano For the low demand scenano a 
s d a r  trend is expected, but at a slower rate 

Figure 2 
Electricity Output by Fuel Type (High Demand) 

Gas & Llquld Coal 
Hydro Nuclear 

Russrii9s PREFERRED INVESTMENT PROGRAM FOR THE POWER 
SECTOR 

27 The Rusaan side recogmzes the value and unportance of the results of the Joint Study, 
and has developed a Preferred Investment Program based upon the JEPAS Ths program 
adapts the JEPAS results to take account of (1) constramts on the avsuiabhty of 
Investment capital over the next five years, (2) socio-economc policies wth respect to 
employment In the fbel and energy complex, and (3) energy pohcy mth respect to 
domestic and export uses of natural gas The Russian slde anticipates that technology 
investments wll be made along the l~nes lndlcated in Table 1, but that final decisions on 
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lndlvldual power sector projects wll result fiom a blend of mvestor preferences and 
governmental mcentlves, mcludlng research and development 

Table 1 
Capac~ty Add~t~ons and Replacements for the IPS 

for the Preferred Investment Program (GW) 

* mcludrng rehablitahon usmg s~rnple-cycle gas turbmes 

Fznance 

ALL TYPES 

New u t s  

Rehablttahons and 
UpfPdes 

Total A ~ ~ I ~ I O I M  

Hydroelectric Plants 
Total 

Nuclear Power Plants 
Total 

Thermal Heat and Power 
Plants 

New Umts 

Rehablltahons and 
upgrades 

Total AddItIons 

Conventmd Thermal Plants 

New Uluts 

Rehabhtahons and 
upgrades 

Total AddItIons 

28 The amount of financing requred over the next five years could range fiom $12 to $34 
brhon , depending primarily on the demand for electnc~ty Detals of the Investment 

2001-2005 

HIGH Low 

JEPAS Flnal Report 
June 1995 

DEMAND 

10 - 12 9 

27-276 

37 -40 5 

2 - 2 3  

2 7 - 3 3  

3 8 - 4 4  

12 - 12 6 

15 8 - 17 0 

2 - 2 9  

14 5 - 15 0 

16 5 - 17 9 

1995-2000 

HIGH Low 
DEMAND 

9 3 - 1 1  

187-  19 

28 - 30 

2 1 - 2 5  

0 

6 0 

12 1 - 12 5 

18 1 - 18 5 

1 2 - 2  

6 6 - 7  

7 8 - 9  

DEMAND 

13 - 14 9 

17 - 17 6 

30-325 

0 6  

2 0  

7 4  

12 - 12 1 

19 5 

4 9 

5 - 5  5 

10 4 

DEMAND 

1 5 - 2  

7 

8 5 - 9  

0 4 

1 0  

0 1 - 0 6  

5 7 

5 8 - 6 3  

0 

1 3  

1 3  
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requuements are shown below in Table 2 Over ths  period, it 1s expected that the power 
sector vial need to generate 70-75% of its financing requuements fkom mternally- 
generated finds The tanfflncreases needed to cover the capital mvestment requlrements 
over the study period are estlrnated to be less than 1 cent per kwh, although debt 
financing would decrease the t d i m p a c t  m the near term It is estimated that the power 
sector wdl be able to obtatn up to approxunately 2530% of its capltal requlrements ($3- 
$10 bdhon) through external financing Table 3 prowdes detads on the sources of 
financmg for the electnc power sector 

Table 2 
Investment Requirements Indicated by the JEPAS F~ndings 

(% billion) 
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Subtotal I 7-8 I 4-8 

All Reqwrements 

1995 - 2000 

2001 - 2005 

Total 

26-34 

35-48 

61-81 

12-16 

20-33 

32-40 
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Table 3 
Expected Sources of F~nance 

29 The role of the Russlan Government In promotmg financmg for the power sector IS 

Important An Improved state system for the regulation of natural monopohes, whch 
prowdes for the settlng of electncrty and heat t d s  on both the federal and reponal 
levels, as well as for settmg appropnate legal and regulatory standards, IS needed 
Government declslons on the sale of power sector enterprises, the use of those proceeds, 
and the &re Industry structure wdl Influence the amount of fbnds avdable The 
whgness  of the government to prowde sovereign guarantees on forelgn loans wdl affect 
the amount of forelgn borrowmg avmlable, especially dumg the next three years Tax 
credlts, accelerated deprectatlon, and lower tax rates are needed to Implement the 
pmcrple of self-financmg m the power sector It IS also recommended that the part of 
retamed earnmgs which IS dlrected Into mvestment be made tax deductible, mcludmg the 
part whlch IS collected through centralized investment fbnds 

SOURCES OF FINANCING 

% fiom Borrowed Funds 

% F~nmced fiom Sales of Stock 

% fiom Internally Generated Funds 

Total 

30 Ths Study was orgaruzed Into jomt Russran/Amencan Worlung Groups and a Jomt 
Steemg C o m t t e e  responsible for the Study's overall dlrectlon The Steenng C o m t t e e  
mcluded representabves of the follomng Russlan Government orgmzatlons 

Muustry of Fuels and Energy 
Muustry of Atomc Energy 
Muustry of Economy 

1995-1997 1998-2000 2001-2005 

15% 20% 20% 

10% 10% 15% 

75% 70% 65% 

100% 100% 100% 
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13% 
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The Steemg Comfntttee Included the following U S Government organmttons 

Agency for Internaoonal Development 
Department of State 
Department of Energy 
Nuclear Regulatory Comssion 

3 1 In addition to the organnations represented on the Steenng Comrmttee, the followmg 
organnations contnbuted to the development of the JEPAS 

Workzng Group 1 
Krzhlzhanovsky Energy Power Institute (ENIN) 
Burns and Roe Enterpnses 
Resource Management Associates 
RCGIHagler Badly, Inc 

Workzng Group 2 
TeploEnergoProekt 
Burns and Roe Enterpnses 

Workmg Group 3 
RosEnerg o At om 
Inst~tute of Nuclear Reactors (Kurchatov InsOtute) 
AtomEnergoProekt 
GydroPress 
VNlIAES 
Brookhaven National Laboratones 
Raytheon Engneers and Contractors 
NUS-Hdhburton 

Workzng Group 4 
EnergoSetProekt 
Central Dispatch Center 
GdroProekt (Hydroproject Design Institute of Moscow) 
EnergoPromTechmca 
mgh Voltage Direct Current Transrmssion Research Inst~tute 
Harza Engmeenng 
Power Technologes, Inc 
Amencan Electnc Power Energy Servlces 
NRECA International 
Bums and Roe Enterpnses 
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Workang Group 5 
RAO EES Rossu 
Institute for Energy Research, Russian Academy of Sciences @RI) 
ENIN 
TeploEnergoProekt 
Kurchatov Institute 
Energo S etProekt 
Burns and Roe Enterprises 
ICF Resources, Inc 
RCG/Hagler Badly, Inc 

32 In addition, a number of independent consultants contributed to ths work, and other 
U S agencies participated as required for iformation, pohcy coordination and project 
~mplementatlon 
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THE JEPAS 

1 Following an agreement between Vlce President Gore and Pnme Mrntster 
Chernomyrdm In late 1993, the Russian Federatton and the Umted States decided to 
undertake the Jornt Electnc Power Alternatives Study (JEPAS), whose terms of reference 
included the followmg 

The Russlan electnc power sector wdl requlre major Investments over the 
c o m g  decades The sector's mam problems Include the hgh proportion of 
thermal generatmg plants whch are currently beyond thelr planned 
operational Me spans, doubts about the safety of older nuclear plants, and 
hghly tnefficlent patterns of electnclty use In the present state of the 
Russian economy, federal budget financing of power sector development 
has all but ended whlle new financtng mecharusms appropnate to a market 
economy have not yet developed 

The mternatlonal commumty, including the leaders of the G-7 group, 
attaches great Importance to jomt efforts In helplng to solve these 
problems Fundamental conditions of mvestment In ths  most important 
sector of the Russ~m economy should be identified on a pnonty basls 

2 Ths Jolnt Study has Identified Investment requirements for the Russlan electnc power 
sector and opportumtles for energy efficiency over the next fifteen years under two 
scenarios that differ m thelr assumptions about the timng and speed of Russ~a's economc 
recovery The Study addresses a broad range of Issues affecting investment, such as the 
scope for new advanced, more efficient generation and end-use technologes, nuclear 
safety upgrades and decomrmssiomng optlons, environmental standards, sources of 
financmg, and energy pohcy impacts on investment choices Ths Study IS expected to 
have a major influence on Russian power sector investment, ~ncludlng enwronment and 
safety consrderat~ons, and to prowde a basls for follow-on actions by countnes and 
mstitutlons wth an mterest m Russia's economc future Ths executive summary sets out 
recommendations for consideration by Vice President Gore and Pnme Mmster 
Chernomyrdrn 

3 The two governments formed five jolnt workmg groups of experts to carry out the 
analyt~cal work, supervised by an inter-governmental comrmttee compnstng concerned 
mmstnes and agencles The Study used two electnc power integrated p l m g  models 
that are complementary The Russ~an simulation model lncorporates 1) detatled expert 
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knowledge of the entue Rusaan power system 2) screerung analysrs of the cost- 
effectweness of supply and energy efficiency opbons, and 3) fie1 supply constramts and 
enwonmental impacts The American mtegrated resource planning model uses least-cost 
optlrmzation techmques to analyze the same set of rssues as the Russran model The Jomt 
Study uses the techcal flextbhty of the Amencan model to study the sensrtrvlty of 
answers to a wde range of economc uncertamtres and pohcy questrons Both srdes rn the 
Jornt Study recogme that whlle the model results do not detemne an mvestment plan for 
the Russran power sector, they are an important a d  to rts formulabon 

4 The data generated by the worlung groups were used m the two models to rdent1i;j the 
rmx of technologes that would be needed to meet Russra's electncity demand under two 
scenanos year-by-year through the year 2010 

5 The two scenanos considered in ths  Study were based on two mews of Russran 
economc performance and electnclty demand, set forth m the Russran Energy Strategy 
(Uarn Dzrecaons), and on a set of assumptrons regardtng the pace and degree of success 
of measures to control mflatron and reform the economy Trme-phased mvestment and fie1 
requrements were esbmated usmg the two p l m g  models Fmancmg requrements were 
calculated fiom the total costs of the mvestments, and potenbal domesbc and foreign 
sources of finance were rdentdied All of the scenanos and financmg requuements are 
based on assumptrons about future developments of the Russran economy that are subject 
to uncertamties, and the team has prepared an mvestment strategy that addresses the mam 
elements of uncertanty As the fiiture d r m o n  of reform and the rate of evolutron to a 
market economy become clearer, a w11 be necessary to undertake penodrc re-evaluatrons 
of mvestment pnontres 

6 Russia's mstalled generatmg capacity m 1994 was 21 5 GW, of whch 2 1% was 
hydroelectric (45 GW), 10% was nuclear (21 GW), and 69% was fossd-fired thermal (149 
GW), mcludmg 73 GW of combrned heat and power (CHI?) statrons Natural gas provldes 
65% of the fuel required by fossrl thermal plants, coal prowdes 25% and resrdual he1 011 
(rnazut) prowdes 10% In 1990, Russia's per caprta electnclty consumption was 5,360 
kwh, s r d a r  rn magmtude to that of France (5,350 kwh) or Japan (6,140 kwh), but well 
below that of Canada and the Umted States 

7 Industry's share of final electricrty consumptron m Russra dropped from 67% m 1980 to 
56% m 1993 In the Utllted States the comparable figure is 27%, m Japan 52%, and m 
Germany 42% In Russra, agrtculture used 13% of electncrty, transport used 10% and 
other sectors, mcluding bu~ldmgs, used 10% m 1993 
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8 The Integrated Power System (IPS) is composed of seven reponal power systems the 
North-West, Center, Middle Volga, North Caucasus, Urals (mcludmg Tyumen), Slbena, 
and the Far East The first SIX of these are mterconnected through a transmsslon network 
wrth lmes rated at 330 kV and above The IPS spans 9,000 km west to east and SIX tune 
zones (see Figure 1) The Russian electncrty mdustry IS made up of 5 1 large generators, 
72 regonal "A0 Energos" that provlde d~stnbution, as well as electncity and heat 
production, and the transrmssron and dlspatch operauons Th~s mdustry IS currently m the 
process of bemg restructured and pnvatued to create a more efficient sector based on the 
pnncnples of competition 

9 Out of the exlstlng generation capacity, 80 GW (600 umts) of fossd thermal plants and 
8 GW of nuclear capacity wll reach the end of then servlce llfe by the year 2010 Flgure 2 
shows the possible evolution of all generatmg capacity according to the established 
schedule of power plant retuements Ths calculation dld not take Into account llfe 
extensions, rehabllitatlons or addltlons of new plants Supemposed on thls plant 
retirement pattern are the two scenarios for electricity demand that form the basls of the 
Jomt Study Russla as a whole remans comfortably m surplus for the next four to seven 
years, dependmg on demand growth However, the same IS not true for the North 
Caucasus, Urals, Transbakaha and a few other regons, whch are already m deficrt 
Figure 3 shows the pattern of capaclty retuement on a reponal basis 
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Flgure 2 
Effective Capac~ty Reduct~on Dynamlcs for Russia's Power Plants 

Thermal 

- 

Projected capacrty - Hqh Demand 

Effechve Capacity 

2000 2005 
Year 

- 

- 

Note The effectwe capacity is determined by adjustmg the actual Installed capacity by an amount equal to the 
hcbon of total capacity that is hlstoncally out of s m c e  due to routme mamtenance or equprnent 
failures The adjustment factor used m h s  study is 13 % 

Hydro 

Nuclear 
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Frgure 3 
Available Electnc Generat~ng Capacrty by Regrona (1994-2010) 

Msddle Volga U d r  la T~umen 

Stbma Nmtb-Weat North C.ncu\u 

F u E u t  Centor 

Note *Awlable capacity reflects currently installed capacity and its deche resultmg fiom scheduled 
retuement The figure shown for end-1 994 does not mclude capacity m isolated systems, but does 
mcluk nuclear generatmg capacity to be removed from service for safety upgrades 

ELECTRICITY DEMAND AND RUSSIA'S OPTIONS TO MEET DEMAND 

10 The htgh reputabon of Russ~a's electnc power Industry IS bullt on prowdmg a rehable 
supply to meet the needs of the economy Ths dlctates the need to project and ensure 
Investments m generation, transmssion and energy efficlency that d be sufficient to meet 
future demand In a rehable, safe and enwonmentally sound manner Under-mvestment 
could leave the country unable to meet all demand, whde over-mvestment would be a 
rmsuse of scarce financial resources whose cost would be borne by users Vanatlons m the 
t ~ m g  and shape of Russia's recovery from economc depression and d~slocat~on must be 
taken mto account In estmatlng Investment needs, and ths  Study has used two electnclty 
demand scenmos taken from the Russzan Energy Strategyy whch was adopted m 1994 
These demand scenanos have embedded In them no costnow cost energy efficlency 
measures as well as energy conservation resultmg from structural changes ln the Russ~an 
economy 
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t Demand Scenano A Wzgh Demand) is based on an official Russian 
economc forecast that assumes a quick turnaround, mth recovery startmg 
in 1997 and GDP reachmg its 1990 level by the year 2004 

t Demand Scenuno B (Zow Demand) is based on an official Russian 
economtc forecast that assumes recovery mtght not start until 2000, and 
that by 20 10 the GDP would only have reached just over 70% of its 1990 
level 

t Fuel and elecfncrfypnces are assumed m the Study to nse to levels 
needed to cover production costs and provlde a return to Investors An 
analysis of the impact of domestic pnces at world levels was also 
conducted 

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

b Energy Efic~ency - Workmg Group 1 

New, more efficient electnc~ty-usmg technologes (lightmg, motors, 
etc ) and therr hkely implementation schedule 

b Fossrl Thermal Generation - Workmg Group 2 

o Rehabhtation and modertuzation, mcluding combined cycle and 
advanced combustion technologes 
Lfie extension 
Construction of new coal and gas power plants 
Fuel swtchmg (re-powemg) and modermzation 
Emssion control technologes 

b Nuclear Power Generation - Worlung Group 3 

Safety upgrades to first-generation reactors (RBMK and VVER 
440-230) to allow them to operate untll the end of therr servlce 
lives 

o Russian and U S decomrmssio~ng practices for first-generation 
reactors 
Re-powenng of the Rostov 1 reactor as a fossil-fired umt 

o Completion of the Kalimn 3 umt 
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EXECUTIVE SUMIvlARY b 8 

Safety upgrades to operatmg VVER 44012 13 and 1000 reactors 
Construction of new-generation NP-500 reactors 

b Hydroelectric Generat~on - Workmg Group 4 

Completion of on-gomg rehabllrtatron at four plants 
Rehabrlrtatron of four addrtronal plants 
Completron of SIX plants now under constructron 

0 Constructron of three new plants 

› Transmrss~on, D~spatch and Control - Workmg Group 4 

o Reinforcement of exlsting inter-regonal connectrons 
o Improvement of system network control wthm regons 
o Improvement of distnbutlon network to reduce losses 

12 The JEPAS confirmed the rmportance of the krther development of Russra's electnc 
power sector in assunng rts economc development and socro-economc stabhty dumg 
ths penod of transitron The pnnclpal conclusrons of the JEPAS are consistent wth the 
unportance gven to the electnc power sector in the Russzm Energy Strategy The Study 
indrcates that rt would be rmportant for Russra to undertake certam hgh-pnonty projects 
on a tune-phased basrs over the next 10- 15 years to maxlmue the effectrveness of ~ t s  
power sector and energy efficiency mvestment decrsions The amount of financmg 
requlred over the next ten years could range from $32 to $8 1 bdhon, dependmg on the 
demand for electncity The Study also indicates the need for support from the 
international financral commumty dunng 1995 through 1997 for hgh-pnonty projects 
costlng apprownately $2-4 blllron 

13 The JEPAS analysis mdicates the followng ranlung of pnones dunng the penod 1995- 
2000 1) improvements m the efficiency of electncity end-use 2) nuclear safety upgrades, 
partrcularly for first-generation nuclear power reactors where approved by the regulator 3) 
further development of the Integrated Power System through the expansron and 
strengthenmg of inter-regonal and intra-regonal transmsslon, particularly between 
surplus and deficit areas, and the modemrung of controVdrspatch centers, 4) fossd thermal 
plant moderntzation and rehabilitation uslng unproved technology, mth the consideration 
of life extension optlons, 5) completion of those nuclear power plants that are in advanced 
stages of construction, 6) constructron of new gas-fired srmple cycle and combrned cycle 
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EXECUTIVE STJMMARY. 9 

plants, and 7) completion of the detiuled design for new generation nuclear power plants 
to enable theu certification by regulatory authonties 

14 The Study's analysis also shows that dunng the penod 2000-2005, it wd1 be 
mcreasingly nnportant to complete large under-construmon hydroelectnc plants, to 
construct clean coal generation plants, and to construct new-generation nuclear power 
plants A pnonty of Russia's long-term scientific and technolo~cal pohcy should be the 
development of new-generation design NP 500 and NP 1000 nuclear power plants and 
cleaner coal power umts as well as developmg the potential for thelr manufacturing, to 
provlde for the comrmssiomng by 2010 of new nuclear capacity and of enwonrnentally- 
cleaner coal fired umts 

Energy Efficzency 

15 The JEPAS analysis shows that energy efficiency should be gven a hgh pnonty 
There is a large potential for energy efficiency nnprovements throughout the Russian 
economy Power consumpbon could be reduced by up to 29 bdhon lalowatt-hours 
(bkWh) by the year 2000 and 112 bkWh per year by the year 2010, just by mstallmg 
efficient end-use technologes (see Table 1) In all sectors of the Russian economy, a 
si&cant portion of the savlngs potential is associated wth hghtmg and motors 
improvements The changes m the demand for and use of electricity wdl vary m different 
semce areas of the A 0  Energos, dependmg upon the effect of economc restructuring on 
local economc actiwbes To be most successfil, energy efficiency programs must be 
designed for these umque local conditions 

16 The energy efficiency savmgs noted above could be acheved at relatively low cost 
The average We cycle costs of energy saved by the measures recommended m ths study is 
approxunately one U S cent per kWh Although the cost of replacmg of outdated 
equipment wth new equrpment is hgh, the mcremental cost caused by usmg new energy- 
efficient equipment is relatively low and easily justified economcally (see Table 2) 
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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) 

1 "Incremental cost" is the dfierence m cost between replacement wth energy- 
efficlent equpment versus replacement m h d  

2 The above numbers do not mclude energy savings resultmg from lowcost~nocost measures, 
and fiom structural changes m the Russlan economy 

Table 2 
Costs of lllustratme Demand-S~de Measures 

Note 1 The costs presented for the illustratwe measures are the total mcremental wsts of the measures 
&wded by thm cumulahve energy savlngs 

2 A negatlve value mdicates that use of the energy efficiency technology wdl reduce costs m 
addhon to savlng energy 

Descnphon of Measure 

Adjustable Speed Dnve Motors 
> 13 5 horsepower 

Compact Fluorescent Bulbs 

Recuperahve Bra& 

Mercury Lamps & FumUes 

Adjustable Speed Dnve Water 
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Seetor 

Industrial 

Residential 

Transport 

Agriculture 

Service 

cost' 
(Ym) 

2 05 

3 02 

1 17 

- 0 562 

1 94 

savmgs m 2010 
Under Hqh Demand 

10 4 bkwh 

9 7 bkWh 

1 5 bkwh 

2 3 bkWh 

3 9 bkwh 



17 At present, there are some barners to the mstallation of efficrent technologes Energy- 
efficrent equrpment is not always avdable m Russra There IS a consrderable shortage of 
financrng avdable for energy efficrency 

18 Pnonty should be gven to rnvestments to develop the capabrlity for mass producmg 
energy-efficrent motors and new lrghtmg technologes (such as compact fluorescent bulbs 
and metal hahde Itghts), as well as unplementmg new manufacturing methods (I e , process 
changes) for o l  and chemcal plants usmg hgh-quahty catalysts Demonstratron projects 
for energy-efficrent technologes should be estabhshed and asnstance provlded for 
carrylng out energy audrts Investments should also be made to set up information and 
tramng programs in the area of energy savlngs 

19 Regulatory, mstitubonal and economc measures must be undertaken before energy 
efficrency programs can be rmplemented In the near future, the Law on Energy 
Conservation must be passed Government support for energy efficrency should include 
tax and customs duties-based incentives and loans and accelerated depreciation 

Supply Alternahves 

20 The JEPAS Worlung Groups identltied and screened an array of mvestment options 
lncludmg 1) energy efficrency mprovements m the mdustnal, readentral, transportatron, 
apculture, and semces sectors, 2) thermal power plant modermzation, conversion, fuel 
switchmg, Me extensron, and new plant completrons, 3) the completron, safety upgrade, 
andlor decomrmssionmg of nuclear plants, 4) the rehabhtahon, modermzation and 
expansron of exlstrng hydro plants and the construction of new hydro plants, and 5) 
transmssron and dispatch projects Table 3 provldes illustrative capital costs for selected 
generation capacity additions 
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Table 3 
Illustrative Resource Costs Used la JEPAS Modeling 

Thermal Power 

2 1 Some 79 GW of exlsting thermal plant capacity, whch is evenly divlded between CPP 
and CHP umts, wdl reach the end of its servlce Me by the year 2010 Thls re tmg capacity 
represents 40% of the current total electric generating capacity wthm Russia More than 
54 GW of this capacity is located in three repons -- the Center, the Urals and Sibena 
Apprownately 39 GW of the retinng capacity wll have reached the end of lts life by the 
year 2000 and more than 13 GW of ths  total has already reached its maxlmum design llfe 

2010 

Cap~tal Cmb 
SAW 

1995 

Capital Cmb 
skw 

22 The mrdehg results indicate that new and reconstructed thermal power plants would 
account for 7580% of the total generating capacity to be Installed 

2000 

Capital Costs 
skw 

23 Under hgh demand growth, about 28 GW of Russia's generating capacity would be 
Installed through the year 2000, whle 9 GW would be requlred if demand growth is 
slower dumg the same penod Gven the lead tunes for the construction of new plants and 
the reconstruction of exlstmg capacit~es, these results dictate the urgent need for an 
aggressive development program Near-term new plant capacity is needed in the North 
Caucasus, Urals and Transbalkalia 

New Plants 
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Pulverized Coal 
Comblncd Cycle 

Hydro 

Nuclear 

942 
682 

924 to 1 590 

1 144 

Modemzabons 

1,083 
782 

1,146 to 1 972 

1281 

CPP (01VGas) 

CPP (Coal) 

CHP (WGas) 

CHP (Coal) 

1 486 
988 

1 737 to 2 989 

1 970 

AU costs arc expressed m January 1994 U S  dollars 

552 

552 

455 

619 

623 

661 

545 

776 

787 

938 

747 

1,121 



24 The North Caucasus is an example of a regon mth sigdlcant near-term need for 
additional power generabon capacity Ths need has resulted from the retirement of older 
thermal umts and fiom the loss of power supphed vla Ukrame At the North Caucasus 
sub-regonal level, the Krasnodar Kra~ (Kubanenergo) has the largest self-generatmg 
capacity deficiency m the regon Cogtuzant of this need, RAO EES Rossu, Kubanenergo 
and others have formulated plans to budd modem gas-fired combmed cycle umts m the 
Kubanenergo system The modeling results support this approach Such a project would 
also serve as a major demonstration of ths hghly efficient and enwronmentally sound 
technology, and as a bluepnnt for rephca~on m other parts of Rusna 

25 The rehabilitation of thermal plants that are scheduled to be retued mll play a 
sipficant role in meetmg b r e  power needs, however, the ~nvestment costs are 
sigmficant Llfe extension provides an opportumty to reduce investment requirements 
Therefore, plant-level evaluations of rehabditation and life extension options are 
recommended for thermal power plants 

26 Russia is on the verge of promulgating enwronmental emssion standards The present 
institutional framework for momtonng and enforcement is stdl evolvmg New, more 
stnngent enwonmental standards are bemg developed for thermal power plants These 
standards should allow for differentiation among new, exlstmg and rehabhtated thermal 
plants Programs should be developed to 1) identlfy the best emssion reduction 
technologes for each plant and 2) prowde support for the domestic production of those 
technologes For coal-fired plants, technologes such as low-NO, burners, fabnc filters for 
particulate collection, flue gas desufirrzation and cuculatmg fluid bed bollers should all be 
considered Contmuous emssion momtonng equipment should be employed to ensure 
comphance w~th emssion limts 

27 Advanced technologes such as gas turbine combmed cycles and circulatmg fluid bed 
boders should be gven senous consideration to improve thermal efficiencies and 
enwronmental performance, and to take advantage of the avulabhty of low-quahty sohd 
fuel Developmg manufacturing capabihty for these advanced technologes, through joint 
ventures or other means, should be fbrther encouraged 

Nuclear Energy 

28 The Russzan Energy Strategy emphasrzes the Importance of nuclear power in Russia's 
economc development under the new conditions Nuclear power plays a sipficant role in 
the country's development The JEPAS has confirmed the important contnbution that 
nuclear power makes to the Russian power sector The Study found that hture mvestment 
in the power sector should include investments in nuclear power plant upgrades, plant 
completions, evolutionary plant designs, and where appropnate, decomrmssiomng 
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29 The JEPAS found that mvestments m nuclear power plant safety upgrades are 
cornpetitwe wth mvestments m alternative energy sources It IS economc to contmue the 
operation of most exlstmg nuclear power plants wth the completion of safety upgrades 
evaluated m ths  Study and where approved by regulatory authority The mplementation 
of such safety upgrades could encourage foreign mvestment m Russia's nuclear power 
sector In the mtial study penod, mvestments m safety upgrades of the exlstmg nuclear 
power plants are considered as a pnonty whether demand growth 1s hgh or low 

30 The JEPAS shows that, wth the scheduled semce Me remsunmg, it is not economc to 
mplement 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 decomssio~ung 
of these umts should be conadered comprehensively, on the baas of local area conditions 
and on a site-specific basis 

3 1 The completion and comrmssiomng of Rostov 1, Kursk 5, K a h n  3, and Balakovo 5 
and 6 should be considered m the context of regonal least-cost plans and follomg theu 
full safety revlew Rostov 1 and K h  3 have been identified as pnonties for investment 

32 New nuclear capacity was found to be an economc supply option m some repons 
The design of the NP-500 and NP-1000 evolutionary reactors, whch wdl be the basis for 
the -re development of the nuclear energy sector, should be developed to a sufficient 
level of detad so as to p e m t  theu certlficat~on by the regulatory body 

33 Legslation requued to support the safe development and operation of nuclear power 
m Russia should be completed as soon as possible 

34 W e  the JEPAS estmated the cost of nuclear power plant safety upgrades, it did not 
quantlfjr the safety signtficance of each of these upgrade measures There are, however, 
exlstmg studies conducted both in Russia and mternationally that have assessed the safety 
sigdicance of many of these upgrades It may be usehl to conduct a new study, 
combmg the results of the above work, to look at the question of how to maxlmze the 
safety benefit of Investments m safety upgrades wthm the hmtations of the avalable 
financmg, and to assess the level of safety improvement denved from implementing each 
measure 

Hydro 

35 Eight exlsting hydro power plants have been identified as eligble for rehabilitation to 
p e m t  theu contmued operation after 2000 These plants' rehabihtation would cost 
approxunately $900 d o n  between 1995 and 2001 Detaded designs, cost estimates and 
financmg plans should be prepared for hydro rehabilitation projects that are vlable under 
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regonal least-cost plans The compl&on of SIX plants under construction and three new 
plants were also identfied as potent~al Investments at a cost of $4 8 bdhon 

Transmisston and Drspatch 

36 Rusaa's transmssion system needs to be modemed to provlde for htgher efficrency 
and the abhty to transfer power among regons for the ultmate development of an 
electncity market Intra-regronal and mter-regronal transmssion projectdprograms have 
been ident~fied for pnonty rnvestment, two of whch are descnbed below 

37 Two pnonty transmssion projects are recommended m the North-West Regon and 
for rnterties among the Wddle Volga, Center and North Caucasus repons The North- 
West Regon remforcement projects, at an approximate cost of $775 mllion, consist of 
330 kV and 750 kV lmes complete wth substations, and are designed to strengthen the 
supply to the nuclear plants The second pnonty project (four-500 kV lmes at a cost of 
$430 d o n )  has been planned and at present IS m the unplementation phase It wdl 
reinforce the internal systems of the Wddle Volga and Center regons to enable mcreased 
transfers to the North Caucasus and Center regons 

3 8 A detaded study is recommended to evaluate the construction of a hgh-voltage 
transmssron lme of 3-6 GW capacrty between Sibena and Center regons 

3 9 Some upgrades are urgently needed for the control, communlcatrons and dispatch 
systems of the Integrated Power System due to madequate technology Two control and 
dispatch projects have been pnontued for early mvestment, namely the Central Dispatch 
Office and the North-West Drspatch Center for an aggregate cost of $80 d o n  Such 
upgrades wdl accommodate simlar upgrades m other regrons of the IPS 

Projected Elecfnc Power Generatron 

40 The amount of electrrcrty generated from natural gas is expected to nse sigmficantly 
under both scenanos because generatron fiom natural gas usmg combmed cycle and simple 
cycle technologres IS economcally competrtrve in many regons of Russra Generatron 
fiom hydroelectnc sources IS also expected to increase rn both scenanos, but by a much 
smaller amount Nuclear generation is expected to increase m both scenanos until the year 
2000, m the hgh demand scenano rt wll Increase shghtly after 2000, whde m the low 
demand scenano it wll declme after 2000 Coal use wll declme m both scenanos Frgure 4 
shows estmates of electncrty generatron by fuel source over the penod of the study, as 
indicated by the U S model for the hlgh demand scenano For the low demand scenano a 
simlar trend IS expected, but at a slower rate 
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F~gure 4 
Electnc~ty Output by Fuel Type (H~gh Demand) 

Gas & Liquid Coal 
Hydro Nuclear 

RUSSIA'S PREFERRED INVESTMENT PROGRAM FOR THE POWER SECTOR 

4 1 The Russian ade r e c o p e s  the value and importance of the results of the Jolnt Study, 
and has developed a Preferred Investment Program based upon the JEPAS Thls program 
adapts the JEPAS results to take account of (1) constrants on the avadabllity of 
Investment capltal over the next five years, (2) soclo-economc pohcies wth respect to 
employment m the fuel and energy complex, and (3) energy pohcy wrth respect to 
domes~c and export uses of natural gas The Russian s~de antlclpates that technology 
mvestments wdl be made along the lines Indicated in Table 4, but that final decisions on 
mdlvldual power sector projects w11 result fiom a blend of Investor preferences and 
governmental mcentlves, including research and development 
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Table 4 
Capacrty Addrtrons and Replacements for the IPS 

for the Preferred Investment Program (GW) 

* m c l h g  rehabihtatlon usmg slmple-cycle gas turbmes 

Fznance 

ALL TYPES 

New ulllts 

Rehabilltahons and 
upgrades 

Total Addihons 

Hydroelectric Plants 
Total 

Nuclear Power Plants 
Total 

Thermal Heat and Power 
P h t s  

New Umts 

Rehabhtahons and 
upgrades 

Total Ad&t.~ons 

Convenhonal Thennd Plants 

New Umts 

Rehabihtations and 
Upgrades * 

Total Adchhons 

42 It is difficult for lenders to assess the creditworthmess of potential borrowers in 
Russ~a's electnc power Industry A legal and regulatory system for the new industry 
structure is not yet in place The non-payments problem remans (for some compames 
45% of bllhgs are unpad), although there are mechamsms such as bllls of exchange and 
barter to overcome short-term difficulties At present there is no long-term lending in 
rubles, and short-term annual rates are measured m hundreds of percent Pumtive taxes, 
inflation, and the inability of the industry to cover its costs in revenues are some of the 

2001-2005 

HIGH Low 
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1995-2000 

HIGH Low 
DEMAND 

10 - 12 9 

27-276 

37-405 

2 - 2 3  

2 7 - 3 3  

3 8 - 4 4  

12 - 12 6 

15 8 - 17 0 

2 - 2  9 

14 5 - 15 0 

16 5 - 17 9 

DEMAND 

13 - 14 9 

17 - 17 6 

30 - 32 5 

0 6  

2 0 

7 4  

12 - 12 1 

19 5 

4 9 

5 - 5 5  

10 4 

DEMAND 

9 3  - 11 

18 7 - 19 

28 - 30 

2 1 - 2 5  

0 

6 0 

12 1 - 12 5 

18 1 - 18 5 

1 2 - 2  

6 6 - 7  

7 8 - 9  

DEMAND 

1 5 - 2  

7 

8 5 - 9  

0 4  

1 0  

0 1 - 0 6  

5 7 

5 8 - 6 3  

0 

1 3  

1 3  



problems faced by the sector Desplte the uncertmtles of the current s~tuatlon, the power 
sector needs to mobdue finds for operabons and mvestment The sector does not 
generate slgmficant amounts of foreign exchange, and so ~t 1s more dficult to attract 
forelgn lendmg and mvestment than IS the case for the od and gas sectors 

43 The amount of financmg requued over the next ten years could range fiom $32 to $8 1 
bilhon, dependmg pnmanly on the demand for electnclty Over thls penod, ~t IS expected 
that the power sector wdl need to generate 65-75% of ~ t s  financlng requirements ($21-$6 1 
bdhon) from mternally-generated hnds The sector wll need to ensure that t d s  are set 
at levels that cover operatmg costs and the costs of lts capltal mvestment program The 
tmff Increases needed to cover the capltal mvestment requuements over the study penod 
are estimated to be less than 1 cent per lulowatt-hour, no matter how the program IS 

financed, although financlng wth debt would decrease the tmff Impact m the near term 

44 It IS estimated that the power sector wdl be able to borrow up to approxlrnately 20- 
30% of lts capltal requuements ($6-$24 bllhon) Total borrowng wdl be limted for 
several reasons 1) the credltworthmess of power sector enterpnses wll take tlme to 
estabhsh and will be greatly vrfluenced by the general economc and buslness chmate m 
Russra, 2) medlum- and long-term domestlc capltal IS not avadable m Russla and wll take 
years to develop, and 3) foreign sources of borrowmg, whde extremely Important as gap 
financmg over the short term, wll be hmted m the long term because of the large 
domestlc content In power sector mvestments and the foreign exchange nsk lnherent m 
repaylng dollar-denommated debt wth domestlc revenues 

45 Project financing and lnnovatrve hancmg mechmsms could speed up the process at 
whch debt could be made avadable, but wdl stlll take tune to structure and negotiate 
These mechmsms mclude mdependent power projects, sales of generatmg assets, leasmg, 
energy savlngs contracts, and barter and counter-trade 

46 The role of the Russlan Government m developmg financlng for the power sector 1s 
Important Government decrslons on the sale of power sector enterpnses, the use of the 
proceeds, and the hture mdustry structure wll mnfluence the amount of hnds avalable and 
whch entitles (pnvate/pubhc, generatlon/transrmss~on/distnbut~on) wll have access to 
markets and hancmg The wlllngness of the government to provlde sovereign guarantees 
on foretgn loans d l  affect the amount of fore~gn borrowng avadable, especmally dunng 
the next three years Tax pohcles for power sector enterpnses d l  Influence the amount of 
mnternally-generated hnds avalable for the investment program Tax credlts, accelerated 
depreclatlon and lower tax rates would Improve the power sector's abillty to become 
financially mdependent Dlrect subsldles or credlts fiom the government may be requued 
to prowde financlng for nuclear umt safety upgrades and energy effiaency improvements 
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FINAL RECOMMENDATIONS AND CONCLUSIONS 

47 To r e h e  potenfial energy samgs of 29 bkWh by the year 2000 and up to 1 12 bkWh 
by 2010, market-onented mcentives should be Introduced to Improve end-use efficiencies 
The development of energy semce compmes and jolnt ventures should be encouraged 
These would provlde equipment, energy management techmques and financmg for energy 
efficiency Improvement 

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

49 A major goal for RAO EES Ross11 and the A 0  Energos should be the rehabtiitation 
and modemmtion of older thermal plants so as to extend their operating lives and to 
Improve their enwonmental and operational performance Approxunately 79 GW fall mto 
ths category, of whch about 39 GW will requue moderruzation by the year 2000 Plant- 
level evaluations should be undertaken to d e t e m e  rehabhtation requuements and the 
extent to whch Me extension at lower capital cost may be possible In addifion, Russia 
should place hlgh pnonty m its technologcal and mvestment policy for the power sector 
on using simple cycle and combmed cycle gas turbmes (4,000 - 18,000 MW by 2000, 
38,000 to 83,000 MW by 20 10) and on developing the domestic capabhty for theu 
manufacturing, including joint ventures wtk Western partners 

50 Further detaded study, including project identification, of the electncity and &el 
supply situation m the North Caucasus, Urals, and TransBukaha should be gven hgh 
pnonty Ths work should take into account specific factors at the local level and apply 
least-cost utility p l m n g  tools It is estimated that 24,000 - 36,000 MW of new capacity 
wdl be requued m these regrons, as well as the strengthemng and expansion of 
transmssion mterties Further feasibility studies are needed for the western and eastern 
extension of transmssion between Sibenan hydro capacity and demand centers m 
European Russia and TransBsukalia In addition, the issues m electncity interconnection 
among the CIS repubhcs and other neighboring countnes should be investigated, including 
the potential for electncity trade wth Chna, Central Europe and other countnes 

5 1 The investment requlrements for energy generation capacity replacements and 
additions, efficiency, and transmssion improvements are hsted m Table 5 
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Table 5 
Investment Requirements Indicated by the JEPAS Flnd~ngs 

($ bfflion) 

52 Regonal investment requuements under hgh and low demand are shown m Figures 5 
and 6 

53 Rusean Federation Government support 1s needed to ensure the fbrther development 
of the power sector under conditions of wdemng economc reforms and to create 
conditions conducive to attracting linancmg and capital mvestment An improved state 
system of regulatmg natural monopoles, whch includes state regulation of electricity and 
heat rates at both the federal and regonal levels, as well as an appropnate legal and 
standards lnfiastructure are needed Economc and commercial mechamsms are needed to 
implement the principle of self-financing in the power sector Ths would increase mternal 
cash generation by power entities and Improve the efficiency of allocahon of these h d s  
through depreciation and retamed eamngs of operatmg entities As a transition measure 
to a new regulatory system, a mechamsm should be estabhshed to facilitate the rational 
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allocahon of power sector mvestment h d s  between the federal and regonal levels, and to 
create mcentlves to attract knds mto the power sector fiom both domestic and fore~gn 
sources on both an equity and debt basis 

54 It IS also recommended that the part of retamed eammgs whch 1s directed mto 
mvestment be made tax deductible, mcludmg the part collected through centrahzed 
mvestment fbnds 

55 Economc strmuh should be created to attract investment mto the power sector by 
estabhshmg government guarantees at both the federal and regonal levels, and pemttmg 
reasonable levels of return on Investment As an mtenm measure, hnds should be 
generated at the federal level to finance modemation and rehabhtatlon, and a mecharusm 
should be developed to allocate these hnds between the federal and regonai levels 

F~gure 5 
Indicated Power Sector Investment by Reg~on from 1995-2000 

for H~gher and Lower Demand (Sblllion) 

I P u  Emt I North-Wcat I Tvumcn - - - - - - . --. --  - ~ 

Center North Caucuua Sibena Urals 

Higher Demrnd LowerDcmuid 
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E m c m  SUMMARY 22 

F~gute 6 
Indicated Power Sector Investment by Rwon from 2000-2010 

for Higher and Lower Demand (Sb~llion) 

I FU ~ u t  I ~ o r t h - ~ e ~ t  I ~yumen I ~ l d d l e  Volpr 
Center North Caucuux Siberia U h  

56 In the nuclear power sector, an econormc mechmsm should be developed that 
Increases internally generated hnds through tanffs wthout darnagng the competltiveness 
of nuclear energy m the energy market A portlon of these Internally generated hnds 
would be centralized m a national reserve whch would finance pnonty safety upgrades, 
plant completions, decomss~onmg, and new nuclear power plant construction 
Opportumties should be created to attract loans into the nuclear sector wth correspondlng 
government guarantees The poss~billty to convert the nuclear sector Into stock compames 
should be studied as well as the correspondlng Issue of guarantees for potential domestic 
and foreign Investors 

57 On the basrs of fbrther changes and defimtion of the ownership structure, the 
restructwng of the power sector should proceed to set up a competitive environment and 
to Improve rate settmg m electnc energy markets 

58 A legal and tax infrastructure conducive to investment by independent power 
producers should be created 
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59 It is necessary to develop a comprehensive program for the pubhc sale of government- 
held power sector stock at an acceptable value Funds from these sales should be used for 
remvestment to provlde needed mvestment capital for the power sector 
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CHAPTER 1 
MACROECONOMIC AND ELECTRICITY 

DEMAND SCENARIOS 

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

1 The Russzm Energy Strategy (Appendur A), whch was approved by the Russian 
Federation Government in December 1994, considered several scenanos for electricity 
consumption in Rusaa The two scenanos representing the hghest and lowest 
consumption levels (Scenanos A and B, respectively) were used m the Joint-Study to 
exarmne a range of possibhties for electricity demand Gwen the numerous uncertamties 
that exlst m present-day Russia, these are not to be conadered as forecasts Rather, they 
represent possible paths of economc development and electncity consumptton The 
macroeconomc assumptions used to develop the scenanos and the resulting electncity 
consumption are descnbed in Sections 1 2 through 1 5 

2 The Energy Strategy sets forth policies to Improve the efficiency vvlth whch Russia's 
energy resources are used and to realize the considerable industnal potenbal of its fbel and 
energy complex One of its mam objectives is to rase the standard of hvmg and to 
stmulate the economc recovery of the country Other Important strategy objectives 
mclude the reduction of environmental impacts and the costs of the matenal mputs, labor, 
and natural resources needed to ensure a reliable energy supply for consumers 

3 The Strategy's hghest energy policy pnonty is in the area of energy conservation The 
government holds the mew that the most efficient way to meet domestic demand and to 
Increase he1 and energy exports would be to implement a phased program to reverse 
wasteful pramces and tap the country's enormous energy efficiency potential Wastefbl 
consumption accounts for up to 40-45% of Russia's current energy demand and for 35- 
40% of its electncity consumptton A pncmg policy would be the most effective means of 
achevmg the energy efficiency objectives Nevertheless, the escalation of domestic fbel 
pnces to reflect world pnces would have to be supplemented wth  special incentives for 
energy efficiency and a package of admstrative measures and institutional mtiatives to 
overcome bamers to mvestments in efficient technology Energy efficiency programs at 
the nabonal and local levels d l  be needed to reahze a substantial share of the energy 
effictency potenttal It IS estimated that energy conservatton measures could curb overall 
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MACROECONOMIC AND ELECTRICITY DEMAND SCENARIOS . 1-2 

energy demand by 10-15% by the year 2000, and by 25-40% beyond the year 2000, and 
that a 1% savlngs m energy demand would result m a 0 35-0 40% Increase m GDP 

4 While promotmg the use of all energy resources, the Energy Strategy emphasizes the 
pnmacy of natural gas, whch accounts for 50% of all pnmary energy sources produced in 
Russia The government rntends to s tabhe and then mcrease od production and to 
restructure the oil refitllng mdustry entuely Russia's coal mdustry, whch needs to be 
restructured and rebudt, wdl retam ~ t s  proment role m the energy supply system, 
particularly rn the Eastern regons Expandmg fuel and energy exports are also important 
objectives of the Energy Strategy, whch envisages srgntficant od exports and gromng 
natural gas exports to foreign countries and former Sovlet 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 he1 
and energy complex Interfbel competition in the power sector is expected to Improve the 
overall efficiency of energy supply and end-use Modelmg conducted to support the 
Strategy projects a moderate growth m hydro generation, a flat or modest growth of 
nuclear generation, and the upgradmg of exlstmg thermal plants wth  advanced 
combustion and combmed-cycle untts 

6 Effective pncing, a key component of the Energy Strategy, is expected to play an 
Important role m areas other than end-use energy efficiency The Strategy calls for the 
h b e r h t i o n  of pnces for most hels whlle m a m t m g  monopoly pnce regulation at both 
the federal and regronal levels for gas, electnc power, and distnct heatmg Effective 
pncmg pohcies would ensure that domestlc market pnces gradually move from the utillty 
self-financmg or hll-cost pnce levels that were reached in 1994 to world market pnces 
Any change to real competlhon m electncity generation markets would change how pnces 
are set, but would nevertheless be expected to lead to pnces that reflect margrnal costs of 
supply Potential inequities between exlstlng capacity (largely depreciated fiom hstoncal 
Investment costs) and new capacity (pnced to reflect current market conditions) would 
need to be addressed 

7 Although the absolute levels of Russian GDP are the subject of debate, there 1s general 
agreement that GDP growth slowed in the late 1980s and fell 2% m 1990 Accordmg to 
Russian Muustry of Economy estimates, GDP fell 13% m 1991, 18% m 1992, 13% in 
1993, and 15% m 1994 In 1994, GDP was at 52 7% of 1990 levels 

8 The current uncertarnties regardmg Russia's economc turnaround and the strength of 
ths  recovery are demonstrated in the GDP projections under Scenanos A and B (Figure 
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MACROECONOMIC AND ELECTRICITY DEMAND SCENARIOS 1-3 

1- 1) Scenarro A represents a quicker turnaround m economc growth and then hgher 
growth rates than Scenmo B Ths scenmo reflects a haltmg of the declme m GDP by 
1996, vvlth recovery follomg 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 Scenmo A flustrates an optmstic 
version of reform of the Russian economy For the power sector, ths  scenmo would 
reflect mtensive energy conservation, the rapid growth of energy resources, and a 
conservatwe mvestment pohcy 

9 Scenmo B assumes that macroeconomc activities contlnue to fall through 1998, 
stagnate through 2000, and recover gradually thereafter Under thls scenmo, by 2010 
GDP wdl recover to just over 70% of 1990 levels Scenmo B reflects an unfavorable 
development of the Russian economy, demonstrated by the absence of effective anti- 
inflation policies, sluggsh mvestment processes due to massive capital fight fiom the 
country, a continued fall m industrial production, and a contmuous mcrease m the energy 
mtensity of the economy 

Flgure 1-1 
Projected Trends In GDP 

- Sctnmo A - Scenano B 
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1.3 ELECTRICITY DEMAND: STRUCTURE AND TRENDS 

10 Whlle electncity consumptron levels fell very shghtly m 199 1, it was not untll 1992 
that they fell noticeably Ths declme m electncity consumption (-6%), however, was 
shght compared to the drop m GDP (-18%) Electncity consumptlon contmued to deche 
m 1993 ( f h g  another 5 5%) and 1994 (-8 5%), but it agam faded to match deches m 
GDP of 13% and 15%, respectively Whde 1994 GDP was 52 7% of 1990 levels, 
electncity consumption was at 80% of 1990 levels These trends suggest a rapidly 
mcreasmg electncity mtensity (as measured by electncity consumptton per unit of GDP) of 
the economy 

1 1 The lack of response of electncity consumphon to macroeconomc activlty IS M e d  to 
government pncing pohcies and the raptdly growmg non-payment problem Electncity 
pnces remamed controlled, wth tnsufficient adjustments for idatlon, untll the second half 
of 1992 By ths tune, real electncity pnces were lower than In 1990 Starting m the 
second half of 1992, electncity pnces kept pace wth milation, and m 1993 and 1994 they 
rose faster than inflation However, lt appears as lf increased pnces have had httle effect 
on consumption decisions, as a growng number of consumers (particularly m mdustry) 
slmply stopped paylng theu electncity bdls In 1994, for example, almost 45% of revenues 
owed to the electncity sector were not pad Ths non-payment problem makes tt 
unposstble to estabhsh any sort of demand elasticity for the penod 1990-1994 

12 Fmal electncity consumption patterns (not including in-plant use, distribution losses, 
or exports) for the penod 1990 to 1993 are shown In Figure 1-2 The sectors showng the 
largest drops m electncity consumption dumg thls penod were industry (mcluding 
construction acttwtnes) and transport (whch in Russia 1s based heavlly on electnfied r d )  
Even wth ths recent dechne, the mdustnal sector stdl plays a major role m electncity 
consumption Includmg construction actiwties, ths  sector accounted for 58% of final 
electncity consumption m Russia m 1993, compared to 6 1% m 1990 

The GDP figures used here are &om the Mmstry of Economy and are considered "official' figures Many 
speciahsts both m Russia and abroad have voiced oplntons that thls official senes does not capture many 
economc actmhes whlch were not reported Hence, it is dficult to provlde an accurate figure for the pace 
at whch electnclty mtensity is mcreasmg 
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13 It is dficult to analyze the dynarmcs of Russra's sectoral electncrty consumptron m 
recent years because of mconsistencies among data sources W i t h  mdustry, the largest 
consumers have been nonferrous metals (whch accounted for appromately 20% of 
mdustnal electncrty consumption m the early 1990s), followed by manufacturing and 
ferrous metals The domance of heavy mdustry m electncrty consurnptron, coupled wth  
the lack of management of electncrty use wthm mdustry and the lack of economc 
mechmsms (pnces and bdls) to change consumptron patterns, has led to hgh electncity 
intensrtres If the government pursues radical reforms that result m a restructunng of 
mdustnal actrwtres, rt is ke ly  that mdustnal electncrty consumptron would fall 
substantrally before rebounding The soctal consequences of such radrcal reform efforts, 
however, prevent t h s  possibllrty 

14 On the other hand, certan sectors of the economy can be sad to be "under 
electdied " The commercial and residential sectors have traditionally played very mnor 
roles rn final electncity consumptton However, the commercial sector's electncity 
consumptron should grow w t h  the additron of stores and other semce-sector actiwties In 
the resrdentral sector, the expansion of electncity use d be closely M e d  mth new home 
constructron and the subsequent tncrease m the stock of appliances 
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15 There is also some potential for mcreased elemcity use m the emsting housmg stock 
Although most Russian homes have refhgerators, there are fewer automatic washmg 
machmes or advanced consumer electromcs than m other mdustnal 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 mprovement m heat dehvery or bulldlng 
insulation could moderate an absolute mcrease m electncity use m the emstmg housing 
stock Electncity pnces to the residential sector have been held artificially low, in line mth 
the government's social policies, and it is unclear to what extent hgher pnces m the future 
rmght dampen potential mcreases m ths sector's electncity consumption 

16 A companson of per capita electncity consumption for Russia and several OECD 
(Orgamzation for Economc Cooperation and Development) countnes shows that m 1990 
Rusaa (5,360 kwh per capita) lagged sipficantly behmd Canada and the Umted States, 
but was very sirmlar in its magmt.de of consumption to Japan (6,140 kwh), Germany 
(6,020 kwh), and France (5,350 kwh) Perhaps the most strhng element of ths  
companson is the role the industnal sector plays in consumption patterns In most OECD 
countnes, the residentiaVcornmercial sectors play a more lrnportant role m consumpnon 
patterns than the mdustnal sector But in Russia, the mdustnal sector has the dormnant 
role In fact, per capita electncity consumption m Rusaa's mdustnal sector was close to 
U S levels 

17 When electncity consumption 1s compared per umt of economc output (GDP), the 
Russian economy appears to have been three to four tmes more electncity mtensive than 
the Umted States, Japan, and most European members of the OECD GDP estimates for 
Russia are mcomplete, these figures provlde only an estmate of the electncity mtensity 
dynamncs However, the ddferences are considerable, especially in compmsons of 
mdustnal sector electncity consumption Gwen that per capita electncity consumption m 
the mdustnal sector of Russia was slrmlar to that of the Umted States m 1990, and that per 
capita GDP vaned sipficantly between these two countnes, the Russian economy has 
been extremely electncity mtensive m light of its economc output An underlying aspect m 
compmsons of electncity Intensity IS that Russia has high electncity consumption m 
industries producmg goods mth llttle (or dechng) market value 

18 Figure 1-3 shows the two scenarios for electncity demand Electncity consumption in 
Scenmo A falls less and recovers at a faster pace than under Scenmo B In Scenmo A, 
electncity consumption begms a moderate cllmb after 1995, nearly reachmg 1990 
consumption levels by 2005 After ths, consumption grows at an annual average rate of 

2 These figures are not wrrected for clunahc wnhhons 
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MACROECONOMIC AND ELECTRICITY DEMAND SCENARIOS . 1-7 

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 scenano, consumption does not begm to 
nse agam untll 1998 It 1s not untrl after the year 2000 that growth rates average 2%, and 
by the year 20 10, electncity consumpbon just reaches 1990 levels 

19 The opportumties for electncity conservation measures appear to be substantial The 
electncity demand estmates embody energy conservation measures m the two scenanos 
Scenano A, wth higher macroeconomc growth rates (and hgher pnces and investment 
levels), embodies more energy conservation than does Scenano B 

F~gure 1-3 
Projected Trends m Electricity Demand 

Note 

Base year for the two demand scenanos 1s 1 993 

20 Therefore, as shown in Figure 1-4, there is a rapid deche in electncity mtensity after 
1995 in Scenano A, where electncity mtensity peaks at about 50% above 1990 levels By 
the year 2010, it shows the Russian economy as less electncity intensive than m 1990 Ths 
pattern of electncity intensity is sirmlar in nature to the expenences of East European 
countnes, where electncity ~ntensity increased rapidly after reforms were unplemented, but 
also rapidly fell after several years of reform efforts Scenano B, on the other hand, shows 
a much hlgher and longer rate of increase m electnclty intensity, whch peaks at 80% over 
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1990 levels m the year 2000 After ttus pomt, electricity mtensity gradually declmes, but 1s 
stdl 37% above 1990 levels in 20 10 

Flgure 1-4 
Projected Trends In Electnclty Intensrty 

21 Table 1-1 shows the projections for total centrhed heat demand for the two 
scenarios (as gven m the Russran Energy Strategy, as well as the share of ths heat 
demand that is to be met by the power system 
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Table 1-1 
Projected Requ~rements for Heat from Centralized 

Sources and the Power Sector 
(Million Gigacalones) 

22 Russia's Integrated Power System is composed of seven regonal power systems, SIX of 
whlch are mter-connected through a transmssion network wth mtertie h e s  rated at 330 
kV and above The power systems were developed as relat~vely independent grrd systems, 
wth httle exchange of power among them The strongest mterconnection was formerly 
between the Center system and the North-West and South systems The South system 
used to be a part of the UIllfied Power System of the former Sowet Union, but now 
cornpnses the power system of Ukriilne Three power systems -- Center, Urals, and 
Siberia -- together accounted for 75% of Russia's electnc~ty consumption m 1991 The 
Center is the largest electncity-consumg regyon 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 in 
Table 1-2 There are some vanations m consumption patterns among these systems The 
Sibenan and Urals systems have the hghest relative levels of mdustnal consumption 
(70 0% and 65 1%, respectively), whle the North Caucasus system has the lowest 
(45 5%) 
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2000 2010 

Scemno A 

Total Repements  for 
Centralmd Heat 

Of Whlch Heat Supplied by the 
Power Sector 

1 950 

940 

Scenano B 

1,880 

890 

Total Repements  for 
Centralized Heat 

Of Whlch, Heat Suppl~ed by the 
Power Sector 

1 950 

905 

1,950 

940 

2 050 

1010 

1 900 

905 

1 850 

880 

1,870 

855 
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Table 1-2 
Structure of Frnal Electncrty Consumptron, 
Russra and Regronal Power Systems rn 1991 

24 There are only shght vanations m per capita levels of electricity consumption in the 
residential sector across the Integrated Power System, rangmg fiom a low of 480 kWh per 
capita m the North-West system, to 550 kWh m the Center, and to 650 kwh per capita in 
the Urals system 

25 The two scenarios both suggest slight s M s  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%, whle 
there is a decrease in the share of Sibena (19 9% to 19 4%) Under Scenano B (Table 1- 
3), the largest power-consurmng regon, the Center, declmes shghtly fiom 28 9% of the 
Integrated Power System's consumption in 1990 to 28 3% in 2010, there is also a very 
shght declme m the Mtddle Volga (10 1% to 9 8%), and slight increases in Sibena (19 9% 
to 20 8%) and the Far East (3 0% to 3 2%) 

Resldenhnl 

9 5% 

10 6% 

11 4% 

10 0% 

16 7% 

7 3% 

7 3% 

n a  

Russia as a whole 

North-West 

Center 

Mddle Volga 

North Caucasus 

Urals* 

Sibena (1 990) 

Far East 
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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  

CommerclrrY 
Semce 

10 9% 

18 9% 

15 0% 

9 3% 

14 8% 

8 0% 

6 7% 

n a  
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Table 1-3 
Equivalent Full Load Hours and Load Maxrmum 

26 Per capita electncity consumption in the Urals system is close to the average levels m 
the Uruted States In 1991, its per caplta electnclty consumption was 9,650 whlle 
that of the Uruted States (1990) was 11,400 kWh Industnal electnclty consumption the 
Urals (agan, measured per capita) was almost twice the U S level 

Eqwalent 
FullLoad 

Hours 

This data set has not been adjusted to OECD format whle ~t does not Include the m-plant use of 
electnclty or llne losses it does lnclude electncity use m the fuel sector and for pipelme transport 

Latd Mwmum, GW 

1993 1995 2000 2005 2010 
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Scwnno A 

Integrated Power System 

North-West 

Center 

Mddle Volga 

North Caucasus 

Urals 

Tyumen Power System* 

Sibena 

Far East*** 

6 118 

5 900 

5,900 

6 200 

5 800 

6 400 

6,500 

6 450 

5,300 

1387 138 3 155 1 173 4 201 7 

9 6 9 8 1 1  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 

n/a** 7 6 8 6 9 5 1 1  1 

26 6 27 2 29 3 32 6 37 2 

5 5 5 0 6 0 7 2 9 2 

Scenano B 

Integrated Power System 

North-West 

Center 

Mddle Volga 

North Caucasus 

Urals 

Tyumen Power System* 

Slbena 

Far East** 

* Part of the Urals reponal power system 
** 1993 data for Tyumen are mcluded m the Urals data 
*** The system is isolated fiom the IPS and it has its own load mamum 

6502 

6 200 

6 200 

6 400 

6 200 

6 800 

7,000 

7 000 

5 500 

1387 123 9 1268 1402 159 8 

9 6 8 9 9 10 11  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 

da** 6 7 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 Industnal electncity use is quite concentrated m the Urals, Center, and Sibena power 
systems (over 75% of mdustnal electncity use among the power systems) Almost 40% of 
electncity use by the metallurgrcal industry m the Integrated Power System 1s consumed 
w t h  the Sibenan system, followed by the Urals (37%) The Center regon accounts for 
45% of the Integrated System's electncity use m the machery mdustry (followed by the 
Urals system, wth  23%) Of the major electricity-consurmng mdustnal branches, only the 
chemcal mdustry is dlstnbuted rather evenly across regrons (Center 27%, Mddle Volga 
22%, Sibena 2 I%, and Urals 19%) 

28 The changes forthcomng in electncity consumption patterns m all of Russia and in the 
power systems wdl Influence electnc load patterns Scenano A envisages greater s M s  m 
the structure of electncity consumption, wth a smaller share of industrial and a greater 
share of residential consumption Therefore, the load duration curve for ths  scenmo is 
less "dense7' for all of the power systems, wth the number of equivalent peak load hours 
down fiom 6,502 to 6,118 hourdyear for the Integrated Power System In Scenano B, on 
the other hand, there are no M h e r  changes m electncity consumption structure, and the 
number of equivalent 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 se\zen Russian power systems work as parts of the Integrated 
Power System, they have a common load curve and load peak Usually, it takes place at 
approxlrnately 6 p m Moscow tune m late February The yearly load maxunum for the Far 
East power system, whch works separately fiom the Integrated Power System, takes 
place at appromately the same hour local tlme Table 1-3 shows the values for load 
maxunum and its duration that were used m the calculations for the Integrated Power 
System and the regronal power systems w t h  it 
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2 1 1 Background on the Power Sector and rts Structure 

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

2 Almost all of Russia's power plants were managed centrally, appromately 10 GW of 
capacity (less than 5% of total capacity) were held outside of the mam power sector 
mmstnes or orgatmattons These power plants, whch are located pmanly at large 
mdustnal fachties, are powered almost exclusively by fossll fuels 

3 The Integrated Power System (IPS) of Russia represents a subset of Russia's capacity, 
not all of the country's power plants and regons are mtegrated mto the IPS The 
Integrated Power System consists of SIX large umfied regonal power systems (North- 
West, Center, Uddle Volga, North Caucasus, Urals (mcluding Tyumen), and Slbena) plus 
the Far East, whlch 1s only weakly W e d  (see Figure 2-1) There are 65 local electncity 
admstrations that operate In conjunct~on wth the Integrated Power System, and 7 local 
electncity admnlstrations are located m remote regons (such as Kamchatka, Magadan, 
and Sakhalm) that are not connected to the IPS 

4 A senes of steps have been taken to bnng the power sector m h e  mth the market 
reforms talung place m the rest of the economy The changes In the ownership and 
structure of the power sector were formulated m three presidential decrees 

b Decree #922 (August 14, 1992) "On Particulars of Transfomng State 
Enterpnses, Associations, and Orgatmations of the Energy Sector mto 
Joint-Stock Compames" 

w Decree #923 (August 15, 1992) "On the Orgarmation of Management of 
Electnc Power Sector of the Russian Federation Under Conditions of 
Pnvatlzation" 
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Frgure 2-1 
Power Transmrssron Capacrty Among IPS Reg~ons rn Russra 

Kazakhstan 

1400 

-----) Current Tranrfsr C.p.olty (MW) 
- - > Non-Operaaonlt Ex18bng C.p.c~ty (MW) 
- - - - ) P h e d  Add~hollrrl Transfer Caprclty* (MW) 

Note *Includes planned and work under construchon to be operaQona1 by 2000 

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

5 Dunng the second half of 1992, the Russian State Property Comrmttee created a new 
Russian jomt stock company "RAO EES Rossu" as a holdlng orgarmation for certain 
power sector enterprises, and the assets of the Integrated Power System were spht 
between RAO EES Rossu and other admmstrative uruts RAO EES Rossu was assigned 
duect responsibdity for transmssion h e s  of 330 kV and hgher, substations and dispatch 
centers, fossll-fired power stations over 1,000 MW capacity, and hydroelectnc power 
plants greater than 300 MW RAO EES Ross11 holds 46 fossd-fired plants and 37 
hydroelectnc plants These plants represent just over 40% of Russia's fossd-fired capacity, 
and 60% of its hydroelectnc capacity The remamng capacity and distribution hies are 
owned by jomt stock compmes formed on the basis of local electricity admstrations 
(now called A 0  Energos) RAO EES Rossii holds a financial stake m the A0 Energos as 
well (at least 49%), although the actual share vanes among the A0 Energos RAO EES 
Rossu also owns 100% of vanous research and design institutes and a trust that in turn 
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owns 49% of the nation's electnc power construction and machme bulldlng enterprises 
RAO EES Ross~i's largest shareholder IS the Government of the Russlan Federation, whlch 
by statute must retam at least a 49% interest m RAO EES Rossu for a three-year penod 
endmg m 1995 

6 It has been decided that further reform of the power sector is needed Introduce 
competition and nnprove the mdustry's efficiency A wquely Russian approach is bemg 
developed In whlch a wholesale power market is an essential component of the final 
structure The basic approach is In many respects s d a r  to the electncity industry m the 
Umted Kmgdom The key pollcy features mclude 

t A nat~onal wholesale market based on competlbve biddmgs 
t Unbundhg the ownership of generation and transrmsslon, wtth 

pnvatlzatlon of RAO EES Rossu's thermal and hydro generation 
t Duect access by large customers to the wholesale market 
t Efficient, system-wtde dlspatch of generation 
b An efficient system of national and regonal regulation to preserve 

competltlon, regulate monopoly actlvltles, and protect electncity 
consumers 

t Encouragement of mdependent pnvate power producers 

7 Dunng the second half of 1992, Rosenergoatom was set up under the Muustry of 
Atomc Energy to manage the operation of commercial nuclear reactors Under 
Rosenergoatom's management are 16 2 GW of nuclear capacity, whde the 4 GW 
Lewgrad Nuclear Plant operates duectly under the Muustry of Atormc Energy 

8 Whlle generatlon from nuclear power holds a relatively small share of total generation 
in Russia (about 110/0), nuclear plants play an nnportant role in electncity production m 
the North-West, Center, and hhddle Volga power systems (32%, 21%, and 14% of 
generatlon, respectively) 

2.1 2 Economrc Regulatron 

9 Economc regulatory authontles (Federal and Regonal Energy Comrmss~ons) control 
electncity t M s  Safety, health, and environmental regulatory authontles have guidelmes 
and regulations that s e c t  the technology choice, t m g  and cost of new plant upgrades 
and rehabilitation 

10 The legal framework for the power sector is tahng shape as the government manages 
the transition of the sector to a market onentation At the federal level, the Federal Energy 
Comssion (FEC) has authonty over all wholesale power tanffs As a result of a March 
1, 1995 President~al Decree, the FEC IS being transformed into an Independent regulatory 
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body wth  Ml-tlrne comrmssioners and pad staff Because the Government of Russia 
owns most of RAO EES Rossu's shares, the Mimstry of Fuels and Power also represents 
the government's interests as a shareholder At the regonal level, each regonal 
government has estabhshed a Regonal Energy Comssion (REC) to set the level of 
t d s  to electrrcity consumers Distnct heat pnces and b h g  are controlled by mumcipal 
housmg authorities Wholesale pnces for power plants that belong to A 0  Energos and 
re td  pnces are set by the RECs The FEC d e t e m e s  the wholesale t d s  for power 
plants that are 100% owned by RAO EES Rossu Electncity tariffs are set to reflect the 
full cost of production, mcludmg enwonmental and rnvestment costs, and to allow for a 
reasonable return RAO EES Rossii does not earn any profits per se Rather, it charges a 
"user's fee" to cover transmssion costs, the operation of dispatch, salanes of workers, and 
network development Readential tanffs are currently set below cost, whch results m 
hgher tanEs for industnal customers 

11 The Mmstry of Atomc Energy has drrect responsibhty for the development of 
nuclear power plants The operation and mamtenance of these plants is the responsibhty 
of Rosenergoatom GosAtornNadzor, (Federal Nuclear and Radiation Safety Authonty), is 
responsible for overseeing the licensing and safety practices for the construction and 
operation of nuclear power plants 

12 The Government Property Comrmttee is responsible for the property management 
(and hence pnvatuabon) of all but the nuclear power plants The Anti-Monopoly 
C o m t t e e  has the legal authonty to prevent the abuses of monopoly power There is not 
yet any rnstitution mth the regulatory authonty to ensure rehable financial information and 
transparency, although a major source of mvestment nsk m Russia 1s the absence of a 
regulatory authonty to protect the mterests of investors 

2 1 3 Env~ronment and Safety 

Azr Qualrty 

13 The basis for the Russian enwronmental protection regme is the Law on 
Enwonmental Proternon, whch went Into force in March 1992 Ths law replaced the 
premous law On Protection of Nature in the RSFSR, whlch had been effect in the Somet 
Umon srnce 27 October 1990 The new law 1s comprehensive, relatively stnct, and 
onented toward a market economy It lays out the principles that guide enwronmental 
protection m Russia and dehneates the div~sion of responsibhties among the Supreme 
Sovlet of the Russian Federation, the Russian Government, state organs, the republics and 
autonomous admstrations, and local governments It also makes promsions for the 
followng 1) emssions standards for au pollution, water pollution, and sohd waste 
disposal, 2) a p e m t  system, 3) pollution fees for the use of natural resources or for the 
emssions of pollutants, and 4) an Enwonmental Fund A very distinctive element of 
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Russ~an enwonmental efforts IS that pollut~on fees are the pnnc~pal source of revenues for 
act~mtles to promote enwonmental quahty 

14 Whde Russ~a has made enormous stndes m developmg a regulatory structure for 
enwonmental protection, ~ t s  lmpact is severely lumted by enforcement problems, m large 
part because Russ~an enwonmental law does not set a clear procedure for enforcing 
certam standards To comphcate matters further, there u no clear deheation of the 
spheres of authonty of government agencles m relabon to economc ent~t~es, and m many 
rnstances there IS cod~ctmg junsdictlonal authonty between muustnes, whlch often results 
in maction 

Nuclear Safety 

15 Russ~a 1s lrnplementing measures to enhance engmeemg and operat~onal safety at its 
nuclear power stat~ons RBMK and first-generabon VVER reactors were desrgned and 
bullt before Russia promulgated ~ t s  current safety standards The areas of weakness 
Include madequate instrumentation and control systems, lack of emergency power, 
insuffic~ent fire protemon and fire fightmg systems, madequate operator t r m g  faclht~es, 
and lack of contatnment (These are drscussed m greater detad m Appendur G ) Smce 
1990, much work has been done to Improve the situation at first-generat~on plants 
cons~dered to represent the hlghest nsk One Issue studed IS how the first-generation plant 
upgrades compare mth other supply- and demand-s~de alternatrves Safety upgrade 
alternatives cons~dered m thls Study were proposed by Russ~an des~gn engmeers and 
rnclude measures prepared for the Internabonal Users' Group (pubhshed by WANO1) as 
well as add~t~onal contamment measures These measures d bmg safety levels closer to 
safety levels m reactors currently operating m the west 

2 1 4 The Power Sector's F~nanclal Sltuatlon 

16 The present financial s~tuatron of the Russ~an power sector IS d~fficult Overall 
economc cond~bons m the country have had an adverse effect on u thes '  operations, 
leamg them wthout suffic~ent worlung capital or investment funds There are three major 
financtal pressures on power sector enterprises non-payments by customers, excessive 

taxation, and lnflat~on 

Non-Payment Cnsrs 

17 Due to the economc downturn and lack of adequate enforcement mechmsms, non- 
payment for electnc~ty has reached nearly 50% of total blllmg Uncollected electricity bllls 
amounted to 15 t d ~ o n  rubles as of year-end 1994 Because accounts receivable are not 

1 World Assoc~ahon of Nuclear Operators 
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mdexed for mflation, the real value of accounts receivable deches over tune Ths cnsls 
requues utlhties to put all theu cash mto worlung capltal, mcludmg cash fiom that part of 
the electncity taddes~gnated for mvestment purposes Even ths  does not msulate 
uthties fiom cntical shortages of finds In 1994, the Russian power sector supphed 
electncity valued at 24 6 trdhon rubles ($12 4 bdhon), but was pad only 10 3 trdhon 
rubles ($5 3 bdhon) and owed its supphers 8 2 trdhon rubles ($4 1 bdhon) Of thls, only 
1 7 tdhon rubles ($0 9 bdhon) were avdable for mvestment m power sector capital 

18 The Government of Russia and RAO EES Rossu filly understand the payments cnsls 
and the need for the power sector to generate sufficient cash flow, not only to cover its 
operatmg expenses but also for mvestment Actions they have taken mclude mcreaslng the 
non-cash component of payments (e g , duect debltlng fiom bank accounts) and 
lmplementmg a vanety of penalty, lncentlve and customer credit programs 

Taxes and Accountzng Rules 

19 Russian power sector enterpnses pay 23% value-added tax on theu revenues After 
deductmg costs and expenses, theu tax obhgation (mcome tax, royalties, other taxes and 
payments to the budget, local taxes) on net mcome is about 50% Such a fiscal burden 
leaves no hnds for mvestment 

20 Further, utlltties m Russia suffer from double taxation unposed by the Muustry of 
Fmance through ~ t s  accountmg rules Russian accountmg standards do not allow for the 
consohdated reporting of financial statements for taxatlon purposes In the regulated 
mdustnes m Russia, taxes are mcluded m t d s  Obv~ously, e b a t m g  double taxation 
would reduce tariffs for end users, consistent wth the government's goals 

21 Revaluation of fixed assets to reflect current market condtions and increases m 
depreciation allowances are pnonties for unprovlng utihties' reinvestment capablhties 

The Fzght Agarnst Inflatzon 

22 The government has taken aggressive steps to control and reduce inflation The major 
negatlve unpact of mflation is recogwed m its effect on enterpnses' access to short-term 
credit and the wtual ehnation of long-term credit 

2 1 5 Factors Affect~ng the Power Sector's Future Development 

Electnc Generatzng Capacrty Requzrements 

23 The Russian power sector 1s undergoing radlcal change, and it is necessary to explore 
rehable and efficient ways of restmctunng it It IS very lrnportant to evaluate the external 
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and mternal factors that affect power sector development m Russra so that the most 
rattonal optlons for restructuring can be selected The most Important factors are as 
follows 

w In the past few years there has been a decline m electnc~ty and heat 
consumption Ths trend is expected to be followed by "wave-hke" patterns 
of nsmg and falhng electnc~ty and heat consumption 

b In the transition of the Russ~an economy towards a market bas~s, relatlve 
costs are changng dramatlcally In ths new enwonment, trad~t~onal 
notlons about power plant cost competitlveness m different regons of 
Russ~a may not be valld 

b The envlronrnental requirements and expenses assoc~ated wth the use of 
natural resources (e g , land, water) and enmronmental protection have 
nsen dramatlcally and contmue to nse The most difficult enmronmental 
challenge for the power sector IS to meet emsslon standards 

b There IS a rapldly g o w g  number of thermal generatmg umts that have 
reached the end of theu service We and should e~ther be decomrmss~oned 
or upgraded 

• Although the service hves of RBMK and first-generat~on VVER reactors 
have not expued, these m t s  do not meet the current safety requlrements 
Consequently, there is an urgent need to upgrade these umts or 
decomrmss~on them early 

2 2 1 Installed Capaclty 

24 The 135,700 MW of thermal power plants m Russ~a's IPS vary mdely ~n their statlon 
configurat~on, power block size, he1 type, thermal cycle, age, etc As much as 79,000 
MW (58%) of ths  capaclty wdl reach the end of ~ t s  des~gn llfe by the year 2010 The 
extstmg mstded capaclty of thermal power plants m Russia IS dlstnbuted geographcally 
from the northwestern part of the country (St Petersburg) to the far eastern regon The 
plants fire a range of fuels mcludmg natural gas, mazut and a vanety of coals, frequently 
dependmg on the &el avadable m the regon 

25 Table 2-1 presents an mventory of exlstlng thermal power plants by the type of &el 
fired The majonty of these bollers are fired by natural gas alone, or mth e~ther mazut or 

JEPAS Flnal Report 
June 1995 



ELECTRICITY SUPPLY 2-8 

hgh-grade bitumtnous coal as a backup fuel Where both natural gas and rnazut are 
mdicated as the fuel types, about 92% of the heat mput (annual basis) is from natural gas, 
whde the remamng 8% is fiom mazut Where hgh-grade bitumrnous coal is used as a 
backup to natural gas, about 80% of the heat is generated by h g  natural gas, whde 20% 
comes fiom coal (pmanly dunng the m t e r  months) Coal finng is possible because the 
bollers were ongmally designed to fire coal but were subsequently converted to gas finng 

26 The remauung mstalled emsting capacity 1s fired by coal (whose quahty vanes from 
low-grade h p t e  to hgh-grade bitumous, dependmg on the location of the power plant) 
Appromately 46% of the exlsting umts are of the condensing power plant (CPP) type, 
whde the remsunlng umts are of the combmed heat and power plant (CHP) type 

Table 2-1 
Total Exlst~ng Capac~ty of Thermal Plants by Fuel Type 

27 Table 2-2 presents the same Inventory as a finction of umt type The exlsting plants 
utilrze steam bollers to generate power, although some new comrmtted plants wll u t i l~e  
gas turbmes m the more efficient combined cycle configuration 

tural Gas/Mazut 
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Table 2-2 
Total Eustrng Capaclty of Thermal Plants by Unlt Type 

28 Table 2-3 presents an Inventory of the exlstlng thermal power plants by reglon More 
than 67% of these plants are located In three regons -- Center, Urals, and Slbena -- whch 
are the major regons of power production and consumption wthn  Russla 

Umt Type 

CPP 

CHP 

Total 

Table 2-3 
Total Exlstlng Capacrty of Thermal Plants by Regron 

29 Tables 2-4 and 2-5 present hll-load net plant heat rates for the exlstmg plants as a 
hnct~on of &el fired for both CPP and CHP plants The heat rates for CPPs are presented 
as a fbnctron of both fie1 fired and umt sue, smce sEe has a slpficant Impact on heat 
rate, and Include CPP umts as large as 1,200 MW Net plant heat rates for CHP umts are 
gven for all operating seasons slnce there IS a sigdicant seasonal vanation Because the 

Total Em* 
Capaaty 0 

63,006 

72,701 

13 5,707 
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Total Emtmg 
Capac~ty (%) 

46 4 

53 6 

100 0 



CHI? umts are relatively small, sue is not a sigdicant cntenon For more detaded 
mfonnatton, refer to Appendlx F 

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

(Condensrng Power Plants Only) 

Table 2-5 
Estrmated Net Plant Heat Rates for Eust~ng Thermal Plants 

(Combmed Heat and Power Plants Only) 

Fuel Fved 

Large Umts (2 300 MW) 

Med~um Umts (150-299 MW) 

Small Umts (< 150 MW) 

30 Table 2-6 presents estlrnated operatmg costs for these exlstmg plants as a function of 
fuel fhed and umt slze for both the CPP and CHP plants Operatmg costs were estimated 
m accordance wth Electnc Power Research Institute's (EPRI) Techcal Assessment 
Guide (TAG) procedures, as descnbed m Chapter 3, and mciude both the fixed and 
vanable components Costs are presented m 1994 dollars For more detaled informat~on, 
refer to Appendvr F 

Full Load Net Plant Heat Rate 
PhJkWh) 

Fuel F~red 

Wmter 

SpnngFall 

Summer 
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Natural Gas/Mazut 

8,600 - 9,000 

8800-9200 

9,400 - 9,700 

Cod 

9,100 - 9,700 

9 300 - 10 000 

10 300 - 10 800 

Full Load Net Plant Heat Rate 
@hJkWh) 

Nahval Gas/Mazut 

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 



Table 2-6 
Est~mated Operat~ng Costs for Eustrng Thermal Plants 

(Exclud~ng Fuel) 

2 2 2 Rel~ablllty and Ava~lab~l~ty 

Fued Operatmg Costs 
SkWtyr 

3 1 Forced and planned outage rates for the exlstmg thermal plants were estunated and are 
presented m Appendlx F and Table 2-7 The estunates were based on a computemed 
database of thermal power plant avalabhty produced by the North Amencan Electnc 
Rehabihty Councll (NERC) Avalabhty statistics were compded for both coal- and gas- 
fired umts of varying thermal capacities and varylng years of semce These were apphed 
to specdic Rusaan umt types mth smlar charactenstics 

Vallpble Opernhng Costs 
s m  
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Natural Grw/Mazut-Fued Ulutr 

Large CPPs (2 300 MW) 

M d ~ m  CPPS (150-299 MW) 

Small CPPs (< 150 MW) 

CHPS 

5 10 - 13 10 

12 50 - 15 80 

17 80 

33 00 

065 -085 

0 9 5 - 1 0 0  

1 20 

1 25 - 1 50 

Coal-Fwd Umts 

Large CPPs (2 300 MW) 

Mdum CPPS (150-299 MW) 

SmaU CPPs (< 150 MW) 

CHPs 

885-1475 

1605 - 16 70 

20 45 

37 60 

135-140 

1 50 - 1 60 

1 90 

5 15 



Table 2-7 
Estrmated Plant Outage Rates for Eustrng Thermal Plants 

2.2 3 Retirement Program 

Umt Type 

32 Approxunately 79,000 MW of thermal plant capacity are scheduled for retuement 
between the years 1994 and 2010 Table 2-8 presents the distnbut~on of ths  capacity as a 
hnct~on of retuement date by regon The total distnbution of capacity to be retired is 
fmly untform over the 15-year penod, excluding a large number of plants that have 
already passed theu projected retuement date and are described as 1994 retuements 
Based on th s  d~stnbution, it is apparent that a program for rehabihtation or life extension 
must be estabhshed as soon as possible because almost 17% of the bo~lers have already 
passed theu projected retirement date More than 68% of the r e tmg  capacity IS located m 
the Center, Urals, and Sibena regons As previously mentioned, these are the three major 
power production regons m Russia 
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Forced Outage Rate (%) Planned Outage Rate (YO) 

Older Umts (to be retued by 2010) 

Large CPPs (r 300 MW) 

Md~m CPPS (150-299 MW) 

Small CPPS (< 150 MW) 

CHPS 

110 -181  

9 8 - 1 4 0  

9 0 - 9 3  

9 0 - 9 3  

12 2  - 17 9  

12 2  - 13 0  

110-118 

11 0 - 1 1 8  

Newer Umts (not subject to rehrement by 2010) 

Large CPPs (r  300 MW) 

M d u m  CPPS (1 50-299 MW) 

Small CPPS (< 150 MW) 

CHPS 

9 0 - 9 5  

6 3  - 128 

6 0 - 6 8  

6 0 - 6 8  

122-135 

122 -130  

105-118 

105-118 



Table 2-8 
Capacrty of Thermal Plants Subject to Retrrement by Regron (MW) 

Key 1 = North-West 4 = Urals 7 = Sibena 
2 = Center 5 = T p e n  8 =FarEast 
3 = Mrddle Volga 6 = North Caucasus 

33 Table 2-9 presents the distribution of the retmng capacity as a hnction of retirement 
date by ke l  type Nearly 65% of the retinng capacity is currently provided by natural gas- 
fired umts, wth the remmng capaclty provlded by coal-fired umts 

Total 
cap 

13,336 

14294 

17 410 

18 040 

15 825 

78 905 

1000 

58 1 

- 
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Rehrement Date 

1994 

1995-1998 

1999-2002 

2003-2006 

2007-20 10 

Repon Total 

of Total Thermal 
Rehrmg Capac~ty 

O h  of Total Eustmg 
Thermal Capac~ty to 
be Rehred 

June 1995 

3 

1 137 

2257 

1,854 

1671 

2 108 

9,027 

114 

67 0 

1 

387 

318 

1,142 

885 

1750 

4 482 

5 7  

68 1 

6 

1,910 

1607 

1,161 

1 148 

607 

6,435 

8 2  

77 3 

2 

2828 

3154 

5,564 

5 025 

6752 

23,323 

296 

564 

4 

4,015 

4,692 

3,742 

5 984 

1565 

19,998 

253 

70 7 

7 

2 907 

2011 

3,045 

1256 

1637 

10,856 

138 

487 

S 

39 

40 

231 

1,260 

1,062 

2,632 

3 3  

272 

8 

113 

215 

669 

811 

344 

2 152 

2 7  

376 
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Table 2-9 
Capacrty of Thermal Plants Subject to Retirement by Fuel Type (MW) 

Key NG = natural gas BH = hgh-quahty bltummous LH = hgh-quahty hgrute 
M = mazut BL = low-phty ~I~UIWJOUS LL = low-qual~ty hgrute 

Retirement 
Date 

1994 

1995-1998 

1999-2002 

2003-2006 

2007-20 10 

Total 

./. of Total 
Thermal 
Rehnng 
Capaclty 

34 Table 2-10 presents the distribution of plant capacity subject to retirement by umt 
type About 50% of the 79,000 MW capacity that d reach the end of lts deslgn life by 
2010 1s m comblned heat and power plants, wth the remzunrng 50% In condensing power 
plants The number of CHP umts/boilers scheduled for retirement w11 be greater than that 
of CPPs due to their smaller umt capacity 
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NG 

300 

150 

0 

0 

0 

450 

0 6  

NGlBH 

907 

1,051 

1401 

1,075 

1 935 

6 369 

8 1 

NGlM 

4337 

6,962 

10,831 

10,623 

11 298 

44,051 

55 8 

BH 

1,935 

1,132 

1900 

0 

0 

4 967 

6 3  

BL 

3,504 

2,259 

10 

2,982 

385 

9 140 

116 

LH 

470 

1 443 

1,734 

650 

711 

5 008 

6 3 

LL 

1883 

1,297 

1,534 

2,710 

1496 

8,920 

11 3 

Total 
cap 

13336 

14,294 

17410 

18 040 

15825 

78 905 

100 0 

1 
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Table 2-10 
Capac~ty of Thermal Plants Subject to Ret~rement by Un~t  Type (MW) 

2 2 4 Fuel Resources 

Coal Supply 

Retirement Date 

1994 

1995-1998 

1999-2002 

2003-2006 

2007-20 10 

Total 

% of Total 
Rehrmg Cap 

35 The Russian coal industry is charactenzed by low productivity and an mabhty to 
operate vvlthout subsidies, even though market pncmg has been allowed smce July 1993 
The industry contmues to receive subsidies for labor, capital, operatmg, and social costs 
that total about 2% of Russia's GDP Recent studies have mdicated that the short-run 
demand for coal wdl kely continue to declme, and that many operatmg rmnes are not 
vlable under expected demand and forecasts of ral pnces to transport coal 

CPP 

7,228 

6,501 

7,188 

6,369 

11 768 

39,054 

49 5 

CHP 

6,108 

7,793 

10,222 

11,671 

4 057 

39 851 

50 5 

36 Two scenanos were developed for total coal production, whch are pven as percents 
of 1993 production In the hgh scenano, total production would declme to 88% of 1993 
production by 2000, then grow to 106% of 1993 production by 2010 In the low scenano, 
production would declme to 82% of 1993 levels by 2000, but recover to only 98% by 
20 10 In 1993, domestic production (including stock build-up) was 2 12 mt of steam coal 

37 These coal production figures were used to roughly estmate Russia's coal-fired 
electncity generation fiom 1995 to 2010 These estmates do not consider unprovements 
m the efficiency of coal use Table 2-1 1 shows the estmated coal-fired electncity 
generation that corresponds to the production figures gven in the Russzan Energy 
Sirategy 

Total Cap 

13,336 

14,294 

17 410 

18,040 

15 825 

78 905 

100 0 
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./. of Total 

16 9 

18 1 

22 1 

22 8 

20 1 

100 0 
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Table 2-11 
Coal-F~red Electnc~ty Generation (bkWh) 

Coal Pnczng 

38 The long-run costs of coal productlon m each basm were estunated in September 1994 
to evaluate whch coals and coal regons are hkely to be wable in 20 10, and are thus likely 
to supply the electnc~ty sector as ~t 1s rebullt Because lncentlves that were created under 
the Sowet system and persist today can dlstort mvestment and productlon declslons, 
market condltlons were assumed when developmg these cost estimates The estunates are 
thus based on the geologcal and quahty charactenstrcs of the coals, as descnbed m 
Russlan data, and not on current operatmg or mvestment practices 

Swnnnio 

mgh 

Low 

39 Estunated unit costs for coal vary signtficantly by regon In Slbena (both North 
Slbena and East Slbena) coal costs were estunated to be lowest By contrast, coal m the 
Far East was estimated to be among the most costly 

1990 

350 

350 

1992 

307 

307 

40 On the basis of geology, two basms provlde outstandmg opportunttles to produce 
sigmficant volumes of low-cost coal Kuzbass and Kansk-Achsk When used locally, 
these coals have relatively low productlon costs and compare favorably to cornmerclal 
(I e , unsubs~dlzed) operatrons m other countnes 

41 At least one coal was ldentlfied for each basin on the basis of quahty charactenstlcs 
(energy, ash, suffir, molsture content, and volathty) Where coal quahty vanes in a basm, 
multlple coals were ldentlfied to clan@ whether one type of supply would offer cost and 
operabng advantages over others Transportation rates were also estunated on the basls of 
U S costs for hauls of varylng lengths Speclal attention was gven to ldent~fylng each of 
the coals to be used m the modemed plants costed m ths study and to provlde a 
delivered cost for each coal and each market called for m the Jomt Electnc Power 
Alternatives Study (JEPAS) 

1995 

302 

285 

42 In the JEPAS reference cases, fuel pnces were assumed to be based on Energy 
Research Institute (EN) calculations of the "full cost of production baas " Ths means 
that the cost includes all production costs (wthout subs~dies), and that transport camers 
are pnced at full cost 
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2000 

302 

285 

2005 

333 

310 

2010 

364 

336 



Natural Gas Supply 

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

Table 2-12 
Scenanos for Natural Gas Production (1990-2010, bcm) 

Low 640 

44 Of the 120 bdlion cubic meter (bcm) mcrease m production between 1993 and 2010 
that is envisaged in the low scenario, only 25 bcm are expected to reflect mcreased 
exports The remamder represents Increased domestic consumption and is expected to be 
avdable for the power sector In fact, the constramt on domestic natural gas supply is not 
considered to be the sEe of the resource base, whch is vast m Russia m terms of both 
proven and estlmated reserves Rather, pnce is the mam constramt Accordmgly, the 
analysis of usmg natural gas for power generation m Russla was based on its pnce 
projections 

Nafural Gas Pncrng 

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

2 2 5 Environmental Issues 

46 Russla has stnct enwonmental standards, but they are often ignored in practice Most 
exlstmg generatmg capacity was bu~lt before current emssions standards were enacted, 
although new standards d l  be apphcable when plants are moderruzed Older plants 
produce most emssions m Russia In 1992, thermal power plants operated by the Mimstry 
of Fuel and Energy produced 20% of all ermssions from stationary sources m Russia The 
most common pollutants are sulhr dioxlde, nltrous oxlde, carbon dioxide, and ash 
Because of reduced electricity output and the use of more efficient emssions control 
technology, emsslons m 1992 were slightly less than the 7 05 rmllion tonnes produced m 
1991 However, only half of the thermal power plants stayed w i t h  the b t s  set forth m 
thelr emssions pemts  Table 2-14 shows SO,, NO,, and ash emssions for 1990, 1991 
and 1992 
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World 
1995 

47 

48 

49 

45 

42 

23 

40 

42 

60 

Re- 

Moscow 

North-West 

North Caucasus 

Volga 

Urals 

North Tyumen 

North Slbena 

East Sibena 

Khabarovsk 

Far East 

Fullcost 
2001-2005 

65 

67 

74 

62 

54 

32 

52 

60 

90 

Full Cost 
1996-2000 

43 

45 

47 

40 

36 

16 

3 5 

46 

70 

Full Cost 
2006-2010 

75 

77 

81 

70 

64 

40 

62 

72 

100 

World 
2000 

7 1 

72 

76 

66 

6 1 

40 

59 

68 

93 

World 
2010 

88 

90 

93 

84 

78 

51 

74 

84 

107 



Table 2-14 
Pnmary Alr Pollutant Emrssrons from Power Generatron m Russ~a 

(mllon of tonnes) 

Source FBIS State Report on the State of the Environment in the Rusnan Federahon 1n 1991 JPRS- 
TEN-93-001-L 7 January 1993, and the StateReport on the State of the Envzronment m the Rusnan 
Federatzon m 1992 JPRS-TEN 94-0005 25 February 1994 

Pollutant 

Ash 

SulfUt Ihomde 

Nitrogen Oxldes 

47 Worktng Group 2 discussed emssion b t s  for new umts Thls Group 2 explamed that 
although final standards for emssions had not yet been adopted, it was probable that such 
standards would be m place when the rehabhtation program was lmtiated Worlung 
Group 2 mdicated that, based on avsulable informabon, the emssion standards for uthty- 
slze coal-fired bollers are as shown m Table 2-15 

Table 2-15 
Eustrng Russ~an Ernlssron Standards 

1990 

n/a 

3 18 

161 

48 In developrng rehabhtation proposals for the vanous categones of thermal plants, 
Workmg Group 2 assumed that the rehabilitation of exlsting facihties would requue the 
apphcation of appropnate emssion control technologes For each category of bollers, 
Workmg Group 2 selected the most suitable Western emssion control equipment, based 
on efficiency requuements and plant slte htations,  and developed both Investment and 
operatmg cost requirements to acheve the required emssion hmt 

49 Subsequent to thls program, in December 1994, the Russian Muustry of Nature 
approved draft emssion standards for new thermal plants Unfortunately, these standards 
are not the same as the exlsting standards Draft standards are summanzed rn Table 2-16 

1991 

nla 

306  

1 64 
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1992 

2 

2 7 

1 4  



ELECTRICITY SUPPLY 2-20 

Table 2-16 
Draft Standards of Atmosphenc Emlss~ons 

New and Reconstructed Boders 
(Bo~lers Larger than 300 MW) 

50 These draft emssion l m t s  are, for the most part, less stnngent than those used as the 
basis of this Study Ths is especially true for NO, and SO, emssion l m t s  As a result, 
cost estimates reflectmg the application of the more stnngent limts are hkely to be 
conservative 

Fuel Fired 

Natural Gas 

Mazut 

Ligmte 

Black Coal 

5 1 Still, the exlstmg Russian thermal power generating umts that are subject to retuement 
by the year 2010 cannot acheve these emssion h t s  While the majonty of boilers are 
equipped mth some means of particulate collection (either electrostatic prec~pitators, 
mechamcal collectors or wet scrubbers), the equipment IS old and the design efficiencies 
may be lower than requlred to acheve the standards In recent years, some of the boller 
combustion systems have been moddied to reduce NO, formation, but these moddications 
were usually msufficient to acheve the emssion standard SO, control technologes have 
not been applred to any of the boilers and, as a result, SO, emssions remm uncontrolled 
Controls would be requlred to acheve the proposed 700 mg/Nm3 SO2 emssion standard 

2 2 6 Planned Capac~ty Add~tlons and Replacement 

Emisston L~rmt, mg/Nm3 

52 A program for constructmg new condensmg power (CPP) and combmed heat and 
power (CHP) thermal umts has been underway for the past several years, wth  planned 
comssiomng dates begmng in 1994 Whle more detaled information is avalable m 
Appendlx F, the followng ehb i t s  proude an adequate summary of the data Table 2-17 
proudes a breakdown by he1 type of the total capacity of new thermal power plants 
planned and under construction 

Before 1 December 2000 

No, = 150 

No, = 300 
so2 = 2000-3000 
Parhculates = 100-400 

Nox = 370 
so2 = 2000-3000 
Parhculates = 100-400 

Nox = 540-700 
so2 = 2000-3000 
Parbculates = 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 

Nox = 390-570 
so2 = 700 
Parhculates = 50-150 



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

53 It can be seen that some 16,000 MW have been planned (or commtted) for 
construct~on About 60% of the planned capaclty is to be fired wth  natural gas These 
umts include combmed cycle plants, gas turbmes and gas-fired boliers The remammg untts 
wdi be fired by a vanety of sohd fuels rangmg fiom low-qual~ty hgmte to hgh-qualrty 
b~tummous fuel 

54 Table 2-18 presents a breakdown, by umt type, of the total capac~ty of new thermal 
power plants planned and under construction In add~t~on to the power provlded by CPP 
and CHP plants, 26% of the comrmtted capaclty wll be provlded by advanced gas turbtne 
and combmed cycle technologes 
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Table 2-18 
Total Comm~tted Capac~ty of Thermal Plants by Un~t  Type 

55 Table 2-19 presents a breakdown of total comt ted  capacity by regon, wth respect 
to umt type The d~stnbution of new umts vanes sigdicantly by regon 

› Sibena will be the site of the largest mvestment m new capacity (over 
27%), mth almost all new umts fhmg sohd fie1 

b The Tyumen regon wdl also be the site for major new investment (about 
25%), but m thls regon all the new capacity wll be £ired by natural gas 

w The North-West regon wdl be the site of about 20% of the planned new 
capacity, wth most of thls capacity in natural gas-fired combined cycle, 
CHP mstallations 

b These three regons account for almost 75% of the c o m t t e d  new fossil 
capacity 
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Table 2-19 
Total Regaonal Cornmatted Capacaty of Thermal Plants by Un~t  Type (MW) 

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

U m T y p ~  

CPP 

CHP 

Gas Turbme 

Combmed Cycle 

Regon Total 

./e of Total Cap 

56 Table 2-20 shows the annual Investment (m d l o n s  of 1991 rubles) for c o m t t e d  
thermal umts by regon through the year 1997 "Total Investment" refers to the total hnds 
allocated for constructton, whle "Used Investment" refers to hnds used as of January 1, 
1994 Roughly 6,700 -on rubles wll be used to bnng apprownately 9,000 MW on h e  
by 1997 Completion dates are not avalable for the remauung 7,000 MW of capaclty 
Appromately 3,200 d o n  rubles will be needed to bnng the remamng capaclty on h e  
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1 

630 

0 

0 

2,700 

3,330 

20 6 

2 

1260 

0 

0 

0 

1260 

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 



Table 2-20 
Annual Expenditure for Comm~tted Units by Reglon 

( m a  rubles, 1991 year) 

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

Regmn 

1 

2 

3 

4 

5 

6 

7 

8 

2 3 1 Overvrew of Installed Capac~ty 

57 As of January 1994, there were mne nuclear power plants (NPPs) wth 29 power uruts 
In Russia The~r mstalled capaclty was 21 GW, or 10% of the total installed capacity m the 
Russian power sector In 1993, Russian nuclear power plants produced some 1 18 billion 
lulowatt-hours (1 18 bkWh) of electnc energy 

Total 
Investment 

3331 8 

292 4 

161 0 

472 4 

2166 2 

1687 3 

1328 3 

364 6 

58 Nuclear power is one of the major electnclty sources m Russ~a In 1993, the share of 
nuclear electnclty m total electnc~ty generation was about 13% However, the Importance 
of nuclear power greatly vanes from regon to regon For example, m the regrons wth the 
most developed nuclear power (the North-West, Center and Mddle Volga power 
systems), nuclear shares were 47 8%, 23 9% and 16 4%, respectively 

59 Of the 29 operatmg uruts, there are 

Used 
Investment 

432 1 

237 1 

82 4 

61 5 

1183 1 

73 2 

670 9 

127 4 

b pressunzed hght-water reactor uruts of the VVER type 
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1994 

199 4 

9 5 

36 6 

36 9 

53 5 

475 

736 

16 8 

1995 

341 0 

24 3 

16 0 

64 0 

1230 

2479 

1425 

30 8 

1996 

4720 

25 0 

13 0 

67 0 

1750 

2900 

82 0 

32 0 

1997 

459 0 

6 0 

13 0 

56 0 

1975 

3150 

71 9 

33 0 

1998+ 

1428 3 

--- 

0 0 

187 0 

434 2 

713 7 

287 4 

124 6 



ELECTRICITY SUPPLY b 2-25 

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

• liquid metal-cooled fast neutron reactor umt of the BN type 

60 The breakdown of total mstalled capacity by reactor type is gven m Table 2-2 1 

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

61 The power reactors m commercial operation are of several types 

b RBMK-1000, a graphte moderated, pressure-tube, low emched reactor rated 
1,000 MW, deslgned for on-be refbehg (there are two generations of 
RBMK-1000 reactors that daer  in some design features and physical 
parameters) 

Share m Total Capac~ty, ./. 

51 8 

33 0 

12 2 

2 8 

0 2  A 

Reactor Type 

RBMK- 1000 

VVER- 1000 

VVER-440 

BN-600 

EGPd 

b 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 

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

b VVER-1000 (of the V-187, V-338, and V-320 modifications), a second- 
generatron pressumed water reactor rated 1,000 MW 

62 The hquid metal-cooled fast reactor (BN-600) is connected to the Ural gnd The four 
small (12 5 MW) reactors of the water-cooled graphte-moderated channel type umts (EGP- 
6) operate isolated fiom the gnd m the far eastern port~on of Russia In addltion to these 
comssioned plants, the followng are under construction 

w Balakovo - umts 5 and 6 
b Kalintn - untt 3 
b Rostov - umts 1,2 and 3 
w Kursk - unit 5 
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ELECTRICITY SUPPLY 2-26 

63 The charactenshcs of operat~ng Russian NPPs are prowded m Table 2-22 

2 3 2 Historical Avallab~lity 

64 Flgure 2-2* prowdes top-level capac~ty factor data on NPPs for the years 1990 through 
1993 The capacity fictor is defined as the percent of tune wthn  a calendar year dumg 
whch a nuclear umt is operating at its normnal power level 

65 System-wde perfbrmance (average capaclty factor) was 75 17% m 1990, 74 35% in 
1991, 77 49% m 1992, and 75 90% m 1993 Dumg thls same penod, the system mde- 
average number of emergency reactor tnps per reactor umt was 1 3 9 m 1990, 1 04 in 199 1, 
1 29 m 1992, and 0 79 in 1993 

Figure 2-2 
Ava~lability Over Time for Russian Nuclear Power Plants (1990-1993) 

Smolensk - 

Kola - 

Balakovo - 

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

2 "Performance Indicators of Russ~an NPPs, 1993 ," Rosenergoatom, 1993 
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* Not considered m JPNAS3 

No 

7 

8* 

9* 

3 Jolnt Parallel Nuclear Altemat~ves Study 
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Power Pool 

h41ddlc 

Volga 

Ural 

Lsolatcd 

p0ol 

Rtaetor5pe 

W E R  1000 

W E R  1000 
VVER 1000 

VVER 1000 

AMB 100 
AMB 160 

BN-600 

EGP-6 
EGP-6 
EGP-6 

EGP-6 

Plant Name and 
Unlt Number 

BalsLovo-1 

Balakovo-2 
Balakovo-3 

Balakovo-4 

Beloyaralraya 1 
Bc1oyarskay~-2 

Bcloyarnluya 3 

Brl~bmo-1 
Brlrbmo-2 
Bll~blno-3 

Brlibmo-4 

$*&' 
1000 

1000 
1000 

1000 

100 
160 
600 

12 

12 
12 
12 

Non Cuel 
WMCort  
mllldlrwh 

4 36 

4 36 

4 36 

4 36 

v 

pr& 
900 

900 

900 
900 

570 

$!%% 
1993. % 

40 

45 

54 
65 

80 

61 
60 
62 
75 

Fuel Coat 
mllldkWh 

3 2 
3 2 

3 2 

3 2 

-- 

Regulntq  
R q u l m m n t  

OPB 82 
OPB 82 

OPB 82 

OPB 82 

OPB 73 
OPE73 

OPB 73 
OPB 73 

Planned Shutdown 
Date 

2015 
2017 
2018 

2023 

hutdown m 1980 

hutdown m 1989 
2010 

2004 
2004 
2005 

2006 



ELECTRICITY SUPPLY b 2-29 

66 The Russm schedule for the decomrmss~onmg of nuclear power umts prepared for the 
JEPAS is provlded m Table 2-22 

2 3 4 Nuclear Fuel Supply and Cost 

67 There are several categones of nuclear matenals avdable for fuel m Russla They 
mclude 

b urantum m deposlts 
b natural and emched urmum in stocks 
t depleted uraruum as a byproduct of the emchment process 
b uraruum and plutomum fiom spent nuclear fuel 
t plutomum and hgh-emched urmum fiom nuclear weapons 

68 In 1993, the quant~ty of urmum was assessed at about 720,000 tonnes of natural 
uraruum m deposits and stocks The annual consumption of urmum for electricity 
generation m Russia IS about 4,000 tonnedyear Thus, at the present rate of consumptron, 
Russla has resources for the foreseeable future It is clear that mth the addition of other 
nuclear resources and less certmn categones of urantum deposlts, thls number can become 
even greater Therefore, ~t is reasonable to assume that there IS no fuel h t a t l o n  in the 
foreseeable future for any reasonable development of nuclear power m Russia 

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

69 The world commumty's concern regardmg the safety of Russian NPPs' further 
operation, mamly NPPs mth RBMK-1000 and first generation VVER-440 reactors, was 
an lnltlal premse for the JEPAS and the JPNAS 

70 Followmg the Chernobyl accident, additional measures for Increasing the rehablhty and 
safety of Russlan reactors were ldentlfied through additional safety analyses Some of 
these have been mplemented, others are m the process of implementation Safety 
upgrades at operatmg nuclear uruts are made sequenttally based on financial considerations 
and planned umt outages 

71 Safety can be unproved not only by equipment upgrades, but also by operational 
unprovements Therefore, the Russian safety program Includes measures auned at 

4 (DeveIopment of the Strategy of the Development of Nuclear Power In the Framework of the Long- 
Tenn Integrated State Fuel-Energy Program The Energy Strategy of Russra of the Russran 
Federation for the Penod up to 2010 Phase Development of the Project of the Nuclear Power Strategy 
ln Russ~a MINATOMENERGO RF TsNIIATOMInfom No 37810 Moscow, 1993 (In Russ~an) 
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lmpromg operation and msuntenance, quahty control, diagnostic methods, admstrative 
controls, personnel quahfications and t r m g ,  and penodic safety assessments 

72 Among the orgamzaQonal and technrcal measures, the most important was the 
mtroduction m 1990 of the speclal operatmg regme for umts wth the RBMK-1000 and 
first-generat~on VVER-440 reactors Thls regme mcludes expanded survedance of the 
mtegnty of the pmary clrcuit and an annual reassessment of safety for each umt, 
mcludmg a report to the Russian regulatory authontles Authollzation for contmued 
operation is based on ths report 

73 Spec~fically, the safety upgrades assessed m the Joint Study are based on 

w A subset of the upgrades developed by the Russian engmeers for the 
International Users Group (IUG) of Sowet Des~gned Reactors and 
published in a March 1994 report prepared for WANO that Includes all the 
upgrades dlrectly associated unth reactor and plant safety 

b The implementation of confinement/contamment systems for RBMK and 
first generation VVER-440s 

b Certam additional engneermg studies fiom the current Russian program to 
identlfjl upgrades not Included in the two prevlous items 

74 The safety upgrade programs that have been developed and unplemented m Russian 
NPPs overlap those pubhshed m WANO reports Additional safety upgrades envisioned 
for the Russian program are as follows 

Upgrades to cope wth "station blackout " 
Prows~ons to safely manage anticipated transients urlthout scram (ATWS) 
Interactions between the plant and the gnd (measures to protect the plant 
fiom transients or hnctlonal degradation on the gnd) 
Additional safety upgrades that address common cause failures 
Enwonmental quahficatlons (assurance that the capabhty of safety-grade 
equipment and certan other systems and components function as requ~red 
under accldent conditions) 
Performance of a comprehensive set of accident analyses that wdl support 
current safety upgrade proposals and identlfy additional upgrades, if any 
Additional fire protection measures 
Addressing long-term cooling capabilities 
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2 3 6 Current Regulatory ~nv~ronrnent' 

GosAtomNadzor Responszbzlztres and Achw fres 

75 GosAtomNadzor, as approved by statute fiom the President of the Russian 
Federation, is responsible for the followng 

t Participation with other state control authorities of the Russian Federation 
in detemnlng and introducing a system of measures (legal, economc, 
organmtional and techmcal) to promote nuclear and radiation safety 

t Estabhshment of cntena, norms and procedures m the field of nuclear and 
radiation safety 

t Supemsion of government, mhtuy, pnvate organnations and the citizenry 
to assure stnct compliance wth the laws of the Russian Federation 
regardmg the production, handhg and use of atomc energy, nuclear 
matenals, radioactive matenals and products based on them, in both civil 
and defense enwonments Ths mcludes development, production, testmg, 
transportation, storage and elmmation of nuclear weapons as well as the 
mantenance of codes and standards for nuclear and radiation safety 

t Supemsion over the organmition, storage and mventory control of nuclear 
and radioactive matenals, u t h t i o n  and disposal of radioactive wastes and 
spent nuclear matenals 

t Supervision of physical protection for nuclear technololpes, matenals and 
non-prolrferation Together unth the Muustry of Foreign M a r s  of the 
Russian Federation, supemsion over the performance of pertinent 
international agreements 

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

t Licensmg of activities listed in the Annex to the present Statute and 
preparation of proposals to improve the hcensing procedures 

s The mformation m this section was extracted m part fiom NUSAC News (G-24 Nuclear Safety 
Assistance Coordmation) January 1995 Issue 5 
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b Implementabon of R&D pohcy, organtzatmon and coordma~on of research 
studmes to valmdate principles and cntena, development of requlrements for 
codes and procedures which regulate nuclear and radiatmon safety 

w Organtzatmon and control of quMcattons for personnel and departmental 
control over nuclear and/or rdation safety of controlled matenal 

W Reportmg responsibhty, to both the state and the pubhc, regardmg the 
state of nuclear fachties and radmoactive matenal To implement thls task, 
GosAtomNadzor of Russma consmders the followmg activities important 

Independent safety assessments for 

- Construction hcensmg 
- Operational lmcensmg 
- Operation 
- Decomrmssmomg 

Licensmg and pemts for apphcants or operatmg orgarmations to 
fiW specmfied activltmes and dehtmons of hcense terms 

Control the execution of hcense and p e m t  terms by the 
exarmnation of reports and on-the-spot mspectmons 

76 The implementation of GosAtornNadzor's mam tasks has requlred a complete 
restmctunng of its policy Ths mncludes both the essence of mts work and scope of its 
references GosAtomNadzor does not supemse mdustnal and nurung enterprises formerly 
controlled by the USSR's Gospromatomnadzor Instead, GosAtomNadzor supemses the 
country's nuclear power plants and research reactors, as well as the orgmzatmons 
associated wth the fie1 cycle and nuclear matenals that are part of the war mdustry and in 
civhan nuclear powered shlps (1 e , icebreakers) These were not controlled by the 
USSR's Gosatomenergonadzor Accordmngly, a new orgamzational chart was developed 
and IS presented m Figure 2-3 
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F~gure 2-3 
GAN Organlzatlonal Chart 
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Man Tasks of Transatrun 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 supervision of nuclear and radiation safety m the terntory of the 
Russian Federation 

w Grantmg of menses to hlfh acuvlties on production and use of nuiear 
materials, atomc energy, radioactive substances and products based on 
them 

78 According to ths policy statement GosAtomNadzor, dunng ths transition penod, wdl 
be dealmg wth nuclear power plants only 

79 For these nuclear power plants the mam tasks dumg ths transition penod are as 
follows 

b Estabhshment of supervisory organtzations 
b Development of hcensmg standards and procedures 
b Grantmg of temporary pemts for operation of exlstmg NPP umts 
b Grant~ng of temporary pemts to complete ongotng NPP umt construction 

Temporary Pemkr Dunng the Transrtzon Penod 

80 Temporary pemts for the operation of exlstmg NPP umts and to allow the 
completion of ongomg construction are important because 

b Documentation regulatmg hcensmg is not avalable yet 
b It wdl take time to develop the necessary documents on nuclear and 

radiation safety for licensing 
b Economc and polttrcal reasons do not allow the suspension of operatton or 

construction of NPP umts, even for a short penod of time 

8 1 For the above reasons, a simpldied procedure for grantmg pemts is a necessity It 
would requve puttmg exlsting Russian power umts under the control of a new estabhshed 
supervision body and could be performed quickly 

82 Procedures have been developed and unplemented for civllran nuclear power plants 
These are presented m the "Statute on the order of temporary pemts granted by 
GosAtomNadzor of Russla to operate NPP umts m Russian Federation", a simlar statute 
for ongoing NPP construction sites is being developed 
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2 3 7 Currently Planned Capaclty Add~t~ons 

83 In Russia today, there are seven power reactors at dflerent stages of completion at 
four different NPP sites wthm Russia 

w Balakovo umts 5 and 6 the umts d be VVER-1000s 
w K b  umt 3 ths  umt d be a VVER- 1000 
b Kursk umt 5 ths urut d be a RBMK- 1000 
b Rostov umts 1,2 and 3 these umts wdl be VVER- 1000s 

2 3 8 Add~t~onal Factors for the Russ~an Nuclear Sector 

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

Energy Secunty Dzverszty of Supply The existence of a nuclear sector provldes a 
strong measure of protection agamst events that mght threaten the avadabhty and 
cost of fossll fuel supplies 

Envzronmental Consrderatrons In evaluatmg vatlous approaches to generation 
capacity expansion m the Russian Federabon, unpacts to the enwonment must be 
considered For example, nuclear power does not produce the atmosphenc 
emssions associated vvlth fossil &el plants, but it does produce hgh-level nuclear 
wastes that requue long-term storage, and there is some nsk posed by accidents 
These and other factors are difficult to quantlQ and were not included m the 
modehg, but are an important element m deterrmmng generation expansion 

optlons 

Infrusfnrcture Resources and lnfiastructure exlst m 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 Safefy The upgrades addressed in Section 2 3 5 above are designed to 
substantially mcrease the level of safety of Russian reactors The implementation of 
such upgrades is kely to Increase the acceptance of nuclear power in Russia by 
the pubhc and by the international comrnuruty 
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85 The plan for Russia's electnficatlon was the earhest mtiative to bulld 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 Flgure 2-4 shows the growth of 
hydroelectnc generation capaclty m Russia 

Frgure 2-4 
JEPAS Hydro Assessment 
Growth of Hydro Capacrty 

Middle Volga Urds Srbena 

North-West North Cauca~ur Far East 

center 

2 4 1 Installed Capac~ty 

86 As of January 1, 1994, hydropower plants accounted for 4 1,162 MW Of ths, plants 
of 30 MW and above accounted for 40,852 MW Hydro's share 1s about 21% of the total 
mstalled capacity of the Integrated Power System of Russla The regonal dlstributlon of 
major hydroelectric plants IS shown in Table 2-23 Table 2-24 glves some of the 
charactenstlcs of each regon's hydroelectnc plants (Appendix I gves a plant-by-plant 
breakdown) 
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87 Four plants are currently undergoing rehab~lttation Nizhne-Tulomskaya, 
Volkhovskaya, Volzhskaya (Center regon), and Volzhskaya Mddle Volga) Wlthout 
rehabhtation, it 1s expected that these plants wdl be out of semce by the year 2000 
Llkewse, another four plants need rehabhtation, but work has not started on them 
Kamskaya, Ivankovskaya, Pavlovskaya, and Uglitchskaya These plants are also expected 
to be out of semce by the year 2000 Ifwork is not undertaken on them 

Table 2-23 
Reg~onal D~stnbut~on of Emstlng Hydroelectric Power Plants 

' mcludes Tyumen 
"smalln 1111phes less than 30 MW mtalled capacity 
na=not available 
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Table 2-24 
Inventory and Energy Productron Aspects of Exlstrng Plants by Reg~on 

' Includes m e n  

North 
west 

Cmtu 
Conv 
PS 

Mddle 
Volga 

Urals' 
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iLluCa%u?i 
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Far East 
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2 4 2 Rellabrllty and Avallablllty 

88 It is reported that the trend over the last five years has been to use more and more 
hydropower for pealung energy Thts has meant the Increased startmg and stoppmg of 
turbmes, sometunes as much as ten tunes a day, whtch has accelerated the degradabon of 
system avadabhty The amount of down-tune has been steadily increasmg for umt repars 
and overhauls 

89 In general, the hydro-turbmes have been subject to decreasmg servlce Me for new 
units over the last 40 years That is, umts mstalled before 1950 had a useful llfe of about 
50 years Smce that tune, the reduction m spec& metal content has lowered the useful 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 r e m w g  semce Me of the 66 largest exlstmg hydro plants in Russia was 
analyzed The results are presented m Table 2-25 

Table 2-25 
Remarnlng Servlce L~fe  of Hydro Plants 

2 4 3 Retirement Program 

Remammg Semee 
L~fe  (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 exlstmg hydroelectric plants A 
hydro plant's semce hfe is typically controlled by the condition of the turbine and 
generators In general, the useful life of civll structures is much greater than that of the 
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equrpment Exlstmg hydro plants wdl contmue to operate untll a key component f d s  At 
that tlme, retirement or rekrblshment wll be evaluated Exlsting caprtal budgets for 
routme and preventatrve mamtenance have dwmdled 

92 A considerable effort has already been made by the Russran Hydroproject Instrtute to 
evaluate the rehabhtatron needs of almost all hydro plants m the country The optrons for 
irfe extensron appear to be hnuted to Increased budgets for preventatrve mantenance and 
equrpment replacement 

2 4 4 Environmental Issues 

93 These Issues have not been hlly studled for all hydro plants in Russra under the 
current assessment However, for the specific plants recommended for investment 
(Appendix I), the enwronmental consrderatrons (rf any) have been mcluded in the project 
mvestment discussions 

2 4 5 Planned Capaclty Addltrons and Replacement 

94 Several hydroelectnc plants rn the Russran Federation have been rdentlfied for 
rehabhtatron Prewous studres by Russian engmeers have identified many plants m need of 
rehabllstatron Rehabhhfion at some of these plants has started due to unrmnent 
equrpment fdure Four plants currently undergomg some type of rehabhtatron were 
rdentified for pnonty Investment to accelerate rehrblshment and upgrades 

b Ndme-Tulomskaya 
b Volkhovskay a 
b Volzhskaya (Center) 
b Volzhskaya (Volga) 

95 These plants account for 4,957 MW and 20,460 GWh of exlstmg mstalled capacity 
and energy production, respectrvely After rehabllrtation, the plants mll increase to 5,202 
MW and 22,720 GWh of Installed capacity and energy production, respectively, due to 
modem equipment and efficiency improvements 

96 The proposed Investment of $585 d l o n  would prowde approximately a 40-year Me 
extensron for the four emsting plants Wrthout continued rnvestment, these emsting plants 
wdl hkely be out of semce by the year 2000 

97 In addifion, four hydroelectnc plants have been rdentified as pnonty projects for new 
rehablhtatlon, mcludmg modemation and expansion 

F Karnskaya 
w Ivankovskaya 
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b Pavlovskaya 
b Ughtchskaya 

98 No rehabhtahon construction has started yet for any of these plants except for 
Ughtchskaya, wfuch is currently bemg repmed as a result of the fdure of a portion of the 
draft tube hung 

99 The estimated mvestment requirement for rehabhtatmg the four pnonty plants is $370 
mlhon over the five-year penod 1995 to 1999 The proposed investment would prowde 
apprownately a 40-year life extension for these four exlstrng plants The four plants 
account for a total of 810 MW of installed capacity and 2,560 GWh of average annual 
energy production After rehabilitat~on, the plants wd increase to 89 1 MW of Installed 
capacity and 2,63 1 GWh of average annual energy product~on due to modern equipment 
and efficiency improvements 

2 5 1 Hlgh-Voltage Transmlssron and Dlstnbutlon 

100 Russia's Integrated Power System is one of the largest In the world, spannmg some 
9,000 km fiom east to west and six time zones It holds the followmg large mterconnected 
regonal power systems (UPS) North-West, Center, Mddle Volga, Urals, North 
Caucasus, Sibena, and Tyumen The power systems of the Far East regon (Arnur, 
Khabarovsk, Vladivostok) operate separately from the IPS In thls report, Tyumen, whch 
is part of the Urals UPS, IS treated separately m the analysis of power needs However, for 
transmssion purposes, ~t remajns part of the Urals UPS The power systems of the new 
Independent countnes (Kazakhstan, Ukrame, Belorussia, South Caucasus States, Baltic 
States, Mddle Asia States) are m synchronous operation wth the IPS 

101 As of January 1993, the total installed generation capaclty of the IPS was 190 GW, 
wth an annual production of some 850 bllhon kWh 

102 As a result of divers~ty in daly mawnum load shapes, it has been possible to reduce 
the total load demand of the IPS by 10 GW Ths factor, together wth decreases in 
operational ( s p m g )  reserves and the rationalmition of the generation structure, are 
major advantages of the system's operation 

103 Two separate voltage sequences have hstoncally developed in the former USSR 
1 10-220-330-750 kV m the western and southern parts of European Russia and 110-220- 
500-1,150 kV over the rest of the country After the d~ssolution of the former Sowet 
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Umon, the majonty of h e s  m voltage classes 33 0 kV, 750 kV and 1,150 kV became a 
part of the systems of the newly formed western states and Kazakhstan Nevertheless, the 
total length of 1 10- 1,150 kV transmsslon h e s  m Russ~a is now 400,000 km, lncludmg 
36,000 km of 500,750 and 1,150 kV h e s  

104 The exlst~ng transmsslon network basically provldes for energy transfers from power 
plants to consumers However, there are several places where the underdevelopment of 
transmsslon has created bottlenecks, preventmg a rehable supply to consumers and 
h t m g  the full use of exlstmg generatlon capac~ty 

105 As a rule, Russia does not meet the N-1 plamng mtenon, a fundamental pnnc~ple of 
transmssion planmng in most countnes, although attempts have been made to meet tfus 
cntenon m systems surrounding nuclear plants To accommodate ths lack of hgh 
transmsslon redundancy, specla1 sophsticated emergency control procedures have been 
engmeered and implemented m Russia These procedures are used routmely to preserve 
the operat~onal stabhty of the power system followrng contmgencies They automatically 
shed consumer loads, and d~sconnect either mdlvldual generatmg m t s  or whole power 
plants, rncludmg nuclear umts Such control actlons and the nsk to the safe operation of 
the nuclear plants could be avoided by strengthemg the transmssion system Ths Issue 
argues for mcreased redundancy In the power transmsslon network, Irrespective of normal 
power flow demands That mcentive IS redorced by the needs unposed by the automation 
and moderntzation of Russia's lndustnal processes, the latter bemg more senslttve to 
power mtermptions than has been the case m Russ~a heretofore 

106 The mterconnection transfer ~apabhty requued between regons is largely 
d e t e m e d  by forecasts of normal or emergency flow Official forecasts of load/generation 
balances for Russia's regons reflect uncertamty m the pace of economc recovery, 
mdustnal modernmition, nuclear plant retuement policy, and other factors 

107 The collapse of the Sovlet Umon created important new problems for the IPS The 
transmssron jlnks that mterconnect some regons of Russia were suddenly m fore~gn 
countnes (e g , Kazakhstan, Ukrmne, the Baltic states) The use of such tles became 
dependent on pohtical relationshps, and extremely large mvestments are needed to 
d~rmntsh Russ~a's vulnerability to those relatlonshps Nonetheless, because transmsslon 
between regons is normally a fiact~on of the generatlon cost wthm a regton, strong 
~nterconnectlons represent good "msurance" aganst forecast errors and political 
uncertamty 

6 N-1 means that the system can stay wthn acceptable lmts  for kquency and voltage fluctuahons, 
desplte the fallure of one major component (a power plant or h e  segment) N-2 whlch IS more str~ct 
means that the system can handle the fadure of two major components 
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108 At the same tune, changes in mnter-regonal transfer capabhty wdl affect regonal 
generation requ~rements The former Sowet Umon's mandatory value of a 13% to 14% 
capacity reserve margm for the country as a whole IS now bemg rewsed The new planntng 
target for ths margm IS bemg rased to about 16% to 18% Thls takes Into account the 
new economc and pohtical envlronrnents m whch Russian uthties must now operate 

109 System losses at all levels of the Russian power system are hgher than those of 
western systems, o m g  partly to the use of smaller conductors, the longer distances, and 
the lack of fachties to control reactive power flows Losses are especially hgh In 
subtransrmssion and dlstnbution systems, 1 e , at 110-220 kV and below, where an 
estlrnated 80% of the losses occur 

2 5 2 Control, Commun~catlon, and D~spatch 

110 The system operation organmition m the IPS IS herarchlcal The Central Dispatch 
Office (CDO) IS at the top of the herarchy, it 1s responsible for controhg system 
conditions to meet the national electnc demand, and for provldmg a rehable and 
economcal electnc energy supply The CDO is also responsible for coordlnatmg day-to- 
day operations among separate Interconnected power systems to assure stable, economc, 
and rehable operation The operational fbnctions of each of the Intercomectron Dlspatch 
Offices (IDOs), whlch are under the dxect supemsion of the CDO, are basically s d a r  to 
the correspondmg functions of the CDO, although theu responsibhty is h t e d  to ther 
respective systems Each of these control centers is equlpped wth computers and an 
associated cornmumcation network to gather and process data fiom power plants, 
substations and their regonal dspatch centers Thts computer system 1s a pmary means 
by whch dispatch functions are acheved 

11 1 The respons~b~ht~es of the control centers are changmg along unth the structure of the 
electnc power sector Ther new responsibhties mclude 

b Enhanced dlspatch of generation and transmsslon systems wll be needed 
to optrrmze fuel cost and Improve system rehablhty In the past, the 
dispatch functlon mumzed the amount of fuel used Thts major change in 
philosophy d l  requlre addltlonal equipment and systems at the control 
centers 

The new structure of the Rusaan power market calls for more evaluation, 
schedulmg, accounting and bllhg of electncity transfers between 
compames and between regons than have occurred m the past 

The A0 Energos (utilities) are now mdependent from the CDO and the 
IDOs In fact, many parts of the bulk transmsslon system are not part of 
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the A 0  Energos at all Nevertheless, the CDO and the IDOs contmue to 
coordinate activities on the bulk transmssion system 

b While approximately 50 of the largest generatmg plants remam under the 
du-ect control of the CDO and IDOs, most of the electnc generatmg uruts, 
cogeneratmg heat uruts, and Independent generating uruts are mth the A0 
Energos and other compames Yet the CDO and IDOs need dwect control 
of key generatmg units to control frequency and mter-companylinter-regon 
electnc energy transfers 

2 5 3 Plannrng Performance Cntena 

112 To bmg the Russian power system lnftastructure to the state where it meets an N-1 
plamng cntenon would requu-e the construction of a very large number of transmssion 
facdities throughout the country Even where ths  would be desirable m the long term, it 
would be impossible in the short term because of the immense transmssion distances and 
the enormous costs mvolved A special long-range transrmssion system remforcement 
study should be undertaken to determme the degree to whch the Russian power system 
should be modlfied to mcorporate the N-1 planmg pmciple Studies performed by the 
transrmssion workmg group began that process by usmg the N-1 cntenon as a basis for 
estabhshng the rmnunum transmssion requued for several of the cases considered 

113 Workmg Group 4's approach to analymg and evaluatmg the performance of the 
transrmssion system, both before and after remforcement, followed present Russian 
practices, standards and regulations The m m  guidehnes used m the study to calculate 
maxunum transfer capablhties between portlons of the system are as follows 

b The maxlmum allowable power flow under normal and mantenance 
conditions shall not exceed Psdl 20, where Pss is the steady-state stab~lity 
l m t  detemned fiom load flow s~mulation studies 

b The maxlmum power flow pemtted under post-contingency condltlons 
shall be mthm Psdl 08, where Pss is the steady-state stability llmt 
followmg an outage detemned from load flow smulation studies 

b No margm is estimated and no limt is set on transient stability calculations 
For certan emergency disturbances, however, checks are made for the 
stabhty of the dynmc transition from the irutxal 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 disconnection of a power 
plant as a whole or its mt(s) 1s smulated for 330 kV through 750 kV 
transmsaon For 1,150 kV transmssion, the mtial disturbance 1s modified 
to include only a single phase-to-ground fault Three-phase faults are tested 
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for 110 kV and 220 kV transmsslon fachtles The foregomg are general 
guldehes for translent stabhty sunulatlon studles 

A general assumption IS that power flow constraints are unposed by the 
cntenon of mantanmg stabhty m the translbon to a post-emergency mode 
under normal and maintenance outage condlttons vvlthout and mth 
emergency control procedures (the N- 1 pmclple), respectively 

114 In practrce, however, power flows (whch under smgle contmgencies, requre 
emergency control to preserve stablllty) are allowed a s  IS part~cularly true where a 
smgle transmsslon h e  has a hlgher voltage class (much greater power ratmg) than the 
surroundmg system In those cases, the outage of the hghest-voltage h e  could cause 
1nstab11ty vvlthout emergency control actrons In other cases the cntenon is set aside 
because even vvlth all avalable hnes m servlce, the transmsslon capaclty IS madequate to 
dehver electnc energy fiom regrons of ample supply to deficlt regons 

115 The major lmtations Imposed by the present control, commumcatlon and dlspatch 
systems ldentlfied by the Jolnt Study can be summanzed as follows 

t Most control center equipment 1s obsolete and ~ t s  mamtenance IS 

mcreasmgly problematrc The capabhty and capacity of the present 
equlpment should be improved to meet secure power system operation 
requrements In the near future 

t The mam computer system's hardware and software are technologcally 
outdated The agmg system prohbits unplementing the new hnctlons 
requred to support changes in the system operations of the IPS 

w The comrnumcatlons among control centers, and between a control center 
and field momtonng devlces, are constraned by data speed and channel 
capaclty due to the obsolescence of commumcatlon medla and equipment 

t The amount of currently telemetered data fiom power plants and 
substatlons IS Insufficient for any advanced applications such as on-line 
economc load dispatch, state estimates and contingency evaluations 

t The exlstlng remote monltonng and control equipment at substations and 
power plants needs to be upgraded Slnce there IS llttle or no manufacturer 
support or spare parts for exlstmg equipment, lt IS common to 
"cambal~ze" equipment In less demand for spare parts 
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b Most generatrng units do not take part m automatic dady load regulation 
Most rnstrument systems at the power plants were not ongtnally designed 
to support remote momtomg and control 

JEPAS Flnal Report 
June 1995 



1 Ths chapter discusses several opttons for mvestment m Russta's power sector 1) 
energy efficiency improvements in the mdustnal, restdent~al, transportatton, apculture, 
and semce sectors, 2) thermal power plant modernrzatton, conversion, he1 swrtchmg, Me 
extenston, and the completion of new plants, 3) nuclear plant completion, safety upgrade, 
and/or decomssiomng, 4) the rehabtlitation, modemtion and expansion of exlstrng 
hydro plants and the construction of new hydro plants, and 5) transmssion and dtspatch 
projects 

2 There is a large potential to Improve the efficiency of electncity use throughout the 
Russian economy As wth other basic social goods, electncity pnces were held low and 
there were few incentives to reduce consumption Also, mdustnahzation pohcies favored 
the production of electncity- (and energy-) intensive goods, particularly m heavy rndustry 

3 The Russzan Energy Strategy identifies potenttal savlngs of 330 to 390 bkWh per year 
based on 1990 electnctty consumption patterns (Table 3-1) For companson purposes, 
total electncity consumptton m 1990, tncludmg m-plant use and dtstnbutton losses, was 
1,074 bkWh Sectoral consumption m 1990 was rndustry (wrthout power plants) 554 
bkWh, agnculture (not mcludmg rural housmg) 67 bkWh, transport 104 bkWh, servlces 
96 bkWh, and residential 78 bkWh In Table 3-1, effictency potential has been broken 
down Into two categones, measures requmng rnvestment m new technology and operation 
and mantenance measures These potential savlngs estimates descnbe the effect lf all 
current wastehl practices and technologes were replaced by those that are energy 
efficient The achevable savlngs are lower than the theoretical potential, as descnbed 
below 
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FUTURE INVESTMENT OPTIONS 3-2 

Table 3-1 
Electnc~ty End-use Effrc~ency Potentla1 (Based on 1990 Consumption) 

Determined from the Russian Energy Strategy, bkWh 

4 Some improvements m the utlllzatlon of electncity wdl evolve as a result of economc 
reform As pnces are freed to reflect actual costs through market forces (or in the case of 
regulated uthties, through regulatory reform), consumers will respond to hlgher pnces by 
ehmmatmg costly waste The first naturally occumg responses are called operation and 
mamtenance measures (also referred to as low costlno cost or housekeeprng measures), 
reflectmg the possibhty of malung unprovements wthout the need for extensrve capltal 
mvestments (shuttmg off hghts and equipment when not m use, for example) 

Sector 

Total for Russia 

Industry & Construct~on 

Agriculture 

Transport 

S ~ M C ~ S  

Resldenbal 

5 It IS important to note that some operation and mamtenance measures wll requlre 
lnvestment and attention m order to fblly reahze these savmgs For example, meters wdl 
often need to be mstalled to momtor electrical and thermal pefiormance, and energy 
managers d need trammg m the operation and mamtenance slulls that are requ~red to 
el m a t e  energy waste Nevertheless, these low cost/no cost options do not requlre 
srgtllficant capital mvestment, and have not been considered m the cost est~mates in ths 
sectlon 

6 There is also a cntlcal role for structural change wthn  the Russlan economy in altenng 
electricity use Ths should occur at several levels of the economy, both between sectors 
(for example, a shft m econormc actlvlties away fiom mdustry to consumer products and 
s e ~ c e s )  and wthm branches of mdustry (a shlft fiom heavy mdustry to hght industry, a 
reonentation of mdustnal output and activltles to those producmg higher-value goods 
usmg less electncity, the production of more spare parts and hlgher-quallty goods in the 
manufactunng sector to reduce the absolute number of umts produced, etc ) The 
posslblhties and investment needs for structural change to reduce electncity consumption 

Total 

330-390 

260-290 

25-30 

4 6  

27-32 

30-35 
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Ofwhlch 

Investment Mearurea 
(Technology Meanures) 

240-290 

195-220 

15-18 

2-3 

2 1-25 

23-27 

Operatm and Maintenance 
(Low CostMo Cost) 

90-100 

65-70 

10-12 

2-3 

6-7 

7-8 



FUTURE INVESTMENT OPTIONS 3-3 

are very ddlicult to quanw The efficlency benefits offered by structural change are a 
secondary benefit of decisions made for other economic reasons, and as such are not 
mcluded m ths  Study's mvestment program for energy efficiency Also, structural changes 
that produce energy savlngs 4 1  manly take place after the year 2000 when the economc 
cnsis is over m Russia and favorable economic condi~ons exlst 

7 There are measures descnbed In thls Study that requlre capital mvestment (I e , the 
installation of energy-efficient equipment), that could produce large energy savmgs, and 
that have wde apphcabhty Ths section identifies the major energy efficlency measures 
requlnng capital mvestment, and estunates theu costs and energy samgs in the five major 
end-use sectors of the Russian economy mdustnal, residential, transportation, agriculture, 
and semce For JEPAS efficiency investment calculations, the potentla1 efficiency 
improvements shown in Table 3-1 were not completely taken mto account Instead, 
Worlung Group 1 exammed the investment requirements and efficlency potential of a large 
number of specfic end-use efficlency measures The group's methodology and findmgs are 
descnbed m greater de td  for the 57 energy efficlency measures studied m the follomg 
sectlons and m Appendvr D 

3 1.1 Methodology and F~ndmgs 

8 The underlying method for evaluating energy efficiency mvestments IS to consider the 
Installed cost and the hfetune electnclty savlngs of each measure Worlung Group 1 
developed the Russian End-Use Electricity Efficiency Model to estunate energy efficlency 
potenbal and to develop energy efficlency supply curves Ths model allows the user to 
select the lowest-cost set of energy efficiency measures and forecast the measures' energy 
sawngs and Investment requirements for vanous lndustnal and non-industnal categones 

9 Table 3-2 summamzes the 57 energy efficlency measures considered m ths  study and 
estunates the samgs they would prowde under Scenano A These estunates assume that 
equipment replacements wdl be made only when exlstmg equipment reaches the end of its 
estunated design Me In ths case lt was assumed that the average cost of saved energy 
would not exceed 4 cent&% This value was the result of analyses performed usmg the 
ICF optmuation model, whch was used to prowde Integrated least-cost planrung for the 
JEPAS Ths model selected efficiency measures that are summanzed m ths  list based on a 
cornpanson wth supply costs (on a regonal basis) after both were converted to 1994 
dollars Hence, not all of the efficiency measures shown here were chosen by the ICF 
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Table 3-2 
Energy Efficrency Measures for the Year 2010 (Scenano A) 
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SECTOR I EFFICIENCY MEASURES I SAVINGS-GWH 
Measures w~th  Savings NPVs L e s  Tban Zero 

Industry 
Agriculture 
Industry 

Industry 

Agriculture 
Mlsc 

Efficient florescent fixtures 
Mercury and florescent lamps 

Efficient and downsized motors 

Improved fumace msulahon 

Downslzlng electnc motors 

Other measures 

7 325 

3 945 
1 1,679 

4 095 

1 582 

3 14 
Subtotal 28,940 

Measures w~th  savings NPVs from 0 00 to 0 50 cents per kWh 
Servlce 

Transport 
Industry 
S m c e  

Industry 
S m c e  
Mlsc 

Efficient motors m bddmgs 
Improved locomo~ves 

Efficient motors 
Light~ng controllers 

Hall smeltmg process 
Efficient fluorescent lamps 
Other measures 

1 208 
3 071 
2,588 

5 705 

2 046 
1 335 
5 561 

Subtotal 21 514 
Measures with savmgs NPVs from 0 50 to 1 00 cents per kWb 

Agriculture 

Industry 
Agriculture 

S m c e  

Industry 

Msc 

Improved &ahon m p ~ g  barns 
Efficient motors - 60 hp and above 

Efficient heatmg m pig breedmg 

Adjustable speed dnve water pumps 

Adjustable speed dnve motors - above 135 hp 
Other measures 

1 953 
3,52 1 
1,026 

3 948 

10,40 1 

2,298 
Subtotal 23,147 

Measures mth Savmgs NPVs from 1 00 to 4 00 cents per kWh 
Res~denbal 

Industry 
Industry 

Servlce 

Industry 

Residenhal 
Industry 
Mlsc 

Compact fluorescent light bulbs 
E g h  pressure sodium lamps 

Adjustable speed dnve motors - up to 135 hp 

Adjustable speed dnve bu~ldmg motors 
Compact fluorescent light bulbs 

Improved rehgerator mulabon 
Metal hahde lamps 
Other measures 

9 665 
2 263 

13,546 

5 796 

2 212 
1,768 
1 989 

533 
Subtotal 

Overall total 
37,772 

11 1,373 
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optmzabon model m all regons More speclfic detads on methodology can be found m 
the Tune-Phased Energy Efficiency Plan for Russia (Appendlx D) and Appendlx C 

10 In summary, the Tune-Phased Energy Efficiency Plan for Russra exammed the sector 
of use for each measure, and estimated the total number of umts and the number of ehgble 
umts ' The actual number of umts expected to be replaced is smaller than the number of 
ehgble units because of vanous conditions that h u t  the economtc apphcation of 
efficrency measures The plan assumed market penetratton rates for the energy efficiency 
measures (these rates are related to the need to replace worn-out equipment) The 
penetration rate for the measures in the mdustnal apphcabons IS 33% by the year 2000 and 
90% by the year 2010 The penetration rate for the measures m the non-industrial 
apphcations 1s 20% by the year 2000 and 60% by the year 2010 Early replacement of 
equipment was not considered in these estimates, although some early replacements would 
be economcally justifiable 

11  Because of time constramts and the complextty of assessmg the &re power needs of 
an economy in transition, the Tune-Phased Energy Efficiency Plan should not be vlewed as 
a conclusive statement of the contnbution that can be made by electncity efficiency In 
several ways, the study is conservative -- it considers only a representative set of major 
end uses and is lmted to proven technologes In fact, Russia could become a showcase 
for advanced, efficient technologes U S costs were used when Russian costs were not 
avadable However, energy-sawng products represent a huge potentral growth mdustry for 
Russia, whch could bnng down these costs sigtllficantly Some measures, such as fiost- 
fiee refigerators, were not mcluded because stnctly based on the cost per kWh saved, ths  
option does not look attractrve at present 

12 F&y-two of the fifty-seven energy efficrency measures identlfied m Appendur D that 
have an mcremental cost of less than 4 $kWh are mcluded m the Tlrne-Phased Energy 
Efficiency Plan for Russra Motor efficiency rmprovement measures are particularly 
unportant m the mdustnal sector, and hghtmg efficiency measures have broad apphcabhty 
m all five sectors Figure 3-1 rllustrates the energy savmgs that could be acheved at 
vanous cost levels About 90% of the energy sawngs could be achleved at a cost of 2 
cents per kWh or less 

1 The total number of umts represents the number of each technology that are expected to be used m 
Russla m 2010 Eligble m t s  1s the subset of the total m t s  for whch replacement (or retrofit) by 
efficient devlces 1s techcally feasible The actual number of umts replaced is the number of devlces 
that can be expected to be replaced (or retrofitted) by the years 2000 and 2010 under Scenarios A and B 
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FUTURE INVESTMENT OPTIONS 3-6 

F~gure 3-1 
Energy Efic~ency Supply Curve 

I 
I 

...................... 

Pornt of Me%ion 

- 

Average Coat of all Measures Selected 

I I I I I I 

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

Note - Average costs of all measures selected is 1 centkwh 
- Polnt of d e m o n  of the energy efficiency supply cure is at 2 cents/kWh 

13 Table 3-3 presents the annual electricity savings and the cumulative costs of the 
effic~ency measures for the years 2000 and 2010 Estimates are provided for two 
econormc and power demand scenarios the optmstic scenano (Scenano A) and the 
pessmstic scenano (Scenano B), whch are described in Chapter 1 
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FUTURE INVESTMENT OPTIONS 3 -7 

Table 3-3 
Annual Electncrty Savrngs and Cumulative Costs 

(from Measures Screened at 4 centsIkWh and Less) 

14 The total savmgs fiom the implementation of these measures is 19 to 29 bkWh m the 
year 2000 These savmgs are equivalent to the annual generation of eight to twelve 400 
MW power plants By the year 2010, the savmgs potential mcreases wth the hrther 
penetration of the measures, reachng 78 to 112 billion kwh These savlngs are equivalent 
to the generation of forty to fifty 400 MW power plants 

Sector Year 

Industrial 
2000 
2010 

Residenbal 
2000 
20 10 

Transportabon 
2000 
2010 

Agriculture 
2000 
2010 

s m c e  
2000 
2010 

Total 
2000 
2010 

15 Table 3-3 also descnbes the capital and mcremental costs for the energy effic~ency 
measures The capital cost is the replacement cost (where applicable) plus the additional 
cost requlred for more efficient equipment at the point m time where worn-out equipment 
is replaced The Incremental cost is only the additional cost beyond the replacement cost 

16 The capital costs of the energy effic~ency measures are large By the year 2000, these 
costs range fiom $14 to $19 billion By the year 2010, they nse to $57 to $78 billion 
However, much of ths  cost is replacement cost The net present value (NPV) of 

JEPAS F m l  Report 
June 1995 IA 

%VrngS 
(billion 

ScenanoA 

16 3 
61 1 

3 5 
15 1 

1 5  
5 1 

3 0 
11 3 

4 5 
19 5 

28 8 
1120 

kwh) 

ScenanoB 

8 8 
37 5 

2 8 
11 7 

1 5  
4 8 

2 2 
8 8 

3 6 
15 1 

18 9 
78 0 

Incremental Cap~tal 
(S 

ScenanoA 

1,668 
6,382 

755 
3,278 

42 
146 

62 
232 

5 12 
2,223 

3,040 
12 262 

Total Cap~tal Costs 
m h )  

SceaanoB 

892 
3,950 

614 
2,545 

42 
139 

45 
182 

416 
1 726 

2,O 10 
8 542 

(S 

ScenanoA 

5,481 
20 969 

10,073 
43 720 

123 
422 

1,062 
3 958 

1951 
8 468 

18,690 
77,538 

mdhon) 

ScenanoB 

2,93 1 
12,977 

8 187 
33 948 

123 
402 

733 
3,094 

1,586 
6 575 

13,600 
56 997 



Incremental costs is $2 to $3 bdhon by the year 2000 for the two scenarios By the year 
20 10, the range is $9 to $12 billion 

17 The mdustrral sector would account for apprownately one-thrd of the capital costs 
and one-half of the mcremental costs of the efficiency measures Ths sector also provldes 
for somewhat more than half the electnaty savlngs under ths  scenano Although the costs 
are substantial under Scenano A, it is important to note that the average cost of the cost- 
effectrve efficiency measures is less than 1 centkwh saved 

18 Table 3-4 shows the geographtc dlstnbution of energy savlngs and costs for the year 
2010 under Scenano A Two of the seven regrons (Urals/Tyumen and the Center) account 
for approximately half of the energy savlngs and Investment requ~rements 

3 1 2 Barrrers to Electncrty Efficrency Potentral 

19 Even wthm developed market econormes, barners to energy efficiency exlst 
Frequently, governmental bodies step in to help consumers transcend these market 
barners The institutions that have played an important role m stimulating efficiency in 
Western econormes have not yet been developed m Russia Dumg the past several years, 
there has been a great deal of discussion, and several drafts, of a law on energy efficiency 
for Rusaa, although none of these versions has been enacted to date Cntical aspects of 
such legslation wdl be the relative strength of regonal bodies versus federal, and the 
encouragement of mcentives over penalties A major barner for Russia 1s the outdated 
nature of fachties and equipment F m s  are now unable to manufacture the requlred 
machery and equipment The level of efficiency of Russian equipment is now lower than 
that of imported equipment Fmanclal resources are also laclung, so there is a need to 
create special hnds for energy efficiency 
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Table 3-4 
Geographrc Drstrrbutron of Electrrcrty Savrngs and Costs 

for Scenarro A In the Year 2010 

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

Total Savlngs (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 
Mllhon) 
Capltal Cost ($ mlhon) 6,958 24,500 6,934 5,944 16,773 13,198 3,23 1 77,539 

Monetary discount rate 15% 
Electnclty savlngs dlscount rate 0% 
Investment penod 15 years 
Average cost of saved eiectncity <I  #/kwh 4#/kWh 
Non-mdustnal energy efficiency measure penetration 60% 
Industrial 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 residenbal equipment, but also for buddmg matenals and bulldmgs themselves The 
federal government can also provlde financial mcentives to manufacturers or Importers of 
energy efficiency equipment through the reform of taxation, depreciation, and mvestment 
policies 

21 Foreign capital IS needed if the energy savings amounts shown m the Study are to be 
acheved Pnonty areas of Russian mvestment are efficient lightlng and motors and other 
domnant efficient technologies Pnonty should be gven to forelgn mvestments m the 
follomg areas 

t Developing the capability for mass producmg 

energy-efficient motors 
new lightmg technologes (such as compact fluorescents and metal 
halide hghts) 
Automated electnc ovens wth thermal heatmg 
heat pumps for agnculture 

t Implementmg new manufactumg methods (1 e , process changes for od 
and chemcal plants uslng hgher-quahty catalysts) 

t Estabhshmg new demonstration projects for energy-efficient technologes 
and provldmg assistance for carrying out energy audits 

22 The transition to a market-based economy w11 create large opportumbes for energy 
efficiency The results of Workrng Group 1's analyses indicated that the average cost of 
the electricity efficiency options exammed was 1 cent per kwh In the short term, a 
number of bamers to lrnplementrng efficlency measures must be overcome These include 
the shortage of capital, the shortage of pnce signals, the lack of Federal laws to encourage 
efficiency, and relatively weak and understaffed Regonal Energy Comrmssions 

23 Implementing efficiency measures d remam a major challenge m the c o m g  years 
Energy efficiency mvestments are typically financed by users, and m Russia today, the 
economc depression makes ths  unlikely F~nancmg from other sources d be needed m 
the medium term lf these mvestments are to take place The lack of Iinancmg 1s a senous 
impedunent to Investing m efficiency improvements Government support of Investments 
to improve efficiency (such as Investment tax credits and revolving loan funds) could play 
an important role In opemng the market for efficlency investments 
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3 2 1 Cost Development Methodology 

24 Capital costs were estmated for both the construction of new un-sited generatmg umts 
and for the rehabhtation of exlstmg thermal power plants The capital cost information 
was requued as input to the Worlung Group 5 modehg studies The methodology apphed 
m the development of these capital costs is described below 

25 Cost estimates for the rehabilitation of a large number of agmg thermal umts were 
prepared by estimatmg rehabilitation costs for a h t e d  number of umts and by limiting the 
number of potential rehabhtation schemes to be mvestigated for each umt As a first step, 
Workrng Group 2 developed categones of power plants based on turbme/generator 
capacity, boder type and fbel type 

26 Fuel type and umt sue were key classification parameters These dlctated boder 
designs, whch in turn dictated the maptude of flue gas treatment requued for 
rehabhtation A typical power station, generally consisting of multiple umts, was selected 
by Worlung Group 2 m each category to be evaluated for alternate rehabhtation. 
replacement options The typical plant umt was selected based on its slrmlanty to other 
umts of ths  slze and fbel type so the results of rehabhtatlon could be extrapolated to 
include those other umts In total, 24 categones were identified 

27 Boder and turbine design data sheets and heat balances were obtamed gmng design 
temperatures, pressures, flows, fbel feed rates, fbel analyses, major equipment types, etc 
Also, boiler drawngs and station plans and cross-section drawngs were obtamed These 
documents were revlewed by Workrng Group 2 to understand the plant design parameters 
at lnltial construction The analysis was focused on ascertamng the cntena used m 
determmng a plant's required rehabihtation Additionally, ths  revlew process allowed 
Worlung Group 2 to gam insight mto the wde vanety of fbels fired by Russian plants and 
the several types of plant designs needed to accommodate those fbels The plant designs 
remewed mcluded both condensing power plants (CPP) and combmed heat and power 
(CHP) plants 

28 Much effort was expended m the development of proposals for the rehabhtation of 
agmg thermal power plants These proposals were formulated to provlde capital cost, 
operatmg cost and performance informa~on that could be used to characterize the ent~re 
Inventory of agmg thermal power plants scheduled for retuement before the year 2010 
The rehabhtation proposals were developed by Worlung Group 2 after conaderable 
discussions and work performed in Moscow 

29 Usmg a combination of Russian and Western technologes, the method of 
rehabhtation of "typical" plants was deterrmned Depending on the plant and its fbel 
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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 fludued bed, combustion turbmes, etc , 
equipment manufacturers were requested to assist m c o n c e p t u h g  the rehabhtation 
effort Equipment supphers were contacted, as reqwed, for techcal assistance 

30 The pmary Western technologes considered for rehabhtation are 

b Combmed cycle combus~on turbmes (CCCT) 
b Atmospheric cuculating fluid bed boders 
b Emssion controls 

SO, wet scrubber 
SO, dry scrubber 
Baghouse 
Precipitator 
NO, reduction 

3 1 For each rehablitahon alternative, a general arrangement drawmg, elevations, heat 
balance, and a descnption of the alternative was provlded In addition, to identtfj. the 
requuements for the Russian work component, the requued modifications to 
accommodate the Western technology were hsted 

32 The scope of work considered m developmg the capital cost estmates was quite 
extensive The costs mclude new equipment and labor for dismanthg exlstmg equipment 
and for mstalhg the new equipment In addition to estmatmg these drect costs, the 
estunates mclude related mdrrect costs as well as the owner's costs and project 
contmgenc~s 

33 A capital cost estmate was prepared for each alternative rehabditation method The 
key components of the estunate were determned to be the followmg 

w Western equipment 
w Western mdirects 
w Russian equipment 
b Russian matenal 
b Russian labor 
b Russian mduects (including contmgency and owner's costs) 

34 Worlung Group 2 was responsible for the development of the "Western costs " 
Equipment supphers were contacted, as required, to obtm quotations for major Western 
equipment items These costs were provlded in current (1994) dollars 
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35 Russian cost estunates for the mstallation of Western equipment and for Russian 
rehabhtation equipment and labor were prepared by Worlung Group 2 because all of ths  
work wdl be performed m Russia The country's rapidly changng economic clunate made 
it difficult to estunate the current costs of eqwpment and labor usmg Worlung Group 2's 
hlstoncal database, however To overcome thls dficulty, it was agreed that Russian cost 
estimates would be based on a tlme penod when sound economc data were avadable 
January 199 1 was selected as the base penod for all Russian estunates 

36 Appendur F presents estimated rehabhtation 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 m dollars, whlle the Russian 
costs are presented in 1991 Rubles No attempt has been made to combine the two 
estimates because escalation rates from 1991 to the anticipated date of installation d l  be 
dramatically different for the two economes Adjustments to a common cost-basis year 
and for currency conversions are included m the Worlung Group 5 model 

37 Operatmg and mamtenance cost estimates (excludmg hel) were also estunated for 
each rehabhtation alternative evaluated for each of the plant categones These costs are 
also presented in Appendlx F The operatmg cost esbmates were developed by applymg 
estunatmg procedures recommended by the Electnc Power Research Institute's (EPRI) 
Techcal Assessment Guide (TAG) Applylng these procedures results m an estimate of 
operatmg and mamtenance costs that includes the follomg components 

b Operatmg labor 
b Mamtenance labor 
b Mamtenance matenals 
w Overhead charges 
t Consumables 

38 Estunates of typical U S fixed and vanable operatmg and mamtenance (O&M) costs 
at 1994 pncmg levels, broken down by mamtenance matenal, consumables and labor, 
were prepared 

39 These typical U S O&M costs were converted to a Russian cost basis using the 
follomg assumpbons 

t Russian labor costs m 1994 are 10% of U S labor costs 
t U S labor productivity in 1994 is 50% greater than Russian labor 

productwlty 
t Russian mamtenance matenals and consumable costs m 1994 are 70% of 

u S costs 
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3 2 2 RehabllltatlonfModern~zat~on of Aglng Power Plants 

40 As descnbed in Chapter 2, some 600 thermal power plant umts unth a combmed gross 
output of almost 80,000 MW d l  reach theu projected retuement date by the year 2010 
For each umt reachmg the age of retuement, a number of options are avadable to generate 
replacement power Ths section discusses the option of rehabhtatmg and modemng 
these umts 

41 The thermal power plants subject to retuement dfler m theu station codiguration, 
power block stze, fuel type, boiler design, thermal cycles, age, and other factors Because 
both Russian and Western technologes are avdable to upgrade and rehabilitate thls wde 
vanety of agmg plant designs and the optimum technology for a gven generating umt is 
dependent on that unrt's specific techcal charactenstics, an approach was developed to 
allow a large number of generatmg umts to be represented mthn a manageable number of 
rehabhtation strateges These are presented m Appendlx F as Performance 
Charactenstics for Exlstmg Thermal Power Plants Scheduled to Retue (1 994-20 10) 

42 The major charactenstics of Russia's thermal plants considered for rehabihtation may 
be categorized usmg cntena smlar to those descnbed m Chapter 2 of ths  report 

w Fuel type 
b Umt type plants are either condensmg power plants (CPP) or combmed 

heat and power (CHP) plants 
b Plant location plants are classified wth respect to theu location m seven 

regonal power systems u n t h  Russia 

43 Table 3-5 presents a breakdown of the exlstmg thermal power plants that wdl reach 
retuement age by the year 2010 as a fun&on of the type of he1 fired Although coal is an 
lrnportant fuel, it is clear that the majonty of umts subject to rehabhtation are fired by 
natural gas (mth mazut residual fuel oil as a backup fuel) Where both natural gas and 
mazut are mdicated as the fuel type, about 92% of the heat input (annual basis) is from 
natural gas, whde the remammg 8% is from mazut 
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Table 3-5 
Total Capaclty of Thermal Plants Subject to Retlrement 

(by Fuel Type) 

Total 

44 Where high-grade bltumnous coal IS used as a backup to natural gas, about 80% of 
the heat IS generated by finng natural gas, whde 20% comes from coal (pnmanly dunng 
the wmter months) Coal finng IS posslble because the boders were ongnally deslgned to 
fire both coal and natural gas 

45 Table 3-6 presents the same inventory as a functlon of m t  type Nearly 50% of the 
umts are of the CPP type, whlle the remzuntng umts are of the CHP type 

Table 3-6 
Total Capacrty of Thermal Plants Subject to Retlrement 

(by Un~t Type) 

Umt Type Capacrty (%) 

39 054 

CHP 

Total I 78 905 100 0 
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46 Table 3-7 presents a breakdown of the thermal power u111ts considered for 
rehabhtation, by regon More than 65% of ths  capacity is located m three regons -- 
Center, Urals, and Sibena -- whch are the major regons of power production wthm 
Russia 

Table 3-7 
Total Capacrty of Thermal Plants Subject to Retrrement 

(by Regron) 

I Total I 78,905 1 1000 I 

47 Several rehabhtation alternatives were conadered for the retlnng thermal plants In 
most cases, the reconstruction of the power block equipment utrlrzrng Western technology 
was mcluded as one of the alternatives Other alternatives mcluded constructing 
cuculatmg flud bed combustors (CFB) to replace coal-fired boders, repowenng gas-fired 
boders unth combustion turbmes, and replacing gas-fired bollers mth combined cycle 
systems 

48 Post-reconstruction performance and cost data were developed for each alternative 
These data are presented m Appendlx F Descriptions of each rehabhtation alternative 
considered for each of the categones are also presented in Appendlx F A compmson of 
the performance charactenstics of exlstmg thermal power plants scheduled to retire unth 
the post-reconstru&on performance promde informauon related to 

b Heat rate improvement 
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b Operatmg cost unprovement 
b Avadabhty unprovement 

49 Tables 3-8 (a) and 3-8 (b) present estimated fbll-load net plant heat rates for the umts 
subject to rehabhtation as a fUnction of the fbel fired for CPP and CHP umts The heat 
rates for CPPs are presented as a fbnction of both fbel fired and umt slze, because slze has 
a sigdicant unpact on heat rate Net plant heat rates for CHP umts are gven for operatmg 
seasons smce there is a sigdicant seasonal vanation Because the CHP m t s  are relatively 
small, sEe is not a sigtllfcant correlat~ng vmable 

50 Estimated heat rates are presented for the umts both before and after rehabilitation 
The heat rates for coal-fired rehabihtated umts presented m the tables reflect the 
reconstruction of the boliers and generatmg system m-lund, utillzlng coal as the heat 
source Rehabihtation options based on s w t c h g  fbels (fiom coal to natural gas) are not 
~ncluded m thts summary table Estunated heat rates for the natural gas-fired umts reflect 
the reconstruction of the steam boilers, except where such a rehabliltation case was not 
considered These cases are described in the footnotes to the tables 

Table 3-8 (a) 
Est~mated Heat Rate Improvement for Rehabllltated Thermal Plants 

(Condensing Power Plants) 

(1) Reflects hot cornbushon alr repowenng of the hollers 
(2) Reflects replacement of botlers wth more efficient c o m b d  cycle mts 

Full Load Net P b t  Heat Rate (BhJkWh) 

JEPAS Frnal Report 
June 1995 

Before Rehabltahon After Rehabhtahon 

Nahval Glls/Mazut-F~red Uruts 

Large Umts (2 300 MW) 

Medlum Umts (150-299 MW) 

Small Umts (< 1 50 MW) 

9 000 

9,100 - 9,200 
9 700 

8 800 

7 500 (') 

6 700@) 

Coal-Fmd Uluts 

Large Umts (2 300 MW) 

Medtum U111ts (1 50-299 MW) 

Small Umts (< 150 MW) 

9600-9700 

9 800 -10 000 

10 800 

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

10 500 



Table 3-8 (b) 
Estrmated Heat Rate Improvement for Rehabllrtated Thermal Plants 

(Combrned Heat and Power Plants) 

5 1 Sdar ly ,  the est~mated changes m plant operatmg costs as the result of rehabhtation 
are presented m Tables 3-9 (a) and @) These tables demonstrate that rehabihtation does 
not always improve operatmg efficiency In fact, vanable operatmg costs for the 
rehabhtated umts are hgher than for the retlnng umts, pnmanly due to the costs for the 
au pollution control equipment associated wth the rehabilitation program 

Full Load Net P h t  Heat Rate (BtdkWh) 

52 An unprovement m avadabihty u ant~cipated as a result of the rehabhtatlon of the 
unlts, and the maptude of the improvement has been estmated The estimated forced 
and planned outage rates for the umts, pnor to retirement and followmg rehabilitation, are 
presented m Appendlx F for each plant category These outage rates were prowded as 
mput to the Worlung Group 5 modellng actwties 

Before Rehabhtatm 
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After Rehab&tahon 

N P M  Gdlkh~t-Firwl Ulutr 

Wmter 

 SF@^ 

Summer 

Coal-F~red Units 

Wmter 

Spnng/Fall 

Summer 

5,200 

6,100 

7000 

6,000 - 6,100 
7,100 - 7,300 

8,100 - 8,300 

5,100 

6 100 

6,900 

5,800 - 5 900 

6,800 - 7,100 

7 700 - 8,000 



Table 3-9 (a) 
Estrmated Changes m Flxed Operatrng Cost 

for Rehabdrtated Thermal Plants 

(1) Reflects repowenng of the hollers uslng gas ttubme mscharge 
(2) Reflects replacement of boders wth more efficient comblned cycle m t s  

Before Rehab~Utation SkW-yr 
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After RehabUtatnm$kW-yr 

June 1995 

Natural Gas-t-F~red Umts 

Large CPPs (r  300 MW) 

Mdum CPPs (1 50-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

13 15 

15 15 - 15 80 

17 75 

33 00 

15 10 

7 25 (s 

19 70 (2) 

36 65 

C d F ~ r e d  Uruts 

Large CPPs (2 300 MW) 

Medrum CPPs (150-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

1260- 1480 

1605 - 1670 
20 45 

37 60 

14 00 - 18 15 

17 85 - 19 40 

22 75 

41 75 



Table 3-9 (b) 
Est~mated Changes m Vanable Operatrng Cost 

for Rehabll~tated Thermal Plants 

(1) Reflects repowenng of the bo~lers uslug gas turbme &scharge 
(2) Reflects replacement ofbo~lers wth more efficient combmed cycle umts 

Before RehPblhbtbOll $/MWh 

3 2 3 Fuel Sw~tchmg/Fuel Upgrades 

A h r  R e b b & h h  $/LMWh 

53 Improved energy efficiency andor reductions m the cost of producmg power can often 
be achleved by upgradmg the sohd fuel fired or by swttchmg to another fuel source 
Activtties dlrected towards optirmvng fbels were considered beyond the scope of ths 
program, mstead, fuel swttchmg was considered on a case-by-case basis as a part of the 
rehab&tatton/modertllzation program The cases selected are 

Some 3,000 MW of capacity (6 x 500 MW umts) located m the Urals are 
currently h g  a low-quallty bitummous fuel (Elubastuz) The future 
avadabihty of ths fuel was considered doubtfbl and an alternate fbel, 
Beryozovsky htgh-quaitty hgrute, was tdenttfied as a candtdate for fuel 
swttchmg The impacts of swttchng on the des~gn of the boler, rmlls, 
audary equ~pment and emssion controls were included in the 
investigation 

Natural Gas/Mazut-Fued Umta 
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Large CPPs (r 300 MW) 

M d ~ m  CPPS (150-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

0 85 

095-100 

1 20 

1 25 

0 85 

0 30 "' 
0 30 

1 50 

Coal-Fired Umts 

Large CPPs (2  300 MW) 

M d ~ m  CPPS (1 50-299 MW) 

Small CPPs (< 150 MW) 

CHPs 

1 20 - 1 40 
1 50 - 1 55 

1 90 

5 15 

185-2 15 

235 -255 

300 

7 65 



FUTURE INVESTMENT OPTIONS b 3-2 1 

b An ad&bonal9 x 300 MW, also located m the Urals and currently h g  
Elubastuz bltumnous coal, were subjected to a smlar analys~s The 
poss~blhty of retmng four of the umts and replaclng them wth 2 x 500 MW 
bollers £king Beryozovsky hgnite (at the same slte) was evaluated 

F Some 1,400 MW of capaclty (7 x 200 MW), located m the Center region, 
are currently finng Beryozovsky hgmte The hgh cost of transportmg ths 
fbel to the statlon (some 5,000 km), combmed mth the avadabhty of 
natural gas as a potential alternate fbel, led to an analysls of replaclng the 
coal-fired bollers wth a natural gas-fired combmed cycle system The 
system would Include both new gas turblnes and new or sl@cantly 
modified steam turbines 

Detds of the Impacts of fuel s w t c b g  on the technology and Investment costs associated 
wth the modemzation of the lndivldual plants are presented m Appendlx F 

54 Worlung Group 2 focused on determmmg an mvestment plan for the rehablhtatlon of 
the agmg fossd power plants scheduled to be retlred by the year 2010 The results of ths 
mvestlgabon form the basis for the lnvestment requlrernents presented m ths  Study 

55 H~storically, older generatmg umts were retlred when new, larger and more 
economcal base-loaded plants came on llne More recently, however, because the rate of 
demand growth for electrical power has declmed and heat rates for new umts are not 
signtficantly less than for exlstmg umts, the construction of new, large umts has been 
s~gmficantly reduced and these older umts are no longer routinely retued and abandoned 

56 For most of the Russlan thermal plant categones considered, one of the pmary 
alternat~ves evaluated was the reconstruction of the power plant, m lund, applylng 
Western technology where appropnate to Improve efficiency or other key plant 
performance variables Ths plant investment program would be expected to extend the 
Me of the power plant by an additlonal25 to 30 years Although costly, the investment 
requlrements are s~gtllficantly less than the construc&on of a new greenfield power station 
Ths alternabve was designated as a rehabhtatrodmodertllzatlon approach, but ~t mght be 
more properly referred to as a full llfe extension program 

57 An alternative not considered m the development of ths lnvestment plan was a less 
aggressive hfe extension program Thls is sometimes referred to as "phased" or " h t e d "  
Me extension Ths strategy IS based on a much more hmted approach to the rehabihtation 
of the umts, instead of a major rebudd, and would sigmficantly reduce Investment costs 
The concept of Ilmted Me extenston, as ~t mght be applied to the agmg Russlan thermal 
umts, is descnbed below 
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FUTURE INVESTMENT OPTIONS b3-22 

58 The underlymg assumptxon associated mth the rehabhtation approach uthzed m thts 
Study was that upon reachmg retirement age, a umt was taken out of semce and was 
either retued or subject to a major rehab~l~tation In actual practice, however, ths has not 
occurred Many of the Russian thermal umts have passed theu planned retuement date 
and, because of theu need for power and lack of rehabhtatxon capital, they contlnue to 
operate Some of these umts may be m very poor condtxon and may, m fact, be 
moperable These umts would be candidates for major rehabhtation programs Others may 
be m farrly good condibon mth no outward signs of havlng reached thetr rettrement age 
These umts would not requtre major capital mvestment as assumed m ths Study 

59 A large number of w t s ,  havlng reached theu retuement age, are operatmg mth hgh 
forced outage rates and relatively hgh annual mantenance costs These umts are potential 
candidates for a limted hfe extension program A hfe extension program apphed to these 
umts would have the pnmary goal of continued operation whlle mamtamng or improvmg 
avsulabhty, efficiency, operation and mamtenance, and safety 

60 Estlrnating the costs for a limted llfe extension program requues a systematic 
component evaluation to select the items m the plant that are possible candidates for 
rehabll~tation, identlfy the repar or replacement options, and estlrnate the cost of each 
potential option The &st phase of a umt evaluation Includes pnontmng station 
components, e x m g  station records, and conducting mtemews and walkdowns at the 
station, and inspections and non-destructive testmg of identified components Expenence 
has md~cated that, m most cases, cntical items for consideration are 

b Boller 
Steam drums 
Superheater and reheater headers and tubmg 
Waterwalls 
Econormzers 
Downcomers 
Man steam and hot reheat steam piplng 

w Turbme 

Rotors 
Valves 
Steam chest 
Blades and nozzle blocks 
Casmg and shells 

b Generator 

Rotor shaft 
Stator unndings and insulation 
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FUTUREi INVESTMENT OPTIONS 3-23 

Retammg mgs 
o DC exciter 

Voltage regulator 

61 In addbon, other items (mcludmg balance of plant components) identlfied by plant 
personnel would be mcluded m any llfe extension evaluation program 

62 Each item identrfied for considerabon is then subject to an economc evaluabon to 
estabhsh the cost of repau or replacement and the anticipated economc benefit associated 
wrth the activlty (reduced mmtenance, lower heat rate, etc ) Decisions are then made, on 
a component-by-component basis, to rehabihtate the specdic component or to "do 
nothng " The impact of the "do nothng" alternative on the projected h r e  performance 
of the system may be considered when conducting thls evaluation 

63 It should be obvious that hmting hfe extenaon investment to key components m the 
system 1s considerably less costly than a complete rebulld of the power plant slnce only a 
fiaction of the power plant equipment d l  be included In some cases a clear economc 
advantage (payback) can be demonstrated for the rehabditahon of a spec& plant 
component, whether the component requues replacement or not, and such projects mght 
be conadered mdependent of hfe extension In other cases (improved safety, for example) 
the decision to unplement the modification may not be so clear 

64 The hfe extension cost ($/kW) for any umt is a function of the condition of the umt 
and the number and types of components requmg attention Umts where the majonty of 
the boder and turbme components identlfied above requlre Immediate rehabhtation would 
probably not be considered candidates for a limted llfe extension program of the type 
descnbed above For some umts, however, a relatively small investment may result m 
achtevmg the goal of contmued operation whlle mmtammg or lmprovmg avalabhty, 
efficiency, operation and mantenance, and safety The potential for reducmg mvestment 
requrrements for the Russian power sector by applylng a program of lirmted hfe extension 
should not be ignored 

3 2 5 New Thermal Capac~ty 

65 Tables 3-10 (a) and 3-10 (b) present performance and cost data for new (un-sited) 
thermal power plant technologies for both CPP and CHP plants The data reflect 
approxunate levels of plant performance and cost They are mtended to represent average 
or typical performance and cost for plants in a given category Actual performance and 
cost parameters may vary considerably due to vanations m he1 quahty, specdic plant 
configuration, and site conditions For more detsuled ~nformation refer to Appendvr F Net 
plant heat rates for CHP umts are gven for wnter months, and represent worst-case 
values for the year 
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Table 3- 10 (a) 
New Un-Slted Thermal Power Plants Performance and Cost Data 

(Condens~ng Power Plants Only) 

Key AFB = atmosphenc fluiked bed PC = p u l v d  coal 
C C = combined cycle NG = natural gas 

Unit Type 

PC 

PC 

AFB 

CC 

C C  

Table 3-10 (b) 
New Un-&ted Thermal Power Plants Performance and Cost Data 

(Combined Heat and Power Plants Only) 

Fuel 

Coal 

Coal 

Coal 

NG 

NG 

Key AFB = atmospheric flubed bed PC = p u l v d  coal 
C C = combined cycle NG = natural gas 
cogen = cogenerahon mt 
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S w  
(Mw) 

300 

500 

300 

360 

450 

Umt Type 

C C (cogen) 

C C (cogen) 

C C (wgen) 

PC 

AFB 
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\'4( 

NG 

NG 

NG 

Coal 

Coal 

Sae 
0 

(wmter) 

330 

260 

27 

180 

180 

Fullhd Net 
Rate 

@ern) 
9,300 

9 200 

9 300 

6 200 

6 200 

Full Load Net 
'Iant lieat Rate 

(BWY~) (wmter) 

4,500 

4,700 

4 800 

5 800 

5 800 

~d openlng 
Coats ($/kW/yr) 

IS 00 

12 60 

11 90 

7 20 

6 40 

Vanable 
Operatiog Coats 

2 20 

1 80 

300 

0 30 

0 30 

Fued Opembg 
Costs ($/kWIyr) 

7 90 

10 00 

19 90 

19 80 

15 70 

Vanable 
Opemtmg casts 

0 30 

0 40 

0 45 

2 60 

3 60 



66 The Jomt Parallel Nuclear Alternat~ves Study (JPNAS) IS a parallel study to the 
JEPAS Thls study sought to assess the costs of enhancmg the safety level of Russian 
nuclear power plants (NPPs), the decomrmssionmg of unlts wth the RBMK-1000 and 
first-generabon VVER-440 reactors, the completion of NPP construction, NPP 
repowemg mto a fossd fuel plant, and the construction of new-generabon NPPs In the 
framework of the JEPAS, the JPNAS provlded the data on the nuclear sector whlch were 
needed to exerclse an mtegrated resource p l m g  model for Russta's power sector 

3 3 1 Cost Development Methodology 

67 A U S -based Engneemg Economc Database (EEDB)2 was used as a baas for 
developmg the cost estimates required for ths  Study The EEDB was selected because of 
~ t s  capabhty to achleve cons~stency and comparab~l~ty across a vanety of cost estmates 
for d~ssmlar items 

68 The EEDB cost models are quantity (matenals and related ~nstallation hours) driven, 
reflectmg the specific design features of the U S power plants represented by the techcal 
data models The EEDB techcal data models are based on actual power plant des~gn and 
constructlon expenence Addrtionally, the data models have been periodically checked 
agamst actual field data to assure thelr compatib~hty wrth current U S techcal practice 
and cost expenence 

69 The dlrect costs were est~mated m terms of quant~t~es of commod~t~es, equrpment and 
~nstallat~on labor that reflect the des~gn features of the power plant of interest Costs were 
developed from the estimated quantities based on actual design features, or adjustments of 
quantities for representatwe or s ~ d a r  des~gn features found m the data base 

Base Constructzon Cost Bass 

70 The cost options were first developed by U S experts using EEDB detsuled data 
models (U S bas~s) They were then modltied by detsuled techcal data provlded by 
Russian experts to reflect actual Russ~an NPPs, and then finally converted to Russian 
condit~ons, based on the conversion factors provlded by Worlung Group 5 and shown m 
Table 4-6 

71 For each system or facdity, the followng procedure for d~rect cost estlmat~on was 
mplemented 

2 Th~s database 1s operated and mamtalned by Raytheon Enpeers and Constructors a U S -based 
enpeenng and constructlon firm 
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b The U S experts selected the design prototype for the systedfachty fiom 
the EEDB database 

• The prototype parameters such as mass, sme, capacity, etc were refined 
and corrected on the basis of detaded techcal mformation promded by the 
Russian experts 

b The cost estunation of the systedfacihty was computed on the basis of the 
corrected parameters 

72 For each umt an indrect cost, owner's cost, contingency and "total" were calculated 
for each dtrect cost in accordance wth EEDB procedures and methodology Indirect costs 
were calculated by talung mto account the magmtude and type of construction, craft labor 
requmng supervision, engmeenng costs and construct~on duration The owner's cost and 
contmgency for each umt were calculated as a percentage of the base construction cost 
(BCC) The economes associated mth multlple umts on a slngle plant site were taken 
Into consideration, and are reflected m the cost estunates 

O&M Costs 

73 The non-fuel O&M costs were developed on a Russian basis from EEDB procedures 
and data These costs were based on detaded umt staffing levels provlded by the Russian 
experts and an estmated relative allowance for expendable matenals The non-fuel O&M 
costs were developed m terms of both fixed and vanable costs 

74 The fuel costs were developed by the Rusaan experts The assumed model of the 
nuclear cycle consists of eight phases, fiom urmum extraction through the final disposal 
of spent fuel Thls composition of the fuel cycle corresponds to the so-called open or 
once-through cycle when there are no he1 reprocessmg and related actimties Other 
poss~ble fuel cycles (closed cycle wth the use of reprocessed uratllum and plutomum, 
thonum cycle) are less ready for practical unplementation and were therefore excluded 
fiom consideration m thls Study 

75 The basic assumptions used to assess the cost of the nuclear &el cycle are as follows 

b Due to the existence of large stocks of extracted uratllum m vanous forms 
in Russia, pnce escalation for nuclear he1 over the enttre penod of the 
Study need not be conadered 

3 EPRI 1993 TechnicalAssessment Guide 
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b The costs mcurred at dflerent tunes dunng the nuclear &el cycle should be 
levellzed to the moment of placmg the fabricated &el mto the reactor 

› The pnce of nuclear fbel is d e t e m e d  on a unlt-by-umt basis dependmg on 
the ennchrnent of the &el used 

76 Three scenmos of the pnces for nuclear fbel were suggested a rmnrmum pnce 
scenano, an average pnce scenano and a maxlmum pnce scenmo (the average pnce 
scenano is part of the reference case m the Integrated model) The spectfic assumptions 
for these scenmos are as follows 

b Mznzmum - the pnce of emched urmum 1s assumed to be zero Ths 
reflects the fact that a very large stock of emched urmum, includmg 
hghly emched urmum, exlsts m Rusaa Ths scenano represents an 
extreme case designed wth the objectme of investigating, wthn  the 
mtegrated model, the mar@ system Impact of the cost of nuclear fuel In 
reahtyy ths  case could occur only for h t e d  quantities of nuclear he1 

b Average - the costs are at the pnces on the world unrestncted market ' 
Ths market 1s served d y  by the CIS countries, mcludmg Russia 

Mmzmum - all costs are the pnces charactenstic of long-term contracts for 
mqor producers m the world market 

Decomnusszonrng Costs 

77 Decommssiomng costs have two pmcrpai components dlrect unpact costs and socio- 
economc costs For the purposes of ths d~scussion, dlrect unpact costs mclude the costs 
of all on-site and off-site activities directly assoctated wth the decommssiomg process 

4 The levehhon of hfferent tune costs m ths context means the levellzahon of all fuel cycle costs to the 
tune of placmg the fuel mto the reactor Such a procedure 1s necessary for nuclear fuel to account for 
substanhal tune dtfferences among the vanous mvestments reqrured However th~s levellzahon 1s 
Merent fiom the cost levehhon to be lrnplernented wthm the Integrated model of a power system 
The latter levellzes all the costs to one selected tune pomt, usually the begmmg of the pl-g p o d  

5 The Economzcs of the Nuclear Fuel Cycle OECD (Orgamzation for Economc 
Co-operation and Deve1opment)MEA (Nuclear Energy Agency) Revlsed Final 
Draft NEA/EFCiDOC(93) 1, June 1993 

6 Nuclear Fuel A biweekly report fiom the editors of Nucleonics Week Vol 19, No 10, May 9, 1994 
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78 The duration of actiwties and theu manpower resource requuements formed the basis 
for the present estunate The Russian experts developed the debtion of the 
decomssionmg phases, theu duration, the outlme of actiwties for each of the phases, 
and the manpower requlrements for each activlty The decomrmssionmg process is diwded 
mto three sequential phases preparation for decomrmssionmg, preparation for a long-term 
safestore, and the long-term safestore itself (analogous to the U S -type process wth long- 
term safestore) 

79 The cost dnvers considered in this study for estunatlng socio-economc costs are as 
follows st&g levels at the umt dunng normal operahon, s t f i g  levels at the umt 
d m g  varrous decomssionmg phases, the duration of the decomrmssionmg broken 
down Into phases, town site demographcs, costs of retrsllmng and relocating st& made 
redundant by decomssiomng, continued compensation for redundant workers, and 
allowance for livlng accommodations at a new location 

80 Substitute heat sources for d~stnct heatlng may be requlred when NPPs are shut down 
for decomrmssiomng These costs associated wth decomssiomg have not been 
estimated m the JPNAS, but were accounted for m the Worlung Group 5 modelmg 

8 1 Also not considered m thls Study is the construction of additional generating capacity 
at the site or m the vlcmty of a decomssioned reactor umt It is obwous that ths  
scenmo may mtigate or completely ehmmate the socio-economc costs 

3 3 2 Assessed Nuclear Optlons 

82 The JPNAS analyses were structured on the cost assessment of SIX options for the 
Russian nuclear power sector whch were identified m the Terms of Reference (TOR) 
They are as follows 

Optron 1 Provlde safety upgrades to all RBMK and first-generation 
VVER-4401230 reactors to allow theu operation until the end of 
semce life at safety level acceptable to the West 

Optron 2. Decomssion RBMK and first-generation VVER 440 reactors 

Opt~on 3 Repower partially completed VVER-1000 NPPs as fossil fuel 
plants The representative plant used in ths  study was Rostov-1 

Optlon 4 Complete the part~ally completed VVER-1000 reactors, wth safety 
levels comparable to the West 
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Opt~on 5 Prowde safety upgrades to operatmg plants wth the VVER-440 
/213 and VVER-1000 reactors to p e m t  the operation of these 
reactors at reduced levels of nsk 

Optlon 6 Bwld a new evolutionary power plant NP-500 

83 The cost estunates denved here were based on defined concepts and also on drawmgs 
and specdications for some specific upgrades and umts prowded by Russian experts 
These cost estunates are summanzed m Table 3-1 1 and are presented m greater detd m 
Appendlx G It should be noted that these assessed options are attempts to implement the 
Study Terms of Reference For options that mclude safety upgrades (options 1,4, and 5),  
Worhng Group 3 operationally defined, for the purposes of ths Study, a set of upgrades 
that rased the level of safety at the associated NPPs and that mght be acceptable to 
potential mvestors Ths set of upgrades included the followng 

b A subset of the upgrades developed by the Russlan engmeers for the 
International Users Group (IUG) of Sowet Designed Reactors and 
published m a March 1994 report prepared for the World Association of 
Nuclear Operations (WANO) that mcludes all the upgrades dlrectly 
associated wth reactor and plant safety ' 

b The unplementation of a confinement/contatnment system for RBMK and 
first generation VVER-440s 

b Certatn additional engmeermg studies from the current Russlan program to 
~dentlfl upgrades not included in the two prewous items 

84 It is Important to note that nsk IS not only reduced by deslgn measures but also by 
operational unprovements Therefore, the Russian safety program mcludes measures 
auned at improvrng operation and mantenance, quahy control, diagnostic methods, 
adrnuustratlve controls, and personnel qualdications and tranmg The safety culture IS also 
unproved by penodic safety assessments and personnel expenence 

Option 1 

85 S a f e  upgrades to unzts wrth RBM-1000 and WR-440 Reactors The mtnunal 
upgrades for the units wth RBMK- 1000 and first-generation VVER-440 reactors are as 
specified m the March 1994 WANO reports entltled Improvement of RBMK-1000 
Nuclear Power Plant Safety and Improvement of ?TER-440/230 Nuclear Power Plant 

7 It should be noted that the major part (>85%) of the IUG-set are hectly associated wth reactor and 
plant safety 
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Safety, and m 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 because some of the items addressed unprovements m avdabhty and 
operation, and not m safety The upgrades that were costed are hsted m Appendlx G 

86 Safety upgrades that have already been completed as part of the current Russian 
upgrade program have not been included m the Study Prorated costs associated wrth 
completmg safety upgrades that are currently m process were mcluded Adhtional 
engmeenng studies and confinement/contamment systems armed at addressing safety 
issues not mcluded m the current program are also included m the Study 

87 The major measures for the safety enhancements of these nuclear power plants have 
been categorized by the IUG on the baas of the specific plant elements whch they 
address, namely 

b Integnty of the pnmary loop 
b Measures to avoid or control transients 
b Integrity of the contanment/codinement 
b Protection fiom fires 
b Accident management 
b Reactivity control 
b Methods, studies, and procedures 

88 For the purposes of ths  Study, three contauunent functions were conceptually 
designed and costed These were 

b a U S -style 1 1 1  contlnment system for RBMK-1000 and first-generatron 
VVER-440 reactors 

b a jet condenser pressure suppression system and a metal confinement 
structure of Russran design over the operating floor for RBMK-1 000s 

b a jet condenser pressure suppression system wthout additional 
confinement elements for the first-generatron VVER-440 reactors 

89 The evaluated over-mght costs of safety upgrades to the RBMK-1000 umts ranged 
fiom $35 to $90 d o n  for the confinement and jet condenser designs, and fiom $136 to 
$228 nullion for the full contanment designs The evaluated over-mght costs of safety 
upgrades to the first-generation VVER-440 umts ranged from $29 to $39 d o n  for the 
confinement and jet condenser designs, and fiom $87 to $1 11 d o n  for the full 

- 

contauunent designs 
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90 Decommzsszonzng The Study assessed the cost of decomssiomg umts wth 
RBMK-1000 and first-generation VVER-440 reactors Two approaches were considered 
a Russian approach and a U S approach Both approaches were based on data provlded 
by the Russian experts The social costs of decomssiomng were assessed m the same 
way for both approaches 

91 The Russian approach to decomssiomng was used as the reference case m the 
JEPAS Ths approach is analogous to the approach for the long-term safe storage of the 
plant untll the tlrne of final plant dismanthng accepted m the Umted States The Russ~an 
approach is based on Russian Federation studies tempered by mantenance, repar and 
replacement expenence As such, it reflects decomssiomng procedures that regulatory 
and uthty orgamzations find acceptable in the Russian Federation today 

92 The U S approach was Included m ths Study at the request of the U S experts It is 
based on a process wth Immediate full plant dismanthng The U S approach u based on 
the results of U S studies tempered by the effects of actual expenence As such, it reflects 
decomsaomng procedures that regulatory and uthty orgamzations find acceptable m 
the Umted States today 

93 The U S approach to decomssiomg Rusaan nuclear power plants was developed 
as a hypothetical case on the basis of nuclear regulation, financial conditions, and the 
technology base exlstmg m the Umted States Neither approach can be clauned to be 
opt~rnal 

94 The evaluated costs of the planned decomssiomg of RBMK-1000 umts ranged 
from $169 to $198 &on for the Russian approach, and fiom $49 to $77 mllion for the 
U S approach The evaluated costs of the planned decomssiomng of VVER-440 umts 
ranged from $108 to $124 mlhon for the Russ~an approach, and fiom $48 to $64 d i o n  
for the U S approach 

95 The evaluated costs of the early decomssiomng of RBMK-1000 umts ranged from 
$172 to $200 d o n  for the Russian approach, and fiom $52 to $8 1 d o n  for the U S 
approach The evaluated costs of the early decomss~omng of VVER-440 umts ranged 
from $109 to $125 d o n  for the Russian approach, and from $49 to $65 mllron for the 
U S approach 
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Option 3 

96 Repowenng Rosfml  The Rostov srte was selected by the JPNAS experts as a 
representatwe repowemg srte for the purposes of ths  Study Ths srte was mtrally 
planned as a four-umt VVER-1000 NPP, however, the plant constructron has been 
discontmued Umt 1 IS approxmately 95% complete, while Umts 2, 3 and 4 are only about 
50, 10 and 5% complete, respectively The srte, installed systems and equrpment have been 
mamtamed by the plant staff smce constructron at the plant was halted 

97 Two alternatives were evaluated 

w Repowenng the unit u t r h g  multiple gas turbmes m combrnation wth 
HRSGs (heat recovery steam generators) to generate steam to dnve the 
exlstmg nuclear cycle steam turbme-generator (gas turbme combmed 
cycle) Ths was found to have several disadvantages, mcludmg 1) the 
major mvestment m gas turbrne equrpment requlred to match the exlstmg 
turbrne steam requirements, 2) the large volume of natural gas requlred to 
fire these turbmes, and 3) the substantral mcrease rn statron output fiom the 
combrned gas turbrndsteam turbme generators Such drsadvantages 
indicated that this optron would not be an attractrve alternatrve 

w Repowemg Rostov- 1 as a coal-fired plant under the premse of the 
maxlmum use of equrpment whch IS already mstalled The basrc concept 
rnvolves producmg supercntrcal steam m fossd-fueled boders to dnve 
addrtronal hgh-pressure topprng turbmes The exhaust steam flow from ths  
system is cooled so as to match Inlet condrtions of the partially completed 
nuclear umt turbme The combmed output of the generators dnven by the 
topprng turbmes and those dnven by the partrally completed nuclear plant 
turblne is approxmately 1,500 MW To implement the repowemg, 
substantral development of fossd fuel resources and radroad capacity wdl 
also be requrred Site development for coal storage and ash dlsposal is also 
needed The JPNAS has not estrmated these costs 

98 Ths opaon IS the most costly of the slx optrons consrdered by Worlung Group 3 As a 
result, rt was not chosen by the p l m g  models The ovemght cost of repowenng 
Rostov-1 as a fossd fuel plant was estimated at $557 mlhon 

Option 4 

99 Completton of Kdznzn-3 Ths option rnvolves completmg the constructron of 
Kalimn-3, a VVER-1000/320 plant, whch 1s reportedly 75% complete If ths optron IS 
exercised, constructron wdl be restarted after a penod of relatrve lnactrvlty Ths penod of 
mactivlty was assumed to be at least two years m duratron, long enough to require some 
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rework of certam plant systems and structures It is reasonable to assume that If the plant 
is completed, it wdl mcorporate safety upgrades to p e m t  operation at safety levels 
comparable to those m the West The cost of completmg the K a l m  111 reactor (75% 
complete) wth safety upgrades was estlrnated at $146 d o n  

100 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 umts are 30, 15,75, and 90% 
complete, respectively 

101 Safety upgrades to opermng KER-1000 and VYER-440/213 reactors. These 
safety upgrades mvolve the modification of operatmg VVER- 1000 and VVER-440/2 13 
reactors so that they can operate at a reduced level of nsk As the basic set of upgrades, 
the recommendations for IUG were taken that correspond to the pubhshed WANO 
reports dated March 1994 

102 Additionally, the costs of engmeemg studies auned at addressmg safety issues that 
were not included in the WANO guidance were assessed 

103 The evaluated costs of safety upgrades to operatmg VVER-1000 umts ranged fiom 
$16 to $29 &on The evaluated costs of safety upgrades to operatmg VVER-4401213 
umts ranged fiom $1 1 to $14 mdhon for designs using the confinement and jet condenser 
approach, and $69 to $86 d i o n  for designs usmg the full contsunment approach 

104 New-generataon nuclearpowerplanfs. Russia has developed several advanced NPP 
concepts wth enhanced safety features m a program analogous to the U S advanced 
reactor program The design considered m ths Study is the 635 MWe NP-500 (smce 
December 1994, ths  project has been denommated as VVER-640) The NP-500 is one of 
the Russian Federabods evolutionary nuclear power plants wth a medium power reactor 
rated at 1,800 MW The NP-500 was developed to acheve a hgher level of safety than 
nuclear power plants operating in the Russian Federation by applylng passive safety 
systems and promdmg a double protective contanment shell 

105 The evaluated costs of constructmg an NP-500 are $529 rmlhon for the first umt and 
$440 rmlhon for the second umt, If a two-umt plant is bullt 

8 Improvements of WER-1000 Nuclear Power Plant Safety and Improvement of WER-440L213 
Nuclear Power Plant Safety 
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Table 3-11 
"Overn~ght" Base Constmct~on Cost Est~mate Summary 

1 RBMK Project Durat~on 1 year shutdown for jet condenser/confinement, 3 year shutdown for full 
contament Both include fuel channel replacement 

VVER Prqect Durabon 6 month shutdown for jet condenserlconfinement 3 years for fill 
contament 

Base construction cost wth owner's cost and contmgency 
Based on Gross Electnc Capac~ty 
Only one m t  evaluated 
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OphonDelcnphon Project' 
h h o n  
(Moah) 

24 

21 

36 

36 

516 

516 

144 

120 

480 

480 

144 

120 

24 

26 

2 1 

18 

48 

O e h n  1 
Contmuabon 

OD~IOU 2 
Planned 

Decomrmssronmg 

O~hon 2 
Early 

h m r m s s ~ o m g  

Total 
' 

-ow 
(10' S) 

90/35 

39/29 

2281136 

11 1/87 

1981169 

1241108 

78/49 

64/48 

200/172 

1251109 

81/52 

65/49 

557 

146 

1411 1 

29/16 

5291440 

O D ~ O U  3 
Convers~on of a VVER-1000 to Fossll Fuel (1500 MW)' 

O D ~ O U  4 
Complebon~lJpgrade of a VVER-1000 (1000 MW)' 

O D ~ O U  5 
Upgrade of a VVER-440 I213 (440 MW) 

O D ~ O U  5 
Upgrade of an Opmbng VVER-1000 (1000 MW) 

O~tion 6 
New Gcncrabon NP-500 (635 MW) 

Wlth 
Confinement 

and Jet 
Condenser 

with ~~u 
Conmnment 

Ruman 
Appro=h 

U S  
Approach 

Russ~an 

US 
Approach 

C o d  

-ow 
($flcW)f 

90135 

90166 

2281136 

2521198 

1981169 

282/245 

78/49 

1451108 

2001172 

2841247 

81/52 

14711 10 

37 1 

146 

32/25 

29/16 

8331693 

RBMK-1000 (1000 MW) 

VVER-440/230 (440 MW) 

RBMK-lOOO (Im0 MW) 

WER-440/230 (440 MW) 

RBMK-1000 (1000 MW) 

VVER-4401230 (440 MW) 

RBMK-1000 (1000 MW) 

VVER-440D30 (440 MW) 

RBMK-1000 (1000 MW) 

VVER-440/230 (440 MW) 

RBMK-1000 (1000 MW) 

VVER-4401230 (440 MW) 
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3 3.3 Projects Proposed for Implementat~on 

106 Development of the Optzmal Zmplementatzon Straiegy for S a f e  Upgrades of 
Operatzng N P A  In the JPNAS, the costs of lmplementlng vanous safety upgrades have 
been developed Russian and mternabonal expert groups have conducted many studies of 
the safety of Sowet-designed NPPs The development and ~mplementation of a 
methodology is recommended Ths methodology would allow, on the basis of -- 1) the 
studies already performed, 2) the available expenence and knowledge of the speclfic safety 
systems and the fachty as a whole, and 3) some additional studles mvolvlng Probabilistic 
Safety Assessments (PSA) -- to rank the suggested safety upgrades in accordance mth 
thew nsk so that the maxunum benefit of the investments in safety upgrades could be 
ensured, mth due consideration of the financial constrwnts 

107 As a contmuation of ths actlwty and because the recommendations of the IUG 
include PSAs for each operating VVER, it 1s proposed that a level 2 PSA be performed 
for Balakovo-1 A genenc PSA for the VVER-1000 is currently m process for K h  umt 
#1 as part of a jomt Russian GAN - US NRC program Russian engmeers' apphcabon of 
the genenc PSA methodology to a specfic Russian power plant would complete the 
technology transfer Inherent in the PSA project Many problems in the PSA process have 
been identified and solved by U S engneers %s knowledge wdl now be used to help 
Russian engmeers Improve theu PSA methodology 

108 Completzon of the Deszgn of the NP-500 and NP-1000 (Evolutzonary Reactors) to 
a Sufficsent Level of Detazl to Row& for a Full-Scale Lzcenszng Process. The NP-500 
and NP-1000 are approachmg design completion Theu designs include mnovative passive 
and active systems Further work 1s needed to venfy the operational rehabllity of the 
designs, mcludmg the enwronmental requuements of these systems It 1s proposed that 
Russian engineers undertake such verification and optmumtion of design features vvlth the 
support of U S experts, to facilitate the hcensmg of the NP-500 and NP-1000 in a manner 
consistent mth mternational practice Add~tionally, to firther design completion and the 
subsequent construction process, ths project wdl make avadable to Russian engmeers cost 
estimating and project management tools Note that such tools will be usefil across the 
entue spectrum of electricity sector projects 

109 Development of the Decommzssaonzng Program zn the Context of a Speczfc 
RBMK-1000 Reactor The level of matunty of the Russian approach to decomrmssionmg 
is charactenzed by a lack of comprehensive regulatory guidance and the absence of 
options for the disposition of spent he1 and radwaste A conclusion whch may be drawn 
from the JPNAS is that Russian p l w n g  for decomrmssionmg 1s not at the stage where 
the decomrmssiomng of a specific plant can be undertaken 
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110 It is proposed that ths  project ldente an RBMK reactor whch 1s hkely to be 
decomrmssioned m the near term In the context of decomrmssiomng the ident&ed 
reactor, the followmg objectrves wll be addressed 

t Recommend appropnate regulatory development 
t Spece  detds and the progression of decomrmssio~ung actlvlties 
t Develop detded cost and schedules 
t Identlfj. U S technology that supports and fachtates NPP 

decomrmssiomng 

11 1 Note that the results of ths project mll be applicable to the decomss~onmg of 
other RBMK reactors 

112 Hydroelectric plant charactenstlcs and financ~al mvestment data were used to 
pnontue extstmg hydro plants for rehabhtation, modemnabon and expansion, and to 
pnontue new hydro plants for completmg comt ted  construction and startmg new 
construction 

113 For ths Study, four categones of hydroelectnc plants were estabhshed to ldentlfjl 
potential plants for mvestment The four categones are 

Category 1 Extsting Plants, Comt ted  Rehablhtation 
Category 2 Extsting Plants, New Rehabhtation 
Category 3 New Plants, Comrmtted Construction 
Category 4 New Plants, New Construction 

3 4 1 Cost Development Methodology 

114 All capltal cost data presented in th~s section reflect the estlmated "ovemght" capltal 
costs (the cost excludmg mterest dunng construction) of rehabilitation and new 
construction as of January 1, 1991, excluding any mterest or financing costs These costs 
mclude all equipment, labor and matenals necessary for rehabhtation or new construction 

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

116 No escalation of the annual capltal costs has been mcluded in the costs presented for 
hydro rehabllitatlon and new construction 
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3 4 2 Emsting Hydro Plants 

117 To matntam the hydrodectnc generahon system's exlstmg capacity through the year 
2010, mvestments d be requrted to complete construction at plants currently under 
rehabhtation Investments wll also be needed for new rehabhtation at other plants to 
preclude the need to retlre them pnor to the year 2000 

118 Category 1 - Exrstang Plants, Cornmatted RehubJZ&&on. Four hydroelectnc plants 
currently under rehabilitation were ldentlfied as pnonty projects Nuhne-Tulomskaya, 
Vollchovskaya, Volzhskaya (Center) and Volzhskaya (Middle Volga) Without investment, 
these plants wdl llkely be out of serwce by the year 2000 The charactenstics of the four 
plants are shown in Table 3 - 12 They mll require an mvestment of approxunately $5 85 
d i o n  over the five-year penod 1995 to 1999 (Table 3-13) The cost breakdown by 
equipment, labor and matenal components is shown m Table 3-14 The proposed 
investment would provlde a 40-year hfe extension for the four plants These plants 
currently have 4,957 MW of mstalled capacity and 20,460 GWh of average annual energy 
production M e r  rehabhtation, they v d  have 5,202 MW of Installed capacity and 22,720 
GWh of average annual energy production as a result of the mstallation of modem 
equipment and efficiency mprovements 

119 Category 2 - Exlstrng Plants, New Rehabzlztatzon. Four hydroekctnc plants were 
identfied as pnonty projects for new rehabhtation mcludmg modemzation and 
expansion Kamskaya, Ivankovskaya, Pavlovskaya, and Uglitchskaya Without investment, 
these plants d l  lkely be out of s e ~ c e  by the year 2000 The charactenstics of the plants 
are shown m Table 3-12 No rehabhtation construction has begun on any of these plants 
except for Ughtchskaya, whlch is currently bemg reprured as a result of the fdure of a 
portion of the draft tube h g  The estmated mvestment requuement for rehabhtatmg the 
four pnonty plants is $370 d o n  over the penod 1995 to 1999, as shown in Table 3-13 
The cost breakdown by equipment, labor and matenal components is shown m Table 3-14 
The proposed mvestment would provlde a 40-year hfe extension for the four plants They 
currently have 810 MW of mstalled capacity and 2,560 GWh of average annual energy 
produmon After rehabhtation, they mll have 891 MW of installed capacity and 2,63 1 
GWh of average annual energy production as a result of the installation of modem 
equipment and efficiency improvements 

3 4 3 New Hydro Plants 

120 Russia has substantial untapped hydropower resources The economc potential for 
hydropower has been estmated at about 850,000 GWh/year of dehverable energy At 
present, the average annual energy production from hydro plants is about 160,000 
GWhfyear, representmg only 19% of the estmated avalable hydro resources in Russia 
(sigmficantly less than most European countries and the Umted States) Most of the 
undeveloped hydro resources are located in Srbena and the Far East m l e  approximately 
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50% of the hydro resources m the European part of Russm (west of the Ural Mountams) 
has been developed, less than 5% of the resources have been developed to date m Sibena 
and the Far East 
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Table 3-12 
Character~st~cs of Pr~orrty Ex~st~ng Plants for Rehab~lrtat~on 

Note Capltal ~nvestment cost ($/kW) was computed based on the "new" capacity because it was assumed that wlthout rehabllltahon, these plants will be out 
of semce by the year 2000 

Priority Rank 
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Plant Name 

Existing Plants, Committed Rehabilitation 

Region 

1 

2 

5 
6 

Volzhskaya 
(hhddle Volga) 

Volzhskaya (Center) 

Nlzhne-Tulomskaya 
Volkhovskaya 

Generation Capacity 
0 

TOTALS 

Existing 

Mddle Volga 

Center 
North-West 
North-West 

New 

Avg Annual Energy 
(GM)  

4957 

Eustmg 

Capital 
Investment 

2,54 1 

2,300 

50 
66 

Eushng Plants, New Rehabnlrtation 

New Total 

5,202 

3 
4 
8 
7 

SlkW 

2,649 

2,400 

57 
96 

20,460 

Pavlovskaya 
Kamskaya 
Ivankovskaya 
Uglltchskaya 

10 520 

9 300 

280 
360 

TOTALS 

22,720 

Urals 
Urals 
Center 
Center 

11 100 

10,900 

310 
410 

810 

585 

166 
504 
30 

110 

112 

250 

250 

25 
60 

891 

94 

104 

439 
625 

180 
552 
3 3 

126 
2360 

500 
1,760 

130 
170 

2,631 

503 
1,800 

150 
178 

370 415 

20 
240 
25 
85 

11 1 
435 
758 
675 
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Table 3-13 
Investment Plan for Pnonty Eusting Plants for Rehabditatron 

121 To meet Increasing demand through the year 2010, investments were ident~fied to 
complete the construction of new plants Pnonty plants for &re construction were also 
identified 

Plant Name 
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Investment Requuement, S Mdhon, per Year 

1997 

Euslmg Plants, Comm~tted Rehabhtation 

1998 

Volzhskaya (I!hddle Volga) 

Volzhskaya (Center) 

Nhe-Tulomskaya 

Vokhovskaya 

TOTALS 

37 5 

37 5 

5 

9 

89 

50 

50 

12 5 

21 

133 5 

1999 

Eustmg Plants, New Rehab&tahon 

Total 

75 

75 

7 5 

21 

178 5 

Pavlovskaya 

Kamskaya 

Ivankovskaya 

Uglltchskaya 

TOTALS 

4 

36 

5 

17 

62 

250 

250 

25 

60 

585 

50 

50 

9 

109 

37 5 

37 5 

75 

10 

48 

12 5 

42 5 

113 

6 

72 

7 5 

25 5 

111 

48 

48 

36 

36 

20 

240 

25 

85 

370 
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Table 3-14 
Cost Structure for Pnonty Eusting Plants for Rehabilltation 

JEPAS Flnal Report 
June 1995 

Plant Name 
Cost Structure - S Mdbn (1991) 

Equipment 

Em- Plants, Commrtted 

250 

250 

25 

60 

585 

Volzhskaya @hddle Volga) 

Volzhskaya (Center) 

NchneTulomskaya 

Volkhovskaya 

TOTALS 

Total Labor Materials 

38 

3 8 

4 

9 

89 

Eustmg Plants, New RehabPtahon 

63 

63 

6 

15 

147 

Pavlovskaya 

Kamskaya 

Ivankovskaya 

Ughtchskaya 

TOTALS 

149 

149 

15 

36 

349 

3 

36 

4 

13 

56 

20 

940 

25 

85 

370 

5 

60 

6 

2 1 

92 

12 

144 

15 

5 1 

222 
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122 Category 3 N m  Plants, Commttted Constnrctaon. SIX new plants under cornnutted 
construction were identfied for pnonty mvestment Aushgerskaya, Zelentchulcskaya, 
Zaramagskaya, Zagorskaya-1 Pumped-Storage, Bogutchanskaya, and Bureyskaya 
Construmon is proceedmg slowly at each of these plants due to a lack of financmg The 
charactenstics of these plants are shown m Table 3-15 These plants requlre an mvestment 
of approxunately !§4 24 bdhon over the seven-year penod 1995 to 2001, as shown m Table 
3-16 These projects wdl add 6,861 MW of mstalled capacity and 27,694 GWh of average 
annual energy production when completed The cost breakdown by equpment, labor and 
m a t e d  components 1s shown m Table 3-17 

123 Category 4 New Plants, New Consbwctaon Three new hydroelectnc plants were 
identified for pnonty investment to start construction Zagorskaya-2 Pumped Storage, 
Ziuratkulskaya, and Pravdmskaya Construction has not yet started at any of these plants, 
mth the exception of the Zagorskaya Plant, where Stage 1 is under construction and 
Stage 2 is planned The charactenstics of these plants are shown in Table 3-15 They wdl 
requlre an mvestment of approxunately $620 d i o n  over the penod 1995 to 2001, as 
shown m Table 3-16 The cost breakdown by equipment, labor and matenal components is 
shown m Table 3-17 When completed, these new plants wdl add 823 MW of mstalled 
capacity and 860 GWh of average annual energy production 
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Table 3-16 
Investment Plan for Prlonty New Plants for Construction 
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Plant Name 

Investment Requrement, S hlrll~on (1991) per year 

New Plants, Committed Construetion 

1995 

Bogutchanskaya 

Zelentchukskaya 

1996 1997 1998 1999 

140 0 

20 4 

New Plants, New Construchon 

210 0 

61 2 

Zluratkulskaya 

Zagorskaya-2 PS 

F'ravdlnskaya 

Total 

2000 

210 0 

40 8 

210 0 

20 4 

210 0 

61 2 

3 0 

57 0 

7 0  

67 0 

2001 TOW 

210 0 

7 5 

85 5 

17 5 

110 5 

210 0 

4 5 

85 5 

10 5 

100 5 

1,400 

204 

85 5 

85 5 

85 5 

85 5 

85 5 

85 5 

85 5 

85 5 

15 

570 

35 

620 
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Table 3-17 
Cost Structure for Pnonty New Plants for Construction 

3 4.4 Summary 

Plant Name 

124 Russia's hydro capacity of 41,162 MW will decrease over the next 15 years as 
exlstmg plants are retired The cost to rehabilitate these plants was calculated to deterrmne 
the mvestment requued dunng the penod 1995 to 2001 New hydro plants currently under 
construction were also identdied for pnonty Investment 

125 It was assumed that investment m hydro plant rehabilitation and new plant 
construction wdl take place dunng the penod 1995 to 2001 Without mvestment, it was 
assumed that approxunately 5,767 MW wdl be retired between 1995 and 2000 With 
mvestment, ths  lost capaclty wll be replaced wth capacity from the rehabihtation of 
exlsting plants at a slightly greater rate to account for mcreases In efficiency That is, 
approximately 6,093 MW w11l be added between 1995 and 2000 at an average rate of 
1,015 MW/yr 

Cost Structure - S Mdbn (1991) 
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Eqrupment 

New Plants, Comrmtted ConstrucHon 

Bogutchanskaya 

Zelentchukskaya 

Zaramagskaya 

Bureyskaya 

Aushlgerskaya 

Zagorskaya- 1 PS 

TOTALS 

Labor 

194 0 

35 0 

63 2 

236 0 

9 0 

0 0  

537 2 

M a t e d  

New Plants, New C o n s t ~ ~ h o n  

Total 

337 7 

47 3 

47 4 

550 0 

26 0 

28 0 

1 036 4 

Zluratkulskaya 

Zagorskaya-2 PS 

Pravhkaya  

TOTALS 

868 3 

121 7 

122 4 

1 414 0 

68 0 

72 0 

2,666 4 

1 3  

83 0 

15 0 

99 3 

3 8 

136 0 

6 0 

145 8 

1,400 

204 

23 3 

2 200 

103 

100 

4 240 

9 9 

351 0 

14 0 

374 9 

15 

570 

35 

620 



126 Wlth further investment, new capacity IS added mth the capacity fiom new plants 
based on the Russian designers' construction schedule, assummg rnvestment for all new 
plants b e p s  rn 1995 

127 Under these assumptions, Russia's future hydro capacity is shown rn Table 3- 18, 
including the drop-off due to the retlrement of errtstmg units, the replacement of retlred 
capacity mth capacity &om the rehabhtation of errtstmg plants, and an mcrease m capacity 
due to the construction of new plants The annual mcrease m capacity is summanzed in 
Table 3-18 

Table 3-18 
Future Hydro Capac~ty (MW) 

JEPAS Fmal Report 

Category 

EXI&I~ Plants wth 
Rctlmnmt 

Rcpl-mt Csp.c~ty wth 
Rehnbhtahon of Exutlng 
Plants 

New capacity vnth 
r2€mh&on of New Plmb 

Tot& 

June 1995 

1995 

40 201 

867 

0 

41 068 

1998 

37 318 

4 002 

2,076 

433% 

1996 

39 240 

1912 

200 

41,352 

1997 

38 279 

2,957 

597 

41 833 

1999 

36 357 

5 047 

4 176 

45 580 

2000 

35,395 

6 093 

6 050 

47 538 

2001 

35 395 

6 093 

6 884 

48 372 
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Table 3-19 
Annual Increase In Hydro Capacity, MW 

3.5 TRANSMISSION, DISTRIBUTION, COMMUNICATION, DISPATCH, 
AND CONTROL 

Category 

Exlstmg Plants, 
Commttted 
Rehabhtahon 

Exlstmg Plants, 
New 
Rehabllitahon 

New Plants 
Comrmtted 
Construchon 

New Plants, 
New Construchon 

Totals 

3 5 1 Cost Development Methodology 

128 Estlrnattons of the cost for each transmsston project relted on certam assumptions 
concemg whlch components w11 be supplted by Russtan sources and whlch wll be 
unported The followmg general gutdehnes were used tn the cost esttmation process 

1995 

867 

0 

0 

0 

867 

129 The estunation of transmssion line costs assumed that engmeenng and constructton 
labor and matenals, mcludlng tower steel, conductors, lrne hardware and msulators, would 
be sourced w i t h  Russta It was assumed that the labor and matenals for the destgn and 
construction of all substattons, tncludtng all c t d  works and bastc butldmgs, would be of 
Russtan ongm 

130 For costtng purposes, tt was further assumed that all electrical and electromc 
equtpment would etther be the subject of a jomt venture wth foreign firms or tmported 
duectly As a result, the pnces for such equtpment were assumed to be at the general 

1996 

867 

178 

200 

0 

1245 
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1997 

867 

178 

374 

23 

1442 

1998 

867 

178 

1,279 

200 

2,524 

1999 

867 

178 

1 900 

200 

3,145 

2000 

867 

179 

1,674 

200 

2 920 

2001 

0 

0 

634 

200 

834 

Total 

5,202 

89 1 

6 061 

823 

12 977 



world pnce level Thls assumption would extend to a h t e d  portion of buddmg 
construction, e g , heatmg, ventilatrng and au con&oonmg systems 

13 1 It was also assumed that a small portion of the engineering content of each project 
could be mported, partrcularly where Western methods could erther expedlte project 
completion, reduce project costs, or affect a technology transfer of value to Russtan 
rndustry 

132 Western cost estunates (as of January 1995) were adopted dlrectly Russtan cost 
estmates are much more dficult to predict under the current conditions of high inflation, 
matenal shortages, and weaknesses rn the construction mti.astructure For these reasons, tt 
was felt to be more reahstic to adjust Western costs based on projections of the 
relattonshlp between Russian and Western labor rates and matenals pnces 

133 Transmssion hne costs are composed predomrnantly of matenals, largely steel and 
alurmnum, and labor (e g , engmeenng, surveymg, construction supemsion, erection 
labor) Table 3-20 hsts typical Western costs, exclusive of nght of way, for hnes of 
330 kV to 1,150 kV ac and h750 kV dc 

Table 3-20 
Representatwe Western Transm~ssron L~ne Costs 

(Excludmg Rght of Way) 

134 ERI's memorandum of July 8, 1994 suggests that the Russian matenals cost are 
approxunately 70% of the values shown, and that Russian engmeenng and labor costs are 
about 20% These adjustments are made in Table 3-21, except that engneenng and labor 
pnces are arbttranly doubled on the basts that foretgn content would be included in certam 
types of work 

Materials & Equipment 
Enpeenng & Labor 

Total 
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(% x 1000/km) 

% 

60 
40 

100 

330 kV 

198 
I32 

330 

500 kV 

276 
184 

460 

750 kV 

420 
280 

700 

1150 kV 

630 
420 

1 050 

1500 kVDC 

510 
340 

850 



Table 3-21 
Representatwe Russran Transm~ss~on Lrne Costs 

(Adjusted Pnces, Includrng Bght-of-Way) 

135 lbght-of way costs m Russ~a are very dficult to estunate and were arbitrarily 
considered as apprownately 12% of the matenals costs 

Materials & Eqmpment 
Engmeemg & Labor 
Bght of Way 

Total 

136 The cost estunate for commumcatlon, control, and d~spatch projects conslsts of two 
parts foreign and local The base year for both is 1995 The local cost is hrther broken 
into three parts equipment, matenals, and labor and semces The costs mclude 10% 
contmgency and project management 

3 5 2 Transmrssron Projects 

(S x lOOO/km) 

137 Most of the projects studled m the transmssion area are interconnect~ons between 
regons of the Rusaan Integrated Power System To avo~d numerous uncertant~es 
(generatlodoad forecast, economc and pohtical situation), xnter-regonal transmssion 
projects were selected that represented a need Independent of &re load/generation 
assumptions or an almost certsun need for Increased transfer capabhty Intra-regonal 
projects were also cons~dered because they either rncrease the rehabhty of the exlstrng 
transmss~on system or provlde for the dellvery of power from plants under construction 
by rntegratlng them mto the power system Whtle the stud~es undertaken were not 
comprehensive In terms of the overall transmss~on problems of Russia, the methodologes 
developed dumg thls work d l  exped~te the analysis of problems not specfically mcluded 
m the JEPAS 

330 kV 

139 
53 
18 

210 

138 For most of the transmssion projects d~scussed below, the followng analyses have 
been conducted 

b load flow study of the exlstlng and improved system, mclud~ng outages 
b dynarmc study of the tmproved system 
b hst of lme and station equipment to be supphed 
b cost estimation 
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SO0 kV 

193 
74 
23 

290 

June 1995 

750 kV 

294 
112 
34 

440 

1,150 kV 

441 
168 
51 

660 

1300 kV DC 

357 
136 
42 

535 
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Detded documentation can be found m Appendlx H 

13 9 Inter-Regzond hojects Four mter-regonal projects were exanuned The North- 
West and North-West-Center Transmssion Redorcement Program, the Middle 
Volga/Center/North Caucasus Reinforcement Program, the Ural-Tyumen System 
Integration Project, and the Sibena-Center Redorcement Program 

140 North- West and North- West-Center Transmrsslon Rernforcement Program Several 
performance problems are often encountered m the North-West Regon 

b The transfer capabihty of the exlstmg Kola-Karelia-Lemngrad tie 1s 
senously limted, especially under outage conditions 

b In efforts to mantzun system reliabAty, nuclear power plant umts can be 
tnpped by the emergency control system 

w The transfer capability of the exlstmg mterconnection between the North- 
West and Center 1s senously h t e d ,  especially under outage conditions 

141 These problems could be aggravated m the event that some obsolete umts at the Kola 
and Lemngradskaya nuclear power plants were shut down after the year 2000 The 
construction of approxlrnately 740 km of smgle-cucuit 330 kV hne and 930 km of 750 kV 
h e  wth considerable upgrading of exlsting 330 kV and 750 kV stations is suggested to 
help resolve these system htat lons 

142 Mzddle VolgaKenter4Vorth Caucasus Reznforcement Program The North Caucasus 
Regon wtually always suffers power and energy shortages Its bulk transrmssion system 
is not well integrated wth the contiguous Russran Center Regon and 1s duectly connected 
by only two long 220 kV interconnections Most power to the North Caucasus is 
dehvered from the Center ma Ukrame However, the power that can be dehvered vla 
exlstmg Interfaces is not sufficient for the regon Thls h t a t i o n  has forced the curtalrnent 
of from 200 to 500 M W  of the load over the past several mters ,  requrnng rolling 
blackouts to accommodate power deficiencies A transrmssion reinforcement program 
consistmg of four complementary 500 kV transmssion additions is proposed to address 
these problems and to Improve the flexlbllity of system operation 

143 UraZ-Tpmen System Integratzon Project The Tyumen Power System operates 
urlthn the Ural Interconnected Power System It has ample generatmg capacrty, but is 
unable to dehver all avadable surplus power and energy to deficient areas of the Ural 
because of limted transmssion connection to those areas The construction of 
approxlmately 420 km of 500 kV line and the mstallation of related equipment at two 
stations is proposed as a solution to ths bottleneck 
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144 Szberzu-Center Reznforcement Program The analysls 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 Stbena Regron could have a 28 to 35 btlhon kwh surplus of 
electnc energy m 2005 to 2010, whch would be sufficient to cover the above deficiency 
Several opttons were constdered, each of whtch could create a hgh-capacity 
mterconnection between the Sibena and Center regrons Each option serves several 
important objectives and would gam advantages from 

b time diversity (three to SIX hours) 

b load shape diverstty 

b mutual assistance m emergencies 

b dflerence m generatton charactenstics (economy mterchange), based on a 
prevalence of hydro plants tn Stbena and a domance of thermal and 
nuclear plants m the European systems 

b provldmg access to energy from the vast coal depostts m Sibena 

b remforcement of the network-buddtng functions of the Russian mtegrated 
~d 

145 The design of a bulk transmssion configuration capable of rehably dehvenng 3,000 
MW mbally (Stage 1) and 6,000 MW ulmately (Stage 2), from Stbena to Central Russia 
is proposed The transmssion dlstance involved is 3,500 to 4,000 km The exlstmg 
network of 500 kV and the uncompleted 1,150 kV ac and 1,500 kV dc lines are the bases 
of the alternat~ves considered 

146 Intra-Regzonal Rojects Three mtra-regonal projects were assessed the Eastern 
Sibena Remforcement Project, the Integration of the Omsk Power System, and the 
Integraaon of the Boguchanskara Hydroelectnc Plant Program 

147 Eastern Szberzan Reinforcement Project At the tune of system peak demand, the 
Chtmskata and Buryatsksua systems have a combmed capactty shortage of about 700 
MW The Irkutsk system enjoys a substantial surplus of hydroelectric capacity Thls 
surplus, however, cannot be transferred to the east due to madequate transmssion 
capacity The construction of approximately 870 km of a single-circuit 500 kV 
transmssion h e  and four 500 kV stations IS proposed Thts project would also be a major 
step m meetmg the eventual goal of synchronous operat~on of the Far Eastern System and 
the Integrated Power System of Russta 

JEPAS Final Report 
June 1995 



148 Integratzon 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 pohhcal relationshtp between Russia and Kazakhstan rases 
concerns regardmg the adequacy of power supply to the Omsk Power System, should the 
mterconnected operation of the Russian and Kazakhstan power systems be disrupted Thls 
project contemplates the constructron of approxlmately 750 km of 500 kV transmssion 
hnes and ther mtegration mto the ex~stmg 500 kV network 

149 Integrahon of the Boguchanskaza HyaYoelecfrrc Plant The program proposed here 
is designed to provtde adequate transmssion capacity to mtegrate thls plant mto the 
Sibenan power system and to Improve the transfer capabhty from the Angara 
hydroelectnc cascade to the west The principal components of the project mclude the 
constructron of approxlmately 1,250 km of 500 kV lines and 550 km of 1,150 kV hnes 
mth station upgradmg 

150 Cost Estimate and Inter-regzonal Transfer Capabzbty The estrmated costs and 
constructron penods for the transrmssion projects are summanzed m Table 3-22 Table 3- 
23 gves estlrnates of the transfer lrmts among Integrated Power System regons resultmg 
fkom the rmplementation of the transmssion projects 
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Table 3-22 
Estrmated Cost and Construction Penod for Transmrss~on Projects 

* The data shown are an average ofthe altemahves 

JEPAS Flnal Report 
June 1995 

Cmtn.wlmn Penod 
Or-4 

4 

4 

5 

3 

15 

5 

5 

4 

Transmission Projects 

Intemal North-West (Kola-Kareha-hgrad) 

North-West to Center Tie @mgrad-Kalm) 

Mddle Volga/Center/North Caucasus Redorcement 

Ural-Tyumen System Integrahon 

SlbenaCenter Stages 1 2 

Eastern Sibena Rdorcement (TrkutskChtmskala) 

Integrahon of the Omsk Power System 

Integrahon of the Boguchanskaia Hydro Plant 

Total Transm~slon 

Investment - s) 

575 

200 

430 

170 

5 810* 

300 

325 

995 

8 805 



Table 3-23 
Prelrm~nary Estrmates of Transfer Lrmrts Between Russran IPS Regrons as a Result of Implementrng JEPAS Projects 

Notes Numbers ~n parenthes are reversed flow l~rmts 
Reallzatton oflhe flow wtll m some cases depend on the compl&on of projects mtemal to the mdmg regton, h c h  are not ctted m Uus table 
Center North Caucuses values asstgn no credtts to exlstmg ttes that pass through the Ukraure 

Prow 

E*t3SlJ-n 

North West to Center 
Redorcement 

North Caucasus Supply 

Tyumen Ural 
Remfbmment 

HVDC Center Stbena 
Tie 2005 

H M C  Center Stbena 
Tte 2010 

AC Ccnter Stbena 
Tte 2005 

AC Center Stbena 
Tte 2010 

AC + DC Center Stbena 
Tte 2005 

AC + DC Center Stbena 
Tte 2010 
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N W -  
Cmter 

1500 
(900) 

2300 
(1650) 

Center N 
Cmucwu 

1000 
(1000) 

M V*a 
Center 

3000 
(2800) 

6000 
(5800) 

6000 
(5800) 

6000 
(5800) 

6000 
(5800) 

Urrb-M 
V o b  

1800 
(2800) 

4800 
(5800) 

4800 
(5800) 

4800 
(5800) 

4800 
(5800) 

Tyum~a 
UrrL 

1 500 
(I 5000 

2500 

Kmmk 
URlls 

1600 
(1600) 

4600 
(4600) 

4600 
(4600) 

SIkrln 
KPralr. 

1200 
(1400) 

4200 
(4600) 

7200 
(7400) 

SIbtria 
URlls 

3000 
(3000) 

6000 
(6("w 

3000 
(3000) 

6000 
(60oO) 

U& 
Ctnter 

3000 
(3'-"w 

3000 
(30oO) 

3000 
(3000) 

Knak 
Ceatcr 

3000 
(3000) 

3000 
(3000) 
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3 5 3 Subtransmlssron and Dlstnbutron Loss Reductron Program 

15 1 Three typical radial hstnbution systems were selected 

b supply system for a city 
b supply system for a rural area 
b supply system for gas pipehes and neighbonng distnct 

152 Studies mdicated that wth improvements m voltage control, VAR flow controls wll 
be needed m the near future along wth tmproved dispatchmg facilities 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 distribution projects 
is estimated at $250 mllion 

3 5 4 Communrcatlon, Control, and Dlspatch (CCD) Projects 

153 The followng mprovements to the CCD systems at the Central Dispatch Office 
(CDO) and seven exlstmg Interconnection Dispatch Offices (IDOs) are recommended 

b The control centers at the CDO and IDOs and the associated data 
commumcation network are to be upgraded over a four-year penod Thls 
mcludes the replacement of computer hardware and software, and 
unprovements to the exlstmg control center fachties The upgrade wll 
allow the mplementat~on of new functions to address the changes talung 
place m the IPS and to provlde a reliable and economcal system operation 
A large portion of the application software (e g , load fiequency control, 
on-line economc dispatch, state estmate) wdl be developed by the Russian 
m-house team 

b The cornmumcation systems between the CDO and all IDOs are proposed 
for upgradmg in a phased approach A new fiber optic commumcation llnk 
w11 be mstalled as part of ths  project to mterconnect the CDO, and the 
North-West, Center and North Caucasus IDOs Ths new hnk will fulfill the 
data and voice commumcation requuements by the control centers 
covenng Russia's major load areas Also, data llnks between the selected 
substations and power plants w11 be upgraded to solve the bottleneck 
problem wth the present data comrnumcation lmes 

b New remote temnal umts (RTUs) d l  be mstalled at major power plants 
to interface the plant control systems wth their respective control centers 
The plant instrumentation system wl1 be modified, where needed, to accept 
raise/lower signals for the automatic generation control fiom the new 
control centers 
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w At selected substations, the exlstmg telemetry device d be replaced wth 
a new RTU, and the current data momtonng system d be expanded to 
mstall an enhanced supemsory control and data acquisition system Ths 
upgrade wdl provide the CDO and IDOs wth real-tune information on the 
transmsaon network to mcrease system viabll~ty and rehabhty Without 
ths  upgrade, the fbnctionmg of the newly installed control centers wll be 
compromsed 

b A backup fachty w11 be estabhshed for each control center to cope wth 
the possibhties of the mam center being out of servlce The backup center 
wll be equipped wth mmmal hardware, yet be fblly capable of t h g  over 
the basic hnctlons of the maln control center Also, the major 
cornmumcation links wll have alternabve paths Ths measure is requued 
to el~mnate a slngle fculure component in the dispatch herarchy 

b Guidehes and a prototype integrated mcroprocessor control system d 
be developed at several substations and generating plants Ths mtial 
investigation of rntegrated mcroprocessor control by the Russlan power 
engmeers is needed soon, because many &re transmssion and generatmg 
plant systems d be uang Integrated mcroprocessor systems They need 
to develop the understandmg and guidelines before major projects usmg 
ths  technology are approved 

154 Economc benefits of $71 3 mdlion per year have been identified for these measures 
Ths results fiom reduced fossll he1 usage because of better economc dispatch of 
generating umts, and reduced losses on the transmssion system 

155 Operational benefits have also been identified for 1) enablmg the CDO and IDOs to 
better handle the new power market m whch the IPS now operates, 2) mcreased rehabhty 
of the transmssion and generatmg systems (including the nuclear plants), 3) operatmg 
closer to transmssion h e  transfer limts, 4) better VAR flow in the transmssion system 
and between the transmssion and distnbution system, 5) reduced mcuntenance of 
generatmg umts, and 6) Improved regulation of frequency and voltage 

156 The total estunated cost for the proposed project IS $308 3 mlhon m foreign 
exchange costs and Russian rubles 91 1 8 mll~on in local costs 
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1 To d e t e m e  the investment requirements for the Russian power sector's development, 
the Joint Electnc Power Alternat~ves Study used two integrated p l m g  models a 
Russian stmulation model and an Amencan mtegrated resource p l m g  model Detaled 
descnptions of these models are gven in Appenduz C The two models are mutually 
complementary and, together, they provlde a sohd analytical framework for integrated 
least-cost p l m n g  

2 The Russian simulation model uses the expenence gamed in p l m g  for the power 
sector, and the results of a screemng analysis of the cost-effectiveness of vanous power 
generation technologes and energy conservation options Based on heuristic knowledge 
and pre-feasibhty studies, the Russian model performs the followng hnctions 

b develops capacity and power balances for each regonal power system 
(wth respect to ~nter-regonal capactty and power exchanges) 

b d e t e m e s  a preferred sequence of capacity build-up for vanous types of 
electnc power plants (mcludmg the moderrmation and reconstruction of 
exrstlng power plants and new construction) 

b identifies thermal power plants' requirements for different hels for each 
regonal power system (wth regard to constramts on the use of lndivldual 
types of &el) 

b d e t e m e s  the envlronrnental tmpacts of electnc power plants wthn each 
regonal power system wth respect to stack emssions 

b determmes investment requtrements for decomssiomng, rebuilding 
exrsting power plants, and constructing new plants and inter-regonal 
transmssion lines 
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3 The Amencan optmmabon model, IPM, is designed to solve the same set of problems 
usmg the same data developed by the JEPAS Worlung Groups However, rather than 
usmg a smulation fiamework, IPM employs a formal dynmc hnear programmmg cost- 
mrmzation fiamework The major features of IPM mclude 

b a dynarmc optirmzation structure that prowdes a least-cost solution and 
accurately evaluates mter-temporal tradeoffs 

b accurate system dispatch and operations smulation 

w explicit modehng of the trade-off between decomrmssiomng and safety 
upgrades of nuclear umts 

b s~rnultaneous cost mmrmzation of electnc and heat supply 

b smultaneous optimation of electnc supply and demand-side technologes 
to provlde an integrated resource plan 

4 The Amencan model prowdes a formal structure for opt~mtzlng the development of the 
power sector that includes a detaled descnption of its dynarmcs, and rmnrrmzes total costs 
over the entue planmng penod IPWs abtlrty to take rnto account a vanety of constramts 
typical of the system as a whole and its major elements allows for mvesbgatmg the 
Influence of major factors on the system's development Hence, IPM can be used not only 
for developmg the best options under specified conditions but also for studylng the 
sensitimty of solutions to a range of mputs reflecting major uncertamties 

5 Electricity demand m the Russian model makes use of two aggregated charactenstics 
the wmter d d y  load curve and the number of hours of maxtmum load use per year to 
deterrmne the techmcal feasibhty of usmg hydro plants, thermal power plants (TPPs) and 
nuclear power plants (IWPs) dunng the intense penod of maxlmum load 

6 The Amencan model descnbes electricity demand by three seasonal load duration 
curves (for the wmter, summer and spnng-autumn penods) These load duration curves 
are denved fiom hourly load projections using typical load profiles by season and day- 
type, and annual energy projections 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 detd 
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MODELING RESULTS 4-3 

4.2.1 Electncity Demand and Capacity Requirement Assumptions 

7 The projections of electncity consumption mthm the Integrated Power System are 
shown m Figure 4-1 for the two scenanos described m Chapter 1 Projections were also 
developed for annual electncity consumption and annual peak demand for each regonal 
power system Workmg Group 5 disaggregated the regonal total annual electncity 
consumption estimates Into three sectoral categones mdustry, res~dentiaVcornmercia1, and 
apculture These sectoral load projections and hourly hlstoncal load data were used to 
develop hourly load projections for each regon The resultmg estimates, along wth 
regonal annual consumption and peak demand forecasts, were the electncity demand 
estimates used in the JEPAS analysis The maxunum load projections for each of the 
regonal power systems and for the IPS are shown m Table 1-3 

Figure 4-1 
Projected Trends m Electncity Consumption 

8 The design reserve margm for synchromzed operation mthm the IPS was set at 13% of 
the total peak load under the former planmng guidehes of the USSR Integrated Power 
System The reserve margns for lndivldual regonal power systems range from 11-14%, 
except for the isolated Far East, where ~t has been set at 20% In Russia's rapidly changng 
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MODELING RESULTS b 4-4 

enwonment, reserve margms may need to be mcreased However, the need for changes m 
reserve margm requuements is stdl bemg analyzed and is uncertsun at thls tune 

9 The total generatmg capaclty requuements as (defined by the above condltlons under 
the two demand scenanos) are shown in Figure 4-2 It should be noted that whde ths 
discussion focuses on meetmg demand on the basrs of capacity only, energy efficiency 
gams effectively meet electricity needs by reducmg demand Energy efficiency optrons 
were analyzed separately and are reported m Sectlon 4 4 

Flgure 4-2 
Total Capaclty Requirements 

10 The actual system capacity denved fiom exlstlng generating units was determned 
based on the assumptions that 

b TPPs and NPPs w11 normally be decomrmss~oned after they reach the end 
of therr desrgn lives (However, the North Caucasus and Ural regons are 
currently expenencmg capacrty deficits For these regons, TPP life 
extensions are needed dunng the penod 1995 through 1997 ) 
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MODELING RESULTS b 4-5 

b hydro capacity w11 not decrease, because all needed upgradrngs of exlstlng 
umts are expected to be performed w t h  the time penod 

11 The dfference between required capacity and the f&g capacity of the exlstlng stock 
of power plants deterrmnes the amount of requlred generatzng capuczty replacements or 
energy eflczency gazns and additions The required Increase in capacity under the two 
demand scenarios can be seen as the difference between the exlstmg capacity and the 
required capacity levels in Figure 4-3 

Frgure 1 
Effectrve Capacity Reduction Dynamrcs for Russra's Power Plants 

2000 2005 
Year 

- 

Projected capacity - High Demand 

- 

Thermal 

Note The effmhve capacity is deterrmned by adjusting the actual mtalled capcity by an amount equal to the 
hcbon of total capacity that is h~stoncally out of semce due to routme rnarntenance or equpment 
failures The adjustment factor used in h s  study is 13 % 

- 

- 

12 The detailed projections of generating capacity needs m Table 4-1 indicate that 

Hydro 

Nuclear 

b By 2005, the requlred capacity replacements and additions for the IPS are 
expected to be nearly twice as hlgh in Scenano A as rn Scenano B 

I I I I I I I I I I I 
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b Over the Ml study period, more than 80% of the capacity needs are 
concentrated m the European repons of Russia (mcludmg the Urals) 

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, 
Siberia) the exlsting capacities are more than requrred 

Table 4-1 
Relat~ve Generat~ng Capac~ty Levels (mln kW) 

4.2 2 Heat Demand Assumpt~ons 

13 One of the distmguishmg features of the Russian IPS is the hgh share of combrned 
heat and power plants (39% in the European regions and 36% m the entlre IPS) Thls fact 
necessitates that the analysis of electricity requuements incorporate the h r e  demand for 
heat supply 

Scenano B 

1995 2000 2005 2010 

199 -52 -33 5 -80 5 

135 -73 -29 9 -66 4 

3 4  3 6 -1 6 -60 

8 9  -17 -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 

Years 
Power 
Systems 

IPS of Russ~a 

European Part of the IPS 

North-West 

Center 

~ d d l e  Volga 

North Caucasus 

Urals 

TYUrnen 

Slbena 

Far East 
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Scenario A 

1995 2000 2005 2010 

6 2  -326 -711 -1278 

3 5  -268 -572 -1005 

2 4  1 3  -45 -100 

4 2  -80 -173 -378 

2 9  -13 -43 -96 

-36 -67 -89 -125 

-24 -121 -222 -306 

0 8  -04 -24 -54 

1 3  -43 -85 -156 

0 6  -11 -30 -62 



MODELING RESULTS ~ 4 - 7  

14 The forecasts of total heat consumption under the two demand scenarios are presented 
m Table 4-2 Considerable change is expected to occur m the heat consumption pattern, 
mostly as a result of the mcrease m residential and servlce sector consumption and the f d  
m mdustnal consumpbon The change m heat consumption dynamcs m Russia makes 
evaluations of the posslble scale of heat supply development dficult 

Table 4-2 
Projected Requ~rements for Heat from Central~zed Sources and the Power Sector 

(M~llron G~gacalones) 

15 The potential heat output from TPPs IS shown m Table 4-3 Based on the information 
summanzed m ths  table, the Amencan and Russian models meet heat demand wth either 
CHPs or stand-alone bollers based on the lowest Me cycle cost alternative 

1993 
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1995 2000 2010 

Scenano A 

Total Requrements for Centrahed Heat 

Of Whlch Heat Supphed by the Power Sector 

1,950 

940 

SCeMnoB 

1,880 

890 

Total Requmments for Central& Heat 

Of Whlch Heat Supphed by the Power Sector 

1 950 

905 

1,950 

940 

2 050 

1010 

1,900 

905 

1,850 

880 

1,870 

885 



Table 4-3 
Heat Possrbly Avarlable from Thermal Power Plants (Mdllon Glgacalones) 

4 2 3 Fuel Pnclng Assumptions 

Y ~ P M  
Power 
Systems 

IPS of Russla 

EuropeanPart ofIPS 

North-West 

Center 

Wddle Volga 

North Caucasus 

Urals 

TYUrnen 

Slbena 

Far East 

16 Two fuel pnce forecasts were analyzed One forecast was used for both Reference 
Cases A and B, it assumed that fuel pnces m Russia would be based on domestic supply 
and demand In h s  case, fuel pnces are expected be set to cover the full cost of 
production and dehvery fiom Russian sources of supply The full-cost pnce forecast for 
major fuels m dflerent economc regons of Russia is provlded in Table 4-4 These pnces 
were used as the basis for the Reference Case analyses conducted for the JEPAS 
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1993 

9118 

703 5 

598 

2871 

1276 

25 0 

2040 

132 

164 8 

302 

ScenarmA 

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 

22 7 23 1 23 8 24 2 

1788 1786 185 1 1902 

128 128 128 132 

158 9 168 8 187 8 1964 

314 335 389 425 

Scenam B 

1995 2000 2005 2010 

8504 8274 8519 874 

653 4 639 7 652 6 666 

55 7 53 8 53 6 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 6 148 3 1574 163 

287 265 291 30 



Table 4-4 
Fuel Pnce Forecast, %Itsf 

Based on Fuel Sector Enterprises Belng Self-Flnanc~ng 
(Full Cost of Production) 

*) The upper figure 1s for biturmnous coal the lower is for Kansk-Achmsk l i p t e  

Center 

North-West 

North Caucasus 

The Volga Basm 

Urals 

North Tyumen 

West Sibena 

East Sibena 

Khabarovsk Krai 

Pnmorye 

17 A second forecast assumes a radical change m Russ~a's pnclng and taxation policy 
Under thls change, a substantial share of tax receipts would be replaced by royalties for 
usmg natural resources and mnerals Royalties would be set such that oil and gas pnces m 
Russia would be brought into confomty wth  the world market pnces More precisely, 
domestlc pnces for exported hels would be set at levels comparable to those in Central 
Europe The pnce forecast for major hels by economc regon based on th s  world pncmg 
pohcy is presented in Table 4-5 The Impact of such a change m fbel pnces was evaluated 
m the model studles 
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1996 

Gar 

43 

45 

47 

40 

36 

16 

35 

46 

70 

- 2000 

Coal* 

35 

3 8 

40 

30 

26 

13 - 
13 

19 - 
6 

45 - 
48 

50 

2001 

Gaa 

65 

67 

74 

62 

54 

32 

52 

60 

90 

- 2005 

Coal* 

52 - 
5 1 

55 

60 

46 
43 

3 9 - 
34 

23 - 
18 

32 - 
9 

63 - 
59 

65 

2006 

Gas 

75 

77 

81 

70 

64 

40 

62 

72 

100 

- 2010 

Coal* 

57 - 
54 

60 

65 

5 1 - 
46 

44 - 
37 

28 - 
21 

37 - 
12 

68 - 
62 

65 



Table 4-5 
Fuel Pnce Forecast, Wsf 

Based on Equivalent World Market Pnclng 

*) The upper figure IS for bitwnm0u.s coal the lower 1s for Kansk-Achmsk l l p t e  

4 2 4 Escalation of Russlan Capital Cost Assumptions 

Red- 

Center 

North-West 

North Caucasus 

The Volga Basln 

Urals 

North Tyumen 

West Sibena 

East Slbena 

Khabarovsk Krai 

Pnmorye 

18 One of the mam problems addressed by the Jolnt Study concerns the estimates of 
capital costs for Russla's power sector Spec~fically, ths  means anticipating the hture 
relationshps between Russian and world pnces of major plant cost components basic 
metals, equipment, construction matenals and labor 

19 The estimates of the &re relationshps between Russian and world market pnces for 
equipment and materials are based on the assumption that Russla's domestic pnces m11 
not exceed world pnces Currently, relatively cheap labor and energy costs m Russia 
enable its Industry to offer lower pnces for capltal goods Ths difference IS expected to 
dmmsh over the study penod Table 4-6 lndlcates that the rate at whlch Russia's 

1996 

Gas 

62 

64 

65 

5 9 

55 

30 

53 

55 

80 

2001 

Gan 

80 

82 

86 

75 

69 

45 

67 

77 

105 
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- 2000 

Cd* 

45 - 
43 

48 

49 

40 
35 

35 - 
28 

21 - 
15 

28 - 
8 

54 - 
51 

55 

2006 

Gas 

95 

97 

100 

90 

84 

55 

80 

90 

115 

- 2005 

Cd* 

60 - 
59 

63 

68 

- 54 
51 

47 - 
42 

3 1 - 
26 

40 - 
17 

71 - 
67 

60 

- 2010 

Cod' 

68 
64 

72 

76 

62 
56 

55 - 
47 

40 - 
3 1 

49 - 
22 

80 - 
72 

65 
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domestic pnces nse to world levels wdl vary greatly for different components of plant 
costs Th~s rate wdl also depend on the pace of economc reforms 

Table 4-6 
Companson of Cost Components for Russ~an and U.S Power Plants 

(Multipl~ers) 

20 A relatively high initial pnce level for metals and bulldmg matenals costs (0 70-0 75 of 
the U S pnces) m 1994 results m relatively slow escalation rates for these mvestment 
components ln the future The htghest escalat~on rates are expected for labor costs, 
however, the actual rate of labor cost escalation wll depend heady on the rate of 
economc reform Consequently, there is a hlgh degree of uncertzunty concemng the rate 
of labor cost escalation 

21 Whde recogntzlng the uncertamty m estlrnatmg the h r e  ratios between Russian and 
world market pnces, the Jolnt Study used umform ratlos for each type of new or 
modemed plant Unrfomty was essential m order to memngfblly compare all the 
supply alternatives 

Year 

1994 

2000 

2010 

22 Worlung Groups 2 and 3 obtamed mtial information on Russian and U S costs (m 
constant 1994 $) and therr structures to provlde a basis for compamg ovemght costs for 
the new and modemed plants Table 4-7 shows the escalation rates for a complete range 
of technologes developed by the worlung groups Accordmg to ths  table, the escalatlon 
rates of ovemght costs for different types of plants vary considerably due to different cost 
structures Consequently, the competitiveness of different technologies will vary over the 
study penod 

Eqwpment 

0 50 

050-060 

060-090 
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* !3 

Metals 

0 75 

075-100 

085-100 

Labor 

0 10 

020-030 

0 35 - 0 60 
d 

Construct1011 M a t e d  

0 70 

070-085 

080-090 



Table 4-7 
Overnight Cost Escalation Factors 

4 2 5 Representatwe Costs of Power Generation Technologies Used m the 
Modellng 

23 Tables 4-8 and 4-9 present escalated ovemght capital costs for the upgradmg and new 
construction of representative plant types These escalated ovemght costs were developed 
by applylng the capital goods, labor, and matenals escalation rates presented m Table 4-6 
to the ovemght costs provlded by the worlung groups Tables 4-8 and 4-9 also present 
the corresponding operat~ng and performance charactenstics for these representative plant 
types 

Techuology Type for Cap~tal Escalatnm 

JEPAS Final Report 
June 1995 

Escalation Multiplier 

Pulverized Coal 

Combmed Cycle 

Nuclear 

1995 2000 

500 MW new CPP 

400 MW new CPP 

500 MW - NP-500 

Modemmhons 

2005 20 10 

1 128 

1 197 

1 198 

1 253 

lo00 

1 000 

lo00 

loo0 

01VGas 

Coal 

OlVGas 

Coal 

1 577 

1 448 

1 722 

loo0 1 150 1 369 

CPP 300 MW 

CPP 150MW 

CHP Vanow slzes 

CHP Vanow slzes 

All new and reconstruchon ophons were assumed to have the same O&M escalahon, as follows 

1 279 

1 445 

1411 

1 522 

Vanable 0&M 

F d  O M  

1 301 

1410 

loo0 

loo0 

1 425 

1 700 

1641 

1811 

1 033 1214 1 249 1 286 

1 098 1 750 2 174 2 700 

1 147 

1 120 



Table 4-8 
Characterlstlcs of Different TPP Upgrade Technolog~es 

JEPAS Flnal Report 

Retrofitting Teehnologres 

1 

K-300 Reconstruction 

CCP-360 

CCP-250 

CCP-360 

CCP-220 

K-500 Reconshuchon 

K-500 Sw~tchmg over to 
Kansk-Achmsk Coal 

K-300 Reconstruction 

K-300 Reconstruct~on 

K-300 Reconstruct~on 

K-300 Reconstruction 

K-300 Reconstruction 

June 1995 

Technology 
Categories 

2 

G- 1 

G- 1 

G-2 

G-2 

G-2 

C- 1 

C-1 

C-2-A 

C-2-A 

C-2-B 

C-2C 

C-2-D 

N 1 

6B212 

3 

4 

612 

1 1 2  

2 1 

1 1  

2 1 

1 

1 1  

1 1  

Fuel Types 

3 

Heat 

BhJkWh 

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 

NG', MZ 

NG 

NG, M 

NG 

NG 

BL3 

LH4 

BL 

LH 

LL' 

BH6 

BL 

Gas, Resldual Fuel 011 

Gas 

Gas, Residual Fuel 011 

Gas 

Gas 

EktbastuzCoal 

Kansk-Achmsk Coal 

EkibastuzCoal 

Kansk-Achmsk Coal 

Moscow Basln Coal 

Kuznetsk Coal 

Donbass Coal 

Non-fwl Costs, $kW 

Fued Variable 

$Kwy 5 $/MH 

11 49 

5 87 

7 25 

5 87 

9 05 

13 98 

13 98 

16 41 

16 41 

16 41 

16 41 

16 41 

Ovcmight Costs, SkW 
--------------------"-""""""'------------------------ 

1994 2000 2010 

6 

2 27 

1 82 

1 82 

1 82 

1 82 

1189 

1189 

14 1 

14 1 

14 1 

14 1 

14 1 

253 7 

465 

4214 

508 7 

5455 

4303 

4006 

477 9 

454 9 

4702 

4145 

452 1 

342 

557 8 

5321 

6024 

6416 

5583 

5320 

6100 

595 8 

6136 

5474 

589 7 

501 6 

694 5 

7041 

738 9 

7842 

7618 

7396 

821 6 

826 3 

8365 

7582 

805 8 



Key 1 NG = natural gas 
2 M = mazut (residual 011) 
3 BL = low-qualrty b ~ t m o u s  coal 
4 LH = hgh-quahty h p t e  coal 
5 LL = low-quality 11pte coal 
6 BH = hgh-quahty b~turmnous coal 

Retrofitting Technolopes 

1 

K- 1 50 Reconstruchon 

K-150 Reconstruct~on 

K-200 Reconstruchon 

K-200 Reconstruct~on 

CCP- 1 1 5-CHF' 

T-100 Reconstruct~on 
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Technology 
Categories 

2 

C-3-A 

C-3-B 

C-4-A 

C-4-B 

G-4 

C-5-B 

2 1 

1 1  

1 1  

1 1  

1Wl 

1 1 WI 

h l  Types 

3 

Heat 
RStes, 

BhrlkWh 

4 

9,511 

9,511 

9,438 

9,426 

4,544 

5,826 

LL 

LH 

LH 

BH 

N G M  

BH 

Localcoal 

Kansk-Achmsk Coal 

Kansk-Achmsk Coal 

KuznetskCoal 

Gas 

KuznetskCoal 

Non-fuel Costs, $kW ----------- --------- 
Fmed Vanable 

$/Kwy 5 $/MH 

18 58 

18 58 

17 83 

17 83 

36 65 

41 76 

Overnight Costs, SlkW -- ....................... 
1994 2000 2010 

6 

15 92 

1592 

1527 

1527 

8 3 

42 

473 1 

5013 

4696 

4936 

5445 

6518 

634 8 

6562 

6154 

6545 

6941 

8797 

886 1 

8997 

8431 

9004 

9199 

12430 



Table 4-9 
New Thermal Power Plant Character~st~cs 

24 Hydroelectric generation options were evaluated by Working Group 4 Hydro plants 
that were scheduled for completion by 1997 are assumed to be done on schedule Hydro 
plants scheduled to be completed thereafter were treated as options m the model study 
The schedule and costs of the hydro program were Included m the models 

25 As is typically done m generation capacity planrung studies, the overmght capacity 
costs provlded by the workmg groups were adjusted for estunated mterest dumg 
construction costs (IDCs) These interest costs can be a substantial proportion of total 
investment requ~ements Table 4-10 presents capital costs, including IDCs, for selected 
capacity options evaluated in ths  study The escalated capital and &ed and vanable 
operation and mamtenance costs, along urlth the fuel costs presented m Table 4-4, form 
the basis for deterrmmg optlmal choices to meet projected capacity requirements 

New TPP 
Eqmpmmt 

TP 

CPP-CCP-360 

K-500 

K-300 

K 500 

K300 

CHPCCP-260 

T-115 

T-115 
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\@ 

Overnight Costs, SkW ---,,---,,----------,-. 

1994 2000 2010 

599 

752 

816 

772 

816 

666 

1 107 

1 107 

W T y p e s  
Hest 
R.tcs, 

BtuflrWh 

6 194 

9 226 

9 310 

9 226 

9 310 

4 556 

5 861 

5 861 

720 

960 

1043 

960 

1043 

823 

1400 

1400 

NG 

BH 

BH 

LH 

LH 

NG 

BH 

LH 

903 

1,286 

1 398 

1 286 

1 398 

1 045 

1 848 

1 848 

Gas 

Kuz Coal 

Kuz Coal 

K-Ach Coal 

K-AchCoal 

Gas 

KuzCoal 

K-AchCoal 

Non-Fucl Costs 
,,,,,-,-,,,,,------- 

SkWlyr SRMWh 

904 

12 58 

14 97 

12 58 

14 97 

10 0 

19 81 

19 81 

182 

11 9 

1407 

11 9 

14 07 

2 14 

1435 

1435 



Table 4-10 
Costs for Representatwe Foss~l and Nuclear New Plant Optlons 
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Technology Type 

All costs are expressed m January 1994 U S dollars Capital costs mclude interest dunng construction 
FO&M a fixed operahon and malntenance costs VOLM 1s vanable operation and malntenance costs 

Pulvenzed Coal 

Comb~ned Cycle 

Nuclear 

Modermzahons 

CPP (01YGas) 

CPP (Coal) 

CHP (OIYGas) 

CHP (Coal) 

1995 

500 MW new CPP 

400 MW new CPP 

500 MW new (NP-500) 

300 MW 

150 MW 

Vanous 

Vanous 

VO&M 
$/MWh 

2000 

Capital 
$IkW 

942 14 1 9 

682 7 0 3 

1,144 17 0 3 

552 6 0 3 

552 21 2 6 

455 32 13  

619 40 7 9 

Capital 
StkW 

2010 

FO&M 
$IkWtyr 

Capital 
SkW 

1,083 22 2 2  

782 11 0 3 

1,281 27 0 3  

623 10 0 3 

66 1 34 3 1 

545 5 1 1 5  

776 64 9 3 

FO&M 
$kW/yr 

VO&M 
$/MWh 

1,486 34 2 4 

988 17 0 4  

1,970 42 0 3 

787 16 0 4  

938 52 3 3 

747 79 1 6  

1,121 99 9 8 

FO&M 
SkWtyr 

VO&M 
SlMWh 



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 was to obtmn mformatron needed to answer 
questrons of rmportance to pohcy makers, system planners and mvestors Such questions 
mclude 

t What is lowest-cost combmabon of mvestments needed to meet expected 
demand, whlle marntaimng the relrability of the system? 

t What are the cost implicatrons of energy polrcy decrsions, e g , mamtanmg 
the present share of nuclear and coal generatron rn the overall mur of 
generatron capacrty'l 

t Can Investment savlngs be acheved by expandrng the rnter-regonal 
transmssron facllrtres to move electnc power between regons? 

t What are the lmphcatrons of programs to mcrease the efficrency of 
electncrty end-use? 

t What are the cost unpllcatrons of early decommssrontng or upgradrng the 
safety of first-generation RBMKs and VVER 440-230 NPPs? 

h What are the implications of shortages m mvestment caprtal for power 
system mvestment? 

4 3 2 Definlt~ons of Terms 

27 A Scenano refers to a set of assumptrons about the &re of the Russran economy 
and rts electrrclty demand These economc scenanos assume a certsun level of energy 
efficrency g m s  and Include speclfic fuel pnce assumptlons Electncrty demand scenanos 
are denved fkom the economc scenanos 

28 The term Reference Case refers to a charactemtron of the entlre Russian power 
system, a demand scenano and certsun polrcy assumptrons The charactenzatron of the 
exlstmg power system consrsts of regonal aggregatrons of plant types mto erght 
conventronal and three nuclear categones L8e extension and modemtion options for 
thermal plants are avalable for approxlmately 20 types of plants For nuclear plants, new 
plants and safety upgrades are included as options Charactenstrcs of the hlgh-voltage 
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transmssion system between regons are mcluded, intra-regonal transmsslon and 
drstnbutlon is not charactenzed 

29 The term Scenano Case is used to descnbe the analysis of changes m reference case 
parameters whose fUture values are uncertam, e g , fuel pnces, capltal avdabhty, 
discount rates, fixed charge rates In a sensitivity case model run, one or more parameters 
m the reference case are vaned to study the effects on mvestment costs and changes m 
plant and transmsslon capacity needs 

30 The term Change Case or Declslon Case is used to descnbe the analysls of changes 
In reference case parameters that are detemned by technology, pohcy or by speclfic 
economc structural developments (e g , changes In demand for and sources of space 
heating) 

4 3 3 Reference Cases 

3 1 Two Reference Cases were analyzed The principal drfference between them is 
electnclty demand As descnbed previously, Reference Case A has electnclty demand 
dropplng untd 1996, and reachmg levels about 20% hgher than the 1990 level in 2010 
Reference Case B has electnclty demand dropping untd 1997, and then slowly recovermg 
to 1990's level by 2010 Both Reference Cases assume that all cost-effectlve end-use 
efficiency measures are undertaken and that the demand scenanos have Incorporated the 
demand reduction resultmg from these measures Besldes demand levels, the two cases 
daer  in followmg 

b the level of heat demand 

b the amount of mnter-regonal imports and exports of electnc capacity 

w the level of hfe extension m the early years of fossil umts requred to meet 
demand m the Urals and North Caucasus regons 

Other assumptions are common to both cases 

32 With respect to the retirement schedules of fossd fuel-fired power plants for both 
Cases, it IS assumed that plants wll be retred at the end of each umt's design llfe (except 
as noted In the early years in the North Caucasus and Urals) 

33 The cholce of whether or not to rehabhtate a umt wth a modern equivalent umt 
depends on the need for power, the costs of the replacement optlons, and the economcs 
of alternative supply optlons The Study has assumed that retmng CHP umts must be 
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modernrzed or replaced wth equivalent CHP umts, or stand-alone boders, although not 
necessarily ones based on the same fuel or technology 

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

35 Repowenng Rostov 1 as a coal plant and the completion of K a h n  3 wth upgrades to 
acceptable safety levels were Included as optlons 

36 New NP 500-650 MW nuclear power plants (a pressurized water reactor deslgn wth 
passive safety features) are also avadable as supply optlons starting in 2001 Whtle the 
new Russzan Energy Strategy IS based on a new 1,000 MW plant, it was not considered m 
thls study because these umts wll not be avadable untll late m the p l m g  penod 

37 Hydroelectnc generating capaclty IS assumed to remiun constant m the Reference 
Cases, although upgrades to exlstlng plants are treated as options There are no changes m 
rnter-regonal bulk power transfer capabhty over the penod, and reserve margms remsun 
as previously set at 13% for Russ~a as a whole On a regonal basis, firm imports from 
nelghbormg regons mth excess capacity are permtted to contnbute to the reserve 
marw 

4 3 4 Change Cases 

38 Alterative cases were analyzed for the followng categones 

b Scenano cases, designed to analyze alternative assumptions about such 
factors as fuel pnces, capltal costs, and heat demand 

F Nuclear decrszon cases, designed to evaluate alternative approaches to 
nuclear safety upgrade optlons, nuclear decomssiomng costs and 
options, and the nuclear share of total generation capaclty, including 
several options for completing partially built umts 

b Non-nuclear deczszon cases, designed to evaluate alternative power sector 
development options lncludmg energy efficiency, hfe extension, addltlonal 
technologes, easlng a~ pollution control regulations, and expanding the 
system's transmsston capaclty 

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

40 The Reference Cases for the two power demand scenanos were analyzed usmg both 
the Russian and Arnencan models The results are s d a r  for the two models (see Table 4- 
11) The shght differences in the total electnc capacity Increments between these results 
are attnbuted to dflerences m the methods of computmg electnc capacity requirements 
set by the Russian and Arnencan sldes 

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

(Reference Cases, GW) 

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

42 There is some drfference in nuclear capacity between the two models The models 
confirm the cost-effectiveness of upgradmg exlstlng nuclear power plants amed at 
mcreasmg thelr safety and design semce Me, wth the exception of four first-generation 
VVER-440 umts (at the Kola and Novovoronezh nuclear power plants) under both 
scenanos and one RBMK umt at the Leningrad Nuclear Power Plant under Scenano B 
Ths IS due to those reactors' short semce lives after upgrading (the design servlce lives of 
these reactors explre in 2002-2004) Despite the early decomssiomg of the older 
VVERs and RMBKs, the capaclty of exlstlng NPPs by 2010 in the Arnencan model 1s 
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somewhat hgher than m the Russ~an model Th~s is attrrbuted to the fact that the 
Amencan model takes account of the extensron of existmg NPPs' Me span by 2 years, as a 
result of the "down-tune" period during whch upgradmg occurs, whereas the Russ~an 
model assumes that the NPPs' design Me span of 30 years wdl remam unchanged 

43 In both cases, the scale of new nuclear capacity 1s small smce m European Russla, ~t 1s 
economc only m the period up to 2005 and m the Far East, only beyond 2005 (see Table 
4-12) 

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

(GW) 

44 Accordmg to these results, the share of nuclear capaclty in the total installed capacity 
of Russia's IPS m both cases wdl declme from 10% m 1993 to 7-8% in 2010 

- 

Exlstmg NPPs 

New NPPs Includmg 

North-West 

Center+ 

North Caucasus 

Far East 

Total 

45 Both models confirm that thermal plants d l  contmue to provlde the largest share of 
capaclty addltlons and replacements over the tlme frame, arnountmg to 70-75% by 2010 
for Russia as a whole, and 75-80% for the European regons Both also predict that gas- 
fired comblned cycle plants wdl account for 63-65% of total generating capac~ty addltlons 
and replacements through 2010 under Case B and 69-73% under Case A 

46 Both model results show that the largest number of new plants wdl be combmed cycle 
umts However, the growth rates for combmed cycle umts are lower under both cases wth 
the Russ~an model than wth the Amencan model Ths is explaned by the Russian 

* K a h  3 complehon 

Scenano A 

Russlnn Ameman 
Model Model 

12 9 15 0 

3 8 3 1 

06 0 3 

10 10 

10 0 6 

12 12 

16 7 18 1 

JEPAS Frnal Report 
June 1995 

Scenano B 

Russw Amencan 
Model Model 

12 9 15 0 

2 0 14 

10 10 

10 04 

14 9 16 4 



model's evaluation of gas supply lmtations As a result of considemg the physical h u t s  
of the Rusaan natural gas rnfrastructure, the Russian model predicts lower rates of 
comrmssiontng for new combmed cycle umts and somewhat hlgher figures for coal-fired 
capacity additions These dflerences apply largely to the Sibena, Far East and Urals 
regons 

47 The Reference Case mvestment requuements for the modemnation and construction 
of new and replacement nuclear and thermal plants are shown m Table 4-13 

Table 4-13 
Investment Requirements, $ bllllon 

48 As dustrated m Table 4-13, the total mvestment requirements projected for the penod 
1995 through 2010 are consistent The models project total mvestment requuements 
through 2010 rangmg fiom $106 to $1 14 bdhon m Reference Case A, and $67 to $69 
bdhon m Reference Case B In Reference Case A, investment requuements m the Russian 
model are below the Amencan estimates, because the Russian model has assumed that a 
larger amount of hfe extension wll occur m the capacity-short regons of the North 
Caucasus and Urals Ths lower near-term Investment profle m the results leads to hgher 
mvestment requuements m the 2000 to 2005 time flame as the five-year Me extension 
penod is concluded In Reference Case B, the two models yleld markedly simlar 
mvestment projections 

4 4 2 Results of the Change Cases Based on the Amer~can Model, IPM 

Scenano B 

Russian Amencan 
Model Model 

10 4 9 6 

21 5 19 8 

35 2 39 9 

67 2 69 3 

Penod 

Up to Year 2000 

2001 - 2005 

2006 - 2010 

Total 

49 Tables 4- 14 through 4- 19 present the results of the model study change cases analyzed 
using the Arnencan model 

SceMno A 

Russw Amencan 
Model Model 

22 8 26 4 

36 5 31 8 

46 3 55 7 

105 8 113 9 
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MODELING RESULTS 4-23 

Table 4-14 
Scenar~o Cases 
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Case 

Low NucIcar Copud Coslr In thls change case, the 
construct~on wsts of new nuclear power plants are reduced by 
20% to reflect potentla1 plant cost savlngs assoc~ated w~th the 
lntroductlon of NP- 1000 reactors, or poss~ble improvements m 
methods for estunatmg the cap~tal costs of the NB-500 reactors 

Lower NucILur Fuel A . w s  In order to e x a m e  the mpacts of 
the nuclear fuel market being m sltuat~on of a substant~al excess 
of supply over demand, a case was modeled m whch the nuclear 
fuel pnce remamed below that of the reference case assumphon 
for the entlre study period 

H~gher Nuclccv Fuel Prwes One of the key issues m thls 
study 1s the role of nuclear power m Russ~a's long-term energy 
plan These change cases examed the mpacts of hgher 
nuclear !iel pnces on capac~ty mx and costs 

Results 

Because nuclear capaclty 1s cap~tal-mtens~ve, the nuclear capaclty a & h m  m these cases mcrease 
overall mvestments, however, total system wsts declme because of the lower vanable cost of nuclear 
genefahon Under hgh load wndtt~ons, the mvestments are 17% ($19 7 bill~on) hgher than 
Reference Case A, and under low loads the mvestments are 26% ($18 1 bllllon) hgher than 
Reference Case B The system wst savings are $2 1 bllllon and $1 3 bllllon under hgh and low load 
respectively Among the scenano change cases, the largest change m investments and capactty 
a&hon declslons occmed m the cases where nuclear capao~ty wsts were reduced by 2% In these 
cases, substant~al amounts of new nuclear capac~ty are added In both cases, the combmhon of 
nuclear capaclty and stand-alone botlers to meet heat demand were found to be lowerast ophons 
than combmed cycle CHP capaclty 

Lower nuclear fuel pnce assumphons had a much smaller effect on nuclear capactty a&hons than 
lower nuclear capaclty costs Under the hgh load scenano, mvestment w t s  Increase by 3% whle 
system costs decrease by 2% Under low load cond~t~ons, mvestment costs mcrease by 2%, whle 
system costs decrease by 2% 

Htghet nuclear fuel pnce assumphons have only a small mpact on capac~ty add~hon declslons, 
mvestment costs decrease by $0 7 and $0 3 billion m the hgh and low load cases, respecttvely, as 
some dec~s~ons shft away fiom capttal-mtens~ve nuclear capac~ty Total system costs mcrease by 
$2 6 and $2 7 b~ll~on under the hlgh and low load c o n d ~ t ~ m  





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

Table 4-15 
Costs of Scenano Cases 

4.4 3 Summary of Scenano Case Results 

Hqh Load Cases 
Reference Case A 

Lower Nuclear Capltal Costs 
Lower Nuclear Fuel Pnces 
Bgher Nuclear Fuel Pnces 
Fossd Fuel Pnce Sensihwty 
Lower Heat Demand 

Low Load Cases 
Reference Case B 

Lower Nuclear Capital Costs 
Lower Nuclear Fuel Pnces 
Htgher Nuclear Fuel Pnces 
Fossd Fuel h c e  Sensittwty 
Lower Heat Demand 

5 1 As noted above, only the cases in whch actual capital costs for new nuclear umts are 
assumed to be 20% lower than the costs included m the Reference Cases have a sigmficant 
influence (upward) on mvestment requirements System costs for these cases are only 1 5 
and 1 4% lower than the hgh and low Reference Cases, respectively Considenng the 
scarcity of long-term financing m Russia, it does not seem prudent to dedicate such a large 
sum to an investment that is little more than a break-even proposition at best 

52 The other scenano cases have only a margnal impact on investment and system cost 
requ~rements 

Capltal Investment requmments are not present valued System costs are present valued 
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* Q b  L ri 

Investment 

B~lhon 
J~nunry 
1994 S 

113 9 

133 6 
1175 
113 2 
115 0 
115 1 

69 3 

87 4 
70 8 
69 0 
68 3 
69 0 

Costs through 2010 

% Change from 
Reference Case 

NA 

17 3 
3 1 

-06 
0 9 
1 1  

NA 

26 2 
2 3 

-04 
-1 5 
-0 3 

System 

Bdhon 
January 
1994 % 

143 6 

141 5 
140 9 
146 2 
149 4 
143 8 

1167 

115 4 
114 2 
119 0 
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~sron Cases 

- JEPAS Flnal Report 

Case 

No New Nuckar Con~(rucn~n In th~s change case new 
nuclear power plants are not mcluded as capac~ty optlorn The 
results of th~s case show the wsts associated wlth a pol~cy of not 
allowrng the construction of any new nuclear power plants Thls 
IS the only case not run for both load forecast scenarios, smce 
little new nuclear capac~ty was wrntructed m Reference Case B 
(low demand growth) 

Full Contamnmt Safe9 Upgrade Thls change case wrn~ders 
the cost mpacts of adoptmg the full wntalnment approach to 
safety upgrades of exlstmg nuclear m t s  

Early Nuckar Decommusu)nmg Thls case accelerates the 
closure of nuclear power plants by five years In some cases 
opporhuuties for early closure are lmted by techcal factors 
such as system balancmg and local load requrements 

Ameru:anStyk Decommmlonmng The Reference Cases and 
all of the other change cases assume that nuclear 
decomrmss~onmgs are conducted usmg the standard Russlan 
approach these cases assess the Impacts of adoptmg a pol~cy of 
decornrn~ss~onmg usmg Amencan-style decomssionmg 
practices 

June 1995 

Results 

Under lugh load conQtions, the new nuclear capacity of 3 1 GW constructed m the Reference 
Case IS replaced mostly by new combmed cycle CHP capaclty (3 0 GW) and to a lesser 
extent by wal-fired steam cycle capaclty (0 3 GW) Wlth th~s  restnchon on new nuclear 
capactty, Investment requuements decrease by 1 2% and total system costs mcrease by a 
small amount Th~s case was not analyzed under low demand wndtlons due to the relatively 
small amount of new nuclear capacity added m the cmespondmg Reference Case 

Under hgh load growth, the only change m the seiectron of whlch exlstmg nuclear plants to 
upgrade IS at the h g r a d  plant where unlt number 2 IS not upgraded All other plant 
upgrade cholces are the same as m the correspondmg Reference Case A Under low load 
growth condlhons, Lamgrad 2 and Kursk 1 are not upgraded, although they were selected 
m Reference Case B Under both load fmecasts, mvestment costs are $1 3 bllllon lower m 
these cases than m the Reference Cases, but total system costs mcfease by about 1 7% 

Under hgh load growth assumphorn, early decomrmss~onmg has little effect on the model's 
nuclear upgrade cholces Relatlve to Reference Case A the only change IS that Lemnpd 1 
1s not selected for upgradmg Under low load growth condibons, Lmmgrad 1 and 2 and 
Kursk 1 are not upgraded although they were selected m Reference Case B Investment wsts 
mcrease by about $3 billion under both load growth forecasts Total system costs also 
mcrease, but by a smaller amount 

Under hgh load growth, Kola 1 IS selected for upgradmg All other upgradmg choices are 
the same as m Reference Case A Under low load growth wndltlons selections are ~denhcal 
to the Reference Case The cost mpacts of these cases are m a 1  
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Case 

Constant Nuclear Share In thls case, the share of nuclear 
power m the generation capaclty m x  IS held constant at current 
levels To mamtaln a constant share as demand and capaclty 
grow over tune, nuclear generatmg capac~ty IS added at the same 
rate as total generatmg capaclty IS brought on-lme 

Decommusaotung of Kwsk 1 u, 1995, wuh the Optron to 
Complete Kwsk 5 In this case, Kursk 1 is decommlssloned m 
1995 and the completlon of Kursk 5 IS added as an optlon 

Nucfear CompImon O p n s  In this case, several extstlng but 
currently not completed, nuclear power plants were added as 
optlons Balakovo umts 5 & 6, Rostov 1, and Kursk 5 The 
wmpletlon of the Rostov 1 nuclear plant as a conversion to a 
coal-fired plant IS also mcluded as an ophon, as lt was m the 
Reference Cases 

Results 

Under hgh load condltlons, all extstmg nuclear umts are selected for upgradmg In addltton, 
11 4 GW and 6 5 GW of new nuclear capaclty are added m the hgh and low load cases, 
respechvely Under these cases mvestment costs increased by a substanha1 5%, but the 
unpact on total system costs IS very small 

This optlon IS selected for completion m both the hgh and low load cases, and both 
mvestment and system costs are reduced 

In both the hgh and low load condlhons, Kursk 5 and Rostov 1 are selected for completlon, 
but Balakovo 5 and 6 are not selected Both investment and system costs are lower than m 
the correspond~ng Reference Cases 



53 In general, the nuclear decision cases had only mar@ unpact on the model's nuclear 
plant upgrade declstons under the hgh demand growth scenanos, but sigtllficant 
differences m upgrade selecttons occurred m the low demand growth scenmos The cost 
Impacts of the nuclear deaston cases are summanzed m Table 4-17 

Table 4-17 
Costs of Nuclear Decrs~on Cases 

4 4 4 Summary of Nuclear Dec~sron Case Results 

Hlgh h d  C w r  
Refcrmce Case A 

No New Nuclcar Coaetmchon 
Full Contauunmt Ttcblogy 
Early Nuclear Demmmm~onmg 
A~nenom Style Dcocmmwn~m 
ConstMt Nuclear Shrc 
Dccommt~s~on K d  1 
Nuclear Complehon CJptIons 

Law Lomd Cnwr 
Rcfcrmffi CaseB 

Full Conta~~~~cnt  Tffihnology 
Early Nuclear Dcmmmm~omng 
Amcnosn-Style Dcocmmwn~otung 
constplt NUOICS~ shrc 
Deoomrmar~onKunk 1 
Nuclear Complchon CJptIom 

54 These cases have Important findings wth respect to nuclear pohcy and decisions on 
safety upgrades and decomssiomng 

w Haltmg all nuclear construction (mcludmg upgrades) only margndy 
affects investment and system costs Compared to Reference Case A, the 
investment costs declined by 1 2%, and system costs increase by 0 1% 

Cap~td ~nvgtmcnt rqwcmmts art not prrsmt valued. System oosia arc pracnt valued. 

The full con tment  safety upgrade option (assurmng tt IS techcally 
feastble) is economcally competthve mth the jet condenser optton Included 
in the Reference Cases Investment costs are margnally lower ( 1 and 1 8% 
for the hgh and low demand cases, respectively), and system costs are 
margnally hgher (1 7 and 1 8% for the hgh and low cases, respecttvely) 

Invufmu~t Catr thmugb 2010 
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BUUoa 
Januuy1994 

S 

113 9 

112 6 
113 8 
1170 
114 1 
119 5 
113 1 
112 8 

69 3 

68 0 
72 1 
69 3 
n i 
68 5 
68 0 

System Catr throyh 2010 

%Chuyet tP le  
RcfmwcCaae 

NA 

12 
-0 1 
2 8 
0 2 
4 9 
-07 
10  

NA 

18 
4 1 
0 0 
5 5 
12 
18 

Billha 
Januuyl994 

S 

143 6 

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

116 7 

118 8 
117 7 
116 6 
117 o 
116 5 
116 3 

% Change from 
RefmnceCw 

NA 

0 1 
17 
10 
0 0 
0 1 
-01 
-04 

NA 

18 
0 9 
-01 
o 3 
-01 
-03 



b Movlng the decomrmssiomg date forward 5 years has only a mar@ 
impact on mvestment and system costs Investment costs mcrease 2 8 and 
4 1% for the high and low cases, respemvely System costs mcrease by 
only 1 and 9%, respectlvely 

w Amencan-style decomrmssionmg (compared to the Russlan style Included 
m the Reference Cases) has neghgible unpact on mvestment or system 
costs 

w If the nuclear share of the generation m x  is held constant at lts current 
level over the study penod, Investment costs are appromately 5% hlgher 
in both cases System cost are essentially the same 

b Decomrmsaomng Kursk 1 wth the option of completing Kursk 5 has very 
httle Impact on elther investment or system costs 

b The completion of some nuclear umts under construction, namely Kursk 5 
and Rostov, shghtly reduces both mvestrnent and system costs (1 to 1 8% 
reductions m mvestment costs and 4 and 3% reductions m system costs 
for the hgh and low cases, respectlvely) 

w In all cases, lt appears cost-effective to decomss~on rather than upgrade 
Kola 1 & 2, and Novovoronezh 3 & 4, and m most of the low demand 
cases, Lemngrad 1 It IS r ecoped ,  however, that there are intra-regonal 
constramts such as transmssion and fuel avalablhty and social and 
economc pollcy conslderatlons that would make such a deasion non- 
economc, part~cularly in the case of the Kola umts 
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MODELING RESULTS b4-32 

55 As shown m Tables 4-18 and 4-19, the non-nuclear decrslon cases generally had much 
more s~gdicant cost nnpacts than the nuclear declslon cases 

Table 4-19 
Costs of Non-Nuclear Declsron Cases 

4 4 6 Summary of Non-Nuclear Decrsron Cases 

56 These cases all have sign~ficant, Indeed major, unpacts on the Investment or system 
cost requuements It IS clear from the analyses that, m addltlon to major nuclear pohcy 
issues, key deasions m the areas of energy efficrency, Me extension of exlstlng plants, and 
the addltron of sunple cycle gas turbines as a supply optron drarnatrcally affect the level of 
Investment requirements and system costs 

mgh Load Cases 
Reference Case A 

Relaxed Au Pollution 
Controls 

Llfe Extension Options 
Smple Cycle CT Options 
Llfe Extension and 

Cornbushon Turb~nes 
20% D~scount Rate 
Energy Efficiency Optlons 

Low Load Canes 
Reference Case B 

No Au Pollution Equipment 
Llfe Extension Optlons 
Smple Cycle CT Optlon 
Llfe Extension and 

Cornbushon Turbmes 
20% Discount Rate 
Energy Efficiency Optlons 
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Capital mvestment requements are not present valued System costs are present valued 

System Costs through 2010 

B a o n  
January 1994 

3 

143 6 

142 8 

141 5 
142 3 
140 2 

104 2 
140 4 

1167 

1160 
115 8 
1166 
115 8 

82 5 
114 8 

Investment Costs through 

./. Change from 
Reference Case 

NA 

-0 6 

-1 5 
-0 9 
-2 4 

-27 5 
- 2 2  

NA 

-0 6 
-0 8 
-0 1 
-0 8 

-29 3 
- 1 6  

Billion 
January 
1994 $ 

113 9 

109 7 

97 1 
88 8 
75 9 

109 9 
107 7 

69 3 

64 8 
56 7 
59 9 
49 6 

62 6 
64 7 

2010 

% Change from 
Reference Case 

NA 

-3 6 

-14 7 
-22 0 
-33 4 

-3 5 
- 5 4 

NA 

-6 5 
-18 2 
-13 5 
-28 3 

-9 6 
- 6 6  



57 In combmation, a number of the opbons analyzed m these cases -- mcludmg energy 
efficiency and Me extension (m ths analysis, only a 5-year Me extension option is 
included) programs, and the addltion of smple cycle gas turbmes as a supply option -- 
could reduce the investment requrrements 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 unpact on 
system costs and a sigdicant unpact on mvestment costs The level of enwonmental 
regulation 1s also important and depends on what standards are eventually adopted Ths 
analysis, as noted elsewhere, has assumed very stmgent enwonmental regulations m the 
Reference Cases 

4 4 7 Summary of Amer~can Model Study Conclus~ons 

59 Based on the results descnbed above, the followrng conclusions can be made 

b There is a need for immediate investment to mamtam and upgrade the 
electnc generation and transmssion capabhty of Russia 

b There is a broad range of estlrnated mvestments requrred m the Reference 
Cases, rangmg fiom $69 bdhon m Reference Case B to $1 13 bilhon in 
Reference Case A Much of ths mde range m mvestment projections 1s 
attnbutable to the ddference in the electncity demand levels used m the 
two Reference Cases 

w The vanous change cases hrther expand the range of investment 
requrrements fiom a low of $50 billton under the low demand scenano to 
$134 bdhon under the hgh demand scenano 

• There are substantial opportunities for reducmg electricity requrrements 
through energy efficiency Efficiency measures offer attractive low-cost 
solutions for meeting Russia's energy needs 

b The Me extension of exlstmg capacity, even for the relatively short penod 
of five years, can sipficantly postpone capital mvestment requrrements 

b Smple cycle combustion turblnes are a low-cost means for meeting 
Russia's capacity requrrements However, there are practical lmtations on 
the extent to whch ths technology can be employed due to regonal and 
seasonal natural gas avzulabihty issues 
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MODELING RESULTS b4-34 

w More detaded mtra-regonal work 1s warranted to evaluate the potential 
lmpacts of energy efficiency options, slmple cycle combustion turbmes, Me 
extension, and nuclear plant decomrmssiontngs 

b The modelmg results mdicate that ~t would be economcal to decommssion 
several older nuclear plants The u111ts that do not appear to be candidates 
for upgradmg mclude Kola 1 and 2, and Novovoronezh 3 and 4 Upgrading 
these umts is uneconomc due to theu relatively short remamng operating 
Metimes More detarled mtra-regonal analyms should be undertaken to 
evaluate the feasibility of decomrmssiontng these umts 

Whlle lower nuclear capital costs can make new nuclear capacity an 
attractive capacity option for reducing system costs over the long run, 
substantially hgher capital investment would be required compared to 
other less capital-intensive capacity alternatives 

60 Flnal rnvestment decisions for the Russian power sector, as in all other countnes, d 
be subjected to various factors emanatmg fiom the energy, economc and social policies of 
the government Secunty and the diversity of energy supply are pnonty policy matters for 
most governments, and Russia 1s no exception The pollcy considerations identified below 
are recogntzed by the Joint Study as bemg the factors that wll be used to adjust the results 
that come from rnodehg and to Influence decisions on rnvestment by type of generation 
and regonal capacity mrx 

4 5 1 Soclo-econom~c Pol~cies and Financial Constraints 

61 The government gves hlgh pnonty to the lmpacts of power sector mvestment on 
employment levels rn key areas of the he1 and energy complex, namely, coal mmng, 
hydroelectnc plant construction, nuclear fuel production, and thermal power sector 
engmeenng and equipment manufacturing 

62 As a matter of rndustnal policy, Russla intends to maxlmrze the capabihty of its 
domestic mdustry to design and manufacture the most efficient, enwonmentally bemgn, 
and proven power sector technologes 

63 The mmmmtion of capltal investment requirements in the early penod (as distmct 
from hfe cycle costs) is an unportmt pohcy objective due to limtations on the capital 
avadabhty Ths objective also supports Investment choices that keep future technology 
options open 
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MODELING RESULTS 4-3 5 

64 The scarcity of funds over the next five years dictates that careful assessments wdl 
have to be made between the cost and benefits of comphance wth 1) enwonmental 
emssion standards that are now apphcable to fossd power plants and 2) nuclear reactor 
safety standards Thls consideration apphes to standards at the federal and local levels 

4 5 2 Energy Policies 

65 Less natural gas 1s expected to be avadable to the power sector than would be 
indicated by a generation mur based purely on considerations of least-cost Constrants on 
natural gas avalabihty are ltkely due to fuel export pohcies, extstmg constramts on natural 
gas transmssion and distribution, and shortages of investment to expand the domestic gas 
&nd 

66 Russia mtends to contmue a policy of mamtamg diversity in the fuel ~ L X  for the 
power sector as between natural gas, coal, nuclear and hydroelectnc Thls pohcy wdl enter 
mvestment dec~sion arena, where the modelmg results mdicates that the Me cycle costs for 
power plants usmg different fuels in a particular regon are qu~te close 

4.6 PREFERRED CASE FOR POWER SECTOR DEVELOPMENT AND 
CORRESPONDING INVESTMENT REQUIREMENTS 

67 The results presented above usmg the Amencan model reflect only the requirements 
mdicated by Russian power system economc optlrmzation Defimtive plans for power 
sector Investment wdl take other factors into account 

68 The hture structure of the Russian power sector d not only be amed at achevmg 
economc efficiency but it wll also have sufficient flextbllity to adapt to evolvlng soc~al 
and political con&tlons To meet these requuements, the preferred cases for demand 
scenanos A and B were developed by Russian JEPAS Worlung Group 5 participants as a 
compromse among 1) the Reference Case results m the Russian and Amencan models, 2) 
the results of scenano change cases uslng alternative assumptions about the b r e  
cond~tions of the power sector, and 3) addit~onal non-economc cntena policy 
considerations 

69 The preferred case differs fiom the Reference Case results m the followng ways 

t In order to reduce investment requuements for the most dficult penod 
fiom now until the year 2000, the least-expensive approach for thermal 
plant rehabhtatlon (I e , hfe extension by means of replacmg speclfic 
equipment components) IS recommended In addition, the use of slrnple- 
cycle gas turb~nes is recommended towards the same end 
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w In repons where new combmed cycle CPPs are only shghtly more 
economcal than nuclear plants (the North-West and the Center), the 
construction of both is recommended ' At the same tune, it is 
recommended that a new combmed cycle CPP be bullt m Krasnodar Krsu m 
the Northern Caucasus Although the Rostov NPP is an economcal choice 
for the North Caucasus, its comrmssionmg has not yet been approved by 
the local authonbes and it cannot be comrmssioned in tlme to meet the 
mtense power needs of the repon 

b In repons where the cost efficiency of coal-fired CPPs is only shghtly 
hlgher than the cost of combmed cycle CPPs (the UPS of the Urals), the 
construction of new coal CPPs and the rehabihtation of emsting ones are 
recommended along wth the combmed cycle technology 

b However, m the Urals and Sibena where coal-fired CHPs are slightly more 
costly than the combined cycle CHPs, the conversion to combined cycle 
technology is not recommended 

b Talung mto account that there are numerous physical constrants lnvolved 
m rehabhtatmg exlstmg plants, only the partial replacement of steam 
turbme CHPs wth combmed cycle CHPs is recommended for plant 
rehabhtations, whde up to 30% of exlstmg capacity may continue as steam 
turbme CHPs 

b In Sibenq 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 
commtted to the project 

b The evaluation of capacity balances for Sibena and the North-West argue 
ur favor of hgher (1 e , >13%) capacity reserve margns In the case of 
Sibena a hgher capacity provldes for a rehable energy supply under dry 
year conditions, whle in the North-West it is needed to offset uncertamties 
about the schedule of nuclear safety upgrade completions 

70 The effect of the above Preferred Case departures from the Amencan model's 
optmuation results leads to signrficant changes in capital requirements Ths is due to 
more capital-mtensive 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 m 

1 Because the complehon of the Balakovo NPP (uts  5 and 6) IS less expensive than bddmg a new NPP 
m the Center it rmght be advlsable to shift the capaclty of the NPP mto the Mddle Volga UPS wth a 
correspondmg transfer of capaclty and power to the Center UPS 
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the pure economc optmmation cases Overall, the Preferred Case Investment 
requuements 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 m the 
h r e  capacity mur 1) the share of rehabhtation versus new construction is considerably 
hlgher, 2) the proportion of sunple-cycle and combmed cycle thermal units versus steam 
turbmes mcreases m European Russia and the Urals m particular, 3) the overall capacity of 
coal-fired steam turbme CPPs and CHPs Increases (wth a corresponding growth m coal 
consumption), whde theu share in the new capacity mur is reduced, and 4) the relative 
proportion of CHPs is hlgher at the expense of CPPs 

72 Capacity and mvestment requuements for the Preferred Case under two demand 
scenanos are shown in Tables 4-20 and 4-21 
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Table 4-20 
Capac~ty Add-Ins and Replacements for Russ~a, Preferred Case (GW) 

* excludmg rehabhtation and upgrades 
*+ mcludmg rehabilitahon usmg sunple-cycle gas turb111es 

ALL TYPES 

New Umts 

Rehabhatron and 
Upgrades 

Total Add~tions 

Llfe Extension 

HPP Total* 

NPP Total* 

CHP 

New Uruts 

Rehabhtatton and 
Upgradesa* 

Total Add~tiolls 

Life Extension 

CPP 

New Umts 

Rehabhtatlon and 
Upgrades** 

Slmple cycle gas 
turbmes mcluded m 
above 

Total AddItiom 

+ Llfe Extension 
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1995-2000 

A 

27 0 

5 5 

32 5 

12 1 

0 6  

2 0  

15 6 

3 9 

19 5 

8 2 

8 8 

1 6  

1 4  

10 4 

3 9 

2001-2005 

B 

5 7 

2 8 

8 5 

4 2 

0 4  

1 0  

4 3 

1 5  

5 8 

4 2  

1 3  

1 3  

- 

1 3  

A 

12 9 

27 6 

40 5 

2 3 

3 3 

4 4 

12 6 

17 0 

2 9 

15 0 

2 9 

17 9 

B 

9 3 

18 7 

28 0 

2 1 

0 

6 0 

12 1 

18 1 

1 2  

6 6 

1 2  

7 8 



Table 4-21 
Russ~a Preferred Case 

Investment Requ~rements for the Integrated Power System of Russ~a 
(% bdl~ons) 

* mcludmg rehabhtahon usmg slmple-cycle gas turbmes 

I Demand Slde 

11 Supply Slde 
Life Extension 
Rehabihtahon and Upgrades 

New Umts 
Total Supply Side 

Hydro 
Rehabhtahon 

New Umts 
Total Hydro 
Nuclear 

upgrades 
New Umts 

Total Nuclear 
CHI? 

Llfe Extension 

Rehabihtation* 

New Umts 
Total CPP 
CPP 

Lfie Extension 

Upgrades 
New Uruts 

Total CPP 
Snnple Cycle Combust~on Turbines 

IU Transmssion Networks 220 kV and above 
Total Investment Resuirements 

73 An analysis of the structure of Investment requirements (Table 4-21) reveals the 
fol lomg 

b the rehabhtation of exlsting HPPs, NPP upgrades, and We extension and 
rehabihtation of thermal plants account for a considerable proportion of 
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1995-2000 

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 

June 1995 

B 
3 0 

0 9  

3  8 

2 9 
7 7 

1 1  

1 9  

3  0 

12 
02 

1 4  

0 9 
07 

0 8 

2  4  

00 

0 8 
00 
0 8 
00 

0 8 
11 5 

2001-2005 

A 
10 8 

0 0 

16 8 

17 3  

34 1  

00 

3 0 
3  0 

00 

4 1 
4 1  

00 
7 3  

7 7 

15 0 

00 
9 5  

2 5  

12 0 

1 1  
5  1 

50 0 

B 
8 2 

0 0 
12 0  

10 0  

22 0  

0 0 

3 0 

3 0 

0 0 

0 0 

00 

0 0 

7 9 

6 5  

14 4  

00 

4 1 
0 5 
4 6 

0 5  

3  3  
33 5 



mvestment requrements Under Scenano A ths proportion would make up 
30% of Investment untd 2000, and 34% for the penod 2001-2005 Under 
Scenano B, ths proportion is even hgher (33% and 36%) Smce 
rehabhtahon and Me extension mvolve much lower capital costs than new 
construmon, rehabhtation accounts for a much lower share of investment 
requrements than capacity additions 

W Through the year 2000 the rehabhtation of exlstmg hydro plants and 
nuclear upgrades account for a sueable proportion of overall mvestment 
(over 8% under Scenano A and 20% under Scenano B), whle in 2001- 
2005 these requ~rements are neghgble 

w In 2001-2005 the mcrease m overall investment in supply-side options 
under Scenano A is relatively hlgher than in the prevlous penod when 
compared to the increase m capacities Ths is due to the escalation of 
rehabhtation and new construction costs, and to an increase in the share of 
capital-mtensive new hydro and nuclear power plants In contrast, untll the 
year 2000 mvestment is prunady allocated to the completion of plants 
under construction 

b Under Scenano B the proportion of new construction m mvestment 
requrements is relatively small throughout the penod Therefore, even 
considering cost escalation, the mvestments required under Scenano B wdl 
mcrease more slowly than capacity additions 

74 The analysis carned out by the Joint Study has revealed Important new strategic 
options for all those concerned wth the Russian power sector's investment needs over the 
next ten to fifteen years The Russian Preferred Case, descnbed m Section 4 6, reflects 
lrnportant pohcy considerations identified by the Russian Government and recogwed by 
the Jomt Study However, the Amencan and Russian participants in the Jomt Study also 
recogmzed that the final detemnation of mvestment decisions d l  be a continuous 
process In market economes no power sector mvestment plan 1s ever Immutable Such 
plans are planntng blueprints that are subject to adjustment in accordance wth policy and 
other considerations, such as demographc and macroeconomc changes, and the cost of 
investment capital 

75 By analyzing the ~mpacts on mvestment of a large number of supply and demand 
reduction options for meetlng Russla's electricity needs, the Jolnt Study has shown that 
energy efficiency, simple cycle gas turbines, and fossil power plant life extenslon can 
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reduce near-term mvestment costs to a srgnrficant degree As those entrttes rnvolved m 
mvestment decrsrons for electnctty use and supply m Russra make defhtrve chorces for 
electncrty supply and effictency mvestments, the JEPAS analysrs has shown that Russla 
should gve hghest pnonty to the followmg areas for the penod 1995-2000 

b Promotron of and mvestment m unprovements m the effictency of 
electncrty end-use 

t Rehabilrtatron and nuclear safety upgrades, partrcularly for first-generation 
nuclear power reactors 

t Construct~on of inter-regonal and intra-regonal transrmsslon between 
surplus and deficit areas 

t Fossll thermal plant modern~zatron and rehabrhtatron In the context of the 
evaluatron of the benefits and costs of fossll power plant rehabllrtation and 
modenmatron, the costs and benefits of optrons for Me extensron optrons 
should be consrdered as a way of defernng major expendrtures 

t Completron of nuclear power plants that are m advanced stages of 
construction 

t Constructron of new gas-fired sunple cycle and combmed cycle plants 

76 For the penod 2000-2010, the JEPAS analysis has shown that the followng areas d 
be mcreasmgly unportant 

t Constructron of new-generatron NPPs 

t Completion of HPPs 

t Commercial~zation of clean coal power generatron technologes 

t The western and eastern extension of transrmssron between Sibenan hydro 
capacrty and demand centers m the Center and m Srbena may become 
unportant m thls penod because of the development of the natronal 
wholesale market Further studies wll be needed to d e t e m e  the benefits 
and costs in vlew of the hlgh capital costs 
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CHAPTER 5 
INVESTMENT REQUIREMENTS AND 

SOURCES OF FINANCE 

1 Traditional sources of financing from the Russian Government's budget allocations have 
been largely removed and the power sector is m the process of becormng financially 
independent The most important and largest source of financing now and for the 
foreseeable future 1s mternally generated fbnds Sales of newly pnvatlzed power sector 
enterpnses are another source of future h d m g  Sources of borrowed fbnds are also bemg 
ident~ed, and steps are being taken to attract foreign capital mto the power sector 

2 Electncity tanffs set by the regonal and federal energy comssions are based upon the 
cost of servlce, but currently they do not cover fbll costs For an imtial three years, the 
t d s  mclude an mvestment component, ths arrangement is likely to be extended 
However, customers' payments of t d s  have not been adequate to cover the mdustry's 
mvestment requuements The pervasive non-payments problem has left the industry 
strapped for cash, the hgh level of Inflation and the cross-subsidies Inherent in the t d s  
are also a problem 

3 htially, power sector emtergnses wdl find borrowed funds and equity financing d~l3icult 
to obtm because of a lack of satxsfactory financial information Ths means that potential 
lenders are currently unable to detemne the creditworthmess of enterpnses such as RAO 
EES Rossu and the A 0  Energos However, the future potential for borrowng or 
leveragmg assets is quite high because most power sector compames have hardly any 
long-term debt outstanding 

4 The current mvestment c h a t e  in Russia is dficult Changrng legal, regulatory and 
pohtical systems, and the hgh levels of inflation have caused the level of new investment 
m Russia to be less than anticipated Because it does not generate a sigdcant source of 
foreign exchange, the power sector has been expenencmg more difficulty in attractmg new 
investment relative to foreign exchange-generatmg mdustnes such as 011 and gas As a 
result, the sector wdl need to rely more heavlly upon domestic sources of financing 
However, for new credits, especially medium- and long-term loans, enterpnses wdl 
imt~ally need to borrow in foreign currencies because there is currently no such lendlng 
avsulable ~ r a  Russian rubles 
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bNESTMENT REQUIREMENTS AND SOURCES OF FINANCE 5-2 

5 Notvvlthstandmg the changmg investment clunate and economc conditions, the power 
sector has already taken positive steps to address the current situation and to prepare for 
the &re The process of identlfjlng capital requuements, locatmg mvestors and lenders, 
and meetmg theu reqwrements is underway There have been clear signs of mcreasmg 
mvestor mterest, particularly m the purchase of RAO EES Rossu shares, m project 
development for new lendmg from multilateral financial mstitutions and export credit 
agencies, and m the capitahtion of many new mvestment finds 

5 2 1 Internally Generated Funds of Electnc Compan~es 

6 As the power sector moves towards becomg financially self-sufficient, the mam 
source of hnds for RAO EES Rossu and the A0 Energos is mternally generated finds, 
whch compnse customers' payments of electricity bills less expenses (operatmg costs, 
mterest expenses and taxes) Currently, the amount of mternally generated finds avdable 
1s less than what the power sector needs to be self-sufficient The most acute problem is 
the hgh level of customers' nonpayment of electncity bds Other contnbutmg factors are 
the absence of fill cost recovery in an economy wrth rapidly mcreasmg pnces, insufficient 
depreciation charges, and punitive taxes Additional bmers to self-financmg mclude 
cross-subsidies between consumer groups due to the existence of reduced tmffs for the 
residential and agricultural sectors (they are bemg gradually rescmded for the residential 
sector) 

7 It is estimated that the non-payment of bills is currently as hgh as 45% of total bdhngs 
for some power compames The estlmate for total outstandmg electnc sector receivables 
at the end of 1994 was 15 tdlron rubles (approxunately $3 75 bdhon ) Both the Russian 
Government and RAO EES Rossii attach a very high pnonty to resolving the payments 
cnsis Recent actions mclude increasrng the abtlity of customers to settle their accounts 
through non-cash transactions including barter and bllls of exchange Other actions that 
have been recommended mclude the implementation of a system of mdexlng receivables 
and payment penalties to keep pace wth milation, and the termmation of semce m the 
event of non-payment However, for social and pohtical reasons, serwce ternation 1s not 
always possible 

8 It is hkely that $the payments cnsis were resolved, some of the power sector 
enterpnses would generate enough cash flow to cover theu operatmg expenses and to 
fbnd a portion of thelr cap~tal mvestment requuements However, the abhty to fully cover 
costs depends heady upon the continued d n g n e s s  of the regonal and federal energy 
comssions to grant tmff increases that match real cost increases plus milatlon Energy 
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comrmssions are understandably concerned about the abhty of both industrial and 
resrdential consumers to pay mcreasmgly hgh electncity t d s  

9 In 1991-1992 electncity tmffs in Russia mcreased at a much slower rate than other 
pnces, particularly after the hberahtron of pnces for most goods m 1992 In contrast, m 
1993 and 1994, the electncity tdmcreases  were almost the same as those for 
manufactured goods' pnces they increased 11 and 3 33 tunes, respectively, and at the end 
of 1994, when the average re td  t d  was 58 4 R/kWh (1 8 #/kwh) In 1994 a decrsion 
was made to drop the cross-subs~dmtron of households and agrrcultural consumers by 
nndustnal consumers m accordance wth the Presrdent's Decree, electncity t d s  for the 
residential sector are now set by regonal energy comrmssions, but the pnce cannot exceed 
the cost of production by more than 5% 

10 The Federal Energy Comrmssion (FEC) sets wholesale electnc power pnces m Russia 
These pnces are calculated for all production enterpnses and network compames based on 
therr total annual income denved from electncity sales The total annual mcome must 
cover current operatrng expenses, plus peld a rmnunum necessary profit to cover capital 
expenditures, to pay dividends, to servlce loans, and to pay taxes 

1 1 Accordmg to Russian td-settrng methods, electnc power t d s  mclude a moderate 
Investment component In 1994 the standard stze of ths  component amounted to 15% of 
the pnce of electncrty sold by RAO EES Rossu and to 8% for A0 Energos The latter 
norm could be mcreased by a decrsion of a regonal energy comrmssion Suggestions have 
been made to extend ths procedure for another three years 

12 Deprecrat~sn deduct~ons are an impoftant component of mternally generated fbnds 
Because of hgh inflation rates that exceed allowable revaluations of fked assets, the 
amount of deprecration charged has not kept its value and the mdustry IS m a state of self- 
hquidation The rndexation of fixed assets (m rubles)--by a factor of 25 at the begnnmg of 
1993 and by a factor of 20 at the be-g of 1994--has not restored (even by half) the 
value of 1990 deprecration deductrons Another revaluation of fixed assets at the 
begmnmg of 1995 compensated for 1994 inflatron Ths revaluation mcreased the 
depreciatron deductrons, but was not sufficient because it failed to allow for any increases 
m the rate of depreciation 

13 Sales of addrtional shares of stocks are an rmportant source of financmg, although to 
date thls has not been a s~pficant source of fbnding Pnvatlzatron vouchers, whch were 
used to purchase shares on the voucher auction, were valued at 10,000 rubles and were 
gven 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 actions have caused a secondary domest~c market 
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to develop, and ths is a cntical step m the long-term process of maxmmg the market 
value of power sector shares For the power sector, the attractiveness of s e h g  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 wll be avdable 
to the power sector 

14 The long-term prospects for Russian equlties are good The market is developmg at a 
fan pace The secondary trading of shares has been mcreasmg, although dady tradmg 
volumes are very low by U S standards and the market remams volatlle (the pnce of RAO 
EES Rossu stock mcreased from $5/share in May 1994 to $30/share m September 1994, 
but then went down to $10/share at the end of 1994 ) Many of the market participants are 
speculators and hedge finds that are w l h g  to acquire shares despite bemg unable to 
properly value their shares Market values for Russian equities remam very low for several 
reasons The mvestment climate in Russia means that mvestors are seehng hlgh returns to 
compensate for the nsk The lack of company financial dormation, low hquidity and 
inadequate securities regulations keep pnces low and investors away Institutional equity 
find managers would mvest in the Russian equity market If problems of stock regstration 
were ehna ted  In the case of power sector shares, pnces remam low due to poor 
busmess fundamentals (low or negative cash flow) and the uncertamty about the sector's 
f h r e  ownershp and market structure 

1 5 The 1994 year-end market valuation for RAO EES Rossii at $1 Olshare is $1,400 
d o n  Smce RAO owns roughly half of all power sector assets, total market 
capitalization for the industry IS approxunately $2,800 mdlion Thls is considerably lower 
than market valuations of comparable mtegrated electnc compames m other countnes, 
when mewed on the basis of sue (electncity production and capacity) Table 5-1 shows 
the valuation of selected electncity generators compared to RAO EES Rossu Ths table 
promdes an mdicabon of the potential for growth m the market valuation of RAO EES 
Rossu and other power sector compames 
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Table 5-1 
Comparative Valuatron of Electnclty Generators 

* mcludes d~stnbuhon assets as well as generation and transmsslon 

Country 

USA 

UK 

Russia 

16 Gwen the lack of financial information, it 1s not possible to value shares based upon 
future cash flows or diwdend growth A very rough estunate of the potential for market 
valuation can be made based upon values of generating assets Although thls u not the 
proper way to value shares since the value of the assets is based upon future earrung 
capacity, asset sEe is used here as an lmtial estunate For example, IfRussian generatmg 
assets are valued at no less than one-thud of the market value of U S generatmg assets, 
the market value for the total Russian power sector (approximately 200,000 MW) would 
mcrease tenfold to $30 bdhon, or over $100 per share for RAO EES (not mcludmg 
transmssion or Qstnbution assets ) Thls prowdes some mdlcation of the potential for 
ratsmg capital through the sale of authorized shares or the Issuance of new shares 

17 Followmg the completion of the voucher auction in 1994 and anticipated cash sales m 
1995, the government will contmue to hold 5 1% of the shares m RAO EES Rossn, whch 
m turn owns controhg shares m the 72 A 0  Energos As majority owner, the 
government's decision of when to sell its stock and how to dispose of the proceeds is of 
great lrnportance to the power sector If the government sold its shares to the pubhc and 
reinvested the proceeds m power sector bonds or preferred shares, the government could 
provlde the power sector wth needed investment capital and credit 

18 The purchase of shares by foreigners is already occumng Foreign holdmgs of RAO 
EES Rossu stock have been estunated to be about 2-3s of shares outstandmg The 
decision of foreigners to invest IS different fiom domes& investors due to the foreigners' 
need to use foreign currency to purchase ruble-denommated shares Ths makes the 
Issuance of shares a potent~al opbon for attracting foreign investment to power sector 
compames, assuming investors are w h g  to accept the foreign currency nsk 

Compauy 

Southern 
Company* 

Nabonal 
Power PLC 

RAO EES 
Ross11 
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$Million 

13 993 

8 261 

1,400 

Market Capitalization to 
Capacity 

S o 0 0 p e r M W  

466 

344 

13 

Capacity 

(Gw) 

30 

24 

108 

Production 
So00 

97 

76 

5 

Product~on 

@kwh) 

145 

109 

382 
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19 RAO EES Rossu has been approached by well-known mvestment banks to work wth 
the company on its first offenng of shares through the Amencan Depository Receipt 
(ADR) process Thls process would allow RAO EES Rossu to move eventually to pension 
funds, msurance compmes, and other mstitubonal mvestors It would provlde RAO EES 
Rossu wth prestige m 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 Rossii shares offered 
through the ADR process has not been fully analyzed 

20 A number of equity mvestors represented by special mvestment funds for Russia have 
emerged The Framlmgton Fund, sponsored by the European Bank for Reconstruction and 
Development (EBRD) and Credit Commercial de France, has already mvested in two 
Russian projects (one m the oil and gas sector), and several new projects are in the final 
stages of preparation The Pioneer Fund, a U S fund based m Boston, was capitallzed 
wth $3 d i o n  to invest and expects to grow to $100 d o n  The Brunswck Fund, 
capitahzed at $10 d h o n ,  is targetmg 011 and gas, uthties (electncal energy and 
telecommu~llcations on the national and regonal levels), and mmeral extraction1 
processmg The AUlance ScanEast Fund 1s a Fimsh venture capital fbnd mth a focus that 
mcludes 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 financmg to enterpnses that occupy 
key posibons m the Russian economy Other funds set up to mvest m small and medium- 
slze enterpnses could be a source of fundmg for smaller-scale energy efficiency projects 

21 Domestic strategc mvestors could be another mportant source of mvestment 
Strategrc dances wth domestic partners, such as RAO Gazprom, the mam suppher of 
fud to the power plants, could be developed to the advantage of both parties Uances 
wth mdustnes such as teleeommumcat~ons or large mdustnal exporters of energy- 
intensive products may also prove useful Alhances mth such domestic partners could help 
develop a source of foreign exchange for RAO EES Rossu and the A 0  Energos 

22 The power sector's efforts to attract foreign strategc equity mvestors are showng 
some results Several cooperative agreements and jomt ventures wth European electnc 
uthties could turn mto mportant strategc dances Several pnvate power developers 
(pnrnanly from Fmland, Germany, Chma and the Umted States) are negotiating power 
projects that mvolve the export of electncity Other developers are looklng at captive 
pnvate power projects Some developers have offered to buy exlsting generatmg assets 

5 2 3 Borrowed Funds 

23 Because the Russian power sector has no sigtllficant amounts of long-term debt 
outstmdmg, its theoret~cal potent~d for borrowng is large However, the 
commercialization of the newly-pnvatlzed entities has not been completed, and much 
work and many changes need to occur before power sector entities wdl be able to borrow 
money from traditional lenders to the utihty industry commercial banks, institutional 
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lenders, and the pubhc Some international financial msM-utions such as the World Bank or 
the EBRD wdl be vvlllrng to help enterpnses meet thelr c r d t  conditions Other lenders 
wdl wat untd those banks have made a comrmtment to lend before they wdl even begm to 
consider lendmg to the power sector Investment banks may be wdhg to consider 
underwntmg a short-term domestic bond issue 

24 Before they can readdy access borrowed funds, power compames wdl need to develop 
and demonstrate credltworthmess, prepare acceptable financial statements, prepare 
busmess plans and project feasibhty studies, and develop new project structures that wdl 
accommodate lenders' and equity mnvestors' requlrements Once ths has been 
accomphshed, more sources of borrowed fbnds wll be avzulable 

25 Power sector creditworthmess will be dlfEicult to estabhsh untd t d s  cover fill costs, 
regulations are finnly in place, contracts are well-documented, executed and expected to 
be enforced, and the payments cnsis is improved The h~gh level of mvestment nsk for 
Russia m general wdl not make it easy for the power sector to obtam credlts It wdl be 
necessary to identlfl a source of foreign exchange for the repayment of loans Establishmg 
creditworthmess could take several years to acheve, so contmual progress needs to be 
made m ths direction For enterpnses that have not yet begun to estabhsh 
creditworthmess, it is cntrcal that they begn the process soon Some enterpnses have 
already begun ths process 

26 Fmanc~al disclosure IS another prerequisite to borromg funds Lenders wdl need to 
see that the company IS perfomng and be able to momtor its financial condition and 
perfommee To access credits fiom foresgn borrowers, financial statements wd1 need to 
be restated mto Western-style accounting statements The financial statements wll also 
need to be audlted RAO EES Rossu, wth assistance fiom the Umted States Agency for 
International Development (USAD), has already begun ths  process Some of the larger 
A0 Energos--MosEnergo and LenEnergo--have also begun to do the same 

27 Project dehtion matenals wll also need to be prepared For mternational financial 
mstitutions, m addltion to demonstratmg financial and economc vlabhty, a project must 
be justdied w t h  the context of a least-cost plan and the technology used must be proven 
Further, there must be competltlve biddmg for equxpment and semces Projects financed 
by official mvestors must be cons~stent wth certzun pohcy objectives includmg plant 
safety, enwonmental performance, and energy efficiency 

28 In hght of the long lead bme needed to estabhsh creditworthmess, the uncertam 
mvestment clunate, and the need to identify a source of repayment rn dollars, the fist 
several cagltd-mtens~ve projects mu need to be structured on a stand-alone project- 
finance basls, as rndependent power projects, or as hybnd projects that have some degree 
of independence Projects w11 need to involve Russian partners wth relative financial 
strength such as RAO Gazprom, RAO EES Rossu, large A 0  Energos, industnal 
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compames and foreign pnvate power developers Sources of foreign exchange for loan 
repayments wdl need to come fiom a combmation of barter transactions, electricity 
exports, monetization of energy effiaency or fbel savings, or repayments fiom the export 
proceeds of selected mdustnal customers Once the ruble is stabbed and exchange rate 
and convertibhty nsks deche, the mdexation of power purchase contracts for exchange 
rate changes may be sufficient 

29 Not all projects can be structured on a project finance basis Investments in 
transmssion and dispatch upgrades, nuclear safety upgrades, enwonmental improvement 
projects, and small energy efficiency projects may not lend themselves to project financmg 
Here, corporate financmg or government baclung wll be required, and establishmg 
creditworthmess wdl be an essential condition for lending 

30 Potential foreign official sources of finance for the Russian power sector are foreign 
governments (bi-laterally or multi-laterally), international financmg institutions (IFIs) such 
as the EBRD, The World Bank, and the Internabonal Fmance Corporation (EC, the 
pnvate sector lendmg arm of the World Bank group), foreign government-sponsored 
organuations such as Export Credit Agencies (ECAs), Investment promotion agencies 
such as the U S Overseas Pnvate Investment Corporation (OPIC), investment advlsory 
groups (Russian Project Fmance Bank), mvestment finds capitahzed by official financial 
institutions (Framhgton) and commercial banks vvlth or wthout nsk reducmg agencies 
(hke The Multilateral Investment Guarantee Agency N G A ]  or the World Bank's 
guarantee scheme) The financing tools avadable fiom these sources mclude h t e d  
recourse project finance, export credits (wth or wthout a government guarantee), 
guarantees, equity rnvestrnents, amd some techtllcal assistance 

3 1 After lendmg $1 11 bdhon for od projects and $50 mdlion for the coal sector in 1993 
and 1994, The World Bank has proposed expanding its energy lendmg to mclude the 
power sector The Bank would requue that projects be part of least-cost solutions to 
addressing the current problems, be able to demonstrate hll-cost recovery (mcludmg 
capital costs), and meet its enwonmental standards A World Bank loan would probably 
have a guaranty of repayment fiom the Muustry of Finance Lending to projects for the 
construmon of new capacity in capacity-deficit repons wll probably requue co-financmg 
fi-om other financial mstitutions 

32 MIGA encourages foreign rnvestment by provldlng investment guarantees agmst the 
nsk of currency transfer, expropnation, war and civll disturbance, and breach of contract 
by the host government In 1993, MIGA issued its first coverage in Russia to Multiserv 
Russia (a Belgan company) for ~ t s  investment in equipment in Magrutogorsk Additional 
guarantees could be promded for lending to the power sector whch could help attract 
strategc rnvestors a d  lenders 
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33 The IFC has already comxmtted over $100 d o n  to Russn to date, although not m 
the power sector Globally, IFC infrastructure financmgs have been g r o m g  at a rate of 
25% per year, wth power receiving the largest share Th~s pattern could be extended to 
Russia on the condtions that the pnvatnabon and restructuring process succeeds, and that 
the appropnate legal and regulatory framework for pnvate project finance IS developed m 
the power sector 

34 The EBRD finances both publlc and pnvate sector projects m Russia It has cornnutted 
ECU @ropean Currency Umt) $84 W o n  through August 1994, a sum that represents 
over 18% of loans approved by the EBRD Board of Drrectors The mvestments thus far 
have been concentrated in the oil and gas sector, although lendmg to the power sector is 
under consideration for 1994195 Issues that need to be addressed mclude the 
unplementation of an overall power sector strategy that addresses nuclear safety and 
energy effiaency, the adequacy of tanffs--particularly as related to the financ~al mability of 
the project--and the implementation of innovative methods of financmg wth adequate 
secunty EBRD projects ulll concentrate on the refurbishment and repowenng of 
conventional power plants, mostly oil- and gas-fired 

35 G-7 export credlt agencles are potentla1 sources of insurance and credits for exports to 
Russla Theu rnvolvement has been strongly supported by the G-7 The amount of 
financmg to be promded by ECAs, however, d be based on a number of factors, 
mcludmg the avdabhty of sovereign guarantees Because most power sector equipment 
d not be nported, ECA assistance wdl be k t e d  to the imports of specfic pieces of 
equipment and access to new technologes To date, most ECA actrvlty m Russ~a's energy 
sector has been m od and gas The largest supphers of export credlts to Russia have been 
Gemany and Japan, followed by Italy and the Umted States 

36 The U S OPIC has slgtllficant authonty to guarantee loans, lend duectly, and promde 
msurance agmst pohtical nsks to U S buslness mterests OPIC has $200 d o n  of 
financing and $200 mhon of political nsk insurance avdable per project, and could 
support one or two power projects a year in Russia OPIC also has provrded 
apprownately 50% capltahzation for several equity hnds that could mvest m the Russian 
power sector OPIC project financing can support commercially vlable projects mth a 
strong U S rnvolvement through equlty ownershp, partlclpatlon m management, or 
participabon m financmg The pnvatlzatlon of the power sector would be essential for 
unioclung these investment funds 

37 The Russian domestic bond market IS another potential source of financmg, although 
currently, only short-tenn treasury notes are bemg issued by the Muustry of Fmance The 
potentla1 for power compames to rssue bonds IS good, promded they can demonstrate an 
abhty to pay the Interest and pnncipal, whch w11 kely requue mcreased t d s  Gven 
the lack of long-term domestic debt and hgh levels of idlatlon, short-term bonds are 
hkely to be the first type of domestlc bonds Issued for the power compames, whlch may 
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not be appropnate for financing long-term mvestment programs However, short-term 
bonds are worth pursurng to promde the compaflles wth hnds for workmg capital, Me 
extension programs, and construction financmg 

38 Russian commercial banks are expected to evolve rnto an unportant source of finance 
for the power sector, but thts has not yet occurred The poten~al for financmg fiom thls 
banlung sector wrll be b t e d  m the short run There are several issues that must be 
resolved Fust, the banks must restructure and recapitahe, a process that d requue 
resolving theu own poorly p e s o m g  portfohos Thls process is hkely to contmue for 
several years Until recently the mbb mterest rate has been less than the rate of mflation, 
so foreign currency lendmg has predomtnated and there has been no mcentive to save 
Although there has been rapid progress m lmprovlng the payments cleanng process, more 
work is needed Second, the legal and regulatory framework for banlung remsuns weak, 
also, laws govemg fiaud and false advertismg, b h g  supervrsion, and capital and 
accountmg standards are inadequate 

39 Foreign commercial banks are only be-g to estabhsh a presence m Russia A 
number of banks have opened representative offices, branches or jolnt ventures m 
Moscow or St Petersburg The mam focus of the Western bank offices is to semce theu 
Western chents and promde correspondent banlung semces Lendlng to the Russian 
power sector by commercial banks d probably lag that of the multilateral and brlateral 
financmg mstitutions Western commercial banks are not currently promdmg credits 
beyond short-term trade credits to Russian projects Thls pattern of lending stems fiom the 
overall mvestment c h a t e  m Russia as well as the banks' desue to avoid nsk Debt 
negotiations have doudd the possnbhty of additional Western commercial bank lendmg m 
Russia, although ths aswe is bemg resolved As Western compmes express an mterest m 
the power sector m Russia and as IFIs begm financmg power projects, Western 
commercial banks may follow theu chents mto Russia, promded they have appropnate 
collateral and guarantees agamst excessive nsk The World Bank and EBRD guarantee 
programs could assist m tfus effort and the banks are encouraging them 

5.2 4 Government Flnanc~ng 

40 Duect W c m g  fiom the Russian Government has been d e c h g  and is unlrkely to 
mcrease grven the tight budgetary requirements of the federal government and the 
pnvatlzation of the power sector However, there are several important ways in whch the 
government could assist the power sector 

b Investment of the proceeds from power sector enterpnses' stock sales into 
the power sector through bonds, preferred stock or grants 

w Wilhgness to promde sovereign guarantees for foreign currency 
borrowng from multilateral development banks and export credit agencies 
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b Tax relref for power sector enterpnses, especially enterprises that wdl need 
to make sigtuficant capital improvements over the next several years Tax 
rehef could come m the form of mvestment tax credlts, lower tax rates, tax 
hohdays, and mcreased allowances for depreciation 

b Support for energy efficiency programs The unplementation of energy 
effic~ency unprovements wdl cause the power sector to need less capltal (as 
much as 17% less ) Therefore, it is m the mterests of the government to 
provrde as much support to energy efficiency programs as possible 
Support could be m the form of special-purpose hnds and vanous forms of 
tax abatement 

41 Techcal assistance funds are another source of fbnding that is avadable to the 
government for the benefit of the power sector Generally, these funds are avadable for 
industry restructumg and reforms, and project preparation Agencies partictpatmg m these 
programs are the USAID, European Umon TACIS, the Umted States Trade and 
Development Agency (TDA), the UK Know-How Fund, the EBRD techcal cooperation 
funds and mternal budget, the World Bank Techcal Assistance Funds, and the IFC The 
TDA has hsted power projects as one of its pnonty areas and has already fimded several 
power project feasibhty studies Project preparation through one of these hndrng sources 
u llkely to enhance the Ilkelhood of attractmg support from official sources of project 
finance 

42 The EBRD also admmsters the Nuclear Safety Account (NSA), an ECU 135 d o n  
gramt hnd set up for  safe^ upgrades at reactors that present the most senous safety nsks 
Its projects seek to address pn~nty  safety problems m the most cost-effective way, talung 
mto consideration the eventual closure of unsafe plants The NSA is prowdmg ECU 90 
d o n  m fbndmg for a project lnvolvrng the Kola, Novovoronezh, and Lemgrad 
reactors The EBRD is prepared to consider lendmg from its ordinary resources for safety 
upgrades of nuclear plants or alternative sources of energy related to the closure of unsafe 
plants 

43 In addition, the European Investment Bank (Em) admmsters a $1 2 bllhon Euratom 
hnd for the European Umon It prowdes funding for up to 50% of nuclear safety projects 
at low rates Thls hnd could be a source of nuclear safety finance m Russia, although 
currently EIB does not operate its programs in Russla 
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5 3 1 Amount of F~nanc~ng and Type of Investment 

44 The JEPAS mdtcates a wde range of mvestment requuements for the penod 1995- 
2010 Because tt IS dficult to develop h c m g  strateges for mvestments made beyond 
the next ten years, h s  analysts addresses primarily the penod fiom 1995 to 2005 
Investment requuements and potential sources of financing are shown m Table 5-2 Ths 
table shows aggregate amounts potenttally avdable fiom the four dBerent sources 
discussed m Sectton 5 2 These figures are tndcattve and are based upon expert judgment 
and research conducted over the past year, mcluding prelimary d~scussions with 
international financial instttuttons, investment banks, power sector enterprises, and publlc 
accounting firms 

45 Total mvestment requuements for generation assets for the next eleven years, as 
descnbed more fully m Chapter 4, range fiom a low of $23 btllion to a high of $58 bdhon 
dependmg largely upon assumpttons regardmg the demand for electnctty and the 
retuement schedule of emstmg generatmg assets Between $2 8 bdlton and $8 3 bilhon wdl 
be needed over the next three years, and it IS thls amount that wrll be the most dficult to 
obtam gven extstmg economc condtttons in Russia These figures do not tnclude amounts 
requued for worlung capttal, whch ordmarily may be conadered mnunal, but in the case 
of Russta could be sigdcant grven the emsting nationwde problem of non-payments 

46 F m c m g  strateges wdl differ by type of mvestment requtred and wdl no doubt 
change over tune as electnc power mdustry restructurmg IS unplemented, regulattons and 
laws change, and economc conditions unprove To some extent financmg strateges wdl 
also vary by regon, smce certam regons wdl requue more mvestments than others, 
possess a dBerent rmx of resources, have spectfic soctal pohcies to consider, and operate 
tn different regulatory enwonrnents Fmancmg strateges wdl also be based upon the 
relattve attractiveness of spectfic projects to mvestors, poltcy makers and regulators 
Future cash flows, ownership, and buslness nsk also vary between types of mvestment, 
and wdl duence  the sources and amount of financing avsulable as well as the ease wth 
whch financmg can be obtaned \ 
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Table 5-2 
Analys~s of Sources of F~nance (Generat~on Only) 
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Investment Requirements 

Upper Range 

Lower Range 

SOURCES OF FUNDS 

Internally Generated Funds 

Upper Range 

Lower Range 

Sales of Power Sector Shares 

Upper Range 

Lower Range 

Borrowed Funds 

Upper Range 

Lower Range 

Government CredrtslSubsidies 

Upper Range 

Lower Range 

Total Sources of Financing 

Upper Range 

Lower Range 

% from Borrowed Funds 

% Fmnced from Sales of Stock 

% from Internally Generated Funds 

% from Government 

Total Sources of Fmncmg 

Scenano B - Low Demand 

1995-1997 1998-2000 2001-2005 

3,880 5 666 19,795 

2,829 6,344 14,391 

2,9 10 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% 1W/o 

Total 

29,34 1 

23,564 

19,743 

15 917 

3,924 

3,076 

5,674 

4,571 

0 

0 

29,34 1 

23,564 

1 9% 

13% 

68% 

OOh 

100% 

Scenarro A - High Demand 

1995-1997 1998-2000 2001-2005 

8,30 1 18,055 31,790 

5 320 15,614 25,451 

6 226 12,639 20,664 

3 990 10 930 16 543 

830 1,806 4 769 

532 1,56 1 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 25,451 

15% 20% 20% 

1 0% 10% 15% 

75% 70% 65% 

0% 0% 0% 

100% l W ?  100% 

Total 

58,146 

46,385 

39,528 

3 1,463 

7 404 

5,911 

11,214 

9,011 

0 

0 

58,146 

46,385 

19% 

13% 

68% 

0% 

1 W h  
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47 New generation plants (gas-fired simple cycle and combmed cycle) can be budt by 
mdependent power producers, the utlhty, or a combmabon of both Structures for 
financmg mdependent power projects are gauung more acceptance mternationally and ths 
could be a very attractive option for Russia because it would rmnrrmze Russian 
Government financmg and provlde access to pnvate sources of debt and equity However, 
mdependent power projects require a level of contract enforcement that may not yet exlst 
m Russia Other bmers to independent power development rnclude uncertamty regarding 
who would purchase the power (a wholesale market or a regonal distnbubon uthty), at 
what rate the power would be purchased (a single umform wholesale tadF or a regonal 
tan@, and the types of entities that wdl be allowed to become Independent power 
producers Pnergos, mdustnals, new jomt venturers, combmed heat and power 
producers) Also, Independent power projects will need to find a way to repay foreign 
loans In addltion to independent power development, consideration should be gven to 
uthty-owned plants that can be financed with export credits to cover 85% of the imported 
components A 0  Energos that can demonstrate creditworthmess d l  be good candidates 
for conventional uthty ownershp of new plants or as joint venture partners in consortiums 
of independent power developers 

48 Fossd plant modemtion, rehabdltation, and Me extenaons can use some of the same 
strateges for obtsllntng financmg as new plants These projects can be made more 
attractwe lf the assets or compames are sold , whether wholly or partially to pnvate 
compames wth or without foreign ownership If the Russian power sector divests of 
generation, as is bemg proposed, many opportumties d l  anse to purchase generation 
assets A cntical factor in the valuation of the assets wdl be the t d s  , whch have not yet 
been d e t e m e d  Another opbon is for the Russian power sector to sell some of its assets 
and lease them back A meckanrsm for doing ths is h h e r  descnbed m Section 5 4 

49 Transrmsslon and dispatch center projects wdl need to be financed fiom a combmatlon 
of internally generated finds and commercial borrowng It should be posslble to 
demonstrate the economc vlabillty of these mvestments to multilateral development banks 
or commercial banks, lf such term lendmg becomes avzulable m Russia Until then, a hgher 
percentage of mternally generated fbnds d l  be requlred It may be possible to finance a 
transrmssion project on a non-recourse basis based upon a specified tolhg arrangement 

50 Traditionally energy efficiency projects are more difficult to finance than supply-side 
mvestments, they thus need special incentives and programs The d~fficulty in financing 
energy efficiency projects anses from uncertanties in realmng profits fiom cost savlngs 
(as opposed to revenue generating investments) and because the mvestments will be made 
p m d y  by energy end-users, whch may be dlffUsed throughout Russia and not m good 
economc conditaons themselves Also, lenders are not nearly as f d a r  wth energy 
sawngs lendmg as they are wth evaluating mvestment m new generating or transrmssion 
assets However, certam aspects of energy efficiency mvestments make them very 
attractive Many such Investments have short payback penods and could pursue short- 
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term financmg Also, certam large energy-mtensrve mdustnal users may be creditworthy 
enough to borrow on theu own account to Implement an energy savlngs program, or they 
can enter mto borrowrng arrangements wth the small number of thrd-party lenders who 
are famhar wth performance contractmg and shared sawngs arrangements The potentral 
for energy efficiency financmg is tremendous, but wdl requue innovation and additional 
government support through tax pohcies and specral-purpose fbnds Legslation for energy 
conservatron, whch would mclude a fbnd, IS currently pendmg 

5 1 It d be dficult to acquue external hancmg for safety upgrades at exlsting nuclear 
plants m Russia because sf  the perceived ~ l s k  of an accident and potential liability for 
private sector mvestors as a result of that nsk Therefore, mternal cash generation may be 
the only sigmficant source of fbndlng for near-term safety upgrades Thls produces an 
urgent need for many nuclear power plants and utilities to become self-financing so that 
they can rase cash to Implement sorely needed safety upgrades Multilateral development 
banks, export credit agencres and bilateral grants are the most lrkely secondary sources for 
near-term safety upgrades to supplement internally-generated fbnds 

52 External and commercial financmg for the completion of nuclear power plants already 
under construction should be easier to acquue because they are of a new and more safe 
design However, an unportant test case for the commercral financmg of partrally 
completed nuclear power plants is being considered at the EBRD hancmg the Slovak 
Mochovce nuclear power plant's completion Although the EBRD does not mamtam a 
pohcy lnhbiting nuclear power plant projects financmg, the issue has roused sensitimties 
that may hamper future EBRD "nuclear" lending Whlle the EBRDMochovce case could 
promde an mportant precedent for commercial financmg for nuclear completion projects, 
~t should not automatically preclude "nuclear" lendmg by other export credit agencies and 
multilateral development banks 

5 3 2 Abllrty to Generate Funds from Operatrons 

53 The major near-term constramt on mvestment fiom mternally generated fbnds and m 
attracting mvestors is the cash balance condition m the mdustry Internally generated hnds 
wll be the prunary source of investment capital, especially dunng the 1990s before 
wdespread creditworthmess can be established and domestic capital markets developed 
Russran electnc compantes wll need to retam as much of theu cash fiom operations 
(retamed earnmgs and depreciation deductions) as possible However, regulatory bodies 
may support th~s  desue only as long as the increases m electricity t d s  are not consrdered 
to be too much of a burden for consumers 

54 Over the next ten years it is expected that the power sector wdl need to generate 
between 65% and 75% of its financmg requuements fiom mternally generated fbnds In 
dollar amounts ths  ranges fiom $16 to $40 billion, wth between $2 and $6 billion 
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requued over the next three years Obtmnmg enough mtemally generated knds over the 
next three years is the most important issue for power sector financmg 

55 In order to rase fbnds from operations, the power sector wdl need to ensure that 
t d s  are set at levels that cover all operatmg costs and mclude adhtional costs to cover 
its capital mvestment program In addition to the level of mvestments, t d  requuements 
wdl be signtficantly aEected by government pohcies on tax rates, the tax deductibhty of 
capltal expenses, the method and rate of depreciation, and accountmg methods for 
reeovermg capital costs The m x  of sources of capital and the cost of capital are 
important factors that d l  be duenced more by market conditions than government 
policies The number of electncity users af5ected by tdmcreases  plus the allocation of 
increases across type of consumers is also an important component of tdrequlrements 
Whlle the JEPAS has not performed a revenue requirements analysis for the power sector, 
a prehrmnary analysis of the impact on tanffs as a result of varyrng amounts of 
mvestments, government policies and assumptions is shown m Table 5-3 and discussed 
below Ths analysis does not include tadF mcreases that need to be charged to cover kel  
and other operating costs 

56 Three methods of calculatmg mcremental t d s  wth varying assumptions are 
presented m Table 5-3 Option #1 assumes that all of the mvestments are pad fiom pre- 
tax mcome m the year m whch they are mcurred For example dunng the penod 1995- 
1997 where $3 8 bdhon is requued, it 1s assumed that t d s  wdl mcrease by an aggregate 
amount of $3 8 bdhon, or 0 16 cents per lulowatt-hour It is also assumed that tariff 
mcreases are spread evenly over all electncity consumption throughout Russia (2 5 
blcWh) S~rmlar to Option #I, Option #2 assumes that all of the investment requuements 
d l  be financed from mtemally generated fimds, but uses a cost recovery methodology 
where the costs of long-term assets are recovered in rates over 30 years through annual 
depreciahon and capital charges In Option #2 returns to equity holders are taxable and 
t d s  pad by customers mclude the tax obhgation Depreciation is considered to be a tax 
deductible expense Option #3 is s i d a r  to Option #2 m that mvestment requirements are 
recovered m t d s  over m e  based upon depreciation and capital charge allowances In 
Optlon #3 a rmx of 30% debt and 70% equity IS assumed Interest on debt is tax 
deductible and the return on equity is agan considered taxable 
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Table 5-3 
Analys~s of Incremental Tar~ffs Needed to Support Ind~cated Cap~tal Investment Requ~rements 
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Scennrio B 
1995-1997 1998 - 2000 2001 - 2005 

3,880 5,666 19,795 
2,829 6,344 14,391 

2,393 2,44 1 4,378 

0 16 0 23 0 45 
0 12 0 26 0 33 

Investment Requuements UPF 
($ rmll~on) Lower 

bkwh Generated 

Option #l 
Requlrements Met through Tanffs 

(centstkwh) UPW 
Lower 

Soenaria A 
1993-1997 1998 - 2000 2001 - 2005 

8,301 18,055 3 1,790 
5 320 15 614 25,45 1 

2,578 2,774 5,080 

0 32 0 65 0 63 
0 21 0 56 0 50 

0 08 0 23 0 58 
006 0 21 0 48 

Ophon #2 
Reqwements Met through Internally- 
Generated Funds C a p ~ t a l d  

(cents~kWh) upper Lower 
0 16 0 54 1 04 
0 10 0 42 0 83 

Ophon #3 
Requlrements Met through Debt (30%) 
and Internally-Generated Funds, 

Cap~tallzed UPP 

(centslkwh) Lower 

0 14 0 46 0 89 

0 09 0 36 0 71 

0 07 0 20 0 49 

0 05 0 18 0 41 
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57 The analysis mdicates that the tdmcreases  needed to cover the mvestment 
requuements wdl almost always be less than one cent per ktlowatt hour provlded that 1) 
mvestrnents are pad from pre-tax income or are recovered over tune and 2) tanff 
increases are spread over a very large number of electnclty users Over the short term, 
expensmg capital mvestments m the year m whch they are ~ncurred (Option #1) would be 
the most expensive method of financmg mvestment requuements because it wdl have the 
greatest unpact on tdincreases Table 5-3 indicates that m the near term, meeting 
mvestment requuements through pre-tax mcome on an annual basis (Option #1) would be 
twrca as expensnve per kWh as recovemg them over tune (Option #2 ) Moreover, it 1s 
important to note that If lavestment expenses are not tax deductible as mdicated m Option 
#1, the t d u n p a c t  fiom the investment program would double (assummg a 50% mcome 
tax rate) and would be four times that of Option #2 m the penod 1995-1997 In later 
years, especially afker 2000, cumulative capital charges mcrease to the point where they 
exceed the cost of annual investment expenses, although the t m g  of ths  mll depend 
upon the cost of capital, tax rates and depreciation rules In the analysis shown in Table 5- 
3 ths  begms to happen in 2001 

58 As mentioned, the analysis shown in Table 5-3 is prelimnary and usehl only to 
indicate some of the Impacts of vanous pohcies and market conditions on t d s  As 
noted, Ifmvestments are expensed in the year m whch they are mcurred, it is cntical that 
they be tax deductible or the impact on consumers wdl be onerous Clearly, lower mcome 
tax rates and allowances for accelerated depreciation wdl allow for lower tanffs to 
consumers It is also unportant to note that although capital recovery charges cause lower 
t d s  m early years, ths may not be possible to unplement if the power sector is unable to 
generate suffic~ent cash to knd the anvestment program Under capital recovery 
accountlag, funds must still come from either operations or thud-party sources In Table 
5-2 it is assumed that external sources of financing can provlde a mawnum of 25% of 
mvestment requuements If the power sector is unable to generate the remsumng 75% 
(between $2 1 and $6 2 bdhon), it would not be able to adopt the capital recovery 
methodology assumed above, thls could occur only if additional cash proceeds are 
generated fiom sales of stock or assets 

59 The cost and the mur of capital w11 also affect the relative level of tanffs If capital 
costs are hgher than the 15% equity and 10% debt indicated in Table 5-3 (whch is 
certady possible), expensmg investment requuements in the year m whch they are 
mcurred becomes relatively more attractive Regarding the m x  of equity and debt, debt is 
always less expensive than equity due to the tax deductibihty of interest payments Also, 
the cost of debt is generally lower than the cost of equity because of its preference m 
bankruptcy At some point (generally assumed to be between 60% and 70% debt) it no 
longer remam less expensive to use more debt because the leverage of the enterprise wrll 
increase the nsk of bankruptcy 
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60 The analysis m Table 5-3 assumes that tanffmcreases wdl be spread over all electncity 
users, however, thls may not be the pohcy adopted m Russia Investment requuements 
vary by repon and it is hkely that certam rnvestments wdl have a disproportionate effect 
on t d s  m a particular re@on For example, m repons wth supply deficits (North 
Caucasus and Urals), the mtroduction of new capacity wdl cause a much larger t d  
Impact than noted m Table 5-3 if the mcrease is apphed only to electncity users m the 
regon As new supphes are brought on h e ,  these fundamental issues will be cntical to 
resolve 

5 3.3 Avallabnlnty of Debt from Any Source 

61 It is estimated that the power sector w11 be able to borrow approxunately 20% - 30% 
of its capital requuements over the next ten years, or between $4 6 and $1 1 2 bikon 
Borrowmg is b t e d  to 20-30% for several reasons First, the creditworthmess of power 
sector enterpnses wdl take tune to estabhsh and wdl be greatly influenced by general 
economc and business c h a t e  issues for Russia as a whole Second, medium- and long- 
term domestic capital is not avdable m Russia and wdl take years to develop T h d ,  
foreign sources of borrowmg, while extremely Important as gap financmg over the short 
term, wdl be lmted m the long term due to the large domestic content m power sector 
mvestments and the foreign exchange nsk ~nherent m repaylng dollar-denominated debt 
vvlth domestic revenues 

62 The estunated breakdown of borrowed fbnds (for the upper range, Scenario A) is 
shown m Figure 5-1 Although international financial msbtutions wdl be an excellent 
source of financmg over the next several years, there are hmts on the amounts that can be 
loaned to any sector and country It IS estmated that mternational financial institutions can 
prowde the Russian power sector wth between $950 d o n  and $2 7 bdhon over the next 
SIX years However, as noted above, very stnngent credit cntena d l  have to be met to 
reahze ths level of borrowed funds Other sources of debt financmg mclude foreign 
commercial loans (most hkely as co-financmg wth internabonal financial mstitutions) and 
new issues of domestic bonds and loans Be-g m 1998, guarantees on foreign 
borrowmg wdl S e c t  the amount of foreign borrowmg avalable, especially dumg the next 
three years Tax pohcies for power sector enterpnses w11 Influence the amount of 
mternally generated fbnds avalable for the mvestment program Tax credits, accelerated 
depreciabon, and lower tax rates would improve the sector's abhty to be financially 
independent Duect subsidies or credits fiom the government may be required to prowde 
financmg for nuclear and energy efficiency mvestments 
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Frgure 5-1 
Estrmated Breakdown of Borrowed Funds (Scenano A - Upper Range) 

19951997 
"% Total $1 2 b~ll~on 

h 

2001-2005 
Total 56 4 b~ll~on 

1998-2000 
50% Total $3 6 b~ll~on 
n 

Internahonal F-cml Inst.~tuhons Commercd Loans mth Cred~t Support 
Domesbc Bonds and Loans stratepc ~nvestors 

5 3 4 Cost of Frnancrng 

63 Except for government-subsidued credits and lmted amounts of term loans fiom 
multilateral development banks, all new financmg for the power sector d l  be very 
expensive over the next several years As power compames develop a hstory of 
profitabhty, the nsk of mvesting d be reduced and the cost of knds w111 dechne, but it 
is not possible at ths  point to predict when ths wdl happen 

64 It is dficult to estlmate the actual costs of financmg for equities Typical returns for 
equity in an mdependent power project are about 25% per annum Many emerjyng market 
growth fiinds have earned returns averagmg 30% to 40% per year It is hkely that equity 
mvestors m the Russian power sector are currently loolang for returns m excess of 15% 
per year 

65 It is easier to detemne the costs of debt cap~tal because they are based upon a stated 
rate of mterest plus the cost of credit enhancements such as loan guaranties, risk 
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msurance, and standby commtments In addihon there are often hgh placement, apprasal 
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 avalable fiom multdateral development banks and other 
government-supported loan programs such as the IFC, OPIC and export credit agencies 
Whde the costs of these loans vanes, most of them are lent at market or near-market rates 
of mterest Includmg all  of the associated costs, ten-year loans could cost as much as 15% 
per year One exception to ths  is The World Bank, whch lends at lower mterest rates 
(about 7%) an8 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 wd 
charge the borrower a fee of several percentage pomts for havlng prowded a guarantee 
Ths would rase the cost of the loan 

66 Foreign loans can become more expensive than anticipated lf the Ruble depreciates at 
a rate faster than electncity pnces are mcreasmg 

67 Over the near term (next three years) the avadabihty of debt and equity fiom any 
source wdl be more important than the cost of capital and the particular muc of equity and 
debt Power sector enterpnses must estabhsh credit fiom any source and lay the 
groundwork for theu participation m the capital markets of the &re Over the longer 
term the power sector must begm to develop strateges that wdl lead to a larger share of 
domestic financmg In order to do h s ,  the power sector must play a role m capital market 
development m Russia Ths can be done through support for capital market development 
as wdl as becomg a more actlve participant m the delivery of financial semces 

5.4 ILLUSTRATIVE PROJECTS AND MODELS FOR l%INOVATlVE 
FINANCING 

5 4 1 Projects 

68 The Jomt Study was asked to summame projects that had already been identfied by 
Russian and foreign mstitutions and enterpnses, and that mght be candidates for fhnding 
by mternational lenders and/or investors The hst shown in Table 5-4 is not mtended to be 
exhaustive It is a representative set of named projects, some of whlch have already been 
the subject of pre-feasibility and feasibility studies, and memorandums of agreement 
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Tabk 5-4 
Lut of Projects Evaluated for Porsibk fiancmg 

1 Krasnodar Power Plant A 3 x 450 MW, gas-fired power plant near the town 
of Mostovskaya m North Caucasus 

2 Urengo~ Power Plant A 4 x 225 MW plus 24 MW gas-fired steam 
turbme near Yamalo Nenets m Tyumen 

3 Cherepovets Trans Lme A 270 km, 750 kV transmmlon h e  m the North- 
West that would pernut the Cherepovets regon to 
be supphed from the Kalmmkaya Power Plant 

4 Beloparoskaya Hydro Plant A 103 MW pealung hydroelectric power plant m the 
North-West 

5 Shakhtmkaya CHP Plant A puhally-built 70 MW CHP plant at Shakhh m the 
North Caucasus 

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

7 Cherepetz Power Plant Rehabhtahon of 4 x 150 M Y  and 3 x 300 MW, 
coal-fied w t s  m the Cherepelz State Dlstnct m the 
Central Regon 

8 S h u h o  Power Plant A 2 x 450 MW expansron of the Sh-o Power 
Plant 

9 Kola-St Petersburg A 330 kV lme fiom Kola to Karella and a 
Transrmssion Lme 750 kV line fiom Kareha to St Petersburg 

10 North-West to A 330 kV and a 750 kV lme between the 
Center Transrruss~w Lme two regom 

1 1 North-West Regon Reconstruchon of the power control center 
Power for the North-West Regon 

12 Moscow Central Dlspatch Modemmtlon of the Moscow Central 
Office Dlspatch Office 

13 Moscow 011 Refinery Energy consemahon 

14 Lenenergo Power Plant Repowenng the Lenenergo Power Stat~on by addmg 
three 50 MW gas turbmes 

15 RBMK power plants Develop decomsslomg plans 

16 NP500 bhate sltmg and project preparahon procedures for 
Ilcensmg a new NP500 

17 Kalmn NPP Complete construchon of K b  3 

18 Rostov NPP Complete construchon of Rostov 1 
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5 4 2 F~nancmg Models 

69 Thls section focuses on the lunds of financmg that rmght be used for four very 
dflerent projects a gas combmed-cycle power plant m Krasnodar, a transmssion h e  m 
the North-West (Cheropovets regon), energy efficiency improvements at the Moscow Od 
Refinery, and the complet~on of a nuclear power plant ( K a h n  3 ) Three approaches to 
innovative financmg that could be apphed to the power sector are also descnbed More 
detd  on these project financing structures and movative financmg concepts can be found 
In Appendrx J 

90 Krasnodar 1,350 MW (3 x 450 Gas Combined-Cycle Plant (to be built by 
KubanEnergo to supply power in the deficit North Caucasus Regon) Two alternative 
approaches to financing ths project are proposed The first would create a jomt venture 
between RAO EES Rossu and KubanEnergo, wth the latter as pnmary project developer 
usmg a straght-term loan facdity RAO EES Rossu would prowde hard currency fbndmg 
as part of its equity contribution to the jolnt venture, and thrs contnbubon would be 
translated mto ruble debt Assumng, as RAO EES Rossu does, that tarrffs m the North 
Caucasus reach world levels by 1999, prelunmary analysis shows that ths  project would 
not only be attractive for RAO EES Rossu and KubanEnergo, but it would also provlde 
returns that could attract a pnvate developer The second approach considered for 
Krasnodar is the use of a "leveraged lease " %s alternabve rmght be preferred If 
KubanEnergo's balance sheet could not support the debt that 80120 or even 50150 
debtfequity financmg would unpose In such a case, RAO EES Rossu would own the plant 
and lease it back to KubanEnergo, whlle KubanEnergo would enter mto a turnkey 
contract to build the plant for RAO EES Rossu 

7 1 Cheropovets Transnussion Lme, a 750 kV Connectron between the Vologodikaya 
Gnd and the Kdtnin Nuclear Power Plant The parhes mvolved m ths project would be 
Volagnaenergo (whch IS a distribution company in need of power), RAO EES Rossu, the 
owner of the transmssion gnd, and Rosenergoatom, the operator of the K b  NPP 
Under Federal Energy Comrmssion regulations, only RAO EES Rossu is allowed to own 
hgh-voltage transmssion hnes, hence, it is hkely that ths project would have to be 
financed on a corporate basis by a bank such as The World Bank Such financing would 
requlre a sovereign guarantee, 1 e , the guarantee of the Russian Government that the loan 
would be repad Thls project mght we1 appeal to other mtematlonal financial institutions 
as it could reduce the need for new power plants for a penod of years 

72 Energy Efficiency Improvements at the Moscow O11 Refinery (MOR) A prelmunary 
energy audit of ttus plant has identified sawngs in electncal energy use that are hghly 
attractwe when measured both nn energy sawngs and return on mvestment The amounts 
needed are relatively small, but the MOR is m a financial cnsis (as mth many energy firms 
doing business domestically) due to non-payments Because the MOR has little ability to 
borrow from Russian lenders because of ~ t s  situation, the opportumty exlsts for 
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Mosenergo (the electnc power utihty serving the Moscow regon) to lease the energy- 
savings equipment to the MOR and other compames m srrmlar predrcaments MOR 
benefits fiom leasmg, as distmct fiom bomowrng to purchase, because lease payments are 
treated as an operatmg expense, whereas loan repayments are after-tax Ths could be seen 
as a demand-slde management (DSM) transachon m that Mosenergo benefits by the 
amount of mvestment m new capacity it has avolded as a result of Improving efficiency at 
the MOR 

43 Complebaon of Kalrn~n 3 The Joint Study's optwzatlon model selected the 
completnsn sf ths unut as an economc alternative when compared wth alternative fossd 
plant options K&rm 3 is a second-generation VVER-1000 reactor whch is already 75% 
complete It u located in the Center power pool regon The Joint Study has estlmated that 
$243 W o n  and four years would be required to comsslon ths umt Subject to 
hcensmg and operatmg regulations and the approval of MnAtom and Rosenergoatom, ths  
umt could be a candidate for pnvate sector financmg under a leveraged lease arrangement 
that would return the umt to government control pnor to the end of design llfe Using a 
60-40 debt/equity ratlo, pnvate Investors would have to find approxunately $100 W o n  
Assummg that such operators would be able to conclude a long-term he1 supply contract 
at the same pnces used m ths Study, ths  umt would bld very low pnces m a wholesale 
market pool and would have the potential to promde mvestors wth very attractive returns 
on mvestment Pnvate Investors fiom the West would require assurance that acceptable 
safety standards had been acheved The International Finance Corporation, whch 
typically takes m o n t y  stakes in pnvate sector-financed projects, has no pollcy prohlbitlon 
agamst partlcipatmg m nuclear power projects 

74 Conslderatlon should also be gven to an innovative approach to resolving the non- 
payments problem that mvolves the creatlon of Deferred Revenue Accounts (DRAs) Ths 
cash management tool, whch would necessitate the close cooperation of the commercial 
banlung system, RAO EES Rossu and the Central Bank, would mandate a system of 
temporanly divertmg customers' revenues, thus allowng banks to accumulate a pool of 
funds large enough so that the Interest on the funds would be sufficient to pay customers' 
electnclty bdls It is estlmated that the apphcation of this concept to industrial customers 
could not only allemate current cash flow constramts, but also generate a source of long- 
term hndmg for RAO EES Rossu and other power sector enterprises 

75 As the pool of deferred revenues IS bemg bullt up, a three-year credit facihty, fully 
secured by the deferred revenue account, is extended to the customer to offset the 
temporary loss of revenues Once the pool 1s m place, the credit facihty IS repad The 
customer pays an amount equal to its electnclty bills and RAO EES Rossii pays the 
remamder of the credit facllrty 
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76 DRAs have sdEcient flexlbhty to be Implemented nationwde over a short tune or 
implemented over several years for speclfic apphcations 

77 For project financmg, two mnovabve finanag mechamsms could be pursued RAO 
EES Rossu could be the pmary issuer of a new negobable debt mstrument to tap 
domestic savmgs Udke commercial banks or the Mimstry of Fmance, RAO EES Rossu 
could offer a kWh-denommated debt mstrument, backed by its power generating capacity 
These umts would be redeemable elther m kwh or rubles for thew kWh value at the tune 
of matunty or prepayment As the pnce of kWh is adjusted to mflation, the holders of 
these Issues would be protected agmst currency erosion from mflation As a result, the 
length of the debt Issue should exceed what 1s currently avadable m the Russian market, 
and the interest rate should also be considerably lower than current market rates 

78 A guarantee fbnd that would act as a catalyst m encouragmg energy efficiency 
projects, mdependent power production and enwonmental improvements could be 
developed f d y  quickly Among other thmgs, the fbnd could guarantee longer matunties 
of loans, thus leveragmg corporate borrowng capacity and speedmg up the 
implementation of new investments 
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CHAPTER 6 
CON~LUSIONS AND RECOMMENDATIONS 

1 The five worlung groups prepared conclusions and recommendations based on thelr 
mvestlgations and analysis These are presented below 

Conclusions 

2 The Jomt Study has concluded that energy efficrency should be given a hgh pnonty by 
those in the power sector 

3 There is a large potential for energy efficiency unprovements throughout the Russian 
economy By mstallmg efficrent end-use technologes, power consumption could be 
reduced by up to 5 GW and 29 bilhon kWh by the year 2000, and 20 GW and 112 bdhon 
kWh per year by the year 2010 These values do not rnclude energy savmgs resultmg fiom 
low-cosdno-cost measures, and fiom structural changes in the Russian economy 

4 In d sectors of the Russian economy, a srgmficant portion of the savmgs potential is 
assocrated mth lightmg md motor unprovements 

5 Industry accounts for the largest portion of the sawngs potentlal However, energy use 
for the resrdentlal and semce sectors IS growmg the fastest, and there 1s a sipficant 
potentlal for sawng energy m these two customer sectors Substantial sawngs can also be 
reahzed m the transportation and agricultural sectors 

6 Energy efficiency unprovements could be achleved at relatively low cost The average 
cost of energy saved by the measures recommended in ths Study is approximately one 
U S cent per kwh Although the cost of replacmg outdated equipment mth new 
equipment is hgh, the mcremental cost of the new equipment is relatrvely low and quite 
easily justdied 

7 At present, there are some barners to the mstallation of efficient technologes Energy- 
efficient equrpment 1s not always avadable locally There IS also a conaderable shortage of 
hnds for investment m energy efficiency Even if these barners can be overcome, capital 
for such investments by consumers may not be avalable To overcome some of the 
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barriers, it will be enough to change the legal and regulatory framework In other cases, 
speclal energy efficiency programs will be requred 

8 The changes m the demand for and use of electncity wdl vary among the A 0  Energos, 
dependmg upon the effect of economc restructumg on local economc activlties To be 
most successfbl, energy efficiency programs must be designed for umque local conditions 
The plamng for energy sector development m a regron should be based on provldmg 
least-cost energy semces to the consumer The A 0  Energos must play an important role 
in the design and devery of energy efficiency programs 

9 Through dlrect contact with ther customers, the A 0  Energos should educate 
consumers about the possible ways of savlng energy, and provlde financial semces for 
energy efficiency measures Ths wdl mean an mcrease m the number of semces relative to 
what the A 0  Energos have provlded in the past 

10 Several regulatory, institutional and economc measures must be undertaken before 
energy efficiency programs can be Implemented 

11 In the near future, a law on energy conservation must be passed to 

b unplement the principle of plannmg at least-cost to meet the energy needs 
of consumers 

b increase economc mcentwes and de-emphasue fines 
b s M  the responsibdity for the development and implementation of energy 

conservation to the admstrative regons 
• create a federal and reponal Energy Conservation Fund 
b expand the range of energy conservation standards for energy consummg 

equipment and end-uses, and adopt sanctions for non-compliance 
b adopt energy conservation standards for new buildmgs and local 

enforcement 
› estabhsh demonstration projects for energy-efficient technolopes 

12 Government support is needed for energy efficiency, including tax mcentives and 
loans, and accelerated depreciation 

13 Customs wavers or reductions should be allowed for the import of hghly energy- 
efficient equipment that is not presently produced in Russia 

14 Assistance through the Energy Conservation Fund should be provlded as loans to be 
pad back wrthm a reasonable amount of tune The Fund 1s to be endowed by an Increase 
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m taxes on energy for enterpnses, but overall, taxes are to be reduced Access to loans 
through the Fund would be provlded on the basis of competitive biddmg Funds should be 
provlded on a non-comp&tive basis for education and dormation programs and energy 
audits 

15 It is necessary to estabhsh market-type corporate bodies to ensure the mplementation 
of energy efficiency 

16 Pn the longer term, favorable conditions should be provlded for consumers to mvest in 
large energy efficiency projects 

17 Jolnt ventures should be created for the manufacture of energy-efficient equipment for 
which there is a deficlt m Russia Favorable conditions for the formation of such 
enterpnses should also be created 

18 Major mvestments should be made in energy-efficient lights, energy-efficient motors 
and other domrnant efficient technologes 

19 Information and trammg programs should be set up m the area of energy savlngs 

20 Pnonty should be pven to Investments m the followng areas 

t developmg the capability for mass producmg energy-efficient motors and 
new hghtmg technologes (such as compact fluorescent and metal hahde 
W t s )  

t lrnplementing new process technologes for oil and chemcal plants using 
hrgh-qualrty catalysts 

t demonstration projects for energy-efficient technologies 

21 A number of areas of energy efficiency mprovement ment fbrther study, includrng 
provldmg assistance for carrylng out energy audits, reducing power consumption, and 
estabhshmg a market for energy-efficient equipment 
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22 Some 79 GW of thermal plant capacity, whch u evenly dlvlded between CPP and 
CHP umts, wdl reach the end of its design Me by the year 2010 Ths r e tmg  capacity 
represents 40% of Rusna's current total electnc generatmg capaclty More than 54 GW of 
thls capacity is located m three regons the Center, the Urals and Sibena Apprownately 
39 GW of the r e tmg  capacity wll have reached the end of its hfe by the year 2000, and 
more than 13 GW of ths  total has reached its maxlmum servlce Me 

23 The modehg results for Reference Cases A and B Indicate that 69 2 and 27 4 GW of 
new thermal generatmg capacity (CPPs and CHPs, respectrvely) wll need to be installed 
through the year 2010 Under Reference Case A, 19 2 GW would be mstalled through the 
year 2000, whde 3 5 GW is requlred under Reference Case B dunng the same penod 
Gven the lead time for the construction of new plants, these results, particularly for 
Reference Case A, lndlcate the need for an aggressive development program On a 
regronal basls, near-term new plant capacity requlrements are concentrated in the North 
Caucasus, Urals and TransBakalia 

24 The modehg results for Reference Cases A and B mdicate that 49 0 and 47 1 GW of 
reconstructed thermal generating capacity (CPPs and CHPs, respectively) wdl be mstalled 
through the year 2010 In both cases the bulk of the reconstructed capacity, 40 1 and 41 5 
GW, respectively, would be mstalled after the year 2001 

25 The adoption of advanced technologes for new thermal power plants and the 
reconstruction of retmng power plants can have an Important impact on meetmg Russia's 
future electnc energy needs, and could Involve a&cant changes m the current he1 
supply mur (natural gas verses coal) 

26 The modehg results mdlcate that new simple cycle combustion gas turbmes mght be 
an attractive power supply option in certam regons The low capital cost of combustion 
turblnes could have measurable Impact on reduclng total Investment requirements 

27 Whlle reconstructmg r e t d  thermal plants was found to play a sigmficant role in 
meeting future power needs, the associated mvestment costs are large Modehg results 
for the lmted Me extension demonstrate a reduction in total mvestment requlrements, 
through the year 20 10, rangrng from $12 6 to $16 8 bilhon, depending on the load forecast 
scenmo Wlule it u not possible to capture these savlngs filly, opportumtles for more 
hmted hfe extension programs, whch could serve to meet power needs at lower levels of 
investment, may exlst 
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28 New and reconstructed thermal units will be requued to meet certam emssion 
standards Achevmg these standards will requue the apphcation of appropnate emssion 
reduction technologes Options for coal-fired boders Include combusbon technologies 
such as low-NO, burners, fabnc filters for particulate collection, and flue gas 
desulfinzation Advanced, enwonmentally-fhendly technolopes, such as gas-fired 
combmed cycles and cuculatmg fluid bed boders will also reduce emssions 

29 Plant-level evaluat~sns of modenntzation and Me extension options are needed for 
thermal power plants The mventory of retmg thermal power umts should be exarmned 
on a plant-specific basis These exarmnations should be duected toward identifjmg 
thermal plants that rmght be good candidates for Me extension/reconstruction programs 
mth a focus on options wrth lower levels of mvestment As appropnate, detaled 
designdcost estimates for modernnation, hfe extension and upgrades should proceed 

30 The North Caucasus Regon 1s an example of a regon mth a sigmficant near-term 
need for additional power generation capacity The Krasnodar Krm (Kubananergo) has the 
largest self-generatmg capacity deficiency m the regon Cogmaat of ths  need, RAO EES 
Rossu, Kubanenergo and others have formulated plans to budd modem gas-fired 
combmed cycle umts m the Kubanenergo system The modehng results appear to support 
this approach It is recommended that work proceed quickly toward the development of 
combmed cycle capacity m Krasnodar K m  Such a project could serve as a major 
demonstration of thls hghly efficient and enwonmentally sound technology, and as a 
blueplant for replication m ~ther parts of Russia 

3 1 When rehabhtatmg and constructmg new thermal power plants, special attention must 
be pad to enwonmental requirements A program to identlfl the best emssion reduction 
technologes for apphcation to Russia's power sector is recommended The program 
should address methods of developmg the manufactumg capabhty for the identified 
technolopes Oomt ventures, etc ) m Russia Equipment for contmuous emssion 
monrtonng is recommended to demonstrate comphance wth emssion hmts 

32 Advanced technologes such as gas turbme combmed cycles and cuculatmg fluid bed 
boders should be gven senous consideration to improve thermal efficiencies and 
environmental performance, and to take advantage of the avalability of low-quallty sohd 
fuel Developing manufacturing capabhty for these advanced technologes, through joint 
ventures or other means, should be mvestigated 
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33 The Russzan Energy Strategy emphasrzes the unportance of the power sector m the 
country's economc development under the new conditions Nuclear power plays a crucial 
role in ths  development The JEPAS has confirmed the unportant contribution that 
nuclear power makes to the Russian power sector 

Concluszons 

34 The JEPAS found that future investment m the power sector should mclude 
mvestments in nuclear power plant safety upgrades, plant completions, evolutionary plant 
designs, and as appropnate, the decomssiomng of first-generation reactors 

35 Investments m NPP safety upgrades are competitive wth mvestments m alternative 
energy sources It is economc to contmue the operation of most exlstlng nuclear power 
plants wth the safety upgrades evaluated m ths Study Four umts do not have sufficient 
remammg operatmg llfe to economcally justlfL the unplementabon of all the safety 
upgrades evaluated because revenues must be set aside to prepare for decommssiomg m 
the short term 

36 New nuclear capacity is an economc supply option m some regons 

37 In the mtial study penod, mvestments m safety upgrades of the emstmg NPPs are 
conadered as a pnonty for both Scenarios A and B 

3 8 It is necessary to proceed wth lntroducmg the safety upgrades evaluated m ths Study 
at exlstmg nuclear power plants, where approved by the regulatory authority and 
economcally justdied The unplementation of such safety upgrades could encourage 
foreign mvestment m Russia's nuclear power sector 

39 The JEPAS shows that wth the scheduled semce We remarung, it is not economc to 
unplement all of the safety upgrades evaluated in the Study for Kola 1 and 2 and 
Novovoronezh 3 and 4 (and Lemngrad-1 for Scenano B) The decomssiomg of these 
umts should be considered comprehensively on the basis of local area conditions, and on a 
site-specdic baas 

40 The completion and comssiomng of Rostov 1, Kursk 5, Kalmn 3, and Balakova 5 
should be considered in the context of regonal least-cost plans wth thex full safety 
revlew Rostov 1 and K h  3 have been identified as pnonties for mvestment 
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41 The design of the NP-500 and NP-1000 evolutionary reactors, whch wdl be the basis 
of the nuclear energy sector's future development, should be developed to a sufficient 
level of detatl to p e m t  ther certtfication by regulatory bodies 

42 The legslation requlred to support the safe development and operation of nuclear 
power m Russia should be completed as soon as possible 

43 The JEPAS estunated the cost of a spectfic set of NPP safety upgrades The Study did 
not quan* the safety si@cance of these upgrade measures There are, however, 
studnes conducted m both Russia and mternationally whch have assessed the safety 
sijpiicance of many of these upgrades It may be usefbl to conduct a study combimng the 
results of the above wth the followng goals 

F max~rmang the safety benefit of mvestments in safety upgrades m t h  the 
limtations of the avadable financmg 

b assessmg the level of safety unprovement denved from unplementing each 
measure 

6.4 WORKING GROUP 4 - HYDROELECTRIC POWER, TRANSMISSION 
AND DISPATCH 

Hydroelectr~c Power Development 

44 Eight hydro power plants were identtfied as requlrmg rehabhtation to p e m t  them to 
operate effectively afker the year 2000 The total capacity of these plants is 6,093 MW 
Their rehabhtabon would cost approxrmately $900 d o n  between 1995 and 200 1 

45 S u  plants under construction and three proposed plants were identtfied as candidates 
for mvestment The total capacity of these plants is 6,884 MW Their development would 
requlre $4 8 bilhon 

Recommendatruns 

46 Detatled designs, cost estimates, and financmg plans should be prepared for hydro 
rehabhtation and new construction projects that are shown to be part of regonal least- 
cost plans 

Transm~ss~on Projects 
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47 The transmssion system of Russia has bottlenecks m places that h t  transfer 
capabhty and reduce the rehabhty of supply Eleven mtra-regonal and mter-regonal 
transmssion projectdprograms have been identdied for pnonty mvestment, the two most 
urgent of whch are described below 

48 The North-West Regon consists of three mam uthty systems Kola, Kareha, and 
Lemgrad, the last of these is by far the largest The Kareha system, deficient m 
generation, now depends strongly on imports fiom Kola and the Lemgrad system Its 
supply is unreliable smce ties in both directions are weak, as 1s the tie fiom the Lemngrad 
system to the Center Regron These lmtations have two senous results 

b The lack of redundancy m both internal ties and ties to the Center Region 
means that a transmssion outage forces the sudden tnpping of one or more 
nuclear generatmg umts at either Lemngrad or Kola 

b The weakness of these ties leaves the enbe North-West Repon vulnerable 
to either temporary outages or the eventual decomss iomg of nuclear 
plants at either Lemngrad or Kola 

49 The North Caucasus Regon, whch was previously supphed wa ties through the 
Ukrame, is now wtually isolated and suffemg severe power shortages T~es  to the 
Ukrame at 500 kV, 330 kV, and 220 kV are now of h t e d  value due to transfer problems 
to and wthm the Ukrame, as wdl as pohtical and energy balance issues w t h  the 
eJkp.aane The remammg two long 220 kV ties fiom the North Caucuses to the Center have 
only 200 MW of transfer capability 

50 Sub-transmssion system losses exceed Western norms Eighty percent of the losses 
are in the distribution system A specdic list of projects and pnonties was developed to 
reduce these losses 

5 1 Transmssion lrnprovement is needed for the North-West Regon The reinforcement 
projects proposed consist of both 330 kV and 750 kV llnes and substations, at an 
aggregate total cost of approximately $775 &ion 

52 The strengthemg of the Center - Mddle Volga - North Caucasus intertie is needed It 
ns recommended that four 500 kV trmsmsaon projects be constructed, aggregating about 
1,000 km One of these projects wll feed directly to the North Caucuses, and the others 
would remforce the internal systems of the Center and Mddle Volga regrons to enable 
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mcreased transfers to the North Caucuses These projects, t o t h g  about $430 d o n ,  
wdl mcrease the transfer capabihty from the Mtddle Volga to the Center Regon by 2,000 
MW and from the Center to the North Caucuses by 1,200 MW 

53 In addition to the pnonty transmssion projects, special emphasls should be gven to 
the detded study of constructmg a hlgh-voltage transmsslon mtertie fiom Sibena to the 
Center with a 3-6 GW capacity Ths would enhance the Integrated Power System of 
Russia, promote overall economc efficiency, and unprove the reliabhty of supply 

Dlspatch Control Projects 

Conclusrons 

54 The technology m the control centers is not adequate to meet the current system 
requirements or the requirements of a developmg electncity market Two hgh-pnonty 
projects are discussed 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 
theu commumcation hnks have hmted channel capacity and are unable to accommodate 
modern software Ths unpedes the opt~rmzation of operatmg costs and reduces rehabhty 
They are thus lmted m theu abihty to gather and use data to advantage 

56 Control and dispatch of the North-West UPS was formerly assigned to a control 
center m R~ga, Lama It u now housed m temporary quarters m St Petersburg, and needs 
to be both upgraded and moved to a separate bulldmg Its pnonty is dictated by 1) the 
temporary fachties now m place, 2) the fi-agde mterconnections w i t h  and external to ths 
regon and 3) the importance of modern control m maxmmng the safe operation of 
nuclear stations at Kola and near St Petersburg 

57 The North- West Control Center Ths project would consist of constructmg and 
equlppmg a new control center building, purchasing modern application software, 
upgradmg data acquisition systems at substations withn the regon, m o d e m g  load 
fi-equency controls w i t h  the regon, and reconstructing the comrnumcation systems 
between the North-West Regon Center and the Central Dispatch Office m Moscow The 
aggregate cost of these unprovements would be approximately $59 d o n  

58 CeniralDrpdch ODce It is recommended that the dispatch center whch 
coordmates all operations of the Umfied Power System be moderruzed Ths would conslst 
of reconstructmg and modernmng the exlsting central dispatch fachties, takrng full 
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advantage of the North-West-Central drspatch cornmumcattons upgrade crted above, and 
prepanng the Central Drspatch Office for s d a r  upgrades to other regons The estunated 
cost for thls project u $20 d o n  

Concluszons 

59 The JEPAS has confinned the mportance of the electnc power sector to the economc 
development of Russia under the new conditrons The pnncrpal conclusrons of the JEPAS 
are consistent wth the rmportance gven to the electnc power sector m the Russzan 
Energy Strategy 

60 JEPAS analysrs shows that when f i n b g  power sector and energy efficrency 
mvestment decrsrons, Russra should gve hlghest pnonty to the follomg areas for the 
penod 1995-2000 

b mprovements m the efficiency of electncrty end-use 

b nuclear safety upgrades, particularly for first-generatron nuclear power 
reactors where approved by regulators 

b to further the P P s  development, expansron and strengthenmg of mter- 
regonal and mtra-regtonal transmssron, partrcularly between surplus and 
deficrt areas, and the m o d e m g  of control/&spatch centers 

b fossd thermal plant modemtron and rehabhtabon usmg state-of-the-art 
technologes wth the conaderatron of llfe extensron optrons 

b completron of those nuclear power plants that are rn advanced stages of 
construction 

b construction of new gas-fired smple cycle and combmed cycle plants 

w completron of the desrgn and p e m t  process for new-generatron nuclear 
power plants 

61 The JEPAS analysis shows that the follomg areas wll be mcreaslngly important 
dunng the penod 2000-2010 
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b completion of large under-construction HPPs 

b construction of clean-coal generation plants 

b construcbon of new-generation NPPs 

Investment Requ~rements 

62 Under Scenano A the mdicated range of requred mvestment is $26-34 billion over 
1995-2000 and $35-48 bilhon for 2001-2005 

63 Under Scenano By the indicated range of required investment is $12-16 bllhon for 
1995-2000 and $20-33 bilhon for 2001-2005 

F~nanc~ng Sources 

64 Fmancmg fiom the Russian Government's budget allocations has been largely removed 
and the power sector is becomng financially mdependent The most unportant and largest 
source of financing now and for the foreseeable future is mternally generated b d s  

65 Electricity t d s  set by the regonal and federal energy comrmssions are based upon 
the cost of servlce, but currently they do not cover hll costs Customers' payments of 
t d s  have not been adequate to cover the mdustry's mvestment requrements A 
pervasive non-payments problem has left the mdustry strapped for cash, the high level of 
mflation and the cross-subsidies herent  m the t d s  are also problems 

66 hhally, power sector enterpnses wdl find borrowed finds and equity financing 
dficult to obtm because of a lack of satisfactory financial mformation However, the 
future potential for borrowrng or leverapg assets is quite hgh because most power 
sector compames have hardly any long-term debt outstandmg 

67 Depreciation deductions are an important component of mternally generated fbnds 
Because of hgh milation 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- 
hquidation 

68 The long-term prospects for Russian equities are good Market values for Russian 
equities remm very low for several reasons, and the mvestment clunate m Russia means 
that mvestors are seektng high returns to compensate for the nsk The lack of company 
finmc~d mfomation, low liquidity, and inadequate securities regulations keep pnces low 
and ~nvestors away 
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69 The theoretical potent~al for borrowmg 1s large However, the commercialwition of 
the newly-pnvamed entrtres has not been completed, and much work and many changes 
need to occur before power sector enbbes wdl be able to borrow money fiom traditional 
lenders to the uthty mdustry 

70 There are several Important ways m whch the government could assist the power 
sector 

b investment of the proceeds fiom power sector enterpnses' stock sales mto 
the power sector though bonds, preferred stock or grants 

b wdlmgness to provlde sovereign guarantees for forelgn currency borrowmg 

b tax rehef m the form of investment tax credlts, lower tax rates, tax 
hohdays, and Increased allowances for depreciation 

b support for energy efficiency programs 

7 1 The EBRD admmsters the Nuclear Safety Account, an ECU 13 5 &on grant fbnd 
set up to fbnd safety upgrades at reactors that present the most senous safety nsks 

72 The followng measures should be taken by the power sector to mplement needed 
improvements 

73 It 1s recommended that hgh pnonty be assigned to energy efficiency to reahze 
potential energy savrngs of 29 bkWh by the year 2000 and up to 112 bkWh by 20 10 
Market-onented incentives should be introduced to Improve end-use efficiencies The 
development of energy servlce compames and jolnt ventures should be encouraged These 
would provlde equipment, energy management techmques and financmg for energy 
efficiency mprovement 

74 Where approved by the regulatory authonty and economcally justified, safety 
upgrades of RBMKs (9,000 - 11,000 MW) and first-generation VVER nuclear power 
reactors (880 MW) should be implemented Ths IS estimated to requlre $1 0 bilhon 
between 1995 and 2000 These wdl require financial support fiom the Russlan 
Government and, to the extent possible, international financial institutions 

75 A major g ~ a l  for lRA8 EES Ross11 and A 0  Energos should be the rehabilitation and 
modemation of older thermal plants so as to extend theu operatmg hves and improve 
theu enwonmental and operational performance Approximately 79 GW fall into ths  
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category, of whch about 39 GW wdl requre modemuation by the year 2000 Plant-level 
evaluations should be undertaken to determme modemua~on requrements and the extent 
to whch hfe extension may be possible at lower capital cost 

76 A hgh pnonty of Russia's technologcal and mvestment policy for the power sector 
should be the uthzation of sunple cycle and combmed cycle gas turbmes (4,000-18,000 
MW untd 2000 and 38,000 to 83,000 MW untd 2010), whlle developmg domestic 
capabhty for ther manufactunng, includmg jomt ventures vvlth Western partners 

77 To prowde for the c o ~ s s ~ o m g  untd2010 of 1,400-3,100 MW of new nuclear 
capaclty and 12,000-13,700 MW of environmentally-cleaner coal-fired umts, the pnonty 
of Russia's long-term scientific and technologcal policy should be the development of 
new-generation design NP 500, NP 1000, and cleaner coal power umts, as well as 
developmg the potential for their manufactunng 

78 Further detaled study, lncludlng project identlficabon, of the electncity and fuel 
supply situation m the North Caucasus, Urals, and the TransBakaha area should be gven 
hgh pnonty Ths work should take into account specific factors at the local level and 
apply least-cost utdity p l m g  tools It is estimated that 24,000 MW wdl need 
rehabilitation and that around 24,000-36,000 MW of new capacity wdl be requred m 
these regons, as well as the strengthemg and expansion of transmssion interties 

79 Further feasibhty studes are needed for the western and eastern extensions of the 
transmssion h e s  to h k  Sibenan generation capacity and demand centers m European 
Russm to the west md to TransB&&a m the east 

80 The issues m electncity mterconnemon among the CIS repubhcs and other 
neighbormg countnes should be mvestlgated The potential for Russia to trade electncity 
wth Chma and Central Europe should also be investigated 

8 1 Government support is needed to ensure the further development of a self-financing 
power sector under condltlons of wdenmg economc reforms and to create conditions 
conducive to attractmg financing and capltal mvestment The major drections of such 
support should be 

t to improve the state system of regulatmg natural monopolies, whch 
includes the regulation of electncity and heat t d s  at both the federal and 
regonal levels, as well as an appropnate legal and standards lnfiastructure 

t to mplement economc mechmsms for increasmg mternal cash generation 
by power entitles and improving the efficiency of these funds' allocation to 
operatmg entlties 
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w to estabhsh a mechmsm to fichtate the rational allocation of power sector 
mvestment fbnds between the federal and regonal levels as a transibon 
measure to a new regulatory system 

b to create mcentives to attract funds mto the power sector from both 
domestic and foreign sources on both an equity and debt basls 

82 It is recommended that the part of retamed e m g s  whch is dlrected into mvestment 
be made tax deductible, mcluding the part collected through centrahzed mvestment hnds 

83 To create economc stlmul~ and attract investment mto the power sector, government 
guarantees should be estabhshed at both the federal and regonal levels, ensunng 
investors' nght of recourse, and nghts to the repatnation of capital and profits for foreign 
mvestors 

84 As an mtenm measure, hnds should be generated at the federal level to finance 
modernmtion and rehabhtabon, and a mechmsm should be developed to allocate these 
finds between the federal and regonal levels 

85 On the baas of firther changes and dehtion of the ownershp structure, restructuring 
of the power sector should proceed to set up a competitive enmronrnent and to improve 
rate settmg m electnc energy markets 

86 A legal and tax infrastructure conduc~ve 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 fiom these sales should be used for 
reinvestment to prowde needed investment capital for the power sector 

88 In the nuclear power sector, an economc mechmsm should be developed that 
increases mternally generated hnds through tanffs without damagmg the competitiveness 
of nuclear energy m the energy market A portion of these Internally generated hnds 
would be centrahzed m a natlonal reserve whch would finance pnonty safety upgrades, 
plant completions, decommssiomng and partially new NPP construction Opportumties 
should be created to attract loans into the nuclear sector with corresponding government 
guarantees The possibhty of converting the nuclear sector into stock compmes should 
be studled as well as the corresponding lssues of nght-of-recourse guarantees for potent~al 
domestic and foreign Investors 

89 Enwonmental standards should be developed that would allow for differentiation 
among new, exlstmg and rehabihtated thermal plants 
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