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CURRENCY 

Dollars are U S Dollars as of Jan 1 1995 
Current day Ruble costs have been converted at 4550 Rubles per U S Dollar 

UNITS OF MEASURE 

1 BTU (Bntish Thermal Unlf) 
1 Joule 
1 Standard Cubic Meter of Natural Gas 
1 Ton 
1 Ton of Crude Oil 

= 1055 Joules 
= 0 239 Calories 
= 38 0 Kilojoules 
= 1000 Kilograms 
= 4 1 8 Gigajoules 

TERMS 

Capacity Factor (%) equals the yearly number of equ~valent 111 load hours of operation divlded 
by 8760 hours per year 

Heat Rate (BTUIkWh) equals quantity of heat required to produce one lulowatt of electricity, or 
an equivalent amount distnct heat 
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The Krasnodar Kra~ reglon of southern Russ~a, whlch IS part of the North Caucasus Umfied Power 
System (UPS), has been expenenclng electricity shortages and d~srupt~ons for the past few years 
A group of Russian compames composed of Kubanenergo, RAO EES Rossn, Gasprom and others 
(Project Owners) IS planrung the Krasnodar Power Generabon Project Ths  Project w11 address the 
reglon's need for add~t~onal power generatlon capaclty by bulldmg one or more power generatlon 
fac~l~t~es  The World Bank has rev~ewed the Project Owners' plans and belleves the project may be 
appropnate for Bank financmg support The purpose of h s  study task (Task 1) IS to assess the need 
for the proposed project and evaluate ~ t s  economc ments Based on the results of h s  task, work w11 
proceed on the preparat~on of dehled busmess plans and techcal  and environmental feas~bll~ty 
stud~es for appraisal by the World Bank 

The North Caucasus UPS has an acute electnc~ty generatlon capacrty defic~t that IS affect~ng the 
quality of supply The system has a comb~ned mstalled capaclty of 10,557 MW, ~nclud~ng 2,180 
MW of hydro and 8,337 MW of fossll capaclty In the past, the North Caucasus reglon received 
substantla1 quantltles of power fiom Russ~a's Center UPS (through Ukrarne) and add~t~onal power 
dlrectly fiom generatmg plants wthm Ukrarne n s  mterconnectron became unrehable, and ~t IS now 
no longer m operatron Whlle a recent drop m consumpQon has prov~ded some resplte, the projected 
power defic~t is expected to reach approximately 2,000 MW by 2000, assumlng that most of the 
aglng exlstmg capaclty can be kept m operation 

The regon wth  the greatest power defic~t wthm the North Caucasus IS the Krasnodar Krar, whlch 
rel~es on unports fiom ne~ghbonng Energos for 60% of its electnc~ty consurnpt~on Because the local 
ut~l~ty,  Kubanenergo, has equ~pment that IS in general 20 to 40 years old, the defic~t w11 deepen 
further as the aglng wts become less rel~able and must ultimately be rewed To address tlus deficit, 
Kubanenergo IS planrung to Install up to 900 MW of comb~ned cycle capacity at Krasnodar, a 300 
MW comb~ned cycle plant at Novoross~ysk, and another 1,350 MW comb~ned cycle plant at 
Mostovskoy 
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The purpose of Task 1 is to evaluate proposed projects as potential elements of a least-cost 
rnvestment program to address the electncity needs of the North Caucasus UPS, ulth emphasis on 
the Krasnodar Kra The task mvolved a debled assessment of the needs for electnc~ty and dlstnct 
heating in the Krasnodar Krsu, and an evaluat~on of the supply opt~ons avsulable w i t h  the North 
Caucasus UPS and from neighbonng power gnds In Russ~a and Ukrsune to determme the most 
economical plan to allev~ate the North Caucasus' power shortage 

The North Caucasus IS m need of substantial generahon capacity additions in the immediate future 
At th s  tune, there is a program of Hydroelectric plant add~tions, totalmg 160 MW, that is scheduled 
to bnng capaclty on lme gradually between 1996 and 2000 In addit~on, a 500 kV transmission link 
wth the Center UPS is scheduled to be completed m 1997 %s w11 provide an additional 550 MW 
of firm capacity to the reglon There is also a current program to replace 159 MW of agmg boller 
equipment and 190 MW of combushon turbmes at the Krasnodar TETS site with a 450 MW 
CHP/Combmed cycle plant Even mth these addhons there is a pressrng need for bulldmg new gas 
fired power plants 

With regard to gas fired plants, the study has found that there is a need for the add~t~on of 
approxlmately 900 MW of new thermal capacity In the North Caucasus m 1998, h s  is the earllest 
date that is cons~dered feasible for commk-siomng new m t s  The study has also detemuned the 
need for about 300 MW addihonal capacity m 1999, and for approxlmately 400 MW of capaclty In 
2000 l lus  w11 be necessary to mamtam a system reserve margm of 14 percent, whlch IS considered 
to be the mimmurn for assunng reliable system operations These capacity add~tions would bnng 
the total gas fired capac~ty addrhons for the North Caucasus UPS to 1600 MW dmng the next five 
years Figure 1 - 1 illustrates the need to add capacity m the reglon as demand grows &d retirements 
reduce the capaclty avalable fiom exlstlng umts The data used m prepamg Figure 1 -1 IS presented 
m Table 1 - 1 The table mdcates that a potenhal capaclty shortage, rangmg from 664 to 928 MW, 
wll  exlst m the region through 1997 TO elimmtethe shortage, it wlll be necessary to extend the 
life of some of the mts that have been scheduled to be ret~red through 1998 Thx IS necessary 
because there IS no prachcal possib~lity for adlng new generating capacity before that year 

Regardmg the general locahon of the new capaclty, ~t appears that Krasnodar K m  is the most l~kely 
area in the North Caucasus for substantial capacity addihons because over 600 MW of exlstlng 
capacity is scheduled to rehre before 2000, and the region IS already heavlly dependent on other 
reglons for power, a situahon that unpam the rel~abllity of electncity servlce and results rn excessive 
transmssion losses Of the three potenhal sltes, only the Mostovskoy s~te  is avsulable for the addhon 
of new capacity In 1998 and, ~t is lmtially l~m~ted to the add~tion of simple cycle gas turbines due 
to construction lead time The other two sites are expected to require an add~tional year or two of 
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- 
lead tune because of the need for envuonmental studies to venfy that they would be appropnate for 
bulldmg new power plants 

W l e  the Mostovskoy site offers the advantage of early development, it has a disadvantage, in that 
it is not located near the major load centers m the region The Krasnodar and Novorossiysk sites are 
located at major load centers, and they may also offer the opporttmty for unproved economc 
efficiency through theu use as Combmed Heat and Power Plants (CHP) Because work has already 
been started on a replacement of the oldest existrng u~l. ts  at Krasnodar TETS, and because of its 
t m n g  advantage, the next project for the addition of new capacity should be done at Mostovskoy 
However, r e c o p m g  the advantages of havlng plants located near load centers, ~t is llkely that plant 
addibons after 2000 could be most attractive at Novorossiysk, subject to further investigat~on of the 
advantages of that site 

The folloulng list gives a ranlung of Combined Cycle options starting ulth the lowest cost 
alternative The cost of electnc power production includes the cost of new transmssion facil~ties 
and gas pipelmes as required for each site Ranlungs have also been done for slmple cycle plants, 
these appear in Chapter 5 (Production costs below are at 80% capacity factor) 

% CaDacltv - 
Krasnodar CC/CHP 450 MW 0236 
Mostovskoy CC 900 MW 0318 
Novorossiysk CC/CHP 450 MW 0320 
Novorossiysk CC 450 MW 0320 
Krasnodar CC 450 MW 0333 
Mostovskoy CC 450 MW 0339 

Considering all of the above factors the followmg is considered to be the best approach to meeting 
needs for immediate capacity ad&tions whle keepmg the long term costs to a mimmum 

Mostovskoy - 600 MW Simple cycle adhtion for 1998-99 operation, wtth conversion to 
combined cycle operation rn 1999 or 2000 based on construction schedulmg and demand 
growth 

Krasnodar - replacement of the two exlstlng 95 MW slmple cycle m 1997 and 1999, wth 
conversion to comblned cycle m 1999 

Novorossiysk - 300 to 600 MW slmple cycle for operation m 2001, wth  partial conversion 
to combined cycle if and when CHP operat~on is shown to economical 
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Krasnodar Power Generat~on Project 
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Krasnodar Power Generatton Project 

ESTIMATION OF REQUIRED CAPACIN NEEDS FOR NORTH CAUCASUS 

Year 
Existing 
Capacity 

MW 
8562 
8243 
8243 
8168 
81 30 
81 30 
8004 
7959 
7955 
7660 
7255 
7128 

Peak 
Demand 

MW 
8616* 
8220 
8180 
8475 
8697 
8967 
9212 
9471 
9753 
10018 
10293 
10588 

Required 
Capacity 

MW 

Committed 
Hydro Trans 

Additions Additions 
MW MW 

* Includes 110 MW of unserved demand 
** 150 MW comm~tted add~tlon at Krasnodar TETS 
*** Includes 250 MW comm~tted addtttons at Krasnodar TETS 

Requ~red Total I 
Fossil Capacity 

Additions Additions 
MW MW 
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The North Caucasus UPS is one of seven mqor regonal power gnds or U d e d  Power Systems 
w t h  Russia It is currently connected wth the Center UPS, whch m turn is co~ec t ed  wth the 
other UPS gnds The North Caucasus UPS is also connected to the gnds to the south m adjacent 
countries that were previously members of the USSR In adhtion, there is a connection to the 
Ukrmman power gnd, but ths  cornemon is currently not operational 

In the past for econormc and poky reasons, the North Caucasus rehed on repons to the north and 
east for much of its power supply The North Caucasus IS not well endowed wth the natural 
resources used for power generation, and substantial amounts of mexpensive energy were avdable 
from large nuclear, fossd and hydroelectnc generatrng stations m those repons The bulk of the 
power rmported mto the regon flowed through what u now U e  FoUowmg the hsolubon of 
the USSR, pohhcal and techcal problems have developed that have caused the supply of power 
&om Ukrame to become unrehable T ~ I S  has resulted m the current power shortage problem m the 
North Caucasus 

The North Caucasus's installed capacrty was 10,557 MW at the end of 1994 Thu rnciuded 2,180 
MW at the regon's 88 hydroelectnc gen- unrts and 8,377 MW fiom its 73 fossd wts Last year 
fossd fueled power produmon accounted for 82% of all electnaty produced w b  the regon, 
hydroelectnc power accounted for lo%, and the balance was provlded &om Imports 

There is no nuclear generation capaclty m the repon. However, at one tune nuclear power was 
plwed for the North Caucasus Work was begun on two plants, one at a site near Rostov-on-Don 
and another at Mostovskoy m Krasnodar K m  The work on the Rostov Plant site has proceeded, and 
the plant is now w t b  70 to 95% of completion (estunates of its status vary) Work at the Rostov 
slte IS currently suspended, however, wide Minatom pursues approvals and h d s  to put the plant lnto 
operanon. The Mostovskoy Nuclear Project was converted to a fossd plant shortly after the site was 
acquued due to pubhc pressure Work at the site IS now on hold penchug the approval of hdmg 
Ths is the site of the Mostovskoy projects rmewed m ths study 
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KRASNODAR POWER GENERATION PRoJECI' 

I 

The regon has and wnttnues to be a net q o r t e r  of power &om other repons Imports totaled 5,06 1 
d o n  kWh or 9% of total commptlon m 1993, and 3,991 &on kWh or 8% of total consumpbon 
m 1994 Historical data on generation capmty and power producbon for the North Caucasus regon 
are shown m Table 2-1 

Table 2-1 
North Caucasus Capac~ty and enerahon 

Generabon Source 
Generabon Installed Capaclty Average Capaclty 
M~llkWh (MW) Factor (percent) 

1993 1994 1993 1994 1993 1994 

Hydroelectric 6,872 5,065 2,180 2,180 36 0 26 5 

Convenbonal Thermal 34,181 31,640 6,090 6,090 64 1 59 3 

Comb~ned Heat and Power 9,62 1 8,820 1,977 1,977 55 5 50 9 

Imported Power 5,061 3,991 

Total 55,735 493 16 10,247 10,247 56 7 51 0 

The regon Includes m e  Energos or electnc uthty compantes, all but one, Kalmenergo, generate 
power Ther capacibes and 1993 generatmg levels are shown m Table 2-2 

Table 2 2  
1993 Capaclty and Generatton by Encrgo 

Total Fossll Hydro 1993 
U~tY Capaclty Capam caps* Producbon 

MW MW MW MllLkwh 

S tavropolenergo 

Dagenergo 

Grozenergo 

Rostovenergo 

Three others 

Total 
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W N O D A R  POWER GENERATION PRoJE~X 

Appromtely 4400 MW of thermal plant capacity are scheduled for retirement between the years 
1995 and 2005 Table 2-3 presents the attrrtion of thls capacity as a function of retuement date 
The projected retrement dates are based on a hfe of forty (40) years whch mcludes Me extens~on 
for each plant A large number of operating plants have already passed thelr projected retuement 
dates, and others are scheduled to retlre m the next few years Because ~t IS not possible to bulld 
replacement capacity for these wts before 1998-9, rt ~s apparent that a program for rehabllitatron 
or lrfe extension must be contmued, If power shortages are to be averted (A detded hst of umt 
retuements is gven m Appendn A) 

Table 2-3 
Retxements by Year 

0 

Rehrement Date Available Capacity Rated Capacity 

2000 

2001 

2002 

2003 

2004 

2005 

Total 

Electricity demand m Russia has been d e c h g  steaddy slnce 1990 Table 2-4 shows recent annual 
consumpbon figures for the North Caucasus and the Krasnodar Kra 
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KRASNODAR POWER GENERATION PROJECT 

- Table 2-4 
Recent Electnc~ty Consumpbon* 

North Caucasus Krasnodar Krm 

Year Bill kwh Indez Bill. kwh Index 

1990 63 2 1 00 17 5 1 00 

1994 50 4 0 80 13 5 0 77 

* Total consumphon (mcludes h e  losses and own usage) 

The w o r  fkctor & k t q  the deche has been decreasing mdustnal actmty Electnc~ty consumpbon 
by the industrial sector deched by 53% m Krasnodar Kra between 1990 and 1994, and only the 
resldenhal sector had an mcrease m demand dunng that penod The deche m demand IS expected 
to level off dunng 1995, and demand is expected to begm growmg at about 4 to 5% annually based 
on current projeaons of economc a&vity for Russra and the North Caucasus regon m general 
petads of the trends m past and projected elemcity consumpbon are p e n  m Appendur C ) 

Wlth regard of peak load, there has also been a deche m recent years as mdustnal acbv1t-y m the 
regon slowed In 1990 the peak load for the North Caucasus was 10,375 MW, peak load deched 
to 8674 MW m 1993, and to 8506 MW m 1994 The peak for the current year to date 1s 8127 MW, 
thls may represent the htgh for the year as hlstoncally the annual peaks have occurred m January, 
February or December 

Heat demand has also been decltIllng m North Caucasus and Krasnodar Kra~ smce 1990 The rate of 
deche  has been s d a r  to that of electncity, wth  most of the deche occurring m the mdustnal 
sector Table 2-5 below dustrates the recent trend m heat consumptron m North Caucasus and 
Krasnodar Kra~ 
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Table 2-5 
Recent Heat Annual Consumptron 

Year 

North Caucasus Krasnodar Krm 

MIIL Gcal Index MIIL Gcal Index 

* Total co-t~on (mcludes dutnbut~on losses and own usage) 

Heatmg needs are expected to contmue to deche untd 1996 and then to resume growmg at about 
3% per year through 2005 (Add~bonal detads on the recent trends and proj-ons for heat 
consumptron are mcluded m Appendx C ) Heat consurnpbon has been declrnrng somewhat more 
raprdly than electricity consumpbon and wdi contrnue for a shghtly longer penod The overall 
Merence IS about a 10% reductton m heatmg relabve to electnaty use Whlle thts 1s slgmficant, rt 
is not expected to have a major Impact on the apphcabon of combmed heat and power (CHP) 
electrrcity generabon. For this reason the study has gone forward on the assumpbon that e-g 
CHP capacrty should be replaced m the case of umt retrernents and that new base load capacity 
should take advantage of CHP opportumbes m the selmon of plant sites 

In consrdemg srtes for the Krasnodar Power Project, two mqor h c t  heat demand centers were 
identdied the city of Krasnodar and the raprdiy developrng port aty of Novorossiysk Krasnodar has 
a base heat demand of 380 GcaVhr and a peak demand of 1,950 GcaVhr, wiule Novorossrysk has a 
base demand of 120 GcaVhr and a peak demand of 525 GcaVhr Only these two locabons are 
considered kely canchdates for the lnstallabon of a major CHP plant W e  there are other crbes m 
Krasnodar Krat that wdd use heat fiom CHP plants, they were not considered large enough to make 
e f f ' v e  use of the heat that would result fiom plants of the srze under considerabon (450 MW and 
UP) 



KR~SNODAR POWER GENERATION PROJECT 

The current mterrqond cap- for d e m ~ g  major quantlbes of power 1s two long 220 kV h e s  
connectmg the North Caucasus to the Center UPS About 500 MW of power can be dehvered to the 
region, only 200 MW of thts can be considered as firm. A 500 kV transmssion redorcement project 
LS currently underway that w d  mcrease the transfer capaclty to 900 MW, of whch 750 wdl be firm 
capacity Further redorcements are under considerabon to make up for the loss of transmssion 
capaclty through Ukrame petads regardmg Transmsaon opt~ons are presented m Appendur B ) 

2.5 NEED FOR ELECTRIC GENERATING CAPACITY 

As can be seen fiom the above &scussion and Table 2-6 below Krasnodar Krar IS hghly dependent 
on other regons to prowde its power needs Th~s dependency IS endangemg electricity supply 
rehabhty m the regon, ~t also results m unnecessary transrmssron losses The situation there ~s 

reported to be resultmg m adverse economc and enwonmental Impacts, smce much of the e;mstmg 
capmty IS old, mefficient, and ddlicult to -tam properly The demand for power m the regon ~s 

not bemg met due to rehbdxty problems and an overall shortage m capaclty h sxtuatton wdl only 
worsen mth growmg demand If the system 1s to become rehable, there IS a pressmg need to provide 
new and replacement plants m Krasnodar Km to meet current and projected power and heat demand 
levels 

Table 2-6 
Electnclty generahon Versus Consumption 

Brll~on Kwh 
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1993 

1994 

North Caucasus 

% 

91 

90 

Generation 

50 6 

45 5 

Consumpbon 

556 

504 

% 

37 

44 

Krasnodar Kra 

Generatron 

5 6 

5 9 

Consumpbon 

15 0 

13 5 



CHAPTER 3 
OPTIONS FOR HEAT AND POWER SUPPLY 

Because the North Caucasus IS defic~ent m generation capacity, mvestment m new facilities IS 

required to meet the reg~on's current and future electricity demand The need for additional 
capacity can be met through a combination of constructmg new generation capacity, Importing 
additional power from ne~ghbonng reglons, and completmg alreadycommtted hydroelectric and 
nuclear projects Heat demand will be met through a combmahon of combmed heat and power 
plants and smgle-purpose boller plants 

Wlthin the North Caucasus region, the Krasnodar Krai has the greatest need for additional 
capacity All power generahon technologies can be considered to meet h s  capacity requirement 
However, the results of the JEPAS study md~cated that coal-fired power plants have hlgh 
delivered fuel costs, and gas- and mamt-fired steam plants are not as efficient as (and therefore 
not competitive wlth) modem combustion turbme combmed cycle plants 

3.1 CANDIDATE PROJECTS FOR THE KRASNODAR KRAI 

Kubanenergo has Identified three future generahon sltes m Krasnodar Krai Mostovskoy, 
Krasnodar and Novorossiysk Because the Krasnodar and Novoross~ysk plants can serve a 
sigmficant dlsmct heatmg load, a combmed heat and power plant has been consldered for them 
At Mostovskoy, the heatmg requirements of the adjacent settlement will be met by the power 
plant, however, b s  IS a small load The Mostovskoy plant is considered a power-only plant in 
tJxs evaluat~on 

S~te-specific costs were developed for a range of plant configurahons The generabon technologies 
consldered are lmted  to combusbon turbme applicat~ons, both slrnple cycle and combmed cycle 
power plants for power only or combmed heat and power plants Table 3-1 ~dentfies the alternate 
plant configurahons that are bemg consldered as candidates to meet the future electrlc demand of 
the Krasnodar Kra~  

PZant Capaczty Plant configurations are based on a 150 MW capac~ty combustion turbme Thls 
umt sue represents an advanced design of h~gh efficiency, and has demonstrated operatmg 
experience The typ~cal combmed cycle power block would have two combustion turbmes (300 
MW total) and one steam turbme generator (150 MW) for a total capaclty of 450 MW Mult~ple 
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blocks would be built to produce additional power Power plants from 300 MW to 1,350 MW are 
cons~dered 

Staged Consfnrcfron. In developmg an mvestment plan that reflects the tmmg of capaclty needs, 
it may be desirable to build multiple blocks of power at the same site, but w~th blocks spaced 
more than one year apart Under thls scenario, the first stage of construction would mclude lugher 
costs to accommodate future plant expansion For example, the gas p~pelme would be sxzed for 
the final capacity and a majonty of the transrmssion Imes, slte roads and rnfrastructure would be 
built In the first stage 

Table 3-1 Includes alternates for staged construction As an example, Cases 5a and 5b represent 
a 900 MW plant built m two stages, whde Case 6 represents the same 900 MW plant built at one 
tme 

3 1 1 Mostovskoy Project 

Smple cycle combustion turbmes and comb& cycle power plants up to a capacity of 1,350 M Y  
are considered for Mostovskoy The plants would be built at the site that IS now under 
development by Kubanenergo A new gas p~pelme and large transmss~on system mvestment are 
requlred for ths project 

The deslgn of the gas pipelme for the Mostovskoy slte IS based on mformabon prov~ded by Kuban 
Gazprorn for the 1,350 MW plant at an April 1995 meetmg The design bass is as follows 

Distance 60 km 
Pressure 55MPa 
Szze one 400 mm dlameter lme for 300 MW (smple cycle) or 450 MW 

(combmed cycle) 
one 500 mm dlameter lme for 600 MW (smple cycle) or 900 MW 
(combmed cycle) 
one 700 mm diameter lme for 1,350 MW (combmed cycle) 

The lme IS assumed to be routed underground 

Kubanenergo discussed the need for two lmes to the power plant, one for the prunary fuel and one 
to supply backup fuel Because of the very hgh cost of the pipelme, b s  IS not considered to be 
cost-effectrve The backup source of supply should be routed through the prlmary lrne 

The transmssion system interconnection work cons~sts of the followmg projects 
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Table 3-1 

PLANT CONFIGURATIONS 

SITEICASE # DESCRIPTION 

MOSTOVSKOY 
I 
2a 
2b 
3 
4 
5a - 

5b 
6 
7a 
7b 
7c 
8 

KRASNODAR 
9 
10 
l l a  
I l b  
12 

I 

NOVOROSSIYSK 
13 
14 

t .-- - .. - - 

300 MW Simple Cycle 
300 MW Simple Cycle - F~rst Stage 
300 MW S~mple Cycle - Second Stage 
600 MW Simple Cycle 
450 MW Combined Cycle 
450 MW Combined Cycle - First Stage 
450 MW Combined Cycle - Second Stage 
900 MW Combined Cycle 
450 MW Combined Cycle - Flrst Stage 
450 MW Combined Cycle - Second Stage 
450 MW Comb~ned Cycle - Third Stage 
1350 MW Comb~ned Cycle 

300 MW S~mple Cycle 
450 MW Combined Cycle ICHP 
450 MW Combined Cycle - First StagelCHP 
450 MW Combined Cycle - Second ~ t a ~ e l ~ ~ l  
900 MW Comb~ned Cycle ICHP 

300 MW S~mple Cycle 
450 MW Combined CyclelCHP 

L 



- 
1 Up to 600 MW 220 kV (250 km) from Kurgannaya to Zilposelok, mcludrng 

reroutmg existmg lmes via the Krasnodar Plant 

500 kV (44 km) reroute lme Tzentralnaya - Zelenchukskaya via the Krasnodar 
Plant 

2 Up to 900 MW add 220 kV (120 km) from the Krasnodar Plant to Cheremushlu 

3 Up to 1,350 MW add 500 kV (280 km) from the Krasnodar Plant to Krymskaya 

3 1 2 Krasnodar Project 

Slmple cycle combustion turbmes and comblned cycle power plants operatrng m a combmed heat 
and power mode up to a capacity of 900 MW are considered for the existmg Krasnodar TETS 
site Based on mformation provided by Gazprom, 60 km of existlng pipelme will need to be 
replaced to accomodate expansion of the power plant In addiQon a booster compressor will be 
requrred 

The transmssion system mterconnection work consists of the followmg projects 

1 Up to 450 MW 220 kV (25 lun) from the Krasnodar Plant to Alipskaya 

500 kV (180 km) from Kryrnskaya to the Krasnodar Plant to Tzentralnaya 

2 Up to 900 MW add 220 kV (50 km) from the Krasnodar Plant to 
Vitarmncomb~nat 

3 1 3 Novorosslysk Project 

Slrnple cycle combustion turbrnes and combmed cycle power plants operatmg m a combmed heat 
and power or condensmg mode up to a capacity of 450 MW are considered for Novorossiysk A 
specific site has been identified by Kubanenergo but site studies have not been performed No 
coolmg water is avadable at the site 

The district heatrng system m Novorossiysk consists of local sytems around individual bodier 
houses A new CHP plant would mclude a distnct heatmg trunk pipelme (700 mm underground 
pipe, 10 km long) to connect to the centralized district heatmg system 
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The ex~stmg gas plpelme to Novoross~ysk does not have adequate capac~ty and pressure to meet 
the requments  for this add~tlonal capaclty Based on information provided by Gazprom, a new 
plpel~ne from the Kushevskoye underground storage reservorr to Krasnodar, and a new p~pelme 
from Krasnodar to Novoross~ysk w~l l  be requred Of the total length of new p~pellne requ~red, 
200 krn will be assessed to the power plant 

The transmssion system mterconnectlon work cons~sts of the followmg projects 

1 Up to 450 MW 220 kV (25 km) from the Krasnodar Plant to AIipskaya 
500 kV (180 km) from Krymskaya to the Krasnodar Plant to Tzentralnaya 

2 Up to 900 MW add 220 kV (50 km) from the Krasnodar Plant to 
V~tarmncomblnat 

3 2 1 Power Plant Capltal Costs 

A summary of the cap~tal costs for each power plant configuraaon IS presented m Table 3-2 The 
cost estunates for the sunple cycle and combmed cycle power plants are based on plant deslgn and 
slte lnformat~on learned m meetmgs w~th Kubanenergo and Rostov Teploelectroproject m Aprli, 
as well as vls~ts to the Mastovskoy and Krasnodar sltes 

In estlmatlng the costs ~t has been assumed that the combust~on turbmes, heat recovery steam 
generators, steam turbmes, and the dlstr~buted control systems w~l l  be procured under 
lnternat~onal competltlve b~ddlng whlch will allow both fore~gn and Russlan suppl~ers For the 
purpose of h s  cost estxmate U S prlces were used Owner's costs and allowance for 
contmgencies are mcluded Taxes and dut~es are not mcluded 

It was assumed that a dry coolmg tower would be requrred at the Mostovskoy and Novoross~ysk 
slte because of envronmental and other cons~derat~ons At Krasnodar the exlstlng once-through 
coolmg system was assumed, however, further mvestlgatlons wlil be requred 

Prev~ous cost estlrnates for the Krasnodar Power Generat~on Plant (Mostovskoy s~te) are based 
on 1991 costs m Rubles and have not been updated In order to develop current (1 995) costs, an 
estlrnate was prepared based on U S costs, and the local Russlan content was converted mto 
equivalent U S dollars usmg factors establ~shed m the JEPAS Spec~fically, U S costs were 
converted to Russian costs at the rate of 70% for matenals, 75% for metals, and 50% for 
equipment Takmg mto account current salanes and labor productlvlty, Russlan labor costs were 
assumed to be 20% of U S costs 
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Table 3-2 

NEW PLANT CAPITAL COSTS 

NOTES. 1 All configurations use combustion turblnes n slmple cycle or combined cycle mode wtth natural gas as fuel Backup Fuel is #2 011 

MUMPTIONS. 1 Internattonal supplled equipment lncludes combustlon turbrnes HRSGs, steam turblnes and dlstrlbuted control systemm 
2 A dry coollng tower assumed at Mostovskoy and Novoross~ysk 8 a once through cooling system assumed at Krasnodar 
3 Owneh Costs Included In lnd~rects A Contingency of 10% Included In lndlrects only 
4 For CHP Plants costs are Included only for work lnslde plant boundary In regard to lndustrlal steam and d~strlct heatlng 
5 To allow for front end englneerlng and environmental work add one year to the lead tlme for Krasnodar and two years for Novoross~ysk plants (each configuration) 

to determine earllest commercial operation date 

SlTElCASE # 

MQSIQYSKQY 
1 - - - -- - 

- --_2a 
2b - - -- 
3 - - - - 
4 
5a - - -- -- -- 

6 -- - - 
7a -- -- 
7b -- - - - 
7c 
8 - -- - 

KEISNODAR 
9 
10 
1 la - 

l i b  

- 12 - 

NOVOROSSIW 
13 
14 

LEAD TIME 
(months) 

24 - - - 

24 

- 1 _ 8  -- 
30 

-- 30 
30 
24 
42 --- 
30 
24 
24 
48 

-- 24 
30 - 
30 
24 

42 - 

24 
30 

DESCRIPTION 

300 MW Slmple Cycle - -- - 
300 MW Slmple Cycle - Flrst Stage -- 
300 MW Slrnple Cycle - Second Stage -- 
600 MW Simple Cycle 
450 MW Comblned Cycle 
450 - MW Comblned C y c l e l r s t  Stage 
50 MW Comblned Cycle - Second Stage 4 

900 MW Cornblned Cycle -- 
450 MW Comblned Cycle Flrst Stage -- - - 
450 MW Combined Cycle - Second Stage - 
450 MW Combined Qglp - Thlrd Stage 
1350 MW Comblned Cycle 

300 MW Slmple Cycle 
450 MW Comblned Cycle ICHP 
450 MW Comblned Cycle - Flrst StagelCHP 
450 MW Comblned Cycle - Second StagelCk 
900 MW Comblned Cycle ICHP 

300 MW Slmple Cycle 
450 MW Comblned CycleICHP 

NON 
EQUIPMENT 

192 - - - --- . 
1 9 2  
192 
192 -- - -- 
208 
214 . 

202 

- 
220 
202 
202 
208 

-- 192 
- 208 

214 

-- 202 
208 

192 
208 

TOTAL 
$IkW 

367 
380 
310 
317 

479 
549 
351 
446 
623 
351 
35 1 
430 

350 
427 
485 

348 
413 

355 
479 

RUSSIAN (1995 
INDIRECT 

44 
48 -- 
44 - -  

37 
40 
27 

2 0 8 . ? -  
49 - 
27 
27 
32 

44 
37 
39 
27 
34 

44 
37 

CAPITAL COSTS 
US $lkW 
SUBTOTAL 

236 - 
- - 240 - 
- 2 3 6  -- 

3 4 . - 2 2 6 - - -  
245 - 

- -  254 
223.- 
242 

-- 269 
2a!- - 

- --- 229 
240 

2 3 6  
243 ---- 
253 
229 - 
242 

236 
245 

EQUIPMENT 

19 - --- - -- 
-- A9 - 
. - 17 - 
--1a-- 
- -  52 
- 

---!!I -- 
-- --- 51 -- 
- 1 9  - - 
- 41 

4 1 

- -  -- 50 . 

- I3 -- 
-2 -. 
-- 61 

41 

- 50 

19 
52 

RUSSIAN 
MATERIALS 

32 - -  

4 %  - 
15 - 

~. -- 23 

- -  92 
- _ 123 

77 - - 
149 

- 3 5 -  
35 

- - 71 -- - - 

- ---- 31 
58 . 

8 1 .  
34 
57 - -  

28 
92 

(1995 US 
LABOR 

. 7 - 
8 .- - - - 
5 

--6_ - 
_-E4- _ 

.- - 27 - 
-- 1% - 

23 

.. - 3 - - 
-.-I? - 

- 19 
- - 22 - 

~. - 7 - _. 

- 22 - - 
-_M - 

1% -- 
2 1 . - - - 

--- 7 - - A . 

. -  24 . 

$lkW 
INDIRECT 

-- 7 3 -  
- 73-- 
- 32- - 

. - - - 44 
66 

- --- 84 
27 

--53 -- 
- -- 103 - 
- - -- 27 -- 

- 27 
47 

----- 57 - -  - 
- 50 - - 
- 6 6  

25 
43 - - -  

65 - 
66 -- 

SUBTOTAL 

+-I31 _ - 
140 

-- 74 

-9.l - 

-3% - 

- --- 295 
122 -- - 

- --- 204 
- 354 

122 

- - 122 
190 

- 114 
-- 182 
- 232 

119 
171 --- - 

- - 119 - _ 
2-_ 



3 2 2 Power Plant Operatmg and Mamtenance Costs 

A summary of the plant operatmg and mamtenance costs and plant performance characterlstlcs 
IS presented m Table 3-3 for Sunple Cycle and Combmed Cycle power plant configurations 
Performance character~st~cs and operatmg costs for the dlstrlct heatmg codiguratlons are 
presented m Table 3-4 

For estlmatmg the operatmg and mamtenance costs, the number of plant operatmg and 
mamtenance personnel (mcludmg adrrrrmstratlve and supervisory personnel) was assumed to be 
twice the number of people used at s~rmlar plants m the Umted States Thls number IS 

substantially below the current staffing levels m Russlan power plants Detalls of the staffing plan 
wlll be developed m conjunction with Kubanenergo m Task 2 of th~s project The assumed staffmg 
levels are as follows 

Plant Capacq Number of Personnel 

300 MW sunple cycle 
600 MW slmple cycle 

450 MW combmed cycle/CHP 120 
900 MW combmed cycle/CHP 170 
1,350 MW combmed cycle 220 

3 2 3 Costs of Settlement at Mostovskoy and Novorosslysk (Social Costs) 

Although a large settlement (about 5,000 people) IS planned at Mostovskoy, the scope of thls 
settlement goes beyond what The World Bank would conslder financmg as part of the project's 
cost The Bank has mdlcated than appropnate project costs would mclude housmg for the farmlles 
of power plant personnel and drrectly related support faclllfies for them (e g , school, medlcal, 
recreafion) Any other facllrtles, such as retad stores and housrng for the farmiles worlung m these 
other fac~l~t~es,  would need to be financed outslde of the project 

The subsldned housmg provided to plant personnel is considered a fkmge benefit that IS related 
to the salmes pald to the personnel The total mvestment requned for the setdement costs for the 
plant personnel, support personnel, and faclllhes is arnorhzed over 25 years to develop an annual 
charge for soclal costs Tbls annual charge is mcluded m the fured O&M budget 

Sufficient houslng has already been constructed at Mostovskoy to accommodate the farmlles of 
the max~mum level of 220 plant personnel as well as farmlies of the support personnel Smce the 

Task 1 Report 
July 1995 3-7 



Table 3-3 

NEW PLANT PERFORMANCE CHARACTERISTICS AND OPERATING COSTS 

cJQIE% (1) Aux load e at full load 
(2) lso Ambient conditions Fuel natural gas Units kJIkWh 
(3) Soaal Costs remain constant and are amortized over 25 years 
(4) Net MW and Net Heat Rate are for comb~ned cycle plants w~th no distnct heating 

Performance data wlth distnct heating are being provlded separately 
(5) These numbers are approximate and are to be considered for the duration until 

the next stage is built 

STATION AUX 
LOAD (MW) (1) 

1 8  
1 8  
3 2 
3 2 
8 5 
8 5 
17 
17 

_ 8 5 
17 

25 5 
25 5 

1 8  
7 
7 
14 
14 

1 8  
8 5 

SITEJCASE # 

MOSTOVSKOY 
1 - - - -- 
2a -- -- - - 

- 2b 
3 - - -- 
4 
5a 
5b 
6 
7a 
7b - 
7c - - - -- - 
8 - 
9 
10 
I l a  
l l b  
12 

DESCRIPTION 

300 MW S~m&e Cycle -- - 
300 MW Simple Cycle First Stage -- - 
300 MW Simple Cycle - Second Stage 
600 MW Simple Cycle -- 
450 MW Combined Cycle 
450 MW Combined Cycle First St%% 
450 MW Combined Cycle - Second Stag - 
900 MW Combined Cycle 
450 MW Comblned Cycle F~rst Stage 
450 MW Combined Cycle Second Stag 

- 450 MWCombtnedcle Th~rd St* 
1350 MW Combined Cycle 

300 MW Simple Cycle 
450 MW Combined Cycle 
450 MW Combined Cycle - Rrst Stage 
450 MW Combined Cycle Second Stag 
900 MW Comb~ned Cycle 

13 300 MW Simple Cycle 
14 450 MW Combined Cycle 

NET CAPACITY 
Full Load 

300 
300 - 
600 
600 -- 
443 
443 
886 
886 

-- 443 
886 
1330 
1330 

300 
-- 450 

450 
900 

, 900 

300 
443 

o i3 M COSTS (MW) (2) 
M n  Load 

- 75 
- 75 

150 
150 -- 
111 

- 111 
221 5 
221 5 - 

. L!JL.- 
221 5 
332 5 
332 5 

75 
112 5 
112 5 
225 
225 

75 
111 

Fixed 
Labor & Mat 

5 3 8  
- -  5 38 

5 38 - 
- 5 38 

7 80 

- 7 8 0  
- -  7 24 

7 24 

- 7 80 - - 
7 24 
6 82 
6 82 

5 38 

7 
7 68 

-- 7 13 
- 713 

530  
7 80 - 

\ET HEAT 
Full Load 

~~ 
- 10 -- 634 

10 634 , 
10,634 
7,004 

-- 7 004 
7 004 
7 004 - 

_z!BL,- 
7,004 
7,004 
7,004 

10,634 
6,892 
6,892 
6 892 
6,892 

10,634 
7,004 

RATE (LHV) (2) 
Mln Load 

- ! & ! ? 5 2  
- -  15 952 

15,952 
15,952 - 
- 9,806 
- - 9 806 

9t8os -- 
- -  9 806 

9 t 8 0 6  
9,806--- 
9,806 
9 806 

15,952 
9,649 - 
9,649 
9 649 
9,649 

15,952 
9,806 - 

OUTAGE 
Forced 

- 4 
4 - 
4 

- - 4 -- 
- 4 6_-- 
- 4 6 
--3 6 -- 

4 6 - 
--- 4 6  - 
-9 6-- 

-_4_6- -- 
----- 4 6  - 

4 
4 6  

4 6  
4 6  - -  
4 6  

4 6  

(SlkWlvr) 
oaal costs.(3' 

1 

--0!2!! -- 
0 00 
0 00 - 
0 00 

- -  0 00 
000 - 

-- O 00 - - 
- 0 - 00 -- 

000 - 
0 00 -- 
0 O c -  

-- 0 00 -- _ 

- 0 00 -- 
0 00 

0 oo-- 
-- 0 00 -_ 
-- 0 00 

- -  178-  
- -- 1 58 

RATES (%I 
Planned 

6 ! 5 - -  
- 6 9 

6 9 

- -  6 9 
- -  6 9 

6 9 

-- _6 9 
6 9  

- 6 9  -- 
6 9  
6 9  

-- 6 9 

6 9  
6 9  

--- 6 9 
6 9  
6 9  

4 - - - 6 9  
6 9 

banable ($IMWh- 

--- 0 07 
- 0 07 

0 07 - --- 
- - 007 -- _ 

0 z!! 
0 29 
O 29 
0 29 

- 029  - 
029  _ 

- 029  - 
0 29 

-- - 0 07 -- 
-9 29 -- 

_ -- 0 29 -- - 
-- 0 39 -_-- 

0 29 -- -- 

- 007--  
- 0 29 



Table 3-4 

NEW PLANT PERFORMANCE CHARACTERISTICS AND OPERATING COSTS 
(Comb~ned Cycle wlth D~strlct Heatlng) 

NOTES. 

DESCRIPTION 

w 
450 MW Comblned Cycle 

900 MW Comblned Cycle - 
450 MW Comblned Cycle 

(1) Performance parameters are based upon the combustion turb~ne operating under 
 so amblent cond~tions, Fuel natural gas Units kJ1kWh 

(2) Soclal Costs remaln constant and are amortized over 25 years 
(3) Net MW and Net Heat Rate are for comblned cycle plants w~th distrlct heating 
(4) The maximum dlstr~ct heat~ng water supply temperature from the unit 1s 120 deg C 

wlnter 

sprlnglfall 

summer 

w~nter 

sprlnglfall 

summer 

- w~nter 

spr~nglfall 

summer 

NET CAPACITY (MW) ( I )  

Full Load 

389 

409 

428 

778 

818 

856 

384 

403 

42 1 

Mln Load 

369 

307 

236 

738 

614 

472 

364 

304 

232 

NET HEAT RATE (LHV) (1,4) 

Full Load 

5 233 

5 855 

6,420 

5,233 

5,855 

6.420 

5 307 

5 942 

6,517 

0 8 M COSTS 

Mln Load 

5 174 

5 840 

6,905 

5,174- 

5,840 

6,905 

5 247 

5 926 

7,008 

Vanable ($/MWh) 

0 32 

0 32 

0 32 

F~xed ($lkWlyr) 

Labor & Mat 

8 45 

8 45 

8 45 

Soc~al Costs (2) 

0 00 

0 00 

1 58 



- 
econormc analysis does not consider costs already mcurred, the social costs for Mostovskoy are 
assumed to be zero 

It is assumed that no additional soc~al costs are requxed for the Krasnodar TETS plant smce 
housrng for plant operators already exists, and any new hues wlll be local people 

It 1s assumed that at Novoross~ysk, housmg and related facilities wdl be requxed for one-half of 
the plant personnel, with the balance of the staff lured locally 

3 2 4 Gas Pipeline, Dlstrict Heatmg and Transrmssion Llne Costs 

A summary of the gas p~pelme capital costs is presented m Table 3-5, whlle the capital costs of 
the transrmsslon system mterconnectlons are presented m Table 3-6 Transmssion system losses 
are also ~dent~fied m Table 3-6 

The cost of the gas p~pelme IS based on the design description provlded m Section 3 1 1 A 
current Russian cost for tlvs p~pelme IS not ava~lable An estmate was prepared based on U S 
costs It 1s assumed all of the plpellne construction would be done wlth Russian materials and 
labor The Russ~an costs were converted rnto equivalent U S dollars usrng the factors described 
above for the power plant (Sechon 3 2 1) 

It IS recogrued that the cost of gas pipelmes will be paid by Gazprom, and mcluded m the prlce 
charged to the project for gas However, the costs of mtallmg gas p~pellnes wdl be different for 
each slte, and these differences must cons~dered m the economc analys~s of the project The gas 
plpelme to Novorossiysk would be Installed m conjunction w~th the replacement of the existmg 
plpelrne servmg Novoross~ysk A gas p~pelme sized to meet both the city requlrements and power 
plant was assumed, w~th the power plant project assessed a cost m propomon to its requlrements 

The new CHP plant at Krasnodar wlll connect with the existmg distr~ct heatmg network and no 
costs for distrrct heatmg pipelmes are mcluded The new CHP plant at Novorossiysk mcludes a 
10 km p~pelme to connect to the district heatlng system Thls new pipelme 1s estmted to cost 
$5 88 rmll~on based on eshmates provided by RAO EES Rossii 

The new CHP plants may avoid the need to mtall new slngle purpose heat only bollers to replace 
aglng boller plants The analysis of plant alternatives considers the cost of heat only bo~lers A 
heat only boiler plant consistmg of multiple boders with a total capacity of 1,000 Gcallhr m 
estimated to cost $43 nullion 

Transrmssion system upgrades and additlons needed to mtegrate power plants at either 
Mostovskoy, Krasnodar or Novoross~ysk mto the regional power system assume that exlstmg ties 
to Ukrame are available, and that the first stage of the mterreglonal tle between the Center region 
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Table 3-5 

CAPITAL COSTS 
GAS LINE FOR NEW PLANTS 

ASSUMPTIONS. 1 Contrngency included in lndlrects 
2 A 60 krn gas line cons~dered at Mostovskoy Gas line sized for 5 5 MPa 
3 A 200 krn gas llne is Included for Novorossrysk Cost shown represents project share of 700 mm 

line slzed to meet the City requirements and the power plant A compressor IS included In matetlal 
costs 

4 A new 60 krn gas line and booster compressor wrll be requned for Krasnodar for projects which 
Increase current gas consumptron 

S ITEICAS E # DESCRIPTION 
CAPITAL COSTS 

RUSSIAN (1995 US $ ~1000) 
MATERIALS I LABOR INDIRECT TOTAL 

MOSTOVSKOY 
1 
2a 
2b 
3 
4 
5a 

300 MW Simple Cycle 
300 MW Simple Cycle - First Stage 
300 MW Simple Cycle - Second Stage 
600 MW Slrnple Cycle 
450 MW Cornb~ned Cycle 
450 MW Combined Cycle - Flrst Stage 

I 
I I I 

14630 1 7405 1 2420 1 24455 
22 990 7 695 3420 34 105 

0 I 0 1 0  I 0  
22990 ! 7695 . 3420 I 34105 
14630 ! 7,405 1 2,420 24 455 
22 990 

0 
22 990 
26 410 

o 
0 

26 410 

5b 
6 
7a 
7b 
7c 
8 

KRASNOOAR 
9 
10 
1 l a  
l l b  
12 

NOVOROSSlYSK 
13 
14 

7 695 3,420 34 105 
0 ' 0  I 0  1450 MW Cornbrned Cycle - Second Stag 

900 MW Cornbrned Cycle 
450 MW Cornbrned Cycle - F~rst Stage 
450 MW Combined Cycle - Second Stag 
450 MW Cornblned Cycle - Third Stage 
1350 MW Cornblned Cycle 

300 MW Srrnple Cycle 
450 MW Cornb~ned CycleICHP 
450 MW Combined CyclelCHP - 1st Stag 
450 MW Combined CyclelCHP - 2nd Sta 
450 MW Cornbrned CyclelCHP 

300 MW Slrnple Cycle 
450 MW Combined CyclelCHP 

7 695 
7 845 

3420 1 34105 
3790 ' 38045 

I 

29 175 
29 175 
29 175 

0 
44 550 

47 523 

4,150 1 43,505 
4,150 1 43 505 
4150 ' 43505 , 

o i o ~ o  

10 180 
10,180 
10 180 

0 
10 785 

8 715 
47 523 

0 
5 900 

0 
7 845 

0 
61 235 

0 1 0  
3790 1 38045 

8715 1 6030 62 268 
6 030 62 268 



Table 3-6 

TRANSMISSION COSTS - AND TRANSMISSION SYSTEM LOSSES 

Opt~ons 
Capltal 

Cost 
M~lllon US$ 

84 
86 3 
84 
105 
1 92 
89 
89 
99 
89 
99 

19 5 
23 
23 
28 
123 
127 
130 
200 
200 

GT 300 M 
GT 600 M 
CC 450 M 
CC 900 M 
CC 1350 M 
GT 300 K 
CC 450 K 
CC 900 K 
HP 450 K 
HP 900 K 
GT 300 N 
CC 450 N 
HP 450 N 
600 N 
750 N 
900 N 
1050 N 
1200 N 
1350 N 

Transmlsslon 
Loss 
MW 

-4 8 
-1 9 
-3 8 
10 5 
24 5 
-8 7 
-8 5 
-3 9 
-8 5 
-3 9 

-11 3 
-12 7 
-12 7 
-12 7 
-12 4 
-8 6 
-6 0 
-4 0 
-3 0 

2x1 50MW - Gas Turbines - Mostovskoy 
4x1 50MW - Gas Turbines - Mostovskoy 
1 x450MW - Comb~ned Cycle - Mostovskoy 
2x450MW - Combined Cycle - Mostovskoy 
3x450MW - Combined Cycle - Mostovskoy 
2x1 50MW - Gas Turbines - Krasnodar 
1 x450MW - Combined Cycle -Krasnodar 
2x450MW - Combined Cycle -Krasnodar 
lx450MW - CHP - Krasnodar 
2x450MW - CHP - Krasnodar 
2x1 50MW - Gas Turb~nes -Novoross~ysk 
1 x450MW - Combined Cycle - Novoross~ysk 
lx450MW - CHP - Novoross~ysk 
4x1 50MW Novoross~ysk 
750MW Novorossiysk 
2x450MW Novorossiysk 
1050MW Novoross~ysk 
1200MW Novorossiysk 
3x450MW Novorossrysk 



- 
and North Caucasus (three 500 kV lmes from Balakovskaya Nuclear Plant to the Rostovskaya 
Nuclear Plant) IS available 

Transmss~on lme costs are assumed to consist of 63 % materials, 25 % labor, and 12 % right of 
way 

The IPMG model cons~ders all power generation technolog~es foss~l, nuclear and hydroelectric 
Capital costs prov~ded m the JEPAS study for fossll plant options were reviewed and updated 
Table 3-7 ~dent~fies the cap~tal costs for fossll plants used m th~s  study 

A portlon of the future elecbx power demand m the North Caucasus wdl be met by hydroelectnc 
plants that are already cornnutted The followmg hydroelectnc plant were considered 

Zararnags kaya 340 MW 4 x 85 MW u t s  Frst  unit operatron m 2001 
Zelentchukskaya 160 MW 4 x 40 MW units Frst  un~t opera~on m 1996 
Aushgerskaya 40 MW Indefmte 

The Rostov Nuclear Power Plant IS partdly constructed and the opbon exlsts to complete at least 
the first umt of tins plant The cost used m the JEPAS study of approximately $100/kW to 
complete construction is not cons~dered suffic~ent Talung mto cons~deraQon poss~ble detenoration 
and the potentla1 for safety upgrades, an estmatr: of $300/kW is assumed as the cost to complete 
the first umt of the Rostov Nuclear Power Plant 

The maxlmum transfer capabrllty from the Center Region to the North Caucasus IS 1,700 MW, 
mcludmg 1,340 MW gomg through Ulcrame Ths  capability reduces s~gruficantly to 1,200 MW 
as a result of the frs t  contmgency when an ma-Ukralnlan or mter-reglonal500 kV lme IS out 
of servlce 

3 4 1 Mlddle Volga - Center - North Caucasus Project 

A transrmsslon reinforcement program consistmg of four complementary 500 kV transrmssion 
addlt~ons with a total length of 975 km has been cons~dered m the JEPAS study The first stage 
conslsts of 360 km of 500 kV lmes, related substation upgradmg, and conversion of the 
Balakovskaya Nuclear Plant to Trubnaya 500 kV lme from 220 kV to the rated 500 kV Russian 
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experts assume ths  ;tage will be completed w1th.m two years, irrespective of the Krasnodar 
project 

The second stage of the project consists of 615 km of 500 kV lmes and related substation 
upgradmg 

The costs associated w~th the construction of the first stage of the Middle Volga - Center - North 
Caucasus project are considered to be commtted costs and are not mcluded m ths  economc 
analysis 

3 4 2 Volgograd-North Caucasus and Southern Center-North Caucasus Projects 

Additional transmsslon projects that could mcrease the power transfer capability to the North 
Caucasus were considered as follows 

b Volgograd - N Caucasus (540 km of 500 kV lme fiom Frolovo via Shahty to the 
Rostov nuclear power plant, 84 km of 220 kV lme and related substation 
upgradmg) 

b Southern Center - N Caucasus (525 km of 500 kV lme from the 
Novovoronezskaya nuclear power plant to Shahty and related substation 
upgradmg) 

All three of the sites proposed for the add~tion of generation capacity m the Krasnodar Krai have 
certam urllque advantages D e y  differ prmcipally m terms of three items transmssion 
access, proxmty to gas supply Imes, and the need for lnfrastructural Improvements to support 
the future plant operatmg staff and thelr farmlies The costs of these items have been mcluded m 
the overall estimates of cap~tal and operatmg costs of each of the options under consideration The 
costs vary w~th  both plant capacity and technology type, as well as with the specific location of 
the sltes 

In general, transmsslon costs have the most Impact, plants located near load centers that are 
remote from exlstmg plants and replacement plants benefit from havmg low transmssion capital 
cost Impacts and potentially hgh savmgs m transrmsslon losses ms is the situation for both the 
Novorossiysk and Krasnodar sites, whde the Mostovskoy site is adversely affected by belng 
remote from load centers Gas lme costs are also a major factor as explained m Section 3 1, and 
vary for each slte Soc~al costs are only a factor at Novoross~ysk Housmg for plant staff has 
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already been consm?ted at Mostovskoy, and the exlstlng houslng m the clty of Krasnodar 1s 
considered to be adequate to accommodate the plant staff and thelr farmlles 
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4.1 OVERVIEW OF THE LEAST-COST INVESTMENT PLAN 

The least-cost mvestment plan analysis builds upon the efforts already undertaken for the North 
Caucasus region under the JEPAS The assurnptlons were rev~ewed closely ulth World Bank staff, 
enablmg a set of normative least-cost plans to be developed for the North Caucasus reglon, focusmg 
on Krasnodar Krsu Among the assumpt~ons under review were 1) the load forecast for both 
electncity and heat, 2) the expected evolmon of the shape of the load durafion curve, 3) broademng 
the options to mclude simple cycle gas turbmes, 4) the potent~al for supply from other reglons 
(including Ukrsune), 5) the feasible start dates for new plants, 6) the cost estimates for new 
mvestments, and 7) the fuel cost assumphons 

Bmldmg on work undertaken for the JEPAS, a new power demand forecast was developed for the 
1995-2020 penod for the North Caucasus Assessments of the structure of demand were undertaken 
to detennrne the expected changes m demand charactensttcs (e g , the Impact of decreasmg base load 
demand due to Industry closmgs and mcreases m peak demand due to growth In the household and 
service sector markets) The Impact of mter-fuel subshtutron (such as the replacement of coolung 
loads serv~ced by gas wth  electnc stoves) and energy efficiency mvestments have also been 
addressed The demand management aspects bwld on analyt~cal work undertaken by Russian 
consultants The results from the more demled analysis of the Krasnodar K m  have been used to 
update the demand forecast for the North Caucasus region 

The study reviewed the status of the exlstmg assets m the Krasnodar system, focus~ng on the age 
and rel~ab~lity of existing plants, and the l~kely t~metable for decornm~ssio~l~ng or replac~ng these 
plants The transmssion and d~stnbution systems have been assessed to determme the Impact on 
project costs, based on an assessment of current and forecast loss levels The companson of spec~fic 
alternative electncity generation srtes has been made usmg spreadsheets to ~dent~fy the most 
appropnate cho~ces for the Krasnodar Kra 

The study assessed the avalable mvestment opfions for meetmg future demand Thw encompassed 
the candidate plants that have been previously assessed by others, mcludmg plants at Mostovskoy, 
Krasnodar TETS, and Novorossiysk The relafive ments of combmed cycle and simple cycle plants 
were revlewed to determe the optnnal mur of plants and the stagmg of mvestments, glven the need 
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for combmed heat and power Alterna~ve sltes were assessed to evaluate the benefits of a combmed 
approach to meeting both power and heat demand 

The study also rewewed the existing and planned generation and transmssion system In the North 
Caucasus reglon to determine the potential for supplymg demand m the Krasnodar Krai from 
elsewhere in Russla and Ukrame 

The result IS an investment plan for the Krasnodar Km regonal power system, based on a thorough 
analysis of the trade-offs among alternative generatmg types and locahon, and transmsslon options 
evaluated over the penod 1995-2020 

4 2 1 L~near Program Model 

A core element of the least-cost plannmg effort is the IPMO mtegrated planrung model, whch was 
applied to characterize the Russlan UPS as part of the JEPAS 

The IPM" is a least-cost planntng model that uses a h e a r  programrmng algorithm to select 
Investment options and to dlspatch generatmg resources to meet overall electricity demand and 
energy requrements A graphcal overview of the model lnputs and outputs IS shown In Figure 4-1 

Flgure 4-1 
IPM? Features 

INPUTS 

Existing Units 

Fuel Pnce Projections 

New Resources 
Supply-Slde 
Renewables 
Demand-Slde 

Fuel Use Constramts 

Transmission Llmits 

Hourly Consumption 

IPMo 
Operations 

Multi-Year Slmulatlon 

Multi-Regional S~mulation 

Least-Cost Optlmzatlon 

OUTPUTS 

Capaclty Additions 

Purchases 

Transmsslon Addltlons 

Fuel Use 

Capacity Factors 

Llfe Cycle Costs 

Marglnal Costs 
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Ut111ty generatmg optlons are charactenzed m terms of then capital costs, operatmg and mamtenance 
costs, fuel costs, heat rates, rehabihty, and lead times The amount and scheduling of available 
powerfrom outside the North Caucasus gnd and its costs are evaluated as possible bulk power 
purchase optlons, elther for economy or for fm power purchases 

Least-cost investment options are selected by the model based 

F the cost and performance charactenst~cs of avalable ophons 

b forecasts of customer hourly consumption of electricity 

b reserve margln requirements 

The most efficient use of the exlsting and new resources avalable is optmuzed given 

b the resource m x  

b unit operating charactenstics (including heat rate, forced outage rates, full 
and mmunum load umt ratmgs) 

b operation, mantenance, and fuel costs 

The model is dynamc, that is, it develops a least-cost capacity plan for the entlre forecast penod at 
once Declslons are made on the basls of nmmuzmg the net present value of capital plus operating 
costs over the full planmng honzon 

IPMo also mcorporates seasonal factors mto the optlrnization process Seasonality is cntical to 
realistic modelmg, particularly ulth regard to the avalability of reservoir and run-of-nver hydro 
resources, the cost and operafion of pumped storage plants, and the seasonal operation of combrned 
heat and power mts 

4 2 2 Screening Model 

The evaluafion of generahon alternatives m a least-cost plan requlres the consideration of numerous 
posslble comblnatlons of fhels, technologes, and slzes of generabon wts In practice, the number 
of choices can usually be reduced somewhat because of restrictions imposed by he1 avalability, 
system size and load charactenst~cs, however, there can still be a very large number of alternatives 
to be considered ln the analysls The number of possibilities can be reduced by comparing the 
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economlc performance of each resource at d~fferent levels of ut~l~zat~on Thls IS done by a type of 
model known as a "screemng" model 

A screemng model typically does not use spec~fic ~nfoxmat~on about system load It calculates the 
economlc performance of each possible generation optlon over its full load range By comparing 

the relat~ve performance of vanous opt~ons at spec~fic ranges of ut~l~zat~on, the most llkely opt~ons 
can be rdent~fied for In-depth considerahon by a dynam~c model 

The basic methodology used m the screemng analysls mvolves the cornputahon of the levellzed costs 
of cap~tal and operatlng expenses The levellzed approach allows for the cons~deration of factors 
such as Increases m operat~ng costs, construction tune, and the cost of capital, m add~bon to present- 
day cap~tal and operatlng cost levels In h s  study, the screemng analys~s was also appl~ed to 
determ~ne the cnt~cal levels of seasonal d~str~ct heat~ng uhhzat~on for choos~ng between CHP and 
comb~ned cycle applicat~ons at each slte 

The screenlng model used m this study calculates the levellzed fixed and vanable operat~ng costs 
m terms of $/kW-year and $/kwh, respect~vely These costs are then comblned for spec~fic load 
factors to glve product~on costs In terms of $kwh The model also mcludes crelts for d~stnct 
heatmg m CHP units, both m terms of net savmgs of fuel and the avo~ded cap~tal costs for heat-only 
bo~lers 

4 2 3 Base Case and Change Cases 

The follow~ng assurnpt~ons wll  be Included m the base case of the IPMO modelmg work 

A One demand scenmo (the Base demand) wll  be cons~dered based on current 
~nd~cat~ons that the Russ~an economy has begun to rebound 

B The model ulll assume that the Rostov 1 nuclear power plant ul11 not be completed 

C The Mostovskoy plant s ~ t e  wl l  be treated as an opt~on for development, not as a 
comm~tted project 

D The model ulll assume that power wll  not be avmlable fiom Ukrane, or fiom other 
reglons of Russ~a vla Ukrman transrmss~on 11nes 

E Pol~tical turrno~l m Chechma wl1 not have a last~ng effect on the North Caucasus 
transmsslon gnd 
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F The tr'insm~ssion capacity linlung the North Caucasus to the Center UPS wl l  be 
mcreased to 900 MW dunng 1997 Of that capacity, 750 MW m11 be committed as 
"firm capacity " 

G Existmg plants m11 be retired after 40 years 

In addltion to the base case evaluations, change case model runs mil be conducted based on the 
following changes m the model's base assumptions 

A An additional 500 MW of transrmssion capacity (450 MW of firm capacity) fiom the 
Center UPS will be added to the gnd 

B A further addtion of 500 MW of transmssion capacity (450 MW of firm capacity) 
from the Center UPS mll be added to the gnd 

C The transmsslon he to Ukrame wrth a capacity of 1,400 MW w11 be re-established, 
mth a firm capacity commitment of 700 MW 

D The Rostov 1 nuclear power plant will be commissioned at the end of 1999 wth  a 
net capaclty of 1,000 MW 

E Energy demand mll grow at a slower rate due to weak level of economic recovery 
(the low demand) 

4.3 SUMMARY OF DATA AND ASSUMPTIONS 

IPMo was recently used to model the entire Russian Umfied Power System for the JEPAS The 
multi-regional structure and plant aggregation categones developed for that study were retamed for 
the Krasnodar project, since they offer an appropnate balance between mimmizing execution tune 
and computer resources on the one hand, and mamtain sufficient deml to capture the key regional 
generation and transmssion charactenstics of Russia 

The North Caucasus is one of Russia's seven Umfied Power Systems, it was not disaggregated for 
the Krasnodar analysis However, additional deml was developed for the North Caucasus, and 
selected inputs were refined based on new data fiom RAO EES Rossii, other contractors worlung 
on the Krasnodar project, and other sources 
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4 3 2 Generatron Capaclty 

Refined data on the costs and performance charactenshcs of new generatmg m t s  were developed 
Recent data on the capacrty rmx and rehrement schedule for the North Caucasus were compiled for 
b s  study The capac~ty mx and retuement schedules for the rest of Russ~a used m the IPM model 
are those fiom the JEPAS 

In modellng transmsslon lmks, a 360 MW llnk between the Center reglon and the North Caucasus 
is assumed to be In operation, of whch 200 MW IS treated as firm, rel~able capacity for meet~ng 
peak demand The Ilnk Increases to 900 MW m 1997, of whch 750 MW wll  be rel~able for meetlng 
peak demand requlrements 

Intra-reglonal transmsslon is not expl~c~tly modeled, but is ~mplic~tly treated as unbounded 
Transmlss~on losses are expllc~tly modeled, t h~s  study assumes 5% losses on mnter-regional 
transm~sslon Intra-reg~onal losses for transrmsslon and d~stnbution combmed are 11% The 
transrmssion losses associated wth  alternative capacity opt~ons were developed for the Krasnodar 
project 

4 3 4 Flnanc~aI and Economlc Assumpaons 

Natural gas pnce forecasts for the North Caucasus (shown m Table 4-1) were prov~ded by the World 
Bank, and are hased on the assurnptlon that gas pnces are regulated and allow for full recovery of 
costs plus a return on Investment For other reglons, delivered natural gas pnces were calculated 
based on crty-gate pnce dlfferenhals denved from the July 1993 Hagler Barlly report Prznczples of 
Natural Gas Przcrng rn Russra Gas pnces mcrease at the rate of 2% per year startmg In 2005, 
reflecting dimimshed production from the Urengoy field, whch wlll be offset by hgher-pnced 
production In the Yamal Pemnsula and other sources 
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Table 4-1 
Natural Gas Pnces 

(January 1995 U.S $/thousand m3, del~vered) 

North North Middle 
Year Caucasus Center West Volga Urals Tyumen S~bena 

1995 $40 $33 $34 $30 $27 $2 1 $34 

The coal pnce forecasts were used m the JEPAS fuel pnce sensitlvlty change case Forecasts for 
h~gh-grade b~tumlnous and l~grute coal m the North Caucasus are shown m Table 4-2 For 
comparative purposes, hgh-grade b~turmnous pnces for other connected regons are shown m Table 
4-3 

Table 4-2 
North Caucasus Coal Pnces 

(January 1995 U S $/tee, del~vered) 

H~gh-Grade 
Year B~tum~nous Llgn~te 
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Table 4-3 

H~gh-Grade B~tum~nous Coal Pnces 
(January 1995 U S $/tce, delivered) 

North North Wddle 
Year Caucasus Center West Volga Urals Tyumen S~bena 

1995 $4 1 $35 $3 8 $3 0 $26 $26 $13 

Calculatron of Real Escalatwn Rates Real escalabon of capital costs was taken mto account m hs 
analysrs The Russian component of the cost estimates was assumed to escalate over trme m real 
terms to approach current Western levels by 201 0 As listed m Table 4-4, the escalabon factors used 
for tlus analysis were developed m the JEPAS 

Table 4-4 
Escalat~on Factors 

(Russ~an Costs Relative to U S Costs) 

Year Matenal Equi~ment Labor 

The methodology for applymg these escalation factors consisted of the followng 

b The Russran eqmpment, labor, and matenal cae cost components were escalated 
by applymg the factors rn Table 4-4 

b Indirect costs were escalated usmg a weighted average of the matenal, equrpment, 
and labor escalabon rates The werghts used m thls cdculatron were the capital costs 
in January 1995 U S dollars 

b Owner costs were escalated usrng a weighted average of equipment, labor, matenal 
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and lndlrect escalatlon rates 

b Contingency costs were escalated uslng a weighted average of eqmpment, labor, 
matenal, indirect, and owner costs 

b Fixed operation and marntenance costs were escalated usrng a werghted average of 
labor and matenal escalatlon rates, mth a 30% weight for labor and a 70% weight 
for matenals 

w Vanable operation and mantenance costs were escalated at the same rate as 
matenals 

Other key financial and economic assumptlons are listed in Table 4-5 

Table 4-5 
Other Key Flnanclal and Economlc Assumptrons 

Real drscount rate 

Phys~cal lifetrmes 
Thermal plants 

Hydroelecttlc plants 

15% 

5% per year 

40 years 

50 years 

Cost of Unserved Energy The cost of unserved demand is evaluated usrng a proxy generatron 
optron that IS based on the assumptron that emergency dresel generators wrll be used to produce 
power when customers are demed servlce from the gnd Thls IS generally what occurs dunng 
shortages when mdustnal and larger commercral enterpnses must operate m regions are curtailed 
The fixed charge used for thls power source IS $133ikW-year and the vanable cost IS $0 0669/kWh 
Tlns IS based on the followng assumptlons 

Capital cost 
Marntenance Costs 
Heat rate 
Dlesel Fuel Cost 

500 $kW 
26 $kW - year 
14,240 kJkWh 
142 $/ton 

Residentral demand is not mcluded m computmg the cost of unserved energy n s  is because of the 
polrcy of Russian utrl~ty compmes to give pnonty to resrdentlal customers dunng shortage penods 
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Demand projechons for electnc~ty and heat consumption m the North Caucasus and Krasnodar Kra 
were developed by the Center for Energy EGc~ency (CENEf) m Moscow A complete text of 
CENEf s find~ngs are presented m Append~x C CENEf evaluated hstoncal data and projectlons 
on economlc cond~t~ons and electnc~ty supply, and developed dewled projectlons for consumpt~on 
through 2020 The projecaons for electnc~ty and heat demand for the North Caucasus UPS are 
shown m F~gures 4-2 and 4-3 and Table 4-6 

The base projectlons have been calculated on the assumpt~on that growth m the reglon well average 
just under 5% dunng the study penod The hgh projection IS based on the assumed economic 
growth rate of 8%, and the low scenmo IS based on the assumed growth rate of 2% 

Us~ng the consumpt~on figures and hstoncal records of hourly demand, projected hourly demand 
curves for electnc~ty were developed for each year through 2020 These demand curves were 
~ncorporated Into the h e a r  program model, where they are used to project capaclty requirements 
through 2020 The annual peak demand electrical projectlorn for the North Caucasus UPS are 
shown m F~gure 4 - 4 and Table 4 - 6 
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Krasnodar Power Generat~on Project 

Table 4-6 

Forecasts of Heat Electric~ty Consumpt~on, and Peak Electr~cal Demand In the North Caucasus 
-- - ----- - - - -- - - -- - 

Heat Demand Electrrc Energy Peak Demand ( -d~) - -  I 
High Base - 
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I KIUSNODAR POWER GENERATION PROJECT 

The objecbve of tlus study task has been to assess the need for the Krasnodar Power Generation 1 Project, and evaluate the economc ments of the proposed sltes, and to prepare a r h g  of optlons 
that fit u l t h  defimtlon of a least cost plan The results of th~s task mdrcate that the development 
of natural gas £ired plants m Krasnodar Krat, usmg hgh-efficiency combusbon turbmes, are an 1 economcal and necessary step m ~mprovlng the power supply situabon m the local area and m the 
North Caucasus as a whole 

I 
5.1 INITIAL SCREENING ANALYSIS - COMPARISON OF MERITS OF SITES 

As menboned 1x1 Semon 3 5, all three of the sites proposed for the adhbon of generabon capacity 
m the Krasnodar Krat have certm uruque advantages They m e r  pmc~pally m terms of three Items 

I transmssion access, p r o m t y  to gas supply h e s  and the need for ~structurd improvements to 
support the fUnue plant opera- staff and ther f&es In ad&bon they M e r  m base heat rate and 
the extent of base load wct heatmg demand The stabc screemg analysrs was used to identrfy the 

( overall Impacts on the hkely production costs for the three technolo~es when used at each of the 
three sltes The relabve Impacts of the factors are explamed below (Spreadsheets showmg the 

I detaded results of the statlc screemg analyses for each of the s~tes are mcluded m Appendn D) 

( Of the factors not related hectly to the technology, transmss~on had the greatest relatlve Impact on 
produmon costs The mpacts vaned fiom zero m the case of a replacement CHP umt for the 
Krasnodar TETS site to 0 0048 $/kwh for a 450 MW plant at Mostovskoy Among opt~ons for I green field plants the Novoross1ysk ste has an advantage over the other sites for capacibes up to 600 
MW, after that its transmssion costs are s d a r  to those of the Krasnodar site, wth costs varyrng 
from 0 0036 to 0 0055 $/kwh The Mostovskoy slte, because of ~ t s  dstance fiom exlstmg load 

( centers, a only competltlve at capacim of 900 M W  and above m terms of transmssion costs 
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GAS LINE COSTS 

Gas h e  costs are a major factor whch affect all sites The Mostovskoy site is not currently served 
with natural gas, a lateral of appromtely 60 km to an exrstmg gas trunk h e  d be needed to 
supply the plant The cost of the lateral wdl be fiom $24 to 3 8 d o n  dependmg on plant sue The 
cities of Krasnodar and Novoross~ysk are currently served by gas hes ,  however, any sigdicant 
mcrease m the needs for natural gas at either locabon wdl also requlre major capital mvestments for 
mprovlng gas dehvery The only excepbon IS the case of the 450 MW replacement plant at Krasnodar 
TETS, where gas IS already supphed to the slte A 450 MW expansion of the Krasnodar TETS site 
would reqwre gas pipehe Improvement costs of $44 d o 4  and a 900 MW expansion would reqwe 
$61 d o n .  At Novorosslysk, whch IS the greatest cbstance fiom the major gas trunk hes ,  extenslve 
~mprovements for expanhg the capaclty of the erostsng gas supply pipehe would be requlred at 
costs rangmg fiom $62 to 76 d o n ,  dependmg on the sue of the plant 

The mpact of gas plpehe mvestments on the cost of produmon for the Mostovskoy site d range 
from 0 0009 to 0 0043 $/kWh dependmg on the ultmate plant sue, the Impact at Krasnodar d 
range from zero to 0 0078 $/kwh, whde the mpact at Novorossiysk WIII vary from 0 0026 to about 
0 0108 $/kwh 

Soclal costs only have an mpact at Novorossiysk, smce housmg for the plant staff has already been 
constructed at Mostovskoy and the erostmg housmg m the city of Krasnodar is cons~dered to be 
adequate to accommodate the plant stafT and the= famhes The mpact at Novorossiysk was on the 
order of 0 0003 $/kwh for all plant sues 

5.3 CHP IMPACT ON HEAT RATES 

The opporturuty to Improve overall economc performance through the utkabon of plant waste heat 
for W c t  heatmg provldes a &stmct advantage to plants m or very near urban areas The dual use 
of energy q u t s  that CHP m t s  accomphsh allow those plants to operate at effectlve heat rates that 
are substanttally below comparable plants whch do not make use of waste heat fiom the steam power 
cycle 

Both Krasnodar and Novoross~ysk have &stnct heatmg markets, and can take advantage of CHP 
plants Mostovskoy IS not an urban area and IS not able to make use of the plant waste heat In cases 
where CHP can be used, its heat rate advantage amounts to an average year-round savlngs of 
approxmateiy 0 0008 $/kwh. In cases where a CHP plant IS matched to meet a year-round base load 
heat demand the s a w s  advantage can mcrease to approximately 0 0010 $/kWh The hgh level of 
distnct heatmg use m Krasnodar makes it an attractwe site for up to 1350 MW of CHPfCombmed 
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Cycle capaclty However, much of the demand for bet heatmg m Krasnodar is already served, and 
energy conservauon measures may h u t  or even reverse demand growth there In Novorossiysk 
where the base demand much lower, 120 GcaVh versus 380 GcaVh at Krasnodar, a CHP plant of 
up to 300 MW may prove cost effectwe when combmed wth base load power generabon 

When the factors dr,cussed above are comp~led for each plant type at each site a strong mdcabon of 
the best site options for plant s p e c ~ c  sues results Thls is easdy dustrated m the compansons of 
sitmg advantages shown m Figure 5-1 for smple cycle and combmed cycle plants These values are 
calculated on a technology by technology basis because chanpg capacity factors over tune make 
compansons between plants wrth Merent technologes -cult to evaluate wthout the use of a 
dynarmc modehg tool such as IPMQ 

The stabc screerung results are also shown m Table 5-1 These tables mhcate the relahve advantages 
of each of the sltes for vanous combmabons of Slmple Cycle and Combmed Cycle opbons (Detaded 
spreadsheets s h o w  the complete m c  screerung analyses are presented m Appendur D ) The stabc 
screenmg does not present a fkd answer on the least cost plant opQons but it was used m selectmg 
canddate opbons for Me cycle evahzatron by the PMO Thu ~s needed to assess the cost performance 
of the optrons m response to varylug load condQons over theu Me tune 
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Table 5-1 
Cost of Generation for Vanous Sites 

Costs in %/kwh 

A second tune related factor that must be considered m selectmg least cost optrons is the probable 

Simple Cycle @ 40% Capacity Factor 

cornpleaon tune of each of the plant options Because there isa  severe shortage of m the 
regon, economc losses are accumdaw as a result of power cutadments The sooner ths situabon 
IS resolved the sooner the region wdl recover economcally Thts places a premtum on plant optrons 
that can be brought on h e  quckly 

Slze, MW 

300 

600 

900 

Replacement power projects offer substanbal advantages over greenfield plants m cases where the 
construmon of the replacement plant can occur wMe the exlstmg u t s  remam on line The reasons 
Include savings m land and &astructure costs, the existence of the necessary transmsion and fbel 
supply ha, and the absence of sociai costs that could result rfworkers at the exlstmg sites were to 
become unemployed or have to move Thls is the sltuabon at the Krasnodar TETS site The plant 
IS currently scheduled to have a total capaciq of 350 MW replaced over the penod of 1997 to 1999 
with a 450 MW Combmed Cycle Plant The replacement of that capacity mth a state of the art 
CHP/Combmed Cycle plant d provlde a more economcal optron than any of the other plants 
considered m this study 

Mostovskoy 

0 0580 

0 0474 

0 0476 

Krasnodar 

0 0607 

0 0494 

0 0487 

July 1995 

Novorossiysk 

0 0519 

0 0469 

0 0511 

Combined Cycle @ 80% Capacity Factor 

Novorossiysk 

0 0320 

0 0336 

N/ A 

Sue, MW 

450 

900 

1350 

Krasnodar 

0 0333 

0 0306 

N/A 

Mostovskoy 

0 0339 

0 0318 

0 0320 



As the Krasnodar TETS plant is the only thermal site of any magmtude w h  Krasnodar K r q  it is 
the only canhdate for replacement power All other sites are considered to be greenfield sites It is 
assumed that up to 450 MW addlhonal capauty can be added adjacent to the Krasnodar TETS plant 
when 300 MW of the older CHP units are retrred m 2003 

Combined cycle options fall lnto two categones wth and mthout distnct heatmg The study has 
determmed that CHP plants wdl offer advantages m cases where the annual lstnct heat demand, that 
whch IS not already served by a CHP mtallahon, is equal to approximately 60 percent of the annual 
heat generahon capaclty of the un~t to be added Ths condhon is sahsfied for a capacity equvalent 
to two 450 MW mstallahons at Krasnodar (presumably one as a replacement of the exlstmg w t s  that 
are about to be retued and the second a new w t )  At Novorossiysk, a mgle u t  of 450 MW wrll 
exceed the current base load heat demand, so it would take fidl advantage of the CHP fie1 savlngs 
opporturuty for perhaps 8 to 10 years (see Frgures 5 2 and 5 3) Once the CHP opportmbes are 
satsfied, convenhonal Combmed Cycle mts wdl provlde least cost ophons where base load capacity 
IS needed The followq hst gves a rank order of Combmed Cycle opt~ons startmg wth the lowest 
cost alternatwe (Produchon costs are at 80% capacity factor) 

Krasnodar CCICHP 450 MW 023 6 
Mostovskoy CC 900 MW 0318 
Novorossiysk CCICHP 450 MW 03 20 
Novorossiysk CC 450 MW 03 20 
Krasnodar CC 450 MW 0333 
Mostovskoy CC 450 MW 0339 
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SIMPLE CYCLE OPTIONS 

The ranklng of slmple cycle opt~ons IS more strsught forward that for the Combmed Cycle opt~ons 
There are no s d a r  plants scheduled for near term retuement, and there is no CHP alternat~ve for 
tlvs technology The followmg hst gves a rank order of 300 MW and 600 MW Comblned Cycle 
opt~ons startxng wth the lowest cost altema~ve (Produmon costs are at 40% capacity factor ) 

w 
Novoross~ysk 
Mostovskoy 
Krasnodar 
Novoross~ysk 
Mostovskoy 
Krasnodar 

calUm! groductlon Cost. %/kW4 
600 M W  0 0469 
600 MW 0 0474 
600 MW 0 0494 
300 MW 0 0519 
300 MW 0 0580 
300 MW 0 0607 

W~th the ranktng mformaQon above dec~s~ons can be made based on the overall need for capacity m 
the regon as to where to add plants and m what order 

5.7 RESULTS OF THE BASE CASE 

Because the model was construed not to select new fossll capaclty pnor to 1998 due to construcoon 
lead tune concerns, ~t d ~ d  not elect to mhcate the adhbon of fossd heled u t s  untd that year 
However, once the adhbon of new fossd plants was avdable, the model lmmed~ately called for the 
addibon of 765 MW of fossd heled capaclty m 1998 The model also calls for the adcfibon of 268 
MW m 1999, and for 405 MW of addIhona1 capac~ty m 2000 The need for capaclty adhbons IS 

expected to contmue, at about 400 MW per year, from 2001 to 2005 due to rewements that wdl 
occur dumg those years as well as growth m demand 

The attached Table 5-2 lndtcates the annual needs to add new capaclty as demand grows and 
retrements reduce the capauty avahble fiom exlstlng w t s  The table also shows that it wdl not be 
poss~ble to e b t e  capacrty shortages untd 1998 Thls IS because there is no practtcal poss~bhy 
for addmg thermal new generatmg capaclty before that year 

Regardmg the general locatton of the new capaclty, it appears that Krasnodar Krru IS the most ldcely 
area m the North Caucasus for major capaclty ad&Qons because over 600 MW of exlstlng capacity 
IS scheduled to retre before 2005 and the region IS already heavlly dependent on other repons for 
power 
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5.8 SELECTION OF PREFERRED SITES IN KRASNODAR KMI 

Ofthe three potentd sites, only the Mostovskoy ate 1s avadable for the adhhon of new capacity m 
1998 and, it is h t e d  to the adhhon of smple cycle gas turbmes due to construmon lead tune 
concerns The other two srtes are expected to requre an adhbonal year or two of lead tune because 
of the need for enwonmental stud~es to ve~@ that they would be appropnate for b d h g  new power 
plants 

W e  the Mostovskoy slte offers the advantage of early development, ~t has a &sadvantage, m that 
it IS not located near the -or load centers m the regon The Krasnodar and Novorossiysk sites are 
located at major load centers, wbch reduces transmssion costs, and they offer the opporturuty for 
Improved economc efficiency through theu use as Combmed Heat and Power Plants Because of 
these advantages it IS possrble that plant addibons after 2000 may be more attracttve at those two 
sltes 

Considering all of the above factors the followg IS considered to be the best approach to meetmg 
needs for m e h a t e  capacity ad&hons whde keepmg the long term costs to a mmmum 

Mostovskoy - 600 MW Slmple cycle adhbon for 1998-99 operabon, wrth conversron to 
comblned cycle operabon m 1999 or 2000 based on construdon scheduhg and demand 
growth 

Krasnodar - replacement of the two exlstmg 95 MW sunple cycle m 1998 and 2000, wrth 
conversion to combmed cycle m 1999 and 2000 

Novorossiysk - 300 to 600 MW sunple cycle for operahon m 2001, wrth part~al conversion 
to combmed cycle If and when CHP operahon is shown to economcal 

Ths d bmg the capacity m the Kubanenergo RPS up to 2366 MW, ths  would amount to 
approxnately 22% of the total capacity m the North Caucasus IPS whch compares favorably wth 
Kubanenergo's average share of 27% of overall electnc~ty consumpbon, p e n  that the regon does 
not have substanbat hydro resources 
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Below is the recommended sequence for capacity adhbons for Krasnodar Kra~ 

Table 5-3 
Recommended Capacity Additions for Krasnodar Krai 

Five change cases were evaluated to determe the potenbal mpacts of possible changes m the 
econormc c b a t e  or electricity supply situabon m Russia These are hscussed below 

Low Growth Scenano - A change case was developed usmg the low growth demand proje&on 
shown m Seaon 4 4, to assess the Impact of a slow recovery of economc amwty m Russia Ths 
case showed a sharp drop m the need for addbonal capacity 1x1 the North Caucasus throughout the 
study penod, wth the need for added fossil capauty adQ~ons between 1998 and 2000 d e c h g  £tom 
2098 to 1213 MW, when compared to the Base Case The low growth scenano also mdlcated that 
the near term capacity shortage would be eased, although it would not go away Th~s was due to 
peak demand dechmg to 7860 MW m 1996, and not retunung to the 1994 level untd 2001 The 
average requrement for capacity addibons 1998 and 2002 be approxlmateiy 250 MW per year 
Current inhcabons of econormc acbwty, based on the first half of h s  year, are strong, and the 
possibhty of the low growth scenano comtng about seem unllkely at h s  tune 

Year 

1997 

1998 

1999 

2000 

2001 

TOTAL 

T-1 REPORT 
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Technology 

Smple Cycle 

Slmple Cycle 

Smple Cycle 

Steam Cycle Add-on 

Combmed Cycle 

Steam Cycle Add-on 

Smple Cycle 

Slmple Cycle 

Capacity 
Addition 

150 MW 

300 MW 

150 MW 

150 MW 

450 MW 

150 MW 

300 MW 

300 MW 

1950 MW 

Location 

Krasnodar 

Mostovskoy 

Krasnodar 

Krasnodar 

Mostovskoy 

Mostovskoy 

Novorossiysk 

Novorossiysk or 
Mostovskoy 



500 MW Transmission Rernforcement - Thls change case evaluated the Impact of addmg an 
addrttonal500 MW of firm capacity from the Center UPS The adduon of a substan~al amount of 
firm capaclty berng promded through W e r  development of the Center-North Caucasus transmssion 
h k  would decrease the need for addmg capacity by 500 MW Ths project is currently under 
considerabon, but the capital and operatmg costs have not been detenruned W e  such a project 
rmght lead to lower mt~al  costs, it IS kely that over the long run that costs associated wth  hgh 
transmtssion costs and reduced system rehab~hty would out weigh the nhal savlngs Further study 
of ths  option is needed to deterrmne lf it would be cost effemve 

1000 MW Transmission Reinforcement - Ths change case evaluated the mpact of addmg an 
additional 1000 MW of firm capacity fiom the Center and Md-Volga UPS'S Ths project is 
essentially the same as the premous case, except for its magmtude It would reduce the capacity 
addltron needs by 1000 MW over the study penod The same concerns exlst regardmg transmssion 
losses and rehabhty There is also a queaon as to whether ample sources of low cost power wdl 
be avadable from the Center and Mid-Volga UPS'S to satufj ttvs added demand Further study is also 
needed for tJus ophon 

Reestablshment of Transmssion via Ukraine - Pnor to the break-up of the USSR, and for some 
tune thereafter, power that was generated at nuclear plants m the Center UPS was transnutted to the 
North Caucasus ma the Ukrame gnd Thls pradce was ducontmued due to frequency control and 
rehabh~ problems w 1 b  the Ukmne transmtsslon system W e  the possibhty exlsts to reestabhsh 
t h s  M, there are senous techxucal and pohbcal problems m the way It is b&ly W e l y  that 
transrmssion ma Ulrratne could be restored pnor to 1999, but lf ~t reestabhshed m that year it would 
ellrmnate the need to promde fossd capacity addmons dunng 1999 and 2000 

Rostov 1 - The work on the Rostov nuclear plant IS currently suspended due to pubhc concern about 
its safety and lack of b d s  Minatom IS endeavoring to get approvals to complete the plant, and may 
succeed m domg so by as early as 2000 W e  th~s  would result m e h a t m g  the need for fossil 
capaclty adhttons fiom 2000 to 2003, ~t does not hsplace need for added capacity m the near term 

All of the change cases result m a redurnon of capacity needs relative to the base case However, 
only the Low Growth case results m e h t m g  the need for 765 MW m 1998 Smce all of the cases 
are spemlatrve, it seems prudent to go forward based on the study's basic assumpbons Othemse 
valuable tune wdl be lost m addressmg the need to ehmlnate the severe power shortage m the regon, 
due to the long lead tunes lnvolved m power generahon project execuhon A summary of the change 
case Impacts is shown m Table 5-4 

5.10 Qualifications Regarding Assumptions 
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KRASNODAR POWER GENERATION PROJECT 

Mostovskoy's Tlmmg Advantage - It should be noted that whde Mostovskoy is not the lowest cost 
plant for either combmed cycle or m p l e  cycle opbons, it IS reasonably close m terms of We costs to 
the other opt~ons When th IS considered m hght of the fact that it can be brought onlme to relieve 
the current power shortage m the regon one to two years earher than the altemattves, Mostovskoy 
can be regarded at the least cost optton 

Novorossiysk Plant S ~ t e  - Although a potenhal site for a power plant m Novorosssiysk has been 
iden~ed,  no site mvestigations have been performed An assessment of the chstnct heatmg system 
m Novorossiysk, and the use of a new power plant as a source for a centrahzed &strict heatmg 
system needs to be evaluated Invesbgabon of sources of water supply, waste water &sposal and 
potential enwonmental mpacts need to addressed m a detded feasibhty study In Mew of the 
above, it is considered that a new plant at Novoross~ysk could not be constructed before the year 
2000 

Small Scale Plants Not Evaluated - Small scale plants (75 to 200 MW) at locabons such as Soclq 
Temyruk and elsewhere were not considered m ths study Because of the pressmg need for large 
scale adltrons of generatmg capac~ty m the regon the study focused on plants of 300 MW and 
larger There are however sltes, p&y at the extreme ends of the p d ,  that may be good choices 
for small scale plants that would substanbally mprove local power rehabhty and reduce h e  losses 
It may be worth to ident@ and evaluate these options m a more comprehensive study of the regon's 
needs for power generabon 

CHP Requirements - Ths study has made certvn assumpbons regardmg the demand for distrrct 
heat These assumptions yleld favorable mchcabons of potenbal cost savmgs for the CHP/Combmed 
cycle plants that could be d e d  m Krasnodar and Novorosslysk There is considerable speculabon 
those assumpb011~ regardmg the contmulllg need for levels dlstnct comparable to current day levels 
It is the oplmon of some experts who have studled the &strict heatmg practtces m Russia that 
considerable savlngs could be obtamed through conservabon and efficiency mprovement measures 
Before comtments are made for addmg CHP capacity m the regon a detaded evaluabon of the 
potenbal for reducmg dstnct heatmg needs through demand slde management programs should be 
undertaken 

TASE: 1 REPORT 
July 1995 5-1 0 



Krasnodar Power Generat~on Project 

- 
Generation Costs vs Plant Size 

For S~rnple Cycle Plants at 40% Capacrty Factor - - 
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Krasnodar Power Generat~on Project 

ESTIMATION OF REQUIRED CAPACITY NEEDS FOR NORTH CAUCASUS - BASE CASE 

Year 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

July 1995 

35- 

Capacity 
Retirements 

MW 

31 9 
0 
75 
38 
0 

1 26 
45 
4 

295 
405 
127 

Existing 
Capacity 

MW 
8562 
8243 
8243 
81 68 
81 30 
81 30 
8004 
7959 
7955 
7660 
7255 
7128 

Peak 
Demand 

MW 
861 6" 
8220 
81 80 
8475 
8697 
8967 
9212 
9471 
9753 
10018 
10293 
10588 

* Includes 11 0 MW of unserved demand 

Required 
Capacity 

MW 

9371 
9325 
9662 
991 5 
10222 
10502 
10797 
11 118 
11421 
1 1734 
12070 

Hydro 
Additions 

MW 

0 
40 
40 
40 
40 
0 
85 
85 
85 
85 
0 

Task 1 Report 

Trans. 
Additions 

MW 

200 
0 

550 
0 
0 
0 
0 
0 
0 
0 
0 

Projected 
Capacity 

MW 

8443 
8483 
91 48 
9915 
10222 
10502 
10797 
11118 
11421 
1 1734 
12070 

Fossil 
Add~tions 

MW 

0 
0 

150 
765 
268 
405 
255 
240 
51 2 
634 
463 

fiotential 
Shortage 

MW 

928 
842 
51 4 
0 
0 
0 
0 
0 
0 
0 
0 

Table 5-2 



Krasnodar Power Generation Project 

Base and Change Case Results 
Fossil Capacity Add~t~ons 

CASE Description Capacity Additions I Capacity Additions I Capac~ty Addit~ons I Capacity Additions ' Fossil 
Hydro Fossil Total Hydro Fossil Total Hydro Fossil Total Hydro Fossil Total I Total 

REF Base Case 40 765 805 1 40 268 308 I 0 405 405 1 85 495 580 1 2098 

LRF Low Demand Scenario 40 185 225 

CC? 500 MW Firm Transmlss~on ~n '99 40 765 805 

CC2 1000 MW F~rm Transm~ss~on in '99 40 765 805 

July 1995 

A 2  

CC3 700 capacity Firm via UKR in '1999 40 765 805 

CC4 Rostov 1 on Line ln 2000 40 765 805 

Task 1 Report 

40 87 127 

40 0 40 

40 0 40 

Table 5-4 

25-JuI-95 

40 0 40 

40 268 308 

0 295 295 

0 173 173 

0 0 0 

0 0 0 

0 0 0 

85 481 566 

85 495 580 

85 169 254 

1213 

1598 

1099 

85 468 553 

85 0 85 

1398 

1198 



The followrng pages show Installed umts and the assumed ret~rement schedule for foss~l fueled 
generatrng capac~ty in the North Caucasus 
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Fossrl Plants In North Caucasus 

Fossil Plants in North Caucasus 
- CAPACITY 

Rated Ava~l 
MW MW 

UPS TOTAL THERMAL CAPACITY 
UPS TOTAL HYDRO CAPACITY 21801 19691 
UPS TOTAL CAPACITY j 105571 I 

PLANT UNIT FUEL I 0  
KUBANENERGO Year 
Armav~rskaja CHP 

Total for the plan 

Krasnodarskaja CHP 

CHP of Ma~kopsky CKK 

Total for the plan 12 

CHP of Krasnodarsky X 

Total for the plan 24 24 

CHP of Kropotk~nsk~ X 

Total for the ~ l a n t  

Sugar Plants' CHP 

Block-plants 

July 1995 

- 1 
2 

, 
51 1 gas 

Total for the R P ~  
I I I I 

Page 1 

1959 
1960 

gas 
gas 

51 

I 

Append~x A-I 

1970 

1065 1 820 

6 
4 

10 

gas 

2 
I 
3 

158 0 

1976 14 6 



Fossil Plants in North Caucasus 

STAVROPOLENERGO 
Stavropolskaja TPP 

Total for 

Nevinnomysskaja TPP 

Total for 

the 

the 

plan 

I 1 ,  gas 1975! 3001 2671 
2 !  aas 19751 300i 2671 w 

31 gas 119761 3001 267' 
4 i  gas 1 19761 3001 2671 

, 51 aas 19781 3001 2671 

K~slovodskaja CHP 

Replacement 1993 
Total for the ~ l a n  10 

lsobilnensky 

" 

Sugar 

Total 

100 
150 

CHP 

for the 

85 
127 

1973 
1964 

1 5 
6 

gas 
gas 

Total for the R P ~  
I I I I 

I 37621 32591 

I 

Stavropolskaja Geo TPP 

1968 
1968 

1 
2 

July 1995 

gas 
gas 

1 

SEVKAVKAZENERGO 
Total for the RPS 

Page 2 

6 
6 ,  

0 
0 

1993 

0 0 

0 0 



Fossil Plants In North Caucasus 

CHP-3 Grozenergo 
as 1 1967 50 1 

Total for the plan 100 

CHP-2 Grozenergo 

Total 

GROZENERGO 
CHP-4 Grozenergo I i 1 1  gas , 1962' 6 0 ' 

/ 21 gas I 1962; 6 1 0 
I 

for the 

Total for the plant 
i I I I I 

11 gas 1 19531 25 i 17 ' 
21 aas 19641 25 I 171 

I I I 

- 
Y 

- - 
I 

31 gas I 19571 20 i 14 1 

41 aas 1 19551 30 1 21 

I I 
12 1 0 / 

I I 

CHP-1 Grozenergo 

19581 50 1 34 
19581 1071 73 
1960 1 60 I 41 1 

I 317: 2171 plant 

- 
51 gas 
6/ gas 
71 - 

I 

3 
4 

Total for the 

gas 
gas 

6 
7 
8 
9 

1976 
1951 

gas 
gas 

Total for the RPS/ I I 

1 4891 217 / 

1974 
1974 

plan 1 

DAGENERGO 
Machatchkallnskaja CHP 

8 
20 

gas 
gas 

1 60 1 0 

9 
5 

0 
0 

12 
6 

1980 
1983 

Dagestanskaja CHP 
Replacement 
Replacement 
Replacement 1993 

Total for the  land 18 1 16 

0 
0 

0 
0 

I 

3 

Total for the RPS/ I I I I 

40 1 36 1 

I 

gas 1982 

Kajspijskaja CHP 

Total for the ~ l a n t  

July 1995 

I 
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6 

2 
5 
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6 

gas 
gas 

6 
8 

14 

1973 
1958 

6 
8 

I 14 



Fossil Plants In North Caucasus 

KABARDINO-BALKARENERGO I 

CHP Nartkala - i 1 1977 12 3 i 
2 ,  1977 4 ' I I 

Total for the planb I I I 16 1 4 1 

CHP of the Nalch~k 
I I 

[ 51: gas ! 19621 6 1 
, 

4 1 

1 I 

I 
I 

I 

Total for the RPS I 

I I 22 I 8 ;  

ROSTOVENERGO 
Novocherkassky TPP-1 I I! coal 1 19681 267, 206' - - 

21 c o a l i  1966i 2671 2061 1 3 coal I 19671 277i 2141 
t 

41 coal 1 19681 277; 2141 
1 51 coal I 19691 2961 2241 
1 61 coal I 19701 2901 2241 

Nesvetay TPP 

7 1 coal 1 1971 
8 1 coal / 1972 

Kamenskaja CHP 

- - 

1734 
1 

I I I I 

I I coal 1 19441 10 1 I 

290 
287 

Total for the plant 1 I 
I I I 

51 coal 1 19541 105i 86 

224 
222 

2245 

I I 

I I I I 

I 

71 coal 
1 8 1 coal 

Volgodonsky CHP - 1 

Rostovskaja CHP-2 

Total for 

19711 12 1 6 
1984 1 12 1 7 

I 

Total for the plan4 I 

the 

34 1 19 
I I 

plan 160 137 

July 1995 

Volgodonsky CHP - 2 

Page 4 

I I gas 
2 1 g a s  
31 gas 

Total for the RPS' 29851 2251 

264 

6 

1977 1 60 1 38 
19791 110 
19801 110 

4 1 gas 1 1989 / 140 
420 

i 
1 19311 6 

Total for the plant 

69 
69 
88 

Rosselmash CHP 5 1 



Foss~l Plants In North Caucasus 

KARACHAI-CHERKESSKENERGO 
Erken-Shahar CHP - 1 , gas 1963 7 7 

/ 2' gas 11963 .  7 I 7 1 
Total for the plant! I I I 14 1 14 1 

I 8 

I I I I I 

Total for the RPq I I I 14 1 14 1 

KALMYKENERGO 
CPP In EI~sta 1995 1 

Total for the RPS I 0 I 

July 1995 Page 5 Appendix A-1 
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North Caucasus Ret~rement Schedule 

NORTH CAUCASUS UNIT RETIREMENT SCHEDULE 
- FOR THERMAL UNITS 

PLANT NAME Unit Fuel Unit Year ~n Year of 
S~ze Type # Serv~ce Ret~rement 

Krasnodar CHPP 
GrozEnergo CHPP-2 
GrozEnergo CHPPP 
GrozEnergo CHPPQ 
GrozEnergo CHPP-2 
GrozEnergo CHPPQ 
GrozEnergo CHPP-1 
GrozEnergo CHPP-1 
GrozEnergo CHPP-1 
Caspran CHPP 
K~slovodsk CHPP 
Kropotktn 
GrozEnergo CHPPS 
GrozEnergo CHPP-2 
Nesveta~ SDPS 
GrozEnergo CHPP-2 
Armavtr CHPP 
GrozEnergo CHPP-1 
GrozEnergo CHPP-4 
Kropotk~n 
GrozEnergo CHPP-1 
GrozEnergo CHPP-1 
GrozEnergo CHPP-4 
Armav~r CHPP 
Rostselmash Enterprise CHPP 
Kamenskaya CHPP 
GrozEnergo CHPP-3 

Subtotal 

95 gas 
107 gas 
30 gas 
60 gas 
25 gas 
50 gas 
8 gas 

12 gas 
6 gas 
8 gas 
4 gas 
6 gas 

50 gas 
20 gas 

105 coal 
25 gas 
6 gas 

20 gas 
6 gas 
4 gas 
9 gas 
5 gas 
6 gas 
2 gas 
6 gas 

10 coal 
50 gas 

735 

Krasnodar CHPP 95 gas 11 1975 1 997 

Krasnodar CHPP 50 gas 4 1959 1998 
'7 

Krasnodar CHPP 20 gas 2 1955 2000 
Krasnodar CHPP 25 gas 1 1954 2000 
Krasnodar CHPP 22 gas 3 1957 2000 
Nevrnnomysskaya SDPS 25 gas 1 1960 2000 
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I 
8 
I 
I 
E 
b 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
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Krasnodar CHPP 
Nevlnnornysskaya SDPS 
Novocherkasskaya SDPS 
Novocherkasskaya SDPS 
Nev~nnornysskaya SDPS 
Novocherkasskaya SDPS 
Nev~nnornysskaya SDPS 
Novocherkasskaya SDPS 
Isahen s z CHPP 
~soillnen s z CHPP 
Novocherkasskaya SDPS 
Sugar Reflnenes CHPP 
Nev~nnornysskaya SDPS 

North Caucasus Retlrement Schedule 

Volgodon CHPP 6 gas 1 1960 2000 
Nev~nnornysskaya SDPS 25 gas 2 1960 2000 
Krasnodar CHPP - 42 gas 5 1961 2000 

Subtotal 165 

Nev~nnornysskaya SDPS 60 gas 3 1961 2001 

Nalchlk GMZ CHPP 6 gas 51 1962 2002 

Krasnodar CHPP 150 gas 6 1963 2003 
Krasnodar CHPP 150 gas 7 1963 2003 
Erken-Shakar CHPP 7 gas 2 1963 2003 
Erken-Shakar CHPP 7 gas 1 1963 2003 

Subtotal 314 

Nev~nnornysskaya SDPS 150 gas 6 1964 2004 
MalnopYSKK CHPP 6 gas 2 1964 2004 
Krasnodar CHPP 150 gas 8 1964 2004 
MalnopYSKK CHPP 6 gas 1 1964 2004 
Nev~nnomysskaya SDPS 150 gas 7 1964 2004 

Subtotal 462 

Nevlnnomysskaya SDPS 150 gas 8 1965 2005 

Total through 2005 2037 

UNIT RETIREMENT SCHEDULE - A n E R  2005 

PLANT NAME Un~t Fuel Un~t Year ~n Year of 
S~ze Type # Service Retlrement 

160 gas 
150 gas 
267 coal 
277 coal 
150 gas 
267 coal 
50 gas 

277 coal 
6 gas 
6 gas 

290 coal 
158 gas 
160 gas 

Page 2 



Novocherkasskaya SDPS 
Kamenskaya CHPP 
Novocherkasskaya S ~ P S  
Nevlnnomysskaya SDPS 
Novocherkasskaya SDPS 
Nev~nnomysskaya SDPS 
Casp~an CHPP 
Rostov CHPPQ 
Rostov CHPPP 
Stavropol SDPS 
Stavropol SDPS 
BLOCKSTATION 
Krasnodar Enterpnse CHPP 
Stavropol SOPS 
Stavropol SDPS 
Nartkala CHPP 
Volgodon Plant CHPP 
Nartkala CHPP 
Stavropol SDPS 
Stavropol SDPS 
Volgodon Plant CHPP 
Volgodon Plant CHPP 
K~slovodsk CHPP 
Stavropol SDPS 
Makhachkala CHPP 
Stavropol SDPS 
Kamenskaya CHPP 
Volgodon Plant CHPP 
Krasnodar Enterpnse CHPP 
Dagestan CHPP 
K~slovodsk CHPP 
Dagestan CHPP 
Dagestan CHPP 

Total from 2006 

July 1995 

North Caucasus Retirement Schedule 
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TRANSMISSION DIAGRAMS AND MAPS 

The followng pages Include two maps showng the 220 kV and 500 kV transrmssion re~nforcements 
considered in thls study, and five diagrams illustratxng ~nterregxonal transmission options 
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220 kV TRANSMISSION REINFORCEMENT 

, -- -Xzaraod.t s i t e  
IC 

,I -t-#ovororriyrk s i t .  T 2  

r / 

Black Sea 

V f t  -t 

P -It 

Zilpormlot 

Chmr.rrshki Xortorslwya 

Krasnodarskaya 



EXZSTING 500 kV VETWORK OF XORTH CAUCASUS H I T 9  
?EINFoRcEMENT DUE TO PROJECTS 

Ukraane 

( Center  
, mdrtzng 500 kV --Tea 

a exastang 500 kV atatLons 

500 kV 1iP.a dum to 

L 

1 

1 

1 
u 

'-b 

Stavropolskaya 

Black Sea 



MAXIMUM TRANSFER CAPABILITIES 
EXISTING SITUATION 

I 

I I 

I 0 1 (6000) MOO 

I I - - - - - - - - - -  
1500 Voiograd 

7 

(admnotr part of Center) 
I 

I I I (1500) I 

'total to NC<1750 MW 
7irst Contingency h m t  1200 MW i I 
qote: Actual flows at peak load are shown In brackets i 



I MAXIlMUM TRANSFER CAPABILITIES 
I 
1 Middle Volga-Center-N. Caucasus Reinforcement (first stage) 

I I - 
I Nonhern 2300 

I Center M Vdga 

I (1250) 

Ptotal to NC < 2300 MW 
First Contingency Limit= 1500 MW 

I ~ o t e :  Actual tlows at peak load are shown m brackets 



/ MAXIMUM TRANSFER CAPABILITIES i 

/ Middle Volga-CentergNorth Caucasus Reinforcement (second stage) 
I 

I I 

i i & I I 2300 
, Center 

I I I (750) 

I - v I 

1 I Southern 1 1500 Volograd 

I I Center (adrrnnntr part 01 Canter) 
I 

I (5001 I 

' Ptotal to NC < 2800 MW 
I 

i F~rst Contrngency L i n t  1750 MW 
I 
Note: Actual Flows at Peak Load are shown in brackets 

I I 



MAXIMUM TRANSFER CAPABILITIES 
i 

i 
1 

~lgograd-N.Caucasus Reinforcement Complementary to the first stage of 
iddle Volga-Center-N. Caucasus Reinforcement 

I 

Norlhern 2300 
, M Vdga 

I 

f t~es with Ukrzune are available: Ptotal to NC<2500MW 
1 

I 

f t~es with Ukraine are unavailable: Ptotal to NCe1600MW 



I 

MAXIMUM TRANSFER CAPABILITIES I 

! 
Souther Center-N.Caucasus Reinforcement complementary to the first stage I 

1 

of Middle Volga-Center-N.Caucasus Reinforcement 

I 

I 1 M O O  
I 

I I 

I 

Tles with Ukraine are avaliable: Ptotal to NCc2700MW 
First Contingency L1rmt=2000MW 
Tles with Ukrame are unavailable:Ptotal to NCc1500MW 

I Nonhern 
I 2300 

Center 
I !  I 

M Vdga 



ELECTRICITY AND HEAT DEMAND 
PROJECTIONS FOR KRASNODAR KRAI 

NORTH CAUCASUS 

The report prepared by the Center for Energy Efficiency (CENEf) Moscow, and dated July 2 1, 1995, 
is attached under separate cover 
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STATIC SCREENING OF ALTERNATIVE 
GENERATION OPTIONS 
FOR KFUSNODAR KRAI 

The attached spreadsheets present the detarled computations of generimon costs for the vanous 
power generation options considered in thls study 

Task 1 Report 
July 1995 A-D 



KRASNODAR POWER PROJECT 

STATIC SCREENING OF ALTERNATIVE GENERATION OPTIONS 
HAGLER BAlLLY CONSULTING INC 10 05 AM 24-Jul-95 

I 

, GENERATION OPTIONS 
A 

IC 
I GT 300 K 12~150MW - Gas Tuhnes - Krasnodar 

IB j GT 600 K i4xlSOMW - Gas Turbnes - Krasnodar 
IC / CC 450 K 1 lx450MW - Combined Cycle - Krasnodar I 

ID CC 900 K '2x450MW - Combined Cycle - Krasnodar I 

IE 1 HP 450 K 1 1 x 4 5 0 ~ ~  - CHP - Krasnoddar I 
I 

IF I HP 900 K '2x450MW - CHP - Krasnodar I 

I DISCOUNT RATE % 1500% 
I LEVELIZING PERIOD YEARS I 25 I 

 COMPUTATION OF EFFECTIVE CAPACITY 1 1  
PARAMETER UNITS I GT 300 K 

I NOMINAL CAPACITY MW 1 300 
GT6OO K ' CC 450 K ( CC 900 K HP 450 K HP 900 K 

600 450 1 900 1 450 900 
1 

/NET RATED CAPACITY MW / 300 600 1 450 1 900 1 400 800 
/CHP CAPACITY GCALM I 0 I 0 o / o  ! 250 448 I 

'FORCED OUTAGE RATE % 400% j 400% 1 460% 460% 460% 460% 
'PLANNED MAINTENANCE DAYS 25 25 25 25 1 25 25 
I AVAILABILITY % ! 89 15% 1 89 15% 1 88 55% 1 88 55% 88 55% 88 55% 
I 
'TRANSMISSION LOSS MW I 870 1 -7 00 1 -8 50 1 -3 90 I 000 ! -850 
I I 
'EFFECTIVE RATING Mw i 27615 I 542 1 407 I 801 354 1 717 
 C COMPUTATION OF ANNUAL CAPITAL COSTS 

HP 450 K 
429 
43 
193 
0 
11 

1 PARAMETER UNITS 

I PLANT COST ON G R C S N  

CHP CAPACITY COST $1 0OOlGcal-H 

TOTAL PLANT COST MS 

HP 900 K 
41 5 
43 
374 
0 
19 

CC450 K ! CC 900 K 
427 1 413 

lCOMPUTATlON OF PROJECT VALUE AT TIME OF COMMISSIONING 

YEAR FROM START PERCENT OF CAPITAL COST INCURRED 

CHP PIPING COST M$ 

CHP CAPITAL COST CREDIT M$ 

 GAS PIPELINE COST M I  

0 
192 

GT300 K ! GT6OO K 
350 1 307 

0 
372 

0 
105 

0 1 4 4  

FIRSTYEAR OF OPEPATION 0 

'LASTYEAR OF CONSTRUC~ON 1 

~YEIR BEFORE 2 
4 

V l 3 R  BEFORE 3 
I 
YEAR BEFORE 4 

IYEAR BEFORE 5 
r 
ITOTAL (MUST ADD TO 100) 

FUTURE VALUE MULTIPUER 

0 
184 

0 

0 
40 
45 
15 
0 

0 ! 

0 
0 

61 

0 
0 
44 

89 

0 
40 
30 
20 
10 
0 

FUTURE VALUE MS 

I EFFECTIVE CAPrrAL COST Srrcw 
1 DEPRECIATION YEARS 

CAPITAL RECOVERY FACTOR 

CAPITAL COST IlKW year 

0 00 
70 00 
30 00 
0 00 
0 00 
0 00 

100 00 
1 1206 

99 
532 

 TRANSMISSION COST MI 1 89 
IADJUSTED PROJECT COST M$ 238 I 182 1 487 

0 1 0  

266 71 
965 81 
30 00 
0 1523 
147 09 

0 
70 
30 
0 
0 
0 

100 
1 1206 

100 ' 100 

0 
61 
92 
337 

1 1966 

)COMPUTATION OF OPERATION AND MAINTENANCE (O&M) EXPENSES 

0 
44 
89 
325 

378 

0 I 0 

1 2457 

40 
45 
15 
0 
0 

100 
1 1966 

HP 900 K 
032000 
0 000 

845000 
0 00 
8 45 

40 
30 
20 
10 
0 

100 
1 2457 

389 

HP 450 K 
032000 
0 000 

845000 
0 00 
8 45 

CC 900 K 
029000 
-0 00006 
713000 

0 00 
7 13 

I PARAMETER UNITS 

IVARIABLE OhM )rmuM ITRANSMISSION LOSS tn<HRI 
(FIXED ANNUAL PLANT OhM M(W 

/SOCIAL COST (FIXED) IN 

ITOTAL FIXED COST In<w 

847 
35 

0 1511 
128 

662 1 218 

10 74 I 1061 
0 86 1 154 
706 624 1 I 

607 
616 
35 

0 1511 
93 

697 1 956 1 827 

8 01 
0 00 

0 

'EFFECTIVE FIXED COST Srrcw 

GT 300 K 
007000 
-0 00057 
538000 

0 00 
5 38 

35 
0 1511 

125 

30 1 35 
01523 1 01511 

584 1 596 

GT 600 K 
007000 
-0 00023 
538000 

0 00 
5 38 

106 

I 849 

CC 450 K 
029000 
-0 00024 
768000 

0 00 
7 68 

CHP OhM CREDIT MWear I 0 00 ] 000 

144 

0 00 
1 HEAT TO DIST SYSTEM Gc~UKWH 1 0 0 I 0  



COMPUTATION OF LEVELlZED FUEL COST 
GT 300 K GT 600 K CC 450 K CC 900 K HP 450 K HP 900 K 

FUEL TYPE GAS GAS GAS GAS GAS GAS 
BASE PRICE IIM BTU 1 40 1 40 1 40 1 40 1 40 1 40 
ANNUAL ESCALATION % 3 00% 3 00% 3 00% 3 00% 3 00% 3 00% 
PRESENT VALUE FACTOR - 1 646 6 46 6 46 6 46 6 46 6 46 
LEVELWNG RATE X 11 65% 11 65% 11 65% 11 65% 11 65% 11 65% 
P V F + ESCALATION , 804 804 804 804 804 804 
4 124 1 124 ' 124 1 124 1 24 1 24 
LEVELIZED PRICE SRA BTU 1 1 741 , 1741 1 1741 ; 1741 1 741 1 741 

BW~KWH ' 10080 , 10080 6561 6561 5269 
I 

5269 HEATRATE 

LNELIZED FUEL COST $/KWH 0 0175 0 0175 0 0114 0 0114 0 0084 0 0085 
11SUMMARY OF FIXED AND VARIABLE OPERATING EXPENSES WITH LEVELKED FUEL 
I ! GT3OO K I GTGOO K ! CC 450 K j CC 900 K HP 450 K HP 900 K . ; 
'FIXED Sl~Wyorr  1 15294 / 112 1 153 133 104 139 
!VARIABLE $\KWH / 00170 1 00174 i 00115 I 00117 I 00088 0 0088 
LEVELIZED COST PER KWH PRODUCED 

CAPACITY FACTOR Hourslyear GT300 K I GT6OO K CC450 K ' CC 900 K HP450 K HP 900 K 
O%l 0 i NA I NA NA I NA NA N A 
5% I 438 1 0 3662 i 0 2735 1 0 3607 1 0 3153 1 0 2458 0 3252 

L l o % ,  876 1 01916 1 01454 01861 1 01635 ! 01273 1 01670 j 
15% 1 1314 1 01334 1 01027 ! 0 1279 1 01129 1 00878 i 01143 i 
20% ' 1752 1 0 1043 0 0814 ' 0 0988 1 0 0876 0 0680 1 0 0879 I 

I 0 0562 0 0721 
I 30% 2628 I 0 0752 1 0 0601 
I 35% 1 3066 1 0 0669 1 0 0540 

40% i 3504 1 o 0607 I o 0494 

0 0623 
0 0550 
o 0496 
0 0454 
0 0420 

0 0697 
0 0614 
o 0551 

45% 3942 1 0 0558 1 0 0458 1 0 0503 
50% 1 4380 1 0 0520 0 0430 1 0 0464 

0 0483 
0 0426 
o 0384 
0 0351 
0 0325 

0 0616 
0 0540 
o 0484 
0 0440 
0 0405 



Krasnodar Power Costs1 

! I I l I !  I I l ! I I I I l I I I  

20% 30% 40% 50% 60% 70% 80% 90% 100% 
25% 35% 45% 55% 65% 75% 85% 95% 

Capaaty Factor 



KRASNODAR POWER PROJECT 

STATIC SCREENING OF ALTERNATIVE GENERATION OPTIONS 
HAGLER BAILLY CONSULTING INC IOOSAM 24-Jul-95 

GENERATION OPTIONS 
I A - ;GT 300 M 2x1 50MW - Gas Turb~nes - Mostovskoy 

,GT 600 M 4xI50MW - Gas Turb~nes - Mostovskoy 
~ C C  450 M lx450MW - Comb~ned Cycle - Mostovskoy 
'CC 900 M 2x450MW - Comblned Cycle - Mostovskoy 
ICC 1350 M 3x450MW - Cornb~ned Cycle - Mostovskoy 
I 

I 

IDISCOUNT RATE % 

EFFECTIVE RATING MW 1 272 1 537 1 396 1 774 1 1153 1 
'COMPUTATION OF ANNUAL CAPITAL COSTS I 

15 00% 

lCOMPUTATlON OF PROJECT VALUE AT TIME OF COMMISSIONING J 
IYEAR FROM START PERCENT OF CAPITAL COST INCURRED I 

1 

, 

PARAMETER UNITS IGT 300 M IGT 600 M ICC 450 M !CC 900 M ICC 1350 MA 

LEVELKING PERIOD YEARS I 25 
~COMPUTA~~ON OF EFFECTlVE CAPAClM I 

I PARAMETER UNITS l ~ T 3 0 0 M  IGT600M ICC450M lCC900M ICC1350M ' 

1 

l PLANT COST ON G R C Sn<w 

1 CHP CAPACITY COST S10001GCAL.H 

1 TOTAL PLANT COST MS 

ICHP PIPING COST MS 

/CHP CAPITAL COST CREDIT MS 

0 
40 
30 

20 ! 
10 1 
o 1 

100 1 

- 

EFFECTNE CAPITAL COST $ l ~ w  ) 89774 1 648 20 

I FIRST YEAR OF OPERATION 0 
I , LASTYEAR OF CONSTRUCTION 1 

YEAR BEFORE 2 

YEAR BEFORE 3 

/ Y € ~ R  BEFORE 4 
I 
1 YEAR BEFORE 5 
I 
TOTAL (MUST ADD TO 100) 

I DEPRECIATION YEARS 
I 

977 52 1 869 65 1 875 47 

SOCIAL COST (FIXED) SlKw 0 00000 ( 000000 

900 / 1350 
886 ! 1330 ' 

,NOMINAL CAPACITY MW 300 1 600 
NET RATED CAPACITY MW 1 300 / 600 

367 00 1 317 00 
0001 0 00 

110 10 1 190 20 
o 00 1 o 00 
0 00 1 0 00 

 TRANSMISSION COST MS 

0 
70 
30 
0 
0 
0 

100 

30 00 1 30 00 
(CAPITAL RECOVERY FACTOR 

CAPITAL COST SlKW yanr 

35 00 

0 00000 
7 80000 
8 86186 

0 000 
0 

TOTAL FIXED COST SMW [ 5 38000 
EFFECTIVE FIXED COST S m  5 92833 
CHP O I M  CREDIT MSNear 1 0 000 
HEAT TO DlST SYSTEM GcaVKWH 1 0 

450 
443 

GAS PIPELINE COST MI i 24 00 1 34 00 
84 00 

323 55 
84 00 1 86 30 

0 
40 
30 
20 
10 
0 

100 
FUTURE VALUE MULTIPUER 

0 1 0 

35 00 1 35 00 

5 38000 
6 01337 

0 000 
0 

479 00 
0 00 

215 55 
o 00 
0 00 

IADJUSTED PROJECT COST MS 1 218101 310 50 

1 1206 

70 
30 
0 
0 
0 

100 

o 15231 0 1523 

0 00000 ( 0 00000 
724000 [ 682000 

24 00 
105 00 
540 40 

'FUTURE VALUE m) 1 24441 1 347 96 1 387 17 

40 
45 
15 
0 
0 

$00 
1 1206 

ICOMPUTATlON OF OPERATlON AND MAINENANCE (O&M) EXPENSES I 

8 41796 
0 000 

0 

0 
4 00% 

25 

'CHP CAPACITY GCAUH 1 o 

192 00 ( 1 
810 50 1 i 

446 00 
0 00 

401 40 
o 00 
0 00 

1 1966 1 2457 

0 1511 

7 98370 
0 000 1 

o 1 

t 
AVAILABILITY % j 8915%I 8915% 

o 
4 60% 

25 ! 
88 55% i I 

'FORCED OUTAGE RATE % 

TRANSMISSION LOSS MW -4 80 1 -1 90 ! -3 80 I 

0 ,  0 
4 60% 4 60% 

430 00 
0 00 

580 50 
o 00 
0 00 

34 00 

1 2457 1 
673 16 

0 1511 1 0 1511 
136 73 1 9872 1 147 74 

CC 1350 M I 
0 29000 
0 00024 
6 82000 

4 00% 

10 50 ( 24 50 1 I 

I 

25 
88 55% 

38 00 

1009 61 1 

131.43 1 132 31 

CC 900 hfl 
0 29000 
0 00015 
7 24000 

PLANNED MAINTENANCE DAYS I 25 25 
88 65% 

CC450 M 
0 29000 
-0 0001 1 
7 80000 

PARAMETER UNlrS lGT300 M (G f  600 M 
iVARIABLE OaM SMWH 

' TRANSMISSION LOSS $/KWH 

'FIXED ANNUAL PIANT ObM S/KW 

o 07000 I 0 07000 
-0 00031 1 -0 00006 
5 38000 5 38000 



COMPUTATION OF LEVELKED FUEL COST 
GT 300 M GT 600 M CC 450 M CC 900 M CC 1350 M 

FUEL N P E  GAS GAS GAS GAS GAS 
BASE PRICE SlM BTU 1 40 1 40 1 40 1 40 1 40 
ANNUAL ESCALATION % I 3 00% 3 00% I 3 00% 3 00% 3 00% 
PRESENT VALUE FACTOR 6461 6 46 ' 6 46 6 46 6 46 - 
LEVELWNG RATE % I 1165%l l 1 6 5 % /  1165% 11 65% 11 65% 
P V F + ESCALATION 1 8 04 1 8041 804 804 8 04 I 
LEVELKING FACTOR I 124 1 1241 124 i  1 24 1 1 24 

I LEVELIZED PRICE 
I 

WBTU I 1 741 1 1 741 I 1 741 I 1 741 I 1 741 
HEATRATE BTUlKWH / 10080 / 10080 1 6561 1 6561 6561 

'LEVELIZED FUEL COST S ~ K W  / 00175 0 0175 00114 1 00114 0 0114 
1 

 SUMMARY OF FIXED AND VARIABLE OPERATING EXPENSES WITH LEVELED FUEL 
IGT300M IGT600M ICC450M ICC900M ICC1350M 1 

1 FIXED 
I 

Sn<w year I 142 65 1 10473 1 156601 139851 140 30 I 
 VARIABLE sw I 00173 1 00176 1 0 0116 1 0 0119 1 0 0119 1 

I,LEVELIZED COST PER KWH PRODUCED 
I CAPACIN FACTOR I Hourslyear IGT 300 M ,GT 600 M ICC 450 M CC 900 M CC 1350 M , 
I 0% 1 o I NA i NA i NA ! NA I NA i 

5% i 438 
I 10% 1 876 

15%I 1314 
I 20% ' 1752 

0 3430 i 0 2567 1 0 3691 1 0 3312 1 0 3323 ' 
0 1801 / 0 1371 1 0 19041 0 1715 1 0 1721 1 I 

b 25% 
I 30% 
1 35% 

40% 

2190 
2628 
3066 
3504 

0 0386 
0 0366 
0 0348 
0 0333 
0 0320 

0 1259 1 0 0973 / 0 1308 ] 0 1183 
o 0987 
0 0824 
0 0716 
0 0638 
0 0580 
0 0535 
0 0499 

1 0 0469 

0 1187 I I 

o 0920 I i 

60% 
65% 
70% 
75% 

I 

I 80% 

45% 1 3942 

0 0375 
0 0359 
0 0346 
0 0335 
0 0325 

0 0760 
0 0653 
0 0577 
0 0520 
0 0475 
0 0440 
0 0411 

I 50% 
55% 

o 0773 I o 1010 i o 0917 
I 

4380 
4818 

85% 
I 90% 

95% 
1 100% 

5256 

0 0654 
0 0574 
0 0517 
0 0474 
0 0441 
0 0415 
0 0393 

0 0326 
0 0315 
0 0304 
0 0295 

0 0414 
0 0391 
0 0371 
0 0354 
0 0339 

00444 

0 0306 1 00308 
00296 1 0 0297 
0 0287 1 0 0288 
0 0278 1 0 0280 I 

0 0385 
0 0364 
0 0347 
0 0332 
0 0318 

7446 
7884 
8322 

0 0831 
0 0712 
0 0627 
0 0563 
0 0513 
0 0474 

5694 

0 0757 
0 0651 
0 0575 
0 0518 
0 0473 
0 0438 

0 0424 

0 0365 1 00316 
0 0354 
0 0344 

8760 1 0 0336 

00441 

6132 1 0 0406 

0 0308 
0 0301 
0 0295 

I 00409 

6570 
7008 

0 0390 
0 0377 



Mostovskoy Power Costs1 



- 
KRASNODAR POWER PROJECT 

STATIC SCREENING OF ALTERNATIVE GENERATION OPTIONS 
HAGLER BAILLY CONSULTING INC 10 05 AM 

I 

'GENERATION OPTIONS 
A 

- 
I GT 300 N 2x1 50MW - Gas Turblnes - Novoross~ysk 

16 IGT 600 N 4xl50MW - Gas Turbines - Novoross~ysk 
C ICC 450 N Ix450MW - Combined Cycle - Novoross~ysk 
ID 'HP 450 N lx450MW - CHP - Novoross~ysk 
E I 

I 
I 

IF 
I 

'DISCOUNT RATE % 1 1500% I 

'LEVELIZING PERIOD YEARS I 25 
IICOMPUTATION OF EFFECTIVE CAPACITY 

i 

PARAMETER UNITS 1 GT300 N I GT6OO N 1 CC 450 N I HP450 N I 
I NOMINAL CAPACITY MW 
I NET RATED CAPACITY MW 

4 60% 
25 00 1 

-1 
'FORCED OUTAGE RATE x 1 400%1 400%1 

300 00 
300 00 

4 60% 4 60% 1 
I 

25 00 1 25 00 I 
88 55% 1 88 55% 
-12 70 -12 20 

'FORCED OUTAGE RATE x 1 400%1 400% 

l PLANT COST ON G R C SKW 

CHP CAPACITY COST S 10001GCAL+I 

TOTAL PLANT COST MS 
ICHP PIPING COST M I  

CHP CAPITAL COST CREDIT M I  

600 00 1 450001 45000 1 
I 

600 00 / 443 00 1 393 00 1 
ICHP CAPACITY GCAUH , o 00 

1 25 00 1 
I 8s 15% 
1 -12 70 

/PLANNED MAINTENANCE DAYS 

IGAS PIPELINE COST MS 

ITRANSMISSION COST MS 
I 
IADJUSTED PROJECT COST I S  

o 00 1 O O O !  172501 I , 

25 00 
89 15% 
-12 70 

1 547601 404981 

25 00 /PLANNED MAINTENANCE DAYS 

I EFFECTIVE RATING MW 

355 00 
0 00 

106 50 
0 00 
0 00 

lCOMPUTATlON OF PROJECT VALUE AT TIME OF COMMISSIONING 

[YEAR FROM START PERCENT OF C PERCENT OF CAPITAL COST INCURRED I 

[COMPUTATION OF ANNUAL CAPITAL COSTS 
I PARAMETER UNITS I GT300 N I GT6OO N I CC450 N 1 

547601 404981 360 20 [ 

25 00 

278 75 I EFFECTIVE RATING MW 

62 00 
19 50 

188 00 

FIRSTYEAR OF OPERATION o 1 0 00 
I USTYEAR OF CONSTRUCIION I 1 70 00 
YEAR BEFORE 2 / 30 00 

[COMPUTATION OF ANNUAL CAPITAL COSTS 
I PARAMETER UNITS I GT300N I GT6OON I CC450N 1 HP450N I 

278 75 

IAVAII ARII IN *L ! 8s is% 

312 00 
0 00 

187 20 

!YEAR BEFORE 3 I 0 00 

 TRANSMISSION LOSS MW 
1 AVAILABILITY % I 89 15% 

0 00 
40 00 
45 00 

YEAR BEFORE 4 

 YEAR BEFORE s 
TOTAL (MUST ADD TO 100) 
I 

FUTURE VALUE MULTIPLIER 

FUTUREVALUE W 1 21068 

:VARIABLE OLM UMWH 

-11 30 ITRANSMISSION LOSS MW 

76 00 
28 00 

291 20 

15 00 
0 00 
0 00 

100 00 
1 1966, 

0 00 
0 00 

100 00 
1 1206 

15 00 15 00 

I~COMPUTATION OF OPERATION AND MAINTENANCE coaa EXPENSES 
PARAMETER UNITS I GT3OO N I GT6OO N I CC450 N HP450 N I 

348 46 
636 34 
30 00 

0 1523 
96 91 

I EFFECTIVE CAPITAL COST tlKw 
 DEPRECIATION YEARS 

I CAPITAL RECOVERY FACTOR 

CAPITAL COST SlKW year 

-1 I 30 

I 479 00 
0 00 

215 55 

62 00 
23 00 

299 91 

' 62 00 
23 00 

300 55 

0 00 
40 00 
45 00 

0 00 
0 00 

400 00 
1 1966 

755 80 
30 00 

0 1523 
115 14 

0 07000 

I 

481 00 
43 00 

216 45 
0 00 0 00 

I 
I 

0 00 
40 00 
45 00 

0 00 
0 00 

100 00 
1 1966 
359 65 
888 07 
35 00 

0 1511 
134 22 

5 88 

358 89 
996 35 
35 00 

0 1511 
150 58 

0 07000 
1~~~~~~~~~~~ LOSS $KWH -0 00074 

0 00 1 0 00 

-0 00042 
5 38000 
1 27000 

6 65 
7 29 

0 000 
0 

,FIXED ANNUAL PLANT O&M tlKw 
'SOCIAL COST (FIXED) SIlW 
!TOTAL FIXED COST SKW 

7421 I 

0 29000 

5 38000 
1 78000 

7 16 

0 32000 
-0 00037 
7 80000 
1 58000 

9 38 
10 42 
0 000 

0 

EFFECTIVE FIXED COST IN I 7 71 
CHP O&M CREDIT MSNear I 0 000 
HEAT TO DlST SYSTEM GcaVKWH I 0 

-0 00030 
8 45000 
1 58000 

10 03 ! 
12 53 
0 593 

479 
I 



- 
COMPUTAION OF LEVELIZED FUEL COST 

GT 300 N GT 600 N CC 450 N HP 450 N 
FUEL TYPE GAS GAS GAS GAS 
BASE PRICE SM BTU 1 40 I 40 I 40 1 40 
ANNUAL ESCALATlON X 3 00% 3 00% 3 00% 3 00% 
PRESENT VALUE FACTOR 646 I 6 46 6461 6461 
LEVELUNG RATE 

.c 
% l 165%1 1165Xi 1165% 11 65% 

P V F + ESCALATION I 8041 8041 8041 8041 
lLNELlZlNG FACTOR I 1 2 4 1  1 24 1 1 24 1 2 4 :  
ILEVELlZED PRICE f lM BTU 1 741 1 1 741 1 1 741 1 1 741 , 

4 
1 HEATRATE BTUlKWH 1 10080 1 10080 1 6561 1 5269 1 - 
ILEVELZED FUEL COST SM I O0175I 001751 001141 000871 
~ISUMMARY OF FIXED AND VARIABLE OPERATlNG EXPENSES WITH LEVELKED FUEL 
I I GT3OO N I GT6OO N I CC450N HP450N I 

/FIXED LlKW year 1 122 81 1 104 20 1 144641 16311 1 I 1 
 VARIABLE SM I 001691 00172) 001131 00087i 
I LEVELIZED COST PER KWH PRODUCED 

? 
CAPACITY FACTOR Hourslyear ! GT300 N I GT600 N i CC450 N i HP 450 N 

I 0% 0 1 NA I N A NA NA ; 
, 5% 1 438 I 0 2973 0 2551 I 034161 038111 



1 Novoross~ysk Power Costs1 

I I 1 I I I I I I 1 I I I I I I I 
20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100% 

Capaclty Factor 


