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Preface 

Thts prellmnary busmess plan for the OSC Nadvoitsky Alumnum Works Electrolyzers 
Upgrade Project has been prepared by Burns and Roe Enterpnses, Inc (BREI) and its 
Russian subcontractors wth funding fiom the U S Agency for International Development 
(USAID) under the NIS Energy Efficiency and Market Reform Project- Northwest 
Regon Power Investment Plan, Delivery Order No 19 - Electncal Energy Efficiency 
Improvements Task 

Thls information has been carefully compiled using the most accurate information and data 
available Much of the information was prowded by the staff of OSC Nadvoitsky 
Alummum Works (NAW), Region of Kareha, Russia Estimates found in the busmess 
plan include elements of the authors' subjective judgments and analyses Accurate data 
needed to support critical elements of the busrness plan are often ddlicult to obtsun No 
liability is assumed for the correctness or completeness of the information included in ths  
document Burns and Roe Enterpnses, Inc and its subcontractors disclam all liability for 
possible errors and ormssions in the business plan 

The busmess plan does not include all information requrred for a complete evaluation of 
the proposed project by a prospective lender or Investor Rather prospective lenders and 
investors are strongly encouraged to undertake their own assessments based on the 
information prowded m ths document The techmcal renovation needs of Nadvoitsky 
Alumnum Works are constantly changmg, thus, detds of the project, mcludmg costs 
descnbed herem, wll also change 

The authors would lrke to express their appreciation to the staff of Nadvoitsky Alumnum 
Works for their wtlhgness to provlde the data and information requwed to complete ths 
business plan and their support of the BREI team 

All data, evaluabons, plans and conclusions presented are as of May of 1998 and are based 
on coordmated opltllons of the project development participants 

The business plan has been developed by 

Y M Kogan - Energosetproekt, Moscow, Russian Federation 
T B Isadskaya - Energosetproekt, Moscow, Russian Federation 
Y V Pozhogma - Energosetproekt, Moscow, Russian Federation 
Y I Zheltukhm - OSC Nadvoitsky Alumnum Works, Nadvoitsky, Russian Federation 
B Howell - Bums and Roe, Washmgton D C , USA 
K Borushko - Bums and Roe, Oradell, NJ, USA 
A Akopov - Bums and Roe, Moscow, Russian Federation 



1 0 Project Summary 
The public joint stock company Nadvoitsky Alumnum Works (NAW), located in the 
Republic of Karelia, townshtp Nadvoitsky, Zavodskaya Street, 1, is providing thls 
application for the fbndmg of the Electrolyzers Upgrade Project 

1 1 General 
The project is to be implemented m 1999-2001 and Includes the replacement of 84 
electrolyzers that have lateral current supply by electrolyzers wth baked anodes Installed 
together wth the computenzed control system The technologcal part of the project is 
based on the common world-wrde practice for the alumurn mdustry and includes proven 
methods for such operation 

Major objectives of the proposed project include electnc power savmgs, lower emssions 
of contamants, and improvement of major techcal and economc factors of dumnum 
production The upgrading of the electrolysis production is a part of a Energy Efficiency 
Regond Program set by the Government of the Repubhc of Karelia 

The financial and economc factors of the project have been calculated m accordance wrth 
The Methodologcal Recommendations for Evaluatmg Investment Projects Efficiency and 
Selectmg Projects for Frnancmg approved by the State Construction Department of the 
Russian Federation, the Mntstry of Economy of the Russian Federation, the Mtmstry of 
Fmance of the Russlan Federation and the State C o m t t e e  for Industry of the Russian 
Federation (March, 1994), and the Guide to Energy Efficiency Bankable Proposals (June 
1997) Unless othewse stated, all reference to rubles are for denommated rubles or those 
in circulation at a tune of ths  wnting 

f 2 Summary of Results 

1 2 1 Savlngs 
Table 1-1 summarizes the benefits of the proposed project, mcludmg energy savmgs, 
output increase, and emssions decrease 

I Emrss~ons Decrease I 1065 3 tondyear I -- I 

Table 1-1 
Cost Savlngs (In mlllron 

of rubles) 
4 32lyear 

23 45lyear 

Category 

Energy Savlngs 

Output Increase 

Amount Saved 

42 7 mlhon kWyear 
(1 5%) 

2468 tondyear 



1 2 2 Project Fmancrng and Econom~cs 

The proposed project should be implemented w t h  a three-year pmod dunng 1999- 
2001 The schedule assumes that contractors and consultants wdl be brought m to support 
project implementation Note, any necessary legal and mstitutional preparatory work is not 
mcluded m the implementation penod 

Table 1-2 provldes an overwew of the assumed loan charactenstics for the proposed 
project 

Table 1-2 Loan Structure 

The results of the economc analysis for the base case scenano are presented in Table 1-3 
The cost of the project includes all local taxes 

Table 1-3 Flnanc~al Analys~s of the Energy Eficrency Upgrade 

The project internal rate of return (IRR) is 17 7%, and is above the requirements of all 
multilateral development banks Gven the project's good economcs, Russian commercial 
banks may be wdllng to provlde a portlon of the requlred Investments 

Category 

Net Present Value 
Payback Penod 
Discount Rate 
Profitability Index 
Internal Rate of Return 

Amounts 

7,420,600 rubles 
3 7 years 
10 % 
1 135 
1 7 7 %  



1 2 3 Sens~tlv~ty Analys~s and ask Assessment 

The base case scenano pro~des a sat~sfactory IRR value of 17 7 % Three sensitiwtles 
were looked at 

Case 2 - Interest Rate is 20%, Base cost of alumnum, Increase in inflation, figher 
currency exchange rate Ths case provldes IRR of 22 5% 
Case 2(a) - Interest Rate is 20%, Lower cost of alumnum, Increase in inflation, 
mgher currency exchange rate In ths case the project has a negative NPV 
Case 3 - Interest Rate 1s lo%, Htgher cost of alumurn, Decrease in inflation, Base 
currency exchange rate Ths case provldes IRR of 26 1% 

Case 2(a) is the only case where the IRR is below the acceptable l m t  if the descnbed 
conditions descnbed are sustained 

TheJinmcraZ rrsk exlsting in most projects in the Former Sovlet Unlon is pnmmly related 
to loan repayment However, property guarantees of the NAW have been offered as a 
finanaal nsk mtlgation mechmsm for thls project The amount of Investments in the 
project constitutes about 16% of the NAW total assets The polrtzcal rrsk for ths project 
IS lower than on average across Russia The pohtical and e t h c  situation m the Repubhc 
of Kareha has been stable for many years and does not have the potential for severe social 
confl~cts and confrontations The technrcal and manugenal rrsks related to project 
implementation are also mmmal due to the common technology proposed for this project 

2 0 Introduction to the Busmess 

2 1 General 

Nadvoitsky Alumnum Works (NAW) was comssroned in 1954 The present 
orgamzational and legal form of ownershp is that of a public joint stock company wth 
28 4 mllion rubles of equity The state owns 20% of the shares whle the remander of the 
shares are held by the publrc 

Contact I~formatron 

NAW* 
General director 
Techtllcal drrector 
Telephone 

Nechaev Gennady Pavlovlch 
Lulun Nkolay Anatolyevlch 
8 14-3 1-3 9-230 



Moscow representative ofice 
Address 107078, Moscow, Maly 

7 Khantonyevsky pereulok, apt 49 
Representative office dlrector Lubensky Lev Moiseevlch 
Telephone 095-975- 17-37 
Fax 095-975- 17-42 

NAW's major product Include alumnum in the form of Ingots (1 5 kg/piece) and slabs (up 
to one ton/plece) Sllumq alummum powders and dusts are also produced in small 
amounts Oxygen and heat generated by the NAW boller house are supplied to consumers 
of the Nadvo~tsky townshp as a by-product of the technologcal process 

Over the past three years NAW sales (m mllion of rubles) amounted to 

NAW 1s considered to be a small enterprise m sue Its annual output of raw alumnum is 
sigmficantly lower than the output of the major Bratsk and Krasnoyarsk alumnum plants 
~n Russla 

2 2 Cunent Condrtion 

Most of the productlon hnes at NAW have outdated electrolyzers, except for one 
expermental productlon h e ,  wth self-balung anodes Much of the equipment is 
physically old, whch results m excessively hgh electnc power consumpaon In 1997, 
speclfic electnc power consumption per one ton of alumnum amounted to 16,470 kWh 
Power to NAW is supphed by A 0  "Karelenergo" 

Discharge and exhaust ermssions are also hgher than in modern plants and lead to 
considerable contarmnatlon of the produmon premses and the outslde envlronrnent 

2 3 Power Supply and Consumption 

Untll recently, a high electnc power tanfY (0 204 rubles/kWh m 1997, whch is 3-4 tunes 
higher than the tar@ set for other major Russlan alurmum plants) was typ~cal for NAW 
and other alumnum plants m the North-West regon The high electnc power tanff 
resulted m very hgh production costs Electric~ty costs contrrbuted more than 5 1% to the 

a 



alurmnum production costs A tariff reduction was implemented m March 1998 reducing 
the cost of electricity by over 50% 

2 4 4 w  Matenal Sources 

50% of raw matenal comes from the Pikalevsky alumnum plant located about 70 krn from 
NAW The rest is imported from Western Europe through the Murmansk port 

2 5 Major Consumers 

Close p r o m t y  to European countries and satisfactory transportation methods contribute 
to the fact that about 95% of the NAW products are sold outside NIS m Western Europe 
Major foreign consumers include 

Glencore International (Swtzerland) 
Trans-World (Alurm~llurn) Limted (Great Bntzun) 
Hunter Douglas Metals B V (Netherlands) 
Metallgesellschaft (Germany) 
AB Electrolux, Group Global Purchasmg (Sweden) 

2 6 Current Financ~al Status 

Over the past three years NAW incurred sipficant losses Based on 1997 performance, 
losses accounted for 92 342 mtllion rubles Ths is p m l y  related to extremely hgh 
electnclty ta&s and outdated equipment 

In March 1998, a long-term power purchase contract (the contract termmates January 1, 
2004) signed between NAW and A0 Karelenergo under the aegs of the regonal energy 
conmussion The new t d i s  0 101 r u b l e s m  (1 6 centdkWh) The new tarB is 50 5% 
lower than the one m 1997 The power purchase contract is planned to be extended for 
another 4-5 years m 2004 The current wholesale market t d  for the North-West regon 
is 0 149 rubledkwh Ths wrll result m a decrease of NAW production costs 



3.0 Nature of the Project 

3 1 General 

The production of raw alumnum is a multi-stage process that includes raw rnatenal 
processmg, the product~on of alumnum by electrochemcal method and casting blanks for 
fbrther processing Thls project pnmanly deals wth alummum production at the 
electrolysis stage Exhibit 3-1 prowdes the detals of alumnum productlon process 

Ejchzbrt 3-1 - Process Dtagrams 

New Pro~osed Technolo- 

A1203 (1 942 t) 

NaAIF, (0 035 t) computer control 1 ton of Al 
AIF3 (0 027 t) Process 

Anode Matenal(0 525 t) I 

Current Technolo~y 

Na,AlF, (0 04 t) ~ ~ ~ ~ e s s  1 t011 of A1 
A I F ~  (O 037 t) 

Anode Matenal(0 53 t) 0 

NAW's electrolysis productlon stage consists of 356 electrolyzers (baths) mstalled m four 
bulldmgs, each contaming 80-90 electrolyzers The bulldmgs form two production blocks 
wth two bulldmgs In each block The post-electrolysis stage mcludes a thermal shop that 
produces Sllumn m mucers, and a shop that produces alumnwn powder as well as 
auxiliary products (oxygen, wastes recyclmg, and process steam) More than 90% of 
electnc power requlred for the process is consumed m the electrolysis product~on stage 
Exh~bits 3-2 and 3-3 prowde general layouts for the electrolyzers wth baked anodes (new 
proposed technology) and self-baked anodes (currently used technology) 



Exhzbzt 3-2 - Baked Anodes (New Proposed Technology) 

Exhrbrt 3-3 - Self-Bakzng Anodes (Currently Used Technology) 

3 2 Past Rehabrirtatron Exper~ence 

An expenmental shop wth  12 rehabilitated electrolyzers wth  baked anodes has been 
operating successfilly over the past three years The project was performed by the Kaser 
Corp (USA) The company supplied baked anodes and provlded general rehabilitation 
supemsion A number of local personnel and management participated m ths  project and 
received valuable experience in the form of operations traimng 



3 3 Project Objectives 

The man objective of the proposed project is a techcal upgrade of outdated equipment 
in the alumnum production building No 1 to acheve the followng major targets 

1) Lower electnc power consumption in alumnum production at the NAW 
2) Create conditions for alummum production mtensfication and increasing 

electrolyzers efficiency 
3) Contnbute to the unprovement of environmental con&t~ons m the region by 

reducmg emssions and discharges mto the environment 

3 4 Project lmplementatron 

The project is planned to be implemented in the followmg three stages 

At the same tune, each batch of electrolyzers will be installed wthm a year, in turn 
obta~ung the hll effect of mstallation the followmg year Please note that the production 
levels do not decrease dunng the rehabihtation process 

Project Importance 

Stage 1 
Stage 2 
Stage 3 

The management of the plant is mterested m Iowemg alumnum production costs by 
decreasing  the^ electnc power consumption and in reducmg the emssion of fhe dust 
particles The proposed project w11 unprove the workmg cond~tions of the personnel 
dunng the electrolysis production process In addition to this, mcreased product output is 
expected, leading to higher revenues 

Amount of replaced 
electrolyzers, umts 

20 
32 
3 2 

Rehab 
Starts 
1999 
2000 
200 1 

3 5 Renovatron impacts 

Planned annual raw 
Alummum output, tons 

4272 
683 5 
6835 

The replacement of electrolyzers together wth the installation of the Computerized 
Control System of Production Processes (CCS PP) wdl improve major charactenst~cs of 
the alumnum electrochemcal production at the NAW The implementation of the project 
wdl allow the followmg projected results to be obtaned 



(a) Electnc power savmgs - 15% 42 75 rnl k W y r  

(b) Egher metal yeld, - 9 5% 18 14 tonslyr 
grven current efficiency 

(c) Increase in metal yeld 654 tonslyr 
by mcreaslng maptude of 
current 

(d) Lower emssions of 1065 3 tondyear 
contawnants, mcludmg 

m md of rubles 

4 32 

17 23 

not estimated 

dust 96 3 tons 
tarry substances 400 8 gr 
fluonde 15 7 tons 
anhydrous hydrogen fluonde 22 4 tons 
sulfbr oxrdes 8 60 tons 
carbon oxldes 521 5 tons 

The proposed project will also mcrease the electrolyzers' servlce hfe from 4 25 years to 6 
years 

3 6 R~sk Assessment 

Pohtical and Geomaphc Rsks 

The pohtical nsk for the proposed project may be considered to be lower than on average 
across Russia The political and e t h c  sltuatron m the Republlc of Kareha is characterrzed 
by tranquillity and lack of social contllcts and confrontation that occur m other Russian 
regrons In addition to that, Karella is located outside the natural disaster zone m Russ~a 
Earthquakes, typhoons, and other natural disasters are not common m that regon 

Techcal and Managenal hsks 

These nsks are estimated to be mmmum for the proposed projects The upgradlng of the 
production hne by mstalhg electrolyzers wth prelmnary baked anodes and cornputenzed 
controls for electrolyzer systems m not a techcal lnnovatlon Around 700 electrolyzers 
wth baked anodes are already operating in Russia At NAW, an expemental shop wth 
12 new electrolyzers has been operating successfblly smce 1995 

The financing of the expenmental shop upgradlng was conducted by the plants Internal 
hnds The current operation of th~s shop provtdes reliable technologcal and industrial 
econormcs data used m ths  proposal Major benefits of the proposed system Include 



The scope of proposed work does not requue any additional production premses, 
except for an anode and installation shop (AIS) 
NAW has been operating for more than 40 years, and has sigruficant production 
expenence, hlghly s u e d  managenal personnel and workers that are f d a r  wth 
current and newly proposed systems 

Financial and Economc hsks 

To reduce the nsk related to loan repayment, property guarantees of the NAW can be 
used as a mechamsm of financial and economc nsk regulation The amount of investments 
in the proposed project is only 16% of current NAW assets 

R~sk related to profitability of the NAW is quite low, seen as though in the near fUture the 
larger part of the plant products (more than 95%) d l  be exported to the Western 
European market Any growth m the share of Russian consumers wll pmanly depend on 
the abhty of Russian consumers to pay for the NAW products 

Two external nsks related to the production costs are also possible They are 

A possible mcrease m the pnce of raw matenals due to an increase m customs duties, 
leadmg to an mcrease in production costs by another 3-5% Ths case is considered in 
the sensitiwty analysis for ths project 

A possible Increase m the pnce of electnc power due to the ternnation of the power 
purchase contract signed wth power suppher A0 Karelenergo (# 0001, dated March 
23, 1998 ), or changes m its terms 

The first nsk can be assessed wth a probabihty of 0 1, and the second one wth a 
probab~lity of 0 2, rfthe contract is temnated The waght of the first nsk can be assessed 
by a factor of 0 4, and that of the second one by a factor of 0 6, depending on conditrons 

The total number of nsk polnts obtamed as a total of the products of speclfic nsks by thew 
weights is assessed m ths case to be 0 16, whch is withn acceptable hmts 

Ths nsk probabhty figures are based on the nsk analysis methodology prowded by the 
Russian Academy of Sciences Energy Research Institute 

Additional Benefits 

In addition to the nsks mentioned above, the proposed project evaluation should take into 
consideration some factors that can potentially stabilize project performance and dmmsh 
the above mentioned implementation nsks They Include the follomg 



The project prowdes qulck ( w t h  three years) upgradmg of only 84 out of exlstmg 356 
electrolyzer umts Thts prowdes the possibhty to Implement upgradmg wthout lowemg 
the plant output and, and consequently, wthout decreasing NAW sales 

Better labor conditions and increased automation wll also contnbute to the plant 
productivity 

3 7 Project Support 

Support of the Project By the Government 

The upgradmg project is a part of the Federal Program for Techmcal Upgradmg and 
Development of Russia's Metallurgy Sector for 1993-2000 (Resolubon of the Russian 
Federation Government # 41, dated January 23, 1994) The proposed project has been 
included into the Repond Program for Energy Efficiency of the Repubhc of Karelia 
(Resolution of the Government of the Repubhc # 154, dated August 6, 1997) 

Four mtegral factors have been calculated to show project profitabdlty These factors are 
as follows (base scenario) 

Repavment perrod (the number of years 
dmng whtch revenues from the production 
actl~nty conlductd by the el?t,eqwse 
cover costs related to mvestments) 

3 3 years 

Discounted penod of repayment [at 10%) 3 7 years 

Net present (discounted) value RJPW The 7420 6 thousand rubles 
sum of net discounted cash revenues m u s  
discounted investment costs 

Investment ~rofitabditv mdex Profitabihty 
index is a relative factor that characterizes a 
level of revenues per umt of costs 

Internal rate of return (IRR) shows 
expected profitabdity of the project 



4 0 Benefits 

4 f Energy Sav~ng~Envrronmenta/ improvements 

Follounng energy savlngs and envlronmental lmprotrements are foreseen for the proposed 
project 

Value in 
rml of rubles 

(a) Electnc power savrngs - 15% 42 75 ml kWyear 4 32 

(b) figher metal yleld, - 9 5% 18 14 tonslyear 17 23 
given current efficiency 

(c) Increase in metal yleld by 654 tonslyear 
increasing magmtude of current 

(d) Lower emssions of 1065 3 tonslyear not estimated 
contarmnants mcluding 

dust 96 3 tons 
tarry substances 400 8 g 
fluonde 1 5 7 tons 
anhydrous hydrogen fluonde 22 4 tons 
sulfur oxldes 8 60 tons 
carbon oxldes 521 5 tons 

Proposed project d l  also increase electrolyzers serwce Me from 4 25 years to 6 years 

4 2 Export Promotron 

Currently, about 95% of the product is sold to the Western European market Table 4-1 
presents the projected mcrease in total sales and mcrease of correspondmg export share 

Table 4-1 - Projected Sales Increase 

Market Sales 
(x1000 tons) 

Foreign 
Domestic 
Total 

1999 

57000 
3 000 

61814 

2000 

57570 
3 000 

61190 

2001 

58 190 
3 000 

61190 

2002 

58 190 
3 000 

61190 

2003 

58 190 
3 000 

60570 

2004 

58 814 
3 000 

60000 



0 
5 0 Market Analysis 

5 ? World Market 

World production of alumnum increased slightly in 1997, as compared to 1996 Total 
world inventones of alumnum were relatively unchanged - an increase m London Metals 
Exchange (LME) inventones was balanced by a dechne in producer rnventones 

Table 5-1 provides detads of pmary alumnum production by major producers in the 
world 

Table 5-1 - Major Pnmary Alumznum PI.oductton (zn tons) 

* 1998 figures are based on January and February data only 
Source USGS - Mnerals Informabon 

The LME cash pnce for hgh-grade pnmary alurmnum ingot followed the same general 
trend as the U S market pnce dunng the last few years The monthly average U S market 
pnce of pnmary alummum metal, as reported by Platt's Metals Week, fluctuated during 
the last few years but foilowed a general downward trend before recovemg near the end 
of 1996 Table 5-2 below represents U S Market spot average alurmnum pnces for 1992- 
96 

Table 5-2 - U S Alumznum Phces (spot pnce m average cents per pound) 

5 2 Russran AIumrnum Market 

Eleven alurmnum plants are currently m operation in Russia Five major plants are located 
in Slbena, one is operatmg m the Urals, and three are operatmg in the North-West regon 
Currently, about 90% of the products produced by these plants are exported to the foreign 
market 

1996 
71 3 

The Russian market IS charactemed by a decrease in demand for alurmnum But a local 
pnce for it amounts to around 1800 dollarslton, whch is equivalent to the average pnce at 

Source USGS - Unerals Informabon 

1995 
85 9 U S. Market 

1993 
53 3 

1992 
57 5 

1994 
71 2 



the London Commodity Exchange (LCE) t&ng mto account the cost of exported * alumnum delivery from Russia Pnce fluctuations by speclfic plants are m the 17-18% 
range and pnmady depend on the costs of electnc power and raw matenals dehvery 

NAW provldes a quality of alumnum' that is qulte comparable mth the quahty of ths 
metal produced by other Rusaa's plants and plants worldwde 

Gwen the established links and potentlal consumers, the sales and pnce of alumnum 
produced by NAW are projected in Table 5-3 

6 0 Financ~al Plan Assumptions and Project Costs 

Table 5-3 - Sales and Pnce Forecast for NA W 

6 I General Project Assumptrons 

The followmg assumptions were made whlle preparing mput data for calculatmg the base 
scenano of the financial plan 

Revenues 
(in 1000 rubles) 

Sales 
(in 1000 tons) 

The b e g m g  of the project 
The duration of the project 
Project currency 

Pnce 

January 1, 1999 
5 years 
ruble 

The tanff for electnc power supplled to the alumnum plant IS assumed to be 0 016 
US$/kWh for the whole penod Other general economc parameters used m the financing 
plan are presented in Table 6-1 

Alurmnum produced by NAW has been regstered at the London Metal Exchange and passed all 
necessary experhse 



6 2 Interest and D~scount Rates 

Table 6-1 - General Econonuc Parameters 

The following Interest rates were used 

Maxlmum 

Base 

Mimmal 

Maxlmum 

Base 

Mmmal 

Maxlmum (**) 

Base 

M m a l  

(*) Forecast subrmtted by 

Worst case scenano 
Base case scenano 
Best case scenano 

The discount rate is 10% These figure was discussed and venfied vvlth EBRD 
representatlves In Moscow and Helsmlu 

Inflauon for payroll has been assumed mth a constant coefficient 1 08 to mdustnal mflahon (based on data 
subrmtted by the pro-rector of the Egher Econormc Umversity, E E Gavlllenkov, Moscow) 
Dollar exchange rate - ooff id forecast of Russia's b s t q  of Economy (May 1998) td the year 2001, after 
that year the data is W t e d  Current (May 1998) rate is 1 USD = 6 14 rubles 
(**) Forecast submtted by the NAW 

Years 

1999 2003 2000 2004 

Annual lnflat~on, % (*) 

200 1 

6 3 

5 7 

5 1 

2002 

4 6 

4 2 

3 7 

4 2 

4 7 

4 2  

Exchange rate, rubles per dollar (*) 

4 3 

3 9 

3 5 

6 42 

6 3 

6 1 

4 0 

3 7 

3 4 

7 15 

6 7 

6 25 

3 7 

3 5 

3 2 

6 63 

6 4 

6 1 

7 31 

6 8 

6 3 

Aluminum pnce (dollars per ton) 

6 81 

6 5 

6 15 

1500 

1460 

1420 

6 98 

6 6 

6 2 

Russ~a's Mmstry of Economy 

1500 

1480 

1420 

1520 

1500 

1420 

1540 

1510 

1420 

1560 

1530 

1420 

1570 

1530 

1420 



6 3 Cap~ta/ Investment Schedule and Loan Structure 

The total mvestment requu-ed for the proposed project is estunated to be 61 mllion 
rubles 

Estunated structure of investments by project implementation stages 1s presented in Table 
6-2 (mllion rubles) 

Table 6 2  - Investment Schedule (zn mil, of rubles) 

The project 1s to be financed wth the proceeds of a 5-year loan 

Project 
Acbvity 

Stage 1 
Stage 2 
Stage 3 

The loan repayment schedule is as shown m Table 6-3 

Table 6 3  - Loan Pnnczpal Amount Repayment Schedule 

Total Amount 
of Investment 

Requ~red 
15 
23 
23 

7 0 Cash flow Projectrons and Financral Viabrlity 

Repayment 
(m Wens of rubles) 

Taxes, presented m Table 7- 1 are used m the cash flow calculations Land tax is not used 
Its value is neghgble and does not unpact the calculations m any way Tax rates are 
assumed to be constant for the duration of the project 

Matenals, 
Cconstruchon 

and Installation 
10 8 
17 2 
17 2 

Equipment 

Table 7-1 - Taws (%) 

Electrolyzers 

2 2 
3 5 
3 5 

1999 

-- 

Controls 

2 0 
2 3 
2 3 

2000 

-- 

Penslon hnd 
Soc~al secunty 

2001 

13 0 

Overhead 

28 
5 4 

Profit Tax 

- 

2002 

23 0 

2003 

25 0 





7 2 Cash flow Project~ons 

The financlal performance of the project IS presented In the followng tables 

Table 7-2 - Profit and Loss Balance 
Table 7-3 - Cash Flow 
Table 7-4 - Balance Sheet 
Table 7-5 - Rat~os 

Table 7-2 
Profit and Loss Balance 

(zn xlOOO of rubles rf not stated othenurse) 

Alurmnum output, 

(x1000 tons) 

Pnce of alumnum 
($/ton) 

Pnce of alumnum (1000 
rubles/ton) 

Revenues (x1000 rubles) 

Production costs 

Raw and auml~ary 
mat ends 

Electnc~ty 

Salary and fhnges 

Other dlrect costs 

Total dlrect costs 

Overheads 

Depreciatron 

Other fixed costs 

Total fixed costs 

Loan ~nterest 

Taxable profit 

1999 

1,460 

9,198 

2000 

4 272 

1,480 

9,472 

40.464 4 

2001 

11 107 

1,500 

9,750 

108,293 3 

2002 

17 942 

1,510 

9,966 

178.810 

19,5316 

6,124 3 

1,168 0 

491 3 

27.315 2 

255 

2,504 3 

17 1 

2.776 4 

2,250 

8.122 86 

2003 

17 942 

1,530 

10,251 

183,923 4 

88,8097 

26,525 5 

4,905 3 

2,063 3 

122.303 8 

255 

10,1846 

71 8 

10.5113 

7,200 

38.794 81 

52,9140 

16,171 8 

3,036 7 

1277 3 

73.399 8 

255 

6,3444 

44 4 

6.6438 

5,700 

22.549 63 

92,0956 

26,927 4 

4,905 3 

2,063 3 

125.991 7 

255 

10,1846 

71 8 

10,5113 

3,750 

43.670 42 



Profit tax 

Other taxes 

Net profit 

Cumulative net profit 

1999 2000 

2,843 00 

1,973 93 

3.305 93 

3,305 93 

2001 

7,892 37 

4,468 80 

10.188 47 

13,494 39 

2002 

13,578 18 

6,584 30 

18.632 33 

32,126 72 

2003 

15,284 65 

6,737 70 

21.648 07 

53,774 8 



Table 7-3 
Cash Flaw 

(in xlOOO of rubles #not stated othenurse) 

l~umulative ~nvestments I - 15000l -3 80001 -6 10001 -6 1000( -6 10001 
Investments 

Discounted ~nvestment 
Cumulative d~scounted 

1999 
-1 5000 

Investments m worktng 
capltal 

2000 
-23 000 

2001 
-23000 

-15000 
-1 5000 

Revenues 
Dlrect costs 

Profit tax I 1 2843 001 7892 371 13578 181 15284 651 

0 

Fured costs 
Loan ~nterest 
Taxable profit 

Net profit 1 3305 931 10188 471 18632 331 21648 07 

2002 
- 0 

-20,909 1 
-35,909 1 

A 0 

2003 
- 0 

0 

2776 4 
2250 

8122 86 

revenues I I I I 

-19,008 3 
-54,917 4 

40464 4 
273152 

Net cash revenues 
Cumulative net cash 

0 

6643 8 
5 700 

22549 63 

Equity 0 1 01 0 1 01 01 

0 
-54,917 4 

108293 3 
733998 

5810 19 
5810 19 

D~scounted net cash 
revenues 
Ccumulative dtscounted 
net cash revenues 

0 
-54,917 4 

0 

10511 3 
7200 

3879481 

Loan repayment 130001 230001 250001 

0 

178810 0 
122303 8 

10511 3 
3750 

4367042 

16532 89 
22343 08 

5,2820 

5,282 0 

Payment of dtvldends 
Long-term loan 

183923 4 
125991 7 

28816 91 
5 1 159 99 

13,6636 

18,945 6 

0 
15000 

Balance 
Cumulative balance 

31832 65 
82992 64 

Balance of accrued fbnds 
Cumulative balance of 
accrued fbnds 

21,650 4 

40,596 0 

0 
23 000 

15000 
15000 

21,742 0 

62,338 0 

A 0 
0 

0 
23000 

23 000 
3 8000 
5810 2 
5810 2 

0 

10000 
48000 

0 

3532 9 
9343 1 

-23000 
25000 

-25000 
0 

5816 9 
15160 0 

6832 7 
21992 6 



Table 7-4 
Balance Sheet 

(m xl000 of rubles 4not stated otherwise) 

Fixed (off-current) assets 

Depreciation 

Total depreciated cost 

Current (operational) assets 

Total assets 

EquiV 

Retamed profit 

Total equity 

Long-term liabilities 

Current habillties 

Total habillties 

1999 

15000 

15000 

15000 

0 

0 

15000 

15000 

2000 

3 8000 

-2504 3 

35495 7 

5810 2 

41305 9 

0 

3305 9 

33059 

3 8000 

0 

413059 

2001 

6 1000 

-8848 7 

52151 3 

93431 

614944 

0 

134944 

134944 

48000 

0 

614944 

2002 

6 1000 

-19033 3 

419667 

151600 

57126 7 

0 

321267 

321267 

25000 

0 

571267 

2003 

61000 

-29217 8 

317822 

2 1992 

53774 8 

0 

53774 8 

53774 8 

0 

0 

537748 



7 3 Assessment of the Sensrtrvrty Calculatron Results 

Repayment penod, years 

Repayment penod wth discountmng, years 

Net present value (NPV), x1000 rubles 

Investment profitabihty lndex 

Investment efficiency ratio 

- 

Table 7-6 presents a companson of all ratios under different sensitiwties rewewed 

Table 7-6 - Sensztrwty Analysrs 

3 3 

3 66 

7420 6 

1 135 

92% 

SCENARIOS (Refer to Table 6-1) 

Maxtmum 

Maxlmum M m u m  Mawnum 

Maxlmum Base Base 

-. , ' , .....,,, , ., ...'',.. 

Repayment 
penod, years 
Repayment 
pend y-, 
wlth dlscountlng 
NPV, 1000 
rubles 

3 3 

3 7 

7420 6 

3 2 

3 5 

12,531 0 

3 8 

4 3 

-5 65 1 5 

3 1 

3 35 

15822 6 



The base scenano is charactenzed positively in terms of all factors of the project Case 2 
(20% interest rate, maxlmal idation rate and a dollar exchange rate, alumnum base 
pnce), is also acceptable The best results are aclueved when the most favorable values of 
input data are comblned together (Case 3) 

In case when all input data is unfavorable (scenano 2a), project factors become 
sigmficantly worse However, the probability of the worst combination of all input 
parameters is not very hgh and is estimated at the level of less than 5% (according to E N  
methodology) 

The assessment of the probabhty of the rewewed scenanos occurrence, as per EM 
methodology, is as follows (a) Case 1 - 0 6, Case 2 - 0 15, Case 2a - 0 05, and Case 3 - 
0 25 

The findings presented in Table 7-6 above prowde ewdence of lugh relrabllity and stabtlity 
of the project 

To perform a more detded sensitivity analysis, additional calculations have been 
conducted in order to d e t e m e  the Impact of major production costs items on project 
efficiency The follourlng categones were rewewed raw matenal costs fluctuations, and 
electncity consumption Increase 

The conducted analysis shows that the project w11 still be economcally wable if 

raw matenal costs and matenal costs go up another 2 1 % from the base value 
electnc power costs go up another 45% fiom the base value 
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Ths prehmnary buslness plan for the Volkhovgypsum Industrial Wastes Recycling 
Factory has been prepared by Burns and Roe Enterpnses, Inc (BREI) and its Russian 
subcontractors wth h d t n g  from the U S Agency for International Development 
(USAID) under the NIS Energy Efficiency and Market Reform Project- Northwest 
Regon Power Investment Plan, Dellvery Order No 19 - Electrical Energy Efficiency 
Improvements Task 

Ths mformat~on has been carefully complled using the most accurate information and data 
avadable Much of the information was provrded by the staff of the Volkhovgypsum 
Industrial Wastes Recycling Factory, Lemgrad Regon, Russia Estunates found in the 
business plan rnclude elements of the authors' subjective judgments and analyses 
Accurate data needed to support cntical elements of the busmess plan are oRen difficult to 
obtam No habihty is assumed for the correctness or completeness of the mformation 
included In ths document Burns and Roe Enterprises, Inc and its subcontractors 
disclam all liability for possible errors and omssions in the buslness plan 

The business plan does not Include all dormation requued for a complete evaluat~on of 
the proposed project by a prospective lender or investor Prospective lenders and investors 
are strongly encouraged to undertake thew own assessments based on the dormation 
provlded m tbs  document The techcal renovation needs of Volkhovgypsum Factory 
(VF) are constantly changng, thus, detluls of the project, mcludmg costs descllbed herein, 
d also change 

The authors would hke to express their appreciation to the staff of Volkhovgypsum 
Factory for thelr wllingness to provlde the data and information requlred to complete ths 
busmess plan and their support of the BREI team 

All data, evaluations, plans and conclusions presented are as of May 1998 and are based 
on coordinated opmons of the project development participants All ruble values are 
stated rn "denommated rubles" as of 1998, unless other wse noted 

The business plan has been developed by 
Y M Kogan - Energosetproekt, Moscow, Russian Federation 
T B Isadskaya - Energosetproekt, Moscow, Russian Federation 
Y V Pozhogma - Energosetproekt, Moscow, Russian Federabon 
G Z Rynskaya - Energosetproekt, Moscow, Russian Federabon 
0 I Ivanov - Volkhovgypsum Factory, Town of Volkhov, Russia 
S V Fedorov - Volkhovgypsum Factory, Town of Volkhov, Rusaa 
0 I Firsova - Volkhovgypsum Factory, Town of Volkhov, Russia 
B Howell - Burns and Roe, Washmgton D C , USA 
K Borushko - Burns and Roe, Oradell, NJ, USA 

0 A Akopov - Burns and Roe, Moscow, Russian Federation 



I 0 Project Summary 

The public joint stock company Industnal Wastes Recycling Factory Volkhovgypsum, 
located in the Lemngrad Regon, town of Volkhov, I(lrovsky Prospect, 29, is providing 
ths application for the hnding of the Natural Dryzng Upgrade Project 

1 1 General 

The project is to be implemented in 1999 and mcludes the mtroduct~on of natural 
prehmnary drymg of phosphogypsum m the raw matenals warehouse Ths project is not 
considered to be techcally-complex, and it does not require any Innovative technologcal 
lrnprovements 

The major objectives of the proposed project include electnc power and natural gas 
savmgs, increase of recycling process, utilization of exlsting landfill products in the 
process, stabilization of gypsum quahty The upgradmg of the Volkhovgypsum Factory is 
included m the pnonty hst of projects in the Lemgrad Regon 

The financial and economc factors of the project have been calculated m accordance mth 
The Methodologcal Recommendations for Evaluatmg Investment Projects Efficiency and 
Selectmg Projects for Fmanc~ng approved by the State Construction Department of the 
Russian Federation, the Muustry of Economy of the Russian Federation, the Mmstry of 
Finance of the Russian Federation and the State Comrmttee for Industry of the Russ~an 
Federation (March, 1994), and the Guide to Energy Effiaency Bankable Proposals (June 
1997) Unless othemse stated, all reference to rubles are for denommated rubles or those 
m circulation at the tune of thls wntmg 

1 2 Summary of Results 

1.2 1 Improvements 

Table 1-1 summames the benefits of the proposed project, mcludmg energy sawngs, &el 
savmgs, and Gypsum production Increases 

Table 1-1 - Project Benefits 

Notes 
Energy consumpbon decreases from 230 
kWNton to 90 kWh/ton 
Fuel consumpbon decreases from 160 kg 
spec beyton to 86 kg spec fueVton 
Long term (2006) increase of output 1s 

Category 
Energy Sav~ngs 

Fuel Sav~ngs 
(Natural gas) 
Output Increase 

Amount Saved 
4 2 mfion kwh /year 2003 
(60Y0) 
2 200 tons spec fueyYear 2003 
(46%) 
up to 20-30 thousand tonslyr 



1 increase in 2002-2003 1 estmated at 100 thousand t o m  

I )  Other benefits include gypsum quallty improvements, factory staffing increase, and 
envlronmental mprovement s in the regon 

1 2 2 Project Financing and Economics 

The proposed project should be implemented mthn a one-year penod begmng 1999 
The schedule assumes that contractors and consultants wdl be brought In to support 
project implementation Note, any necessary legal and institutional preparatory work is not 
included in the implementation penod 

Table 1-2 provldes an ovemew of the assumed loan charactenstics for the proposed 
project 

Table 1-2 Loan Structure 

*Remamg 3 d o n  dollars are covered by Vollchovgypsum Factory resources 

Total Project Cost 
Loan amount* 
For 
Term 
Grace Period 
Construction Begins 
Construction Completed 

The results of the econormc analyas for the base case scenano are presented m Table 1-3 
The cost of the project Includes all local taxes 

1 0 Mrllion Rubles ($1 63 mllion) 
7 d o n  rubles ($1 14 d i o n )  
30% - Equipment, 30% - Labor and matenals 
Five years mcluhg the grace penod 
Two years (construction tme) 
1999 
2000 

Table 1-3 Financial Analysis of the Energy ECficiency Upgrade 

The project's internal rate of return (IRR) is 19%, and is normally above the requrements 
of the multilateral development banks Gven the project's rehable economc features, 
Russian commercial banks may be wrllrng to provlde a portion of the requlred Investments 

Net Present Value 
Payback Penod 
Discount Rate 
Profitability Index 
Internal Rate of Return 

1 2 3 Sensitivity Analysis and R~sk Assessment 

2,39 1,100 rubles 
3 3 years 

10 % 
1 239 
19 % 



The base case scenario provldes a satisfactory IRR value of 19 % Three sensitiwties were 
looked at 

Case l(a) - S d a r  to the base case, but mcludes additional mvestments Ths case 
prowdes IRR of 18 5% 
Case 2 - Interest Rate is 20%, Lower cost of gypsum, Increase m inflation Ths case 
prowdes IRR of 13% 
Case 3 - Interest Rate is lo%, Iibgher cost of gypsum, Decrease m ldation Ths case 
prowdes IRR of 23 1% 

Case 2 prowdes for the most unfavorable conditions and still prowdes IRR of 13 percent 
However, according to the nsk assessment methodology developed by the Energy 
Research Institute of the Russian Academy of Sc~ences (ERI), the probablllty of Case 2 is 
low, between 1-3% 

The3nancral rrsk exlstmg m most projects m the Former Sowet Umon is pmanly related 
to loan repayment However, property guarantees of the Volkhovgypsum Factory as well 
as guarantees of the Lemgrad Regon and Volkhov mumcipahty have been offered as a 
financial nsk mtigation mechmsm for this project In additlon, Volkhovgypsum Factory 
is p l m n g  to Invest 30% of the requlred amount fkom then own capital Thepolrtzcal 
rrsk for this project is lower than on average across Russia The pohtical and ethntc 
situahons m the Lemgrad Repubhc have been stable for many years The regon does not 
have the potential for severe social c o d ~ c t s  and confi-ontations The technzcal and 
constructzon nsks related to project rmplementation are also rmnunal due to the well- 
proven technology proposed for this project 

2 0 lntroduct~on to the Busmess 

2 l General 

Industnal Wastes Recychg Factory Volkhovgypsum was comrmssioned in 1990 The 
present orgamzational and legal form of ownershtp is that of a pubhc joint stock company 
wth 2 5 mllion rubles of equity (1997) The state owns 43% of the shares whle the 
remander of the shares are held by the public Volkhovgypsum Factory currently employs 
about 70 workers 

Contact Infomatzon 

General director 
Telephone 
Fax 

Oleg I Ivanov 
8 12-632-783 8 
8 12-63 1-3 774 

Gypsum blnder (gypsum) is Volkhovgypsum Factory's major product Srlumm, gypsum 
powders and dusts are also produced k small amounts 



In 1997 Volkhovgypsum Factory production was 4,000 tons of gypsum and amounted to 

m 2,503 thousand rubles 1998 projection is appromately 5,000 tons of gypsum 
- - 

Volkhovgypsum Factory is cons~dered to be a small enterpnse in slze, but there is a 
prospective to expand the product~on capabkties in the near fbture 

2 2 Raw Matenal Sources 

Enterpnse uses a relatively smple technology for the production of gypsum The factory 
operates on the basis of wastes recovered fiom the neighbonng alurmnum production 
plant and the reserves of raw matenals are practically ~nexhaust~ble (the cost of wastes 
recovery 1s around 25 rubles per 1 ton) At the same time a wder use of exlsting wastes 
has a positive impact In the area of local enwonmental improvements The 
Volkhovgypsum factory has a wde market for its products both m the Northwest regon 
of Russia and in neighbonng Republic of Belarus 

Presently, about 25 d o n  tons of phosphogypsum have been accumulated at the landfill 
located about 1 5 km fiom Volkhovgypsum Factory Ths mpacts local water bodies, such 
as Volkhov nver, Ladoga Lake and even the Baltic sea wth phosphates, fluondes and 
sulfites run-offs Accountmg for the mdustnal output of 90 thousand tons per year (2005) 
exlstmg storage can provlde raw matenals for more than 150 years of gypsum production 
at Volkhovgypsum Factory (1 6 tons of gypsum is consumed to produce one ton of the 
gypsum binder) 

2.3 Major Consumers 

Close p r o m t y  to St Petersburg (120 krn) and to Petrozavodsk (270 km) and 
sat~sfactory transportation methods avalable contnbute to the lower cost of transportation 
to the consumers m the Northwest and Central Regons of Russia and m the Repubhc of 
Belarus 

2 4 Current F~nancral Status 

Volkhovgypsum Factory does not have any long-term debts The share of energy 
consumpbon in the production costs amounted to 29% m 1997 

3 0 Nature of the Project 

3 1 General 

The production of gypsum blnder is a two-step process whlch includes pulvennng and 
dehydration of phosphogypsum The project proposed d l  Introduce a new natural 
prelmary dryrng component The process w11 take place m the technologcal warehouse 
Exh~bit 3 - 1 prowdes the detmls of m s u m  production process 



Exhlblt 3 1 Process Dlagram 

Proposed Natural Prellmlnary Drylng Configuratron 

Energy Consumption = 90 kWh/ton of product, Natural Gas Consumptmn = 86 kg spec W t o n  of product 

Existing Configuration 

Raw 
Crushrng of 
Phosphorus 

C'ypsum and F d  
to Tech Storage 

(W 3442%) 

Energy Consumpbon = 230 kWton of product, Natwal Gas Consumptum = 160 kg spec fueliton of product 

Raw 
Crush~ng of 
Phosphorus 

Gypsum and Feed 
to Tech Storage 

(W 3+420/0) 

Presently, the morsture content of phosphogypsum transported to the production h e s  is 
up to 42-44% Ths causes hsruptlons m the supply of matenals and the formation of 
debns in the processing equipment In addlt~on, ths  leads to the increased power 
consumptlon at the dehydration stage of the process 

k 

The proposed natural prelimnary phosphogypsum drymg stage (three-weeks of open a r  
drymg) would bnng moisture content of the rnatenal down to 25-30% In addtion to a 
hgher gypsum quality, ths  wrll prowde a decrease m electnc power consumptlon by 60% 
and gas consumption by almost 50% Ths leads to the potential for the mcrease of 
product output 

Dehydrabon 
Gypsum 
collmon 

- 
Drylng of 

Phosphorus 
Gypsum 
(W 2090) 

Frne 
Pulverurng and 
of Phosphorus 

~ y p s u m  
~n ballmrll 

A 

F ~ n e  
Pulveru~ng and 

DrYlng of 
Phosphorus 

Gypsum 
rn ballmrU 

The mam objective of the proposed project is an upgrade of gypsum product~on 
technology process to ackeve the follourlng major targets 

Coolrng 
Product 

P m k ~ n g  

Reduce energy component of the gypsum bmder productton costs 
Increase the volume of gypsum production 
Improve gypsum quality 
Improve enwonmental condlttons of the Town of Volkhov, Volkhov bver, 
Ladoga Lake and the Baltic Sea 

Dehydrhon, 

eollectron 

Coohng, 
r Product 

Packagog 



The project is planned to be nnplemented dunng a 1 year penod beguuung in 1999 The 
total investment need is 10 rmlllon rubles Thirty percent of ths  amount wrll be covered by 
Volkhovgypsum Factory resources The remamng 70% wrll come from the requested 
loan 

The proposed project is rncluded m the Catalogue of Investment Proposals for the 
Lemgrad Regon It is supported by Sohd Waste Law m the Lemgrad Regon whch is 
st111 under rewew in the Legislative Assembly Ths law wll support the exemption of the 
waste treatment fachties fiom regonal taxes 

3.4 Renovation Impacts 

The unplementation of the project wdl allow to obtam the followmg results 

a) Energy savmgs - up to 60% Energy consumption per one ton of the product is reduced 
fiom 230 to 90 kwh, samng up to 4 2 rmllion kWyear  (2003) 

b) Fuel sawngs - up to 46% Natural gas consumption d l  be reduced from 160 to 86 kg 
of speclfic he1 per one ton of the product, samng up to 2 2 thousand tons of specific 
fuel per year (2003) 

c) Gypsum quality unprovements 
d) 5-6 times increase of gypsum production (up to 20-30 thousand tonsfyear by 2002- 

2003) can be expected 

Estimated forecast of the gypsum binder production by year 1s presented below 

e) Other effects 

Apprownately 130 additional jobs wdl be created at the factory Thrs IS a benefit in the 
gven the current situabon on the Russia job market 
Gypsum recychg wdl be mtens~fied, clemng about 0 5 hectares of the city temtory 
per year 
Provisions for the chemcal contamrnation redurnon of Volkhov Rver, Ladoga Lake 
and the Balbc Sea 

2005 
90 

3 5 Risk Assessment e 

2003 
3 0 

Year 
Gypsum product~on 
(1000 tons) 

2004 
70 

2001 
15 

2000 
6 

2002 
20 



Poht~cal and Geomavhc ksks  

0 The political nsk for the proposed project may be considered to be lower than on average 
across Russia The political and e t h c  situation m the Lemgrad Regon is charactenzed 
by tranqurllity and lack of social conflicts and confkontation that occur in certan other 
Russian regons In addition to that, Lemgrad Regon is located outside the natural 
disaster zone in Russia Earthquakes, typhoons, and other natural disasters are not 
common in that regon 

Techcal and Managmal Nsks 

These nsks can also be considered mmmal Recycling currently used and the upgrade 
proposed are not techcally complex and have been proven to be reliable Ths technology 
is also protected by Russian Federation Patent No 1794925 All necessary 
documentation, including licenses, certificates, regulations, pemts have been approved A 
certificate (issued by the USSR Mmstry of Foreign Economc Relations on September 17, 
1991) states that the enterprise has been Included mto a state regster of foreign economc 
relations and can implement export-lmport transactrons Factory's managenal staff and a 
slulled team of techcal specialists in the field of the phosphogypsum recycling have been 
worlung at the factory for many years 

The technology for natural prehnary phosphogypsum does not requwe sophsticated 
equipment and is h t e d  to commonly avdable mdustnal equipment items, such as, 
bucket cranes, conveyer belts and a clay plow The equipment mstallation and control of 
the process are considered routme operations for the factory staff 

Financial and Economc Ihsks 

h s k  related to demand, supply of the product and dehvenes of raw matenal to 
Volkhovgypsum Factory is low The Vokhovgypsum Factory has a steady market wth 
good prospects for future expansion Readential housmg construction m the North-West 
regon (prunanly m St Petersburg and the Lemgrad Regon) is projected to mcrease m 
the near fbture Ths will result m a hgher demand for gypsum The raw rnatenal is 
located nearby, and the quantity is wtually unluruted 

h s k  related to loan repayment should be considered However, property guarantees of the 
factory have been adopted to decrease ths nsk In addition, the guarantee of the 
Government of Lemgrad, one of the most developed regons of the country, and the 
guarantee of Volkhov murucipal office have been also provlded State guarantees of the 
Lemngrad regon Government and those of the town of Volkhov have been prowded in 
the form of financial liabilities The Volkhovgypsum Factory is ready to c o m t  30% of 
the project cost out of thew own resources 

Some factors can be cons~dered a reserve (back-up) that d further reduce the above 
mentioned nsks These factors are 



A possibihty of gypsum pnce mcrease based on a lugher quality of the product 
obtaned as a result of the proposed project unplementation 
The calculations did not take into account a tax rehef prowded under Instruction of 
the State Tax Authority of the Russia Federahon # 37, dated August 10, 1995 Tlus 
instruction states that dunng the loan repayment penod the tax on profits is reduced in 
the amount of not more that 50% of the tax amount calculated vvlthout talung Into 
account a tax rehef As a preferential profit tax is set for the Lemngrad regon (3 I%), 
tlus additional rehef allows to reduce tax habhties by 13 5% 
There is a possibhty of additional tax relief for the waste handhg enterprises Tlus 
law is currently being developed by the Legslatwe Assembly of the Lemgrad Regon 
The land that is cleared from phosphogypsum in the Town of Volkhov costs about 
1,123 rubles per mz and can potentially be reclamed and utlltzed 

k s k  related to loan repayment is estimated to be less than 0 1% 
A probabhty of demand nsk is less than 0 1% 

These nsk probability figures are based on the nsk analys~s methodology prowded by the 
Energy Research Institute of the Russian Academy of Sciences 

3 6 Project Ratros 

Four integral factors have been calculated to show project profitabhty These factors are 
as follows (base scenario) 

Repayment penod (the number of years 
dunng whch revenues from the production 
actiwty conducted by the enterprise wll 
cover costs related to mvestments) 

Discounted penod of repayment (at 10%) 

Net present (discounted) value INPV) The 
sum of net discounted cash revenues m u s  
discounted Investment costs 

Investment profitabihty mdex Profitability 
index is a relative factor that charactemes a 
level of revenues per umt of costs 

Internal rate of return CIRRI shows 
expected profitabihty of the project 

2 8 years 

3 3 years 

2,39 1 1 thousand rubles 



4 0 Benefits 

4 I Energy Sav~ngs/Env~ronmentaI lrnprovements 

Followmg energy savlngs and other benefits are foreseen for the proposed project 
- - - -- 

Other benefits mclude gypsum quahty lrnprovements and enwonmental benefits for the 
- 

Regron 

Savings and Benefits 

4 2 Export Promotron 

Category 
Energy Savings 

Fuel Savrngs 
(Natural gas) 
Output Increase 

Currently, all product is sold within in Russia and other countries of Commonwealth of 
Independent States (CIS) There is a poss~bhty of Western European market penetration 
because of Volkhovgypsum Factory's competitive pncmg and convement location (close 
proxlmty to ports and major radroads) Table 4-1 presents the projected Increase m total 
sales 

Table 4-1 - ProJected Sales 

Amount Saved 
4 2 &lion kwh /year 2003 
(60%) 
2,200 tons spec fueVyear 2003 
(46%) 

up to 20-30 thousand tonslyr 
increase in 2002-2003 

Notes 
Enera c o m p b o n  decreases from 230 
kWh/ton to 90 kWhlton 
Fuel consumpbon decreases from 160 kg 
spec fueVton to 86 kg spec fueVton 

Long term (2006) lncrease of output 1s 
estunated at 100 thousand tonsfyr 

5 0 Market Analys~s 

Year 
Annual Increase ~n 
Sales 
Total Sales (x1000 
tons) 

5.1 General 

Volkhovgypsurn Factory has a rehable market for selhng its product It is determmed by 
the combination of three factors 

2000 
- 

6 

HI& demand for gypsum Gypsum pncmg is currently more attractive than other 
constructions rnatmals, for example cement 

2001 
9 

15 

2004 
40 

70 

2005 
20 

90 

2002 
5 

20 

2003 
10 

30 



a Low avalabllity of gypsum for new construction m Northwest Russia and the Republic 
of Belarus 

• duction costs at the Volkhovgypsum Factory This helps to preserve a 
C p C & $ ~ t b ~ ~ y $ ~ # ~ & @ , ~  L ro 4 C' a !X Ivna<"n17 

Today, the consumpt~on of gypsum in Russia 1s 5% of the cement consumption (6% m 
Central Russia, and only 4% m Northwest Russ~a) The average worldwde consumption 
of gypsum is about 30% of cement consumption 

In the developed countnes, the share of gypsum binder m the housing construchon 
amounts to 80-85% of total amount of binders utilized At the same tune, the pnce for 
gypsum is comparable to the cement pnce 

The Russian and Belarusian pharmaceutical mdustnes can be considered stable consumers 
of gypsum Currently, about 30% of Volkhovgypsum factory product is sold to the 
pharmaceutical compames in these countnes 

Whlle profitabihty of cement factones m Russia is 20%, profitability of the gypsum bmder 
production is about 40% Energy costs for gypsum bmder production are only one fourth 
those of cement production The Volkhovgypsum Factory estnnates that current demand 
for gypsum binder in the Northwest regon is more than 600 thousand tons per year 

5 2 Competition 

Kolpmo factory is the mam competitor of Volkhovgypsum Factory m the Northwest 
regon It produces around 120 thousand tons of gypsum bmder per year 

Voskresensk factory m the Central regon produces a speclal kmd of gypsum (alfagypsum) 
the demand for which does not exceed 3% of the total gypsum consumption m Russia 
Ths plant can not be considered to be a competitor to the Volkhovgypsum Factory 

6 3 Gypsum Demand and Prrce 

Aii mcreasing demand for gypsum bmder m the Noithwest regon today is not satisfied 
Gypsum is lmported fiom the Central regon and outside Russia m the form of dry 
m r e s  (from Germany, Sweden, Fmnland, Norway, Poland) Volkhovgypsum Factory 
has a reason for future expansion to mcrease sales of gypsum m the Northwest regon of 
Russ~a and the Repubhc of Belarus 

Due to the cheap raw matenal(55 rubles per one ton m 1997 mcludmg transportation 
costs), Volkhovgypsum Factory can sell its product at the pnce of 600 rubles per ton 
Competitors pnce is around 820 rubles per ton In case the proposed project can be 
unplemented, Volkhovgypsum Factory can decrease the product pnce to 500 rubledton 

e by the year 2005 



6.0 Financ~al Plan Assumptions and Project Costs 

6 I General Project Assumptions 

The followng assumptions were made whle prepanng input data for calculating the base 
scenmo of the financial plan 

The b e w n g  of the project 
The duration of construction 
Project currency 

January 1, 1999 
1 year 
ruble 

The tmff for electnc power supplied to the gypsum plant is assumed to be 0 246 
US$/kWh in 1999 Other general economc parameters used in the financing plan are 
presented in Table 6- 1 

Table 6-1 - General Economc Parameters 

Electricity Tanff (w~thout inflation), ruble/kWh (***) 
i 

Year 
Base 

e (*) Forecast submtted by Russm's Mrmstry of Economy Mabon for payroll has been assumed wth a 
constant coeffiaent 1 08 to mdustnal mflabon (based on data submtted by the pro-rector of the I-hgher 

Natural Gas Tanff, ruble/ton of spec& fuel (***) 

1999 
0246 

2000 
0238 

2003 
3 70 

Year 
Base 

2001 
3 60 

2004 
3 80 

2001 
0237 

2002 
365 

1999 
3 50 

2000 
355 

2002 
0236 

2003 
0235 

2004 
0234 



Econormc Umversity, E E Gamlenkov Moscow) Dollar exchange rate - officlal forecast of Russia's 
Muustry of Economy (May 1998) bll the year 2001, after that year the data is estmated Current (May 
1998) rate is 1 USD = 6 14 rubles 
(**) Forecast submtted by the Volkhovgypsum Factory 
(***) Energy Efficiency and Demand Group forecast, Energosetproject, Moscow 

6 2 Interest and Drscount Rates 

The follomg rnterest rates were used 

Worst case scenano 20% per m u m  
Base case scenano 15% per m u m  
Best case scenmo 10% per m u m  

The discount rate is 10% per annum These figure was discussed and venfied wth EBRD 
representatives m Moscow and Helsinlu 

Dividends are pard at 10% for base and best cases and 5% for worst case scenario 

The equipment to be housed in the warehouse structure is assumed to have a 10 year 
usefbl life The usefbl life for trucks life is expected to be 5 years, as per Volkhovgypsum 
Factory experience records 

6 3 Caprtal Investment Schedule and Loan Structure 

The total mvestment requred for the proposed project is estimated to be 10 d o n  
rubles 30% of ths  amount d l  be covered by Vokhovgypsum Factory usmg theu own 
fbnds The remamng 70% wrll be financed wth the proceeds of a 5-year loan 

The loan repayment schedule (in xlOOO of rubles) is as shown m Table 6-2 

Table 6-2 - Loan Pnnczpal Amount Repayment Schedule 

Year 
Loan draw down 
Debts as of the begmmg 
of the year 
Loan repayment 
Debt as of the end of the 
year 

2002 

4000 

2000 
2000 

2003 

2000 

2000 
0 

1999 
7000 
7000 

7000 

2000 

7000 

7000 

2001 

7000 

3 000 
4000 



7.0 Cash flow Project~ons and Financial V~ab~lity 

7 f Taxation and Inflat~on 

Taxes, presented ~n Table 7-1 are used in the cash flow calculations Land tax is not used 
Its value IS negl~gble and does not ~mpact the calculat~ons in any way Tax rates are 
assumed to be constant for the durat~on of the project 

Table 7-1 - Tax Rates (%) 

* - Land tax IS excluded 

Roads tax 
Local tax 

Inflat~on rate with the breakdown by specific costs components IS presented m the 
follomg table 7-2 for the base scenarro (% per year) 

3 0 
-- 

Table 7-2 - Intatron rate 

7 2 Cash flow Pqect~ons 

The financial performance of the project IS presented m the followng tables 

Year 
Total costs 
Payroll costs 

Table 7-3 - Profit and Loss Balance 
Table 7-4 - Cash Flow 
Table 7-5 - Balance Sheet 
Table 7-6 - Ratios 

2000 
4 7 
5 1 

1999 
5 7 
6 2  

2001 
4 2 
4 5 

2002 
3 9 
4 2  

2003 
3 7 
4 0 

2004 
3 5 
3 8 



Table 7-3 Profit and Loss Balance 
(1000 of rubles rf not stated othenurse) 

2003 
3 0 

650 
19,500 

Year 
Gypsum output, 1000 tons 
Pnce per ton 
Revenues, 1000 rubles 

2001 
15 

780 
11,700 

Product~on costs 
Raw and aux materials 
Electnc power 
Natural Gas 
Payroll vvlth overheads 
Other d~rect costs 
Total, dlrect costs 
Deprec~ation 
Other fixed costs 

2002 
20 

755 
15,100 

1999 2000 
6 

800 
4,800 

330 
134 
191 
690 
480 

1,826 
700 
365 

859 
333 
483 

1,725 
1,200 
4,60 1 

700 
920 

1,190 
44 1 
652 

2,300 
1,600 
6,184 

700 
1,236 

1,852 
65 8 
989 

3,450 
2,400 
9,350 

700 
1,870 



Table 7-4 - Cash Flow 
(1000 of ru bles rJl not statea omenvrsel) 



Table 7-5 - Balance Sheet 
(1 000 of rubles f not stated othmwrse) 

Table 7-6 
Ratros (Base Case) 

Year 

Fixed (off-current) assets 

Depreciaoon 

Total depreciated cost 

Current (workmg) assets 

Total assets 

1999 

10,000 

10,000 

10,000 

Repayment penod, years 

Repayment penod wth discountmg, years 

Net present value (NPV), x1000 rubles 

Investment profitab&ty lndex 

IRR 

Equlty 

Diwdends 

Cumulative hvdends 

Retamed profit 

Total equity 

Long-term habilibes 

Current liabilities 

TntA hbillQes - - 

2 8 

3 3 

2,391 1 

1 239 

19 % 

2000 

10 000 

-700 0 

9,300 

729 

10,029 

3,000 

0 

3,000 

7,000 

10,000 

2001 

10,000 

-1,400 0 

8,600 

749 

9,349 

3,000 

1,079 

4 079 

5,950 

0 

10,029 

2002 

10,000 

-2,100 0 

7,900 

2,870 

10,770 

2003 

10,000 

-2,800 0 

7,200 

5,596 

12,796 

3,000 

0 

0 

4,449 

7,449 

1,900 

0 

9,349. 

3,000 

-300 

-3 00 

8,770 

1 1,470 

-700 

0 

l u 7 0  

3,000 

-300 

-600 

13,396 

15,796 

-3,000 

0 

12,796 



8 7 3 Assessment of the Sensrtrvrty Calculatron Results 

Table 7-7 presents a compmson of all ratlos under d~fferent sensltlvltles rewewed Note 
For scenario descnptlons refer to Table 6- 1) 

Table 7-7 - Sensitivity Analysis 

* * - Base with addlt~onal Investment costs 

The base scenario m charactenzed pos~tlvely m terms of all factors of the project Case 
l(a) (20% mterest rate, maxunal lnflatlon rate and a dollar exchange rate, gypsum base 
pnce), 1s also acceptable The best results are acheved when the most favorable values of 
Input data are combmed together (Case 3) 

Repayment penod, years 

Repayment penod, mth dscountmg 

NPV, 1000 rubles 

Profitabihty ~ndex 

JRR,% 

In case when all lnput data IS unfavorable (scenario 2), project factors become worse 
However, the probablllty of the worst comblnatlon of all mput parameters 1s not very hgh 
and is estimated at the level of 1-3% (accordmg to E N  methodology) 

The assessment of the probabht~es of the revlewed scenarios occurrences, as per EN 
methodology, IS as follows 

2 8 

2 8 

239 1 

1 24 

19 0 

The hdmngs presented above prowde ewdence of hgh rehabdlty and stabhty of the 
project 

3 1 

3 1 

1409 

1 13 

18 5 

Case 1 
0 6 

To perform a more detaled sensitivity analysis, addltlonal calculations have been 
conducted m order to d e t m n e  the Impact of major production costs Items on project 

3 1 

3 1 

750 

1 08 

13 0 

Case l(a) 
0 18 

2 8 

2 8 

3694 

1 37 

23 1 

Case 
0 02 

Case 3 
0 2  



efficiency The following categones were revlewed raw matenal costs fluctuations, and 
electricity consumption Increase 

The conducted analysis shows that the project d l  still be economcally vlable if 

raw matenal costs and matenal costs go up another 20 % from the base value 
electnc power costs go up another 18% from the base value 
salary goes up 3 7% 



APPENDIX 
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Prefeasibllity Study of Sosnovy Bor Nuclear power plant NORTH-WEST REGION POWER 
2xVVER-640 INVESTMENT PLAN 

1 lnfroductron 

0 General purposes of ths study are expressed in the Terms of References and in the Work Plan of the 
Project for North-West Regon Power Investment Plan Ths study report provldes information on 
techmcal and safety features and economc aspects of the proposed construction of a new nuclear 
power plant comprrsmg two VVER-640 umts in Sosnovy Bor The a m  of the study was to evaluate 
if the planned project is feasible alternative from techcal, economc and safety point of vlew to be 
taken into consideration in plamng investments to the north-western energy systems wthn  the time 
frame till year 2010 defined for the study 

The need to study alternatives for new power generation cpaclty mses from the fact that four nuclear 
power umts in the north west Russia wth total generation capacity of 2880 MW are planned to be 
decornmssioned m years 2003 - 2005 Necessity to conduct an analysis of the energy investment 
alternatives to continued operation of nuclear plants IS expressed in the agreement between Russian 
government and EBRD/NSA 

Ths study on implementation of new nuclear capacity in Sosnovy Bor was conducted by the Russia- 
Fimsh joint team Partisipants were from Russia side - RRC "Kurchatov Institute, Sankt-Peterburg 
Institute Atomenergoproekt and concern "Rosenergoatom'~, from Fimsh side - F m s h  Energy 
Conservation Group (FECG) All techcal and economc data used m ths study were collected from 
the Russian sources Revlew of the data and compmsion wth corresponding western expenence was 
done by FECG 

2 Project background 

Nuclear industry m Russia u pnmarly based on PWR technology of VVER-440 and VVER-1000 
types and grafit moderated channel reactors of type RBMK Both VVER-440 and RBMK reactors 
present technology from sixtees VVER-1000 is yunger design, but ne~ther ~t is a reactor type for the 
h r e  The development and reahzation of new nuclear power plant (NPP) projects wth improved 
techcal and economc parameters is an urgent necess~ty for the development of nuclear power (NP) 
as part of the Russian energy system and a pnonty task of Russ~a's MINATOM 

New rector types wth passive safety features are under development in the design inatutes Design 
of the medium power NPP, called VVER-640, wth electnc output of 645 MW is at the moment 
ready enough for cons~deration of a demonstration plant project The site of the nuclear fachties in 
the city of Sosnovy Bor has been selected for the s~te of first VVER-640 The regulatory body 
Gosatomnazor (GAN) has awarded pernusslon for construction of that plant In 1996 

The A 0  Lenenergo has energy surplus at the moment but due to decomrmssionlng of first unlts of 
Lemngrad NPP, there wdl be need for new generation capacity m the area dunng the analysed penod 
t1112010 In this study a new nuclear power project wth two VVER-640 umts is considered 

3 Description of the exrstrng condrtions 
The exlsting Lemngrad NPP In Sosnovy Bor has four RBMK reactors of 1000 MW electnc output 
each Design semce hfe of 30 years of the umts mll end and they wdl be shut down as follows 

Umt 1 2003 
Unlt 2 2005 
Unlt 3 2009 
Umt 4 201 1 
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The nuclear generation capacity in the area wll decrease by 3000 MW in years 2003 2009 There 
is at the moment energy surplus in the area of A0 Lenenergo, and it is supplying power through 
many connections to the neighboumg energy systems m Russia and abroad Some new generation 
capacity is however expected to be required dunng the considered penod tlll2010 to compensate the 
decomssioned nuclear plants Rather large energy surplus m the area allows to consider replacing 
capacity not equivalent to the decomssioned one The requned new capacity is evaluated m detal in 
the report of the Planrung and Modellmg Team takmg into account forcasted deveopment in demand 
of electricity, exlsting power plants, new power plants under construction or decided, planned new 
projects, export and import 

The new nuclear power plant is planned to be located m Sosnovy Bor in area of the scientific institute 
NITI, whch is conductmg expenmental studies for verification the design and safety features of 
VVER-640 concept Due to the exlstmg Lemngrad power plant wth four RBMK reactors in the 
vlcmty of the planned new site, there are ready ldrastructere for construction, operation and 
mamtenance of a nuclear power plant The man designer of the power plant concept is Sankt 
Petersburg Atomenergoproekt (SPAEP) in Sankt Petersburg, not far fiom the proposed site of the 
demonstration plant Also the suppliers of the mam components are m the Lemngrad regon The fact 
that of all those orgarusation unportant for implementation of the project are located near to Sosnovy 
Bor makes it a most suitable place for construction of the demonstration plant fiom project 
management pomt of vlew 

The new power plant is proposed to be located m the area not far away fiom the site of the exlstmg 
Lemngrad NPP Connections wth the electric network, raw water source, rdway, etc do not need 
long new structures 

Both the need to find a site for construction of a demonstration plant of reactor concept VVER-640, 
suitabihty of Sosnovy Bor site for that purpose and demand to erect new generation capacity in the 
area because of decomrmssiomg of first umts of Lemgrad NPP, support the proposal to construct a 
VVER-640 plant m Sosnovy Bor 

4 Alternative piant concepts 
For selection of the type of new nuclear power plant for Sosnovy Bor an mternational evaluation of 
proposed options was orgarused m Sankt Petersburg in 1992 The proposed reactor concepts were 
VVER-91, VVER-92 and VVER-640 (called at that tune NP-500) The evalua~on team 
recommended VVER-640 for the next power plant m Sosnovy Bor 

VVER-640 is a mehum power NPP wth gross electnc output of 640 MW Sankt Petersburg 
Atomenergoproekt (SPAEP) has been the mam designer m development of ths  power plant concept 
OK33 adropres fiom Podolsk is rnam des~gner of the reactor mstallatlon The primary and secondary 
side processes of the energy production and then components do not mclude much new movations 
Reactor pressure vessel and most of the other mam components are either a copy or a modification of 
the components used m VVER-1000 The safety systems mclude totally new movatlons havlng 
more passlve features than the older reactor generations 

VVER-9 1 concept is an evolutionary development of the standard Sovlet VVER- 1000 power plant 
VVER-91 utlllzes the mam components of standard VVER-1000 and also elsewhere the deslgn IS 

based on proven solutions Mam areas of improvements compared wth standard VVER-1000 are 

9 economy and safety 
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The engmeemg and design work of VVER-91 was done by Sankt Petersburg Atomenergoproekt 
and IVO Power Engneenng Ltd (former IVO International Ltd) actrng as consult VVER-91 was 
developed as an option for Kola 2 power plant and later for competition on thud nuclear umt of 
Finland Neither of those projects realized, but at the moment there IS a project to deliver to Chma a 
nuclear power plant based on VVER-9 1 concept 

VVER-92 was developed by Moscow Atomenergoproektt It is also based on VVER-1000, but has 
more "revolutionary" new solutions than VVER-91 Ths concept was not designed as ready as 
VVER-91 It participated in selection of reactor type both for Kola 2 and Sosnovy Bor There is no 
projects based on that technology, and its development work has been cancelled 

In Russia there is under development also a large power NPP called VVER-1500, wth electnc 
output of 1500 MW gross Considerations to replace the units of Lemngrad NPP by that type of 
reactors are prelimnary assessments only Development and design of VVER-1500 are still m 
conceptual phase and it is not avadable w t h  the timef?arne to be considered in the North-West 
regon power mvestment plan 

5 Technrcal evaluation of the plant concept 

5.1 General descnptlon 

VVER-640 nuclear power plant project wth the V-407 reactor 1s developed m accordance wth the 
Russian Federal Programme "Envlronrnentally Clean Power" The mam goal of development was to 
create the deslgn of a competitive, medium-power nuclear power plant wth enhanced safety features 
The design is based on more than 30 years experience m the construction of nuclear power plants 
wth pressurized water reactors (PWR) in Russia and abroad Mostly technologes and systems 
proven dumg design, construction and operation of the proceedmg NPP generations are used The 
safety systems are compnsed of both traditional systems, such as the spnnkler systems and systems of 
forced circulation wth emergency power supply fiom diesel generators, and passive systems of 
residual heat removal to the ultlmate heat sink that allow to undergo design accidents wthout 
external power supply 

The mam deslgn parameters of the VVER-640 power plant umt is gven in table 5-1 The lay out of 
the mam buildmgs IS shown m Figure 5-1 and umt cross-section by the reactor and turbine plants m 
Fig 5- 2 Figure 5-3 gves the pmcipal scheme of mam systems 

The unit mcludes a V-407 reactor installation and one turbrne in a two-clrcuit design The pnmary 
cucuit contams the VVER-640 (V-407) thermal reactor, four man circulation loops, steam 
p s e s s r a ~  &uxhary equipment located wthn a con tment  Each loop includes a horizontal 
steam generator (SG), mam circulation pump (MCP), man DU620 pipelme made of stanless steel 

The secondary c~cuit  is compnsed of the steam side of the SGs, mam steam lmes, the turbine, 
deaeration systems, regenerafion and feedwater systems and audiary equipment The turbine is of a 
one-shaft type wth one hgh and medium pressure cyhder (HMPC), and two two-stream low 
pressure cylinders (LPC) For the last turbine step a 1200 rnm blade is used 

- The generator has a com~lete water coohng system and it does not requlre hydrogen In-house - 
electricity consumers are fed by AC current cwcuits of 6 kV, 0 4 kV and 220 V 
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Complying wth national safety standards, the umt concept corresponds m general to the mternational 
trends m the development of nuclear power The m t  corresponds to the class of evolutionary 
projects with the use of passive safety systems An combmation of actlve and passive elements m the 
safety systems, use of equipment and systems well-proved m the national practice, the use of such 
solutions as a double contunrnent, pool coohg of the core etc are used to increase the safety and 
rehability of the plant 
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Table 1 1 

Reactor type 

Thermal rated power, MW 

Number of loops 

Pressure in the reactor at outlet of the core, MPa 

Temperature of coolant m the reactor "C 
- at outlet 
- at inlet 

Fuel loadmg, tons of U 

Average enrichment of fresh &el, % 

Averagedischarge bum-up, MW day/kgU 

Average speclfic energy denclty of the core, KW/I 

Steam generator type 

Steam generahon, tonsh 

Steam pressure m the steam generator, MPa 

Turblne 

Number of turbmes per w t  

Rated power of the turbme, MW 

Rotation frequency, rpm 

Parameters of steam upstream from the turbme 

- pressure, MPa 
- temperature, "C 
- degree of dryness 

Pressure in the condenser, kPa 

Generator 

Umt net effiaency, % 

Design lge tune, years 

V-407 (PWR) 

1 800 

4 

15 7 

honzontal 

3576 

7 06 

K-600-6 9/50 (LMZ) 

1 

645 

3,000 
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I 

U J Y  \ I 

UJA - Reactor buildmg 
- 

UMA - Turb~ne bulldmg 

ULD - Condensate treatment plant UKA - Awrthary bmldurg 

UBA -Control buildtng 

Frgure 5-1 Layout of the Marn Un~t Bulldlngs 
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P~gure 5-2 Un~t Cross-sect~on by the Reactor and Turb~ne Plant. 
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Frgure 5-3 Pnncrple Scheme of Marn Systems 
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Llst of components In Flgure 5-3 

1 Reactor 
2 Pnmary coolant pump 
3 Steam generator 
4 Pressurizer 
5 H p ECCS accumulator tank 
6 ECCS tank 
8 Spmkler 
9 Chmcally denmerallzed water storage tank 

10 heat exchanger of passive heat removal system 

1 1 Startup valve of passive heat removal system 
12 Quick-actmg pressure reducmg plant 
13 Regeneratwe heat exchanger of pnmary circuit 
makeup-blowdown system 
14 Aftercooler of pnmary cucut makeup- 
blowdown system 
15 Coolant treatment plant 
16 Protectme membrane 

17 Bubblerdegasser 
18 Fuel pond 
19 Screen filter 
20 Cooler of passive heat removal &om contamnent 
2 1 C o n m e n t  
24 Pump of emergency coohg 
25 Fuel coo& system pump 
26 Fuel coohg system pump 
27 Fuel coo& system heat exchanger 
28 P m m y  cucllrt makeup-blowdown system pump 
29 Pnmary circuit makeup-blowdown system pump 
30 Coolant removal heat exchanger 
3 1 Damper tank of the pnmary cucuit makeup- 
blowdown system 
32 Pump for the reactor bddmg consumer 
mtermdate cooling cucut 
33 Heat exchanger for the reactor bull@ 
consumer mtermednte coohg cucut 
34 Reactor buildmg coo@ water system pump 

36 Pressure reducmg plant 
37 Heat exchanger for reactor heat removal 
38 Pump for reactor heat removal 
4 1 Steam-dnven turbme 
42 Generator 
43 Condenser 
44 Qwck-actmg pressure reducmg plant of steam 
dscharge mto condenser 
45 Quck-actq pressure reducmg plant of steam 
supply for auxlhanes 
46 Moisture separator-reheater (SR) 
47 SR separated moisture collectmg tank 
48 SR condensate c o l l m g  tank 

6 1 H p heater No7 

62 Condensate pump 
63 Condensate pump of u t  water denmeralmbon 
plant 
49 Fust-stage separator 
50 SR separated moisture pump 
5 1 SR condensate pump 
52 L p heater No 1 
53 L p heater No2 
54 L p heater No3 
55 L p heater No4 
56 Deaerabon column 
57 Deaerator tank 
58 Feed water pumps 
59 Audare  feed water pump 
60 H p heater No6 
64 Condensate treatment plant 

65 Heater 

66 Dram pump of 1 p heater ' 2  

67 Network nmn heater 
68 Network peak-load heater 

5 2 Bnef Descnptlon of Marn Systems and Equrpment of the Reactor Plant 

NPP w t h  VVER-640 is designed for electncity generation in the base load mode A 
possibility of heat supply to external customers is provided, but not concidered m t h s  
study The equipment is designed w t h  due regard of the possibhty of electncity 

Page 1 1 &om 30 



Prefeas~bh~ Study of Sosnovy Bor Nuclear power plant NORTH-WEST REGION POWER 
2xVVER-640 INVESTMENT PLAN 

generation in the dady load-follomg mode Estlrnates are made for the rehabihty of 
operation of the reactor core and u ~ t  systems that showed the sufficiency of design 
solutions for power maneuvemg 

Layout and cross section dramgs of the reactor plant and pictures of the m n  
components are in Appendix 1 

5 2 1 Reactor Core 

The reactor core of V-407 contans 163 fuel assembhes (FA) that are used also for the 
placement of control rods and unmovable burnable absorbers 

As fuel, shghtly emched uramum dioxlde is used as m VVER-1000 and VVER-440 
reactors The fuel carnpagn in the stationary mode is 298 effective days The average 
discharge bump of fuel is 39 6 MWdJkgU The maxlmum average burnup of a fuel 
assembly is 45 5 MWdtkg U, the maxlmum average burnup of a fuel rod is 
49 0 MWd/kg U, the maxlmum average burnup of a fuel pellet is 54 1 MWd/kg U 

5 2 2 Mam Circulation Pump (MCP) 

The multi-year expenence of design and operation of MCPs for NPPs wth VVER 
reactors was taken mto account in the design of the MCP as well as results of research 
and development studies wth long-term verrfication of the Wettme of major components 

The well-proved and currently used VVER-1000 pressurizer is used 

5 2 4 Steam Generator (SG) 

The SG is a one case devlce of horizontal type All construction mateds  that are used 
for SG manufactumg have been tested m operation of NPPs wth VVER-1000 and 
VVER-440, they are certified and approved by GAN RF 

5 2 5 Safety systems 

In case of full black-out accidents (loss of m-house needs power and LUU~ diesel 
generators) a system of passive heat removal from the SGs is activated for the coohng of 
the reactor and heat transfer to the reservoirs of emergency heat removal 

In accidents wth the loss of coolant in the pmmry cumit boron solution is supphed to 
the reactor from the reservous of the emergency core coollng system (ECCS) The 
activation pressure of the ECCS reservous is 4 0 MPa In case of fiuther pressure 
reduction m the p n m q  circuit the floodmg of the core from ECCS reservoirs follows 
The coolant leavlng the reactor from the break is collected on the contamment floor m 
the emergency cooling pool 

To guarantee water supply fiom ECCS reservoirs, m case of pressure decrease to 0 6 
MPa there occurs an automatic opemg of release valves that connect the reactor wth 
the fbel loadmg pool As the pnmary cucwt, emergency reservous and reservoirs of 
ECCS become empty, the water level in the emergency pool exceeds the reactor outlets 
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and a natural cuculation circwt is created that contams the core - release valve above 
the core - &el loadlng pool - release valve under the core - the core 

Heat removal from the he1 loadmg pool is prowded by the evaporation of some part of 
the coolant wth subsequent steam condensation at the walls and wthln the metal 
contanrnent and the return of the condensate to the emergency pool Water supply to the 
fuel loading pool is prowded from the emergency pool through a connection valve 

Heat removal from the contauunent is prowded through the wall to the water of the 
system of contsunment coohng by natural circulation between the reservoir of emergency 
cooling and contsunrnent coohg channels The quantity of water in the reservou is 
designed for cooling for at least 24 hours, the smgle fdure pnnciple taken into account 

In accordance wth the safety concept, it is assumed that aRer 24 hours the residual heat 
is removed wth the systems of normal operation important for safety that have a 
permanent source of coolmg water and reliable power supply from umt diesel generators 

5 3. Processing and Handlrng of Liqurd Radioactwe Substances and Wastes 

A number of techcal solutions are implemented in the project m order to mmrmze the amount of 
liquid radioactive substances (LRS) and decrease the degree of salt contents 

separate collection of LRSs dependmg on the actiwty wth reuse of low-active mediums, 

maxmum use of no-waste technologes, 

use of low-waste deactivation methods, 

renunciation of the regeneration of low-salt water filters, 

use of cleaned circuit water only for feeding the pnmary cucuit 

Under the condition of stnct observance of operation procedures by NPP staff the design amount of 
waste waters is 8000 m31year per umt, only 10% or less wth the salt content of 1 5 g/l and hlgher 

Techmcal solutions for the systems of collemon and processmg of LRSs result in the absence of 
LRS release beyond NPP h u t s  due to the orgarmation of closed water circuits wth the reuse of 
cleaned water in the NPP cycle 

5 4. Systems and Equipment of the Turbrne Plant 

Turbme plant K-600-6,9150 is of a one-shaft type wth one hgh and medium pressure cyhnder 
(HMPC), and two two-stream low pressure cylinders (LPC) The structural arrangement is HMPC + 
2LPC + Generator The LPCs are u d e d  wth the currently used K-1000-60/3000 turbine 

The steam condenang plant K-600-6,9150 wthout regulated steam take-outs, wth intermediate 
steam separation and one-step steam superheater is designed for duect rotation of an alternate 
current generator of the TZV type wth fill water cooling and the power of 645 MW, wth the 
rotation frequency of 3000 rot/rmn, and for heat supply wth the mtensity up to 250 GcaVhour for 
centralized heat supply to mdustnal and non-mdustnal customers in the temperature range of 150/70 
"C 
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The pnnclpal thermal scheme includes 4 low pressure heaters (LPH), deaerator of increased pressure 
(1 3 MPa abs ) that operates at changmg pressure in tranaent modes, and 2 htgh pressure heaters 
(LPH) 

5 5 Fuel Handling 

The transportation and technologcal part for fbel handling at the NPP ensures 

recapt and storage of fresh nuclear fbel, 

fbel preparation for loadmg into the reactor, 

fuel reloadmg m the reactor core, 

fbel unloading from the reactor core, 

intermediate storage of spent nuclear &el up to 5 years, 

temporary storage of spent nuclear &el (after the mtermediate storage) in umversal 
transportation contamers before sendmg m a car-container tram to the regeneratron plant (a 
"dry" storage techmque is mplemented), 

transportation of fresh and spent nuclear &el m the NPP territory, 

sending of spent nuclear fbel (after the mtermediate storage) to the regeneration plant, 

biologcal protection of the staff at all phases of reloading, transportation and storage of 
nuclear fbel 

The works for receiving fresh nuclear fbel at the NPP and for sendmg spent nuclear fbel after 
temporary storage from the NPP are performed at a rdway t e m a l  wth all necessary equrpment 

Recapt, storage and preparation of fresh fbel before the loading mto the reactor are performed in the 
fresh fbel storage facihty 

The reloadmg of nuclear fbel m the reactor and storage of spent nuclear fbel in the reloadmg pool are 
performed in the reactor burldlng of the umt 

Storage (temporary storage) of spent nuclear fbel m the reactor buddrng is performed in the 
reloading pool for not less than 3 years, the storage volume of the reloading pool bemg sufEcient for 
storage (temporary storage) of spent nuclear fbel dumg 5 years 

Storage of spent nuclear fbel after the temporary storage in the reactor budding and before the 
shtpment to the reprocessmg plant is performed in the spent fbel storage fachty that is an 
mtermedlate storage fachty of the contamer type Upon request of the chent, storage of nuclear fbel 
can be provlded up to the tune of NPP decomwssiontng 

5.6. Electrical Plant 

By design, NPP is compnsed of several power m t s  wth VVER-640 reactors and generators of the 
power of 645 MW 

Use of synchronued generator of the TZV-630-2 type is assumed wth the follomg parameters 
n o d  power 645 MW, voltage 20 kV, rotatlon speed 3000 r o t / m  with 1 1 1  water cooling, the 
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internals filled m wth a r  under quasi-atmosphenc pressure, use of fire-resistant liquid OMTI m the 
beanng lubrication system is possible 

The TZV-630-2 generator is explosion- and fire-safe and complies with equipment requirements for 
the equipment of group "B" of explosion- and fire-hazard 

For operatlon wth the TZV-630-2 generator a umt transformer of the power 800 MVA is foreseen 
whlch 1s a three-phase, two-cod increasmg transformer 

For ensunng m-house needs redundancy the installation of two reserve m-house needs transformers 
wth the power of 63 MVA is foreseen 

The follourlng systems for power supply to m-house consumers are prowded 

system of normal operation, 

system of rehable power supply for normal operation of the systems important for safety 
including umt diesel generators, 

system of emergency power supply includmg emergency desel generators 

5 7 I&C Systems 

The design assumes the follourlng herarchcal structure of the control of technologcal processes at 
the NPP 

power plant level, where strategc objectives of NPP control and automatic control of 
common plant systems and facdities are combmed, 

umt level, where the control of the umt as a whole is implemented, 

control sub-systems that supmse the operation of technologcal equipment and systems 
for vanous functions and modes, 

sensors, execution umts and smplest control algorithms (the level of indiwdual control 
directly linked wth the object of the control) 

The base techcal means of the I&C of thermal processes are 

modular system of collection and output of data that includes mcro-process controller 
MK-3, memory devlce MZU-1, mternal commumcatlon system MVS-3 and a number of 
modules for measurement transformation and control modules, 

falure-resistant calculation complex usmg the method of majontary redundancy and 
compnsed of the follomg modules SN (synchomer), PRC (processor), OZU (operatlon 
memory), SZU (system memory), BIF MCVO (interface umt of the data collection 
system), BIF IRPS (umt for devlce connection), BIF LS (mterface unit of the 
cornmumcation he) ,  

color displays urlth functional key-boards, 

DEC Mcro VAX-3900 as the power umt computer, 

stream-lme network commumcation means with redundancy that provlde for information 
transfer among vanous herarchcal levels of the control system, 
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sensors, execubon devlces etc 

Automatic protemons are divlded into two categories 

group I - automatic protections of umt safety systems (reactor emergency protection, control 
of safety systems), 

g r o u ~  I1 - automatic protections of the systems of normal operation that are in turn dimded 
Into 

protections that svvltch off devlces and components, 

protections that h t  the power of a gven dewce, 

protections that perform local operations 

Only the emergency signahzation and signals of essential fdures m the schemes of operation of 
emergency protectlons are duplicated m full 

5 8 Major Features of the Approach to Safety 

5 8 1 Regulatory Requirements 

The project of a umt wth VVER-640 is being developed in accordance wth Russ~an 
regulatory requirements that are m force at the moment of issuing the documentation 
The major safety documents of GOSATOMNADZOR of the Russ~an Federation (GAN 
RF) are unconditionally observed and all dewations fiom these documents are 
substantiated and defended m GAN RF 

The mam regulatory documents that define safety cntena at the design of VVER-640 
umt are 

"General Rules for the Safety of NPPs (OPB-88)" 

* "Rule of Nuclear Safety for the Reactors of NPPs", PBA RU AC-89 

In addition to the national regulatory documentat~on hsted m the "List of Man 
Regulations and Norms m Force in the Area of Atomc Power under GAN RF's 
Responsibd~ty" (P-0 1-0 1 -92), international standards and IAEA matenals related to the 
design of NPPs were considered such as "Regulations for the Safety of NPPs", "Design 
of NPPs N5O-C-D (Rev I)", IAEA Safety Guidelines N5O-CG-Dl D14, Man 
Pmciples of the Safety of Atormc Power Stations N75-INSAG-3, "The Safety of 
Nuclear Power", INSAG-5 (draft) 

Radiologcal safety of the enmronrnent is based on the regulations currently in force in 
Russia (OPB-88, NRB-76/87, SPAS-88, OSP-72/87, PNAE G-03-33-93) and ICRP 
pubhcations 

In accordance vvlth the regulatory documentation in force the class~fication of the 
buildmgs and facllitles of the NPP m accordance wth ther safety fbnction was performed 
as well as the class~ficatlon of major systems and equipment by safety, seismc resistance 
and fabncatlon qual~ty Special attention was gven to the reitabrhty of the systems of 
normal operation because, on one hand, they ensure the reliabhty of electricity 
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generation and the h u t s  of safe operation and, on the other hand, prowde safety increase 
for overcomng accident processes and participate m after-accident measures 
Accordmgly, the systems that ensure water supply to systems of the reactor plant, heat 
removal fiom the reactor, supply of boron solutlon to the reactor and electricity 
generation on site are made wth enhanced quahty requirements for fabrication and 

installation and, if necessary, wrtn additionai redundancy 

Accordmg to the estimates made for the project, the level of radiologcal impact on the 
populabon and the enmronment is below the established regulations and it is kept and a 
reasonably achevable low level wth due regard to social and economc aspects In 
addition, dunng NPP normal operation and design incidents regulations for the emssions 
and contents of radioactive substances in the enwronment are not exceeded, and in case 
of beyond design accidents the regulabons on the release of most hazardous radioactive 
nuclides are observed 

The project applies the followrng principles to ensure fullfllment of the radiation safety 
requirements 

consistent unplementation of the pnnciple of defense-in-depth based on the use of a 
system of bamers at the potential pathways of radiation and radioactive substances 
mto the enmronment, 

system of techcal and organrzational measures amed at the protection of the 
bamers and their efficiency, 

system of techcal and orgamzational measures dlrectly auned at the protection of 
the population and the enwonrnent 

The system of techcal and orgamzatlonal measures dlrectly amed at the protection of 
the population Includes 

des~gn conservatism, 

qu* assurance at all phases of the design, construction and operation of the NPP, 

NPP site selection, 

estabhshment of an NPP general protection zone, 

preparation of plans for emergency measures for population protection in case of 
beyond-design accidents 

The protection from all types of radiation that may affect the plant staff and the 
population dumg NPP operation is based on the followng cntena 

dunng normal operation the share of additional radiation fiom the NPP m the 
equivalent population doze must be sigmficantly below the background level, 

in case of design accidents, techtllcal means prowded by the design must ensure the 
complete protection of the population beyond the NPP site wthout the 
implementation of orgmtional  measures in accordance wth the "Cntena for 
dec~sion malung on population proternon measures m case of nuclear reactor 
accident", 
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m case of beyond-design accrdents, techmcal and orgamzatronal means should 
prowde the means of accrdent management, so that the estimated probabihty of the 
mamum release would not exceed 10 per reactor-year 

In addltlon to the requrrements of PBA RU AC-89, the project ensures the compliance 
wth the operatronal desrgn limt of fbel rod damages that IS defined as 0 1% of the &el 
rods wth gas releases and 0 01 % wth direct contact between the &el and the coolant 

In case of desrgn accrdents, rncludmg the break of the mam crrculation prpehne, the 
fbnctionahty of accldent protectron and emergency coolrng IS ensured rndependently fiom 
the avalabrlrty of alternative current sources (the system of rn-house needs, umt dresel 
generators and coohng water for at least 24 hours Accordmgly, the project rncludes 
safety systems based m d y  on the pnnciple of passrve operation and qualrties of 
"mherent safety" such as self-regulation, thermal capacity, thermal conductivity, thermal 
convectron, grawtatron, energy of compressed gas and other natural processes For 
systems of normal operation their safety efficiency for use rn post-acctdent measures has 
been demonstrated Techcal solutions m m m e  effects of human errors on safety m all 
design modes 

Information on the performed safety analyses, rnam safety regulations and the assessment 
of the impact of technologcal processes at the unit on the enwonment m all operation 
modes rncludlng normal operatron, incrdents, design accrdents and beyond-destgn 
accrdents IS presented in "Prelimnary Reports on Safety Substantration" that are 
prepared for every specrfic site 

In the framework of deagn actiwtres level 1 probab~lrstrc safety assessments (PSA-1) 
accordrng to the IAEA ternnology were performed for the estimation of the probabrlrty 
of severe damage to the reactor core of an NPP mth VVER-640 

The results of these studies show that the project of an NPP of medium power wth 
VVER-640, whch is based on the use of techcal solutrons for major equrpment proved 
dunng long expenence of operatron of NPPs wth VVER reactors and complemented 
mth modem requrrements for the applrcation of multr-barner defense, combrnatlon of 
actrve and passrve safety systems, complres wth the current safety cntena for NPPs and 
allows to dmmsh the level of the mpact on the enwonment 

5 8 2 Safety Concept 

General 

Safety concept of NPP wth VVER-640 d e t e m e s  cntena and pnncrples of safety and 
desrgn approaches to therr rmplementation based on national regulatory requirements, 
IAEA recommendations and experience rn the development and approval of W s  wth 
VVERs of earlier generattons The concept consrders the mpacts on barners and thelr 
protectron, methods to ensure the compliance wth the cntena and pnncrples of safety at 
the desrgn phase, and also some aspects related to the site selectron, equipment 
manufacturing, constructton and operation 

The concept was developed wth the followmg objechves 

to detemne the necessary calculational analyses and safety programs, 
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to assess the safety of design solutions for NPP protection bamers, 

to d e t e m e  techcal means for NPP safety, 

to develop and substantiate the lmts  and conditions of safe operation, 

to develop procedures for safe NPP operation 

Man Safety Pnnciple 

The safety concept of NPP wth VVER-640 is based on the defense-in-depth pmciple 
that assumes application of a system of bamers at the potential paths of radiation and 
radioactive substances Into the environment and a system of techcal and orgamzational 
measures in order to protect the bamers and ensure  the^ efficiency and to protect the 
population 

In accordance wth the defense-in-depth pmciple an M?P is designed, built and operated 
in such a way that radioactive matenals are encircled by a number of physical bamers 
The system of bamers of an NPP wth VVER-640 includes 

the he1 matnx, 

he1 rod cladding, 
pnmary c~cuit  coolant boundary, 

system of hermetic compartments 

Mam Design Pnnciples 

The man des~gn pnnclples of techcal and special techmcal means in the safety concept 
of NPP wth VVER-640 are formulated m accordance wth the requirements of current 
regulatory documents (OPB-88, PBA RU-89) and wth due regard of IAEA 
recommendations ("Summary of Regulations for the Safety of Atomc Power Stat~ons 
NPP Design", IAEA, Vienna, 1990 Safety Senes, 50-fi-I3 Rev 1) These pmciples 
define 

Redundancy Increase in system reliabihty by the application of 
structural, hnctional, donnational and tune redundancy m 
respect of the m u m  that is necessary and sufficient for 
the functionality of the system 

Pnnciple of smgle Pnnciple that requtres that the system iklfills its functions at 
falure any imtial activating event and at any farlure, independent 

of the imtial event, of one of the active or passive elements 
wth movlng mechmcal parts 

Diversity Increase m system reliabhty by the apphcation of different 
means or of simlar means but based on different action 
pnnclples m different systems (or m d~fferent channels 
wthn one system) for the fulfillment of a gven function 

Independence Increase m system rellabll~ty by the apphcat~on of fbnct~onal 
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and/or physical separation of channels (component), for 
whch the falure of one channel (component) does not lead 
to a failure of another channel (component) 

Safe Fiulure When practically possible, the "safe fdure" principle is 
used in the design of systems and components necessary for 
NPP safety that requires that in case of a component or 
system fiulure the plant reman at the mtial protection 
"level" wthout a need of irutiation any actions 

Common cause Measures mrummng common cause falures are 
falure implemented in the design as possible 

Consideration of Consideration of events in the design of techcal and 
"internal" and special techmcal means in the safety concept of NPP wth 
"external" events VVER-640 is mplemented, mternationally accepted 

approaches and with due regard to NPP site specificity 

The consideration of "external" events includes 
1) Seismc events 
2) Avlation crashes 
3) Blast wave 
4) Squalls (hurncane) 
5) Extreme au temperatures 
6) Tornado hazard 
7) Impact of the inundat~on 
8) Impact of nearby transportation lines 
9) Impact of nearby industrial fachbes 
1 0) Diversions (subversive acbvlty) 

6 Envrronmental aspects 

The regulatory requirements of the proposed power plant are more destncting regarding release 
h u t s  of radioactivlty dumg normal operation and m postulated accident conditions than those 
apphed to the exlsting power plants m the area Design of the systems for handling and treatment of 
the radioactive water is improved to meet those requirements 

For uruts of meQum power, Table 6-1 gives a companson of mam radiation parameters that 
characterne NPP impact on the enwonment and population m the near-by region Prognosticated 
releases of radioactive gases mto the enwonment dumg normal operation are presented (for 
operating umts data of actual operation are given) Also, releases for the most senous design 
accident and for a heavy accident wth &el damage (nsk of lo-' llyear for VVER-640) are gven 
For the VVER-640 umt two options of the most senous design accident are estimated wth power 
supply and wthout power supply for 24 hours 

For companson, data for NPPs of mehum power wth VVERs are gven untfied VVER-440 project 
(2nd stage of the Kola NPP, the Paks NPP, B-2 stage of the Bohumce plant, the Dukhovany NPP, 
the Rovno NPP, Lovusa project 1,2) 
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Additionally, operational data for accidents in 1986 and 1992 at the Lemgrad and Chernobyl NPPs 
are presented that show extremely low radiation impact on the envlronrnent of accidents at the 
VVER-640, includmg beyond-design acadents wth fuel meltmg 

The prognosticated releases of radroactive gases and aerosols mto the atmosphere from the VVER- 
640 umt dumg normal operation is redused by 

guarantees of the manufacture-plant on the increase in the density of fie1 rods dunng umt 
operation at power, 

mcrease in the requirements for the seahng of major equipment and the correspond~ng 
reduction m non-controlled and controlled leakages of rad~oactrve mediums, 

decrease m the volume of coolant take-out dumg regulation due to the reduction in the 
scope of boron regulation, 

creation of a closed gas circuit for temporary storage of "clean" and ''duty" coolant, 

renunciation of permanent operation of the exhaust system of the ventilation of the 
hermetic volume wth partial vacuum in the crcle gap between shells 

Table 6-2 presents a companson of the condition of the man bmers that hnder the prohferation of 
radioactive substances into the environment dunng normal operation Table 6-3 gves a compmson 
of the condition of the man bmers  that prevent uncontrolled release of radroactive substances lnto 
the enwonment 
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Table 6-1 Companson of Rad~olog~cal Impact on the Environment of NPP unlts of Varlous Generations 

1 IRG - inert ra&oacbve gases, LLN - long-lived nuclides, DA - most senous design accident, doses are in Ci 1 Ci = 37 GBq 
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Umt con&bon 

Normal operabon, 
operahonal incidents 

Design accidents 

Severe accidents (probability 
for VVER-640 10 llyear) 

Nabonal regulabons for 
maxmum ra&oacbve 

releases 1 
Allowable release, Cllday GWe 

IRG- 500 
I&e-131- 0 01 

LLN - 0  015 

Release that necessitates lnfornung 
regulatory bodres, Ci 

IRG- 15000 
Idne-131 - 0 3 

LLN - 0 45 
Zone of ra&ologml impact 

Accident release that reqwres immdate 
lmplementabon of the plan of protection 
measures (for un~ts of earlier 
generabons), Ci 

I d n e -  13 1 - 30000 
Cs-137 - 3000 

Zone of ra&ologcal impact 

Radloacbve release (% of the maxlmurn) 
NPPs under design 

-40 

0 04 
0 05 
0 04 

Controlled zone 

Operabng NPPs 
RBMK- 1000 

Chernobyl NPP, w t s  3,4 
50 - 100 
3 - 100 

0 2 

VVER-440 
Kola NPP units 3, 4 

1 - 2  
< 1 
< 1 

Lemngrad NPP 
accident of 30 03 92 

33 
800 
- 

upto3km 

Chernobyl NPP, accident of 
Apnl-May 1986 

25000 
30000 

more than 100 km 

Zone of ra&ologcal lmpact 
EsBmabon of DA consequences 

< 100 
7400 
1000 

up to 3 km 

<O 001 10 05 
< 5 110 

<001/2 
site 

Esbmabon of the consequences of severe accident 

analysis 
does not exlst 

< 2 
<O 03 
1 5 Ci 
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Table 6-2 Companson of Main Barners rn the Mode of Nomrnal Operatron 

Fuel Cladchng 

Mam Equipment 
of Fust 

Circuit 

Hermetic Zone (heme- 
oc compartments of 
mam equipment) 

Bamer Conhtion NPP Design 

Operation unseallug l m t ,  (%) 

Unsealing l m t  of safe operation, (%) 

!3= 

contact wth fuel 

contact wth fuel 

VVER-440 

Clrcuit dehemetmtion, (VJyear ) allowable 
level of circuit unsealmg (operaoonal l m t )  

VVER-640 

1 

0 1 

0 1 

0 01 

w t  shutdown 

coolant take-out 

boron regula~on 

Table 6-3 Companson of the Desrgn Bases Efficrency of Marn Barners rn 
Case of Marn Crrculat~on Pipelme Break for the Most Severe 

67 

I Hermetic Zone (hemmc 

4 3 

Desrgn Accrdent 

I of mam equipment) 

Bamer 

Fuel Cladchg 

Design pressure, (MPa) I 0 15 I 0 4 I 
The barner pnnciple and other safety aspects are descnbed by the designer are gven more m detml In 
Appendix 2 Ltcensing activltles w t h  GAN and other authotities are listed m Appendix 3 

Bamer ConQ~on 

Unsealing, (%) 

a Support of pmal vacuum in the hermetic zone of the exhaust ventdaoon system 
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NPP Deslgn 

VVER-440 

100 

VVER-640 

1 
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For storage safety, bquid radoactive wastes m the design of VIER-640 are solidified by the 
cementation method wth the creation of a product, resistant to leaclung and complying wth the 

(b requuements of safe storage The use of pressing and mdhg reduces the amount of solid wastes 

Table 6-4 presents a compmson of the volumes and parameters of plant radioactive wastes wth 
medium sue umts (averaged for umt) It is shown that a s~gmficant reduction of waste volume is 
expected In the design of NPP wth VVER-640 as compared wth operating NPPs wth VVER-440 

Table 6-4 Comparison of Volumes and Parameters of Radloactlve Wastes for 
Medlum Slze NPP Unlts of Different Generations 

Appendix 4 presents data on the clemng and use of industrial sewage waters of the system of 
condensate 

Type and category 

of NPP wastes 

Liquld wastes, m3/year unlt 
- salt concentrate for 
400 g/l of ion exchange 
- materials 

Packages wth sohdfied wastes, per year- 
unlt 

- metal casks mth 
bitum compound 
of the volume of 0 2 m3 

- concrete prota%on 
contamers of! 2 6 m3 

Solid wastes, m3/year-un~t 
group I 
group I1 
group 111 

7 Pmject costs and o&m costs 
The total cost of the VIER-640 reactor plants has been estimated using both the Russian and EEDB 
methodologes The major factors influencing the cost of the VVER-640 plant are the research and 
development program, detaded engneenng, reactor buddings, reactor plant components including 
state-of-the-art reactor instrumentation and controls, turblne generator and auxllianes, construction 

The contillner volume calculated wth the external dlmens~ons 

NPP wth VVER-640 

22 

15 

374 

46' 

1 45 

0 55 

Operatmg NPPs 

4 For one wt, 13 contamers wth solldrfied wastes (from the speaal laundry) are added 

W~th presslng 

Kola 
unlts 3,4 

416 

32 

solid&abon 
fachty 

at the design phase 

100 - 200 
10 - 30 
1 - 2  
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h m s a  
unlts 1,2 

40 

8 

no 

data 

125 - 35' 
no data 
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and field services, and a contingency to address the first-of-a-lund engmeemg necessary to develop 
the de td  design for the plant The R&D cost is not include in present estimate Construction of the 
NPP m the natural and climate conditions of the North-West regon of Russia on soR soils, wth a 
closed system of techmcal water supply and coolmg towers, wth automobile transportation is 
considered A cost break down of a power plant wth two NP-640 umts is gven in the table 7-1 

Table 7-1, Capltal costs of proposed power plant 2 x VVER-640 

I BASE CONSTRUCTION COSTS, mlhon USD 1 1884 1 

I Contingency + ownwer's I 452 I 

Matenals 

Equipment 

Labor 

I SPECIFIC CAPITAL COCST, USDIkWe 1 1460 1 

3 86 

79 1 

254 

The presented nomnal costs USD 1460 per kWe is slightly hgher than the hgher estimate of m 
JPNAS and clearly hgher than values gven in ERI-JEAS referred in JPNAS 

In the used methodology the costs were evaluated first m rubels of 1991, and then converted to USD 
of today using conversion factors The work costs was evaluated using salanes of today Ths 
methodology has some nsks related to correctness of conversion factors of cost levels and currency 
exchance rates m 1991 and now In thls study that methodology was however used that the results 
were comparable wth the results done by other groups using same standard Russian methodology 

FUEL LOAD COST USDkWe 

There are some factors difficult to evaluate at the moment Real manufactumg costs are not based 
on real contracts or offers of the supphers or recent corresponding contracts Thera are big changes 
in the cond~tions compared to those when last coresponding project was implemented Regulatory 
requrements, e g quality assurance requirements, are more stnct and and the regulatory body has 
more power and is more Independent than earher 

83 

Operating and mantenance costs and &el and waste management costs including &el cycle back end 
are gven in table 7-2 

Table 7-2, Operating and maintenance costs 

1 FIXED NON-FUEL O&M COSTS. d h o n  USDIvear 1 68 1 
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For economc assessments of the investment requirements for NPP projects wlth VVER-640 the 
"Atomenergo-invest" program package was used that is developed jolnt by a Research Consulting 
Company "At" and by Institute Atomenergoproekt of St -Petersburg Ths package was selected in 
accordance wth "Methodologcal recommendations for assessment of the efficiency of investment 
projects and their selection for financing" that were approved by Gosstroy of Russia, M~mstry of 
Economcs of RF, Wmstry of Finance of RF, Gosprom of Russia N7- 12/47 as of 3 1 March 1994, as 
well as in accordance wth the recommendation of the group of p l m g  and modelhng The 
calculation algonthm takes into account the tax enwronment of the current penod 

r 

lncludlng 
- matmds urlthout hel, water and sol1 
- salmes of THE own staff and contractors 
- deprec~atlon 

TOTAL NLTMBER OF PERSONNEL (incl contractors) 

SALARY, USDJman year 

FUEL COSTS + WASTE MANAGEMENT, USDfKwh 

The assessment of economc parameters is done for Sosnovy Bor plant wth two VVER-640 umts is 
based on the data gven m the prewous chapters Followng additional data and assumptions are 

25 8 
3 2 
39 0 

552 

6080 

0 005 

used 
@ The annual use of installed capacity is assumed to be 7000 hourdyear corresponding capacity factor 

The in-house electricity consumption is calculated for the average loadmg of major equipment 
according and amounts to 7 05% of the electncity generated 

Discount rate lo%, In the sensitiwty analysis a discout rate of 8% was concidered 

Social charges, charges for the employment hnd, med~cal insurance etc amount to 39% of 
the annual salary hnd 

The liquidat~on reserve or reserve for the NPP decomssiomng hnd is defined as 1 3% 
from the production cost 

Charges for the extra-budgetary R&D hnd are 1 5% of the total production cost6 

Charges for the special regonal investment hnd for frnanc~ng social construction ln the 30- 
km NPP protection zone are 1% of the total production cost6 

Charges in an insurance reserve on liqidation of emergency consequences from objects of 
nuclear power 1% of the total production cost 

* Land cost is not taken into account in ths  case, because the exact terntory has not been 
defined yet (to be de temed  by local authorities) 

- - 
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For the WP equipment was taken Into account, thatthe finaces for lndemrufication of the 
value added tax (VAT) become covered at the expense of finaces fiom VAT, showed for 
payment to consumers of power production VAT on civll and erection works is not 
compensat ed 

The calculations do not take Into account directly the costs of decomrmssiomg that appear 
for VVER-640 after 50 years of servlce Me of the first unlt Decomrmssiomng costs are 
indrectly accounted for by the charges for the "Liquidation reserve" 

In estmatlons the electnc power tmff was assumed constant dunng the whole servlce We 
NPP The accounts were carned out for two values 45 d s /kWh and 60 d s k W h  

The step of account is equal to 1 year Production from each unlt is taken into account 
begnnmg since the next year aRer start-up of the appropnate block 

Construct~on tlme is 7 years and the d~bursement schedule as follows 

Year unlt 1 unit 2 
1 3 4% 0 0% 
2 16 % 7% 
3 19 % 19 % 
4 26 % 20 % 
5 22 % 22 % 
6 10 % 17 % 
7 3 6% 11 % 
8 8 %  

Construction time is 8 years and the dirbursement schedule as follows 
unlt 1 
3 4% 
11 % 
19 % 
22 % 
19 % 
12 % 
10% 
3 6% 

unlt 2 
0 %  
5 %  

10 % 
19 % 
22 % 
18 % 
12 % 
10 % 
4 %  

Results of account of commercial effectivness are submtted in appendix 7, as the diagrams of set 
parameters 

Table 8-1 Results of economlc est~matlon of Sosnovy Bor NPP constructron ( 
8 years construction I 7  years construction) 

I I Dlscount rate I 
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According to Russian laws all nuclear power plants are owned by the government Fmancmg can not 
be based on lrnplementation of IPP type or any other model where some other mvestor than the 
government wll come a shareholder of the plant 

Simple payback penod, year 

Discounted payback penod, year 

Net present value, M $ 

Profitability Index 

The lnternal rate of return, % 

Average production cost of the 
electnc power, d s / k w  h 

Most of the financmg d l  be from Russian sources Duect governmental financ~ng represents the 
own capital of the power utd~ty Most probably additional financmg of the Russian dehvery and work 
wll be credits from Russian banks Western financmg may be avalable up to the amount of western 
dehvenes, lf m add~tion of the guarantee of Russlan government the export credlt guaranteed by the 
state institutions of the exportmg country is gven 

In the economc analysis the follomg percentage of financmg fkom dflerent sources with the 
mdicated rate of mterest was assumed 

I 

45 

16 3 / 
15 3 

>60 1 
43 2 

-5 21 
54 

1 O/ 
1 04 

8 0 /  
8 3 

20 2 / 
20 0 

Governmental financmg, about 40 % 

Loans fkom Russian banks, about 40%, real mterest rate 7 8% for longterm loans and 9 8% 
for shortterm loans 

60 

14 0 

23 4 

49 1 

1 36 

10 2 

20 1 

Loans fiom western banks, about 20%, red interest rate 5 8% 

10 Project rmplementat~on plan 

45 

1631 
15 3 

>60 1 
>60 

-3 14 / 
-270 

0 75 / 
0 79 

8 0 1  
8 3 

20 2 / 
20 0 

10 1 Project organ~sations 

60 

14 0 

41 6 

39 2 

1 03 

10 2 

20 1 

The system of project management 1s based on IAEA recommendations ("Nuclear Power Project 
Management" Tech Rep Senes 279) and Russian regulations 

The followng orgamzat~ons are responsible for the design and realuation of NPP wth VVER-640 m 
accordance wth Russlan law and regulations a Institute "Atomenergoproject" of St -Petersburg (SPBAEP), 
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Leadmg designer - Archltect engmeer of the NPP 

OKB "Gdropress" (OKB GP), 

Archltect engneer of the reactor plant 

RRC "Kurchatov Institute", 

Scientific leader 

For I&C systems elements and components developed for VVER-1000s m cooperation wth Siemens 
unll be used 

Fabncation of major equipment components is promded by Russian mdustnes Traditionally, the 
following enterprises are suppher of major NPP components 

"Izhorsky plant" company reactor, pressunzer, hydraulic reservoirs of the ECCS, 
main circulation pipehne, protection cylinder for reactor mternals, racks of the fuel 
storage pool, heat transfer equipment, contanment, 

Ku-ovsky plant MCP and major pump equipment, 

Podolsky plant SGs, heat transfer equipment, 

"Metal plant" the turbine plant, 

"Electroda" generator, 

"Atommash" the fuel loadmg machme and transportabon and serwce equipment for 
the reactor plant 

@ In accordance ~h a Framework Agreement on Cooperat~on m Design and Construction of NPPs 
wth VVER-6401407 reactors between the Muustry of the Russian Federation on Atormc Energy and 
Siemens AG, KWU Department signed in Moscow on May 15, 1995 it is detemuned that Siemens 
AG ulll take part m the followng areas of the implementation of the project of NPP wth VVER- 
640 

design, supply, assembling and start-up of certmn I&C systems, 

design, supply, assemblmg and start-up of certam electrical components and 
equipment, mcluding the emergency diesel generator, 

design, supply, assemblmg and start-up of certan components and equipment of 
technologcal and vent~lation systems 

10.2 T~me schedule 

Prelimnary tlme schedule ofthe project is in Appendix 5 The construction ame is expected to be 7 
to 8 years It IS not reahstic to consider shorter time of implementation when the present conditions 
of economy and industry are taken into account and the fact that the project is based on new type of 
power plant without premous expenence 

The readines of design describes Appendix 6 listing stages of basic design works and the 
exarmnations of the design documentation 
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Construction works wdl be started in 1999 and wll be execute simultaneously wth the expenmental 
stuhes at the test fachties at the scientific centre NIT1 m Sosnovy Bor are completed wtth positwe @ results The tests of contanrnent systems at the KSM-1 facility are scheduled scheduled for years 
1999 - 2001 

10 3 PI'OJ~C~ nsks 

For such a specific object as an NPP, there are additional specific nsks radiat~on nsk and "pol~tical" 
nsk, in addition to usual nsks (techcal, economc, social) Radiation nsk can be, in pnnciple, 
regarded as economc nsk, because it is related to the possibility ofsevere accidents wth the 
destruction of the reactor and release of substantial amounts of radioactive substances beyond the 
safety barners and further mto the enwonrnent and, as a consequence, wtth a possible loss of the 
umt Th~s nsk (or the probability of a sever accident) is estlrnated by calculation techques 
Accordmg to the regulations that are followed in the project design the probability of such accidents 
should be m m a l  and amount to - 10-6 - 10-7 llreactor-year Stnct adherence to regulations and 
rules dumg construction and operation, hlfdlment of technologcal requrements, "safety culture" 
are first pnonty measures for d m m s h g  the NPP radiation nsk 

Social opposition to NPP construction under the ~nfluence of "green movements" or of the fear 
appeared after the Chernobyl accident 1s an additional aspect of the social nsk Ths nsk can be 
reduced by information campagns wth compmsons of conventional and nuclear power plants as 
energy sources for the population, experts and decision makers 

Possible sources for the nsk called "political" are both competing energy producers (the Gasprom 
concern, foreign compmes mterested m the market for their products such as gas-turbine plants, 

@ combined-cycle plants etc) and "anti-nuclear" groups, maybe even at hgh power levels, that are 
agmst nuclear power in pmciple In ths case, independent econormc poky of a gven regon that 
decided to develop nuclear power on its terntory can serve as a guarantee 

Appendix 8 presents a quahtatlve analysis of some nsk categones as well as of possible counter- 
measures in order to reduce them 
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I introductron 

General purposes of ths study are expressed in the Terms of References and in the Work Plan of the 

Prefeasibhty Study of KOLA-2 Nuclear Power Plant 
3xVVER-640 

Project for Northwest Regon Power Investment Plan Ths study report prowdes information on 
techcal and safety features and economc aspects of the proposed construction of a new nuclear 
power plant compnsmg three VVER-640 umts near town Polarny Zon m Murmansk regon The am 
of the study was to evaluate if the planned project is feasible alternative from techcal, economc and 
safety point of mew to be taken mto consideration m p l m g  mvestments to the north-western 
energy systems w t h  the time frame till year 2010 defined for the study 

NORTH-WEST REGION POWER 
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The need to study dtermt~ves fernew power generatron capacity mses fiom the fact that four 
nuclear power umts m the north west Russia wth total generation capacity of 2880 MW are planned 
to be decomrmssioned m years 2003 - 2005, two of whch are umts 1 and 2 of Kola NPP Necessity 
to conduct an analysis of the energy mvestment alternatives to contmued operation of nuclear plants 
is expressed m the agreement between Russian government and EBRD/NSA 

Ths study on unplementation of new nuclear capacity in Sosnovy Bor was conducted by the Russia- 
Finntsh joint team Participants were from Russia side - RRC "Kurchatov Institute, St Petersburg 
Institute Atomenergoproekt and concern "Rosenergoatom", from Flnmsh side - F ~ m s h  Energy 
Conservation Group (FECG) All techcal and economc data used m ths study were collected fiom 
the Russian sources Revlew of the data and compmson wth correspondmg western experience was 
done by FECG 

2 Project background 

8 The emstmg Kola NPP near the suggested new site has four VVER-440 reactors wth total electnc 
generation capacity 1760 MW Design service Me of 30 years of the umts vvlll explre and they d be 
shut down as follows 

Unlt 1 2003 
Unlt 2 2004 
Umt 3 201 1 
Umt 4 2014 

At the present time energy balance of the A 0  "Kolenergo" has surplus and there are hmtations for 
usmg 111 Kola NPP capacity There is energy export to Kareha and also some to Scandmavlan 
countries DLU-mg the eonsded  pemd tdl 22310 the nt.tclear generaaorr czpae~ty Ildx regon wll 
decrease by 880 MW in years 2003 and 2004 Today's surplus of energy may chance to deficit of 
energy after 2006, If the decomssioned nuclear generation capacity will not be compensated The 
required new capacity is evaluated m detd m the report of the P l m g  and Modelmg Team talung 
mto account forested development m demand of electricity, exlstmg power plants, new power plants 
under construction or decided, planned new projects, and export The regulatory body Gosatomnazor 
(GAN) has awarded pemssion for construction of that plant m 1996 

Talung mto account dlfEiculties to dehver coal and 011 to the Kola pernula, and also uncertanty of 
tune when natural gas is avadable and of cost of natural gas, it 1s extremely expdent to estunate 
economc efficiency of Kola-2 NPP project as replacing capacity Kola NPP is central part of the 
energy system of Kola Pemsula Replacement of its decomrmsaoned capacity by s d a r  baseload 
power plant m the same area has mmmal secondary Influence on the energy system and the network 



3. Descrrptron of the exrstmg condrtrons 

The new nuclear power plant is planned to be located on the same neck of land between open lakes 
of Irnandra as the extsting Kola NPP, but on the opposite side of it, about 10 km from Kola NPP 
The site is almost untouched wlderness wthout any industrial facilities Cooling water is planned to 
be taken from the lake Imandra, hke now for Kola NPP Town Polarny Zon, where most of the staff 
of Kola NPP live, is about 15 km from the site Murmansk, the principal town of Kola Pemsula, is 
about 200 km northward from the site It has some 500 000 inhab~tants 

Prefeasibhty Study of KOLA-2 Nuclear Power Plant 
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The new power plant is planned to be a green field plant located near the site of exlstlng Kola NPP 
Connections wth the extsting infrastructures need some 5 to 15 km new roads, ralway track and 
transmssion and telephone Imes depending of final routing of them Water wll be taken from Lake 
Irnandra The power plant wll have own water treatment plant and sewage system 
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4 Alternative plant concepts 

For selection of the type of new nuclear power plant for Kola 2 project, a compebtion between 
potential alternatives was orgamed in 1993 The proposed reactor concepts were VVER-91 and 
VVER-92 The evaluahon team recommended VVER-91 Later on that decision was canceled, 
because 1000 MW plant was considered to bee to big umt m the energy system of Kola pemula, 
that has only 300 MW connection wth other energy systems The new nuclear power plant project 
was proposed to be based on VVER-640 concept 

VVER-640 is a medium power NPP wth gross electnc output of 640 MW Samt Petersburg 
Atomenergoproekt (SPAEP) has been the man designer in development of ths  power plant concept 
OKB Cndropres from Podolsk is mam designer of the reactor lnstallat~on The pnmary and secondary 
side processes of the energy production and theu components do not include much new innovations 
Reactor pressure vessel and most of the other man components are either a copy or a modification of 
the components used m VVER-1000 The safety systems include totally new lnnovatlons hawng 
more passive features than the older reactor generations 

VVER-9 1 concept is an evolutionary development of the standard Sovlet VVER- 1000 power plant 
VVER-91 utihes the m m  components of standard VVER-1000 and also elsewhere the design is 
based on proven solubons Marn areas of unprovements compared wth standard VVER-1000 are 
economy and safety 

The engneenng and design work of VVER-91 was done by Sarnt Petersburg Atomenergoproekt and 
IVO Power Engmeenng Ltd (former IVO International Ltd ) acting as consult VVER-91 was 
developed as an option for Kola 2 power plant and later for compebtion on t h d  nuclear umt of 
Finland Neither of those projects reahzed, but at the moment there is a project to deliver to Chna a 
nuclear power plant based on VVER-91 concept 

VVER-92 was developed by Moscow Atomenergoproekt It is also based on VVER-1000, but has 
more "revolutionary" new solutions than VVER-91 Ths concept was not designed as ready as 
VVER-91 It partlc~pated m selection of reactor type both for Kola 2 and Sosnovy Bor There IS no 
projects based on that technology, and its development work has been canceled 

In Russia there is under development also a large power NPP called VVER-1500, with electnc 
output of 1500 MW gross Considerations to replace the umts of Lemgrad NPP by that type of @ reactors are prehmmary assessments only Development and design of VVER-1500 are still in 
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conceptual phase and it is not avalable wthln the t i m e h e  to be considered m the Northwest 
regon power Investment plan 
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5 Technical evaluation of the plant concept 

NORTH-WEST REGION POWER 
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5 1 General descnpt~on 

VVER-640 nuclear power plant project wth the V-407 reactor is developed in accordance wth the 
Russian Federal Program "Enwronmentally Clean Power" The man goal of development was to 
create the deslgn of a competitive, medium-power nuclear power plant wth enhanced safety features 
The design is based on more than 30 years experience m the construction of nuclear power plants 
wth pressunzed water reactors (PWR) m Russia and abroad Mostly technologes and systems 
proven dunng design, construction and operation of the proceeding NPP generations are used The 
safety systems are cornpnsed of both traditional systems, such as the sprrnkler systems and systems of 
forced circulation wth emergency power supply from &esel generators, and passive systems of 
residual heat removal to the ultimate heat sink that allow to undergo design accidents wthout 
external power supply 

The man design parameters of the VVER-640 power plant umt are gven in table 5-1 The lay out of 
the man buildings is shown m Figure 5-1 and umt cross-section by the reactor and turbine plants ~n 
Fig 5-2 Figure 5-3 gves the pnncipal scheme of man systems 

The w t  includes a V-407 reactor installation and one turbine in a two-circuit design The pnmary 
circuit contans the VVER-640 (V-407) thermal reactor, four man circulation loops, pressurizer and 
audary  equipment located wthn  a containment Each loop mcludes a horizontal steam generator 

@ (SG), mam circulation pump (MCP), and man DU620 pipelme made of stanless steel 

The secondary circult is compnsed of the steam slde of the SGs, man steam hes ,  the turbine, 
deaeration systems, regeneration and feed water systems and aux&ary equipment The turbine is of a 
one-shaft type wth one hgh and medium pressure cyhder (HMPC), and two two-stream low- 
pressure cylrnders (LPC) For the last turbine step a 1200-rnm blade is used 

The generator has a complete water cooling system and it does not requre hydrogen In-house 
electricity consumers are fed by drect current circuits of 6 kV, 0 4 kV and 220 V 

Table 1 1. 



Thermal rated power, MW 
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Number of loops 
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Pressure in the reactor at outlet of the core, MPa 

Temperature of coolant in the reactor "C 
- at outlet 
- at inlet 

Fuel loading, tons of U 

Average emchrnent of fresh &el, % 

Average discharge burn-up, MW day/kgU 

Average specific energy density of the core, KW/I 

Steam generator type 

Steam generatlon, tonsh 

Steam pressure in the steam generator, MPa 

Turbine 

Number of turbmes per unit 

Rated power of the turbme, MW 

Rotation frequency, rpm 

Parameters of steam upstream from the turbine 

- pressure, MPa 
- temperature, "C 
- degree of dryness 

Pressure in the condenser, kPa 

Generator 

Umt net efficiency, % 

Design Me tlme, years 

horizontal 

3576 

7 06 

K-600-6 9/50 (LMZ) 

1 

645 

3,000 

Complying wth national safety standards, the unit concept corresponds m general to the international 
trends in the development of nuclear power The umt corresponds to the class of evolutionary 
-..-.-A &- **-&L &LA -L'-------- --r--- ---- A--- A - ---L---A--- -r -A --A -1 *- -- LL- 
UIUIGGLS W I L I ~  LIIG USG u1 UUSIVC: S U ~ L V  S V S L ~ I I I S  -11 W I I I ~ I ~ I ~ L L U I I  u 1  a c ~ i v e  a r i u  n a s s l v e  a i e r r l e n r s  i n  r n e  - - - - . - - . - - - - - - - - - -  - , - , - - - - - - - - - - - - - -- - -- - - -- - - - - - - - -- . - - - - - - - - . - - - - - - - - - - - - - - -- - - 
safety systems, use of equipment and systems well-proved tn the national pract~ce, the use of such 
solutions as a double contamment, pool cooling of the core etc are used to increase the safety and 
reliabihty of the plant 
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UJA - Reactor bulldmg 

ULD - Condensate treatment plant 
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UMA - Turblne buildmg 

UKA - Auxlllary builchg 

UBA -Control bulldmg 

F~gure 5-1 Layout of the Marn Unrt Burldlngs 





Flgure 5-3 Pnnc~ple Scheme of Ma~n  Systems 
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List of components In Figure 5-3 

- - 
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1 Reactor 
2 Pnmary coolant pump 
3 Steam generator 
4 Pressunzer 
5 H p ECCS accumulator tank 
6 ECCS tank 
8 Spnnkler 
9 Chemcally demmerallzed water storage tank 
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10 heat exchanger of passlve heat removal system 

Startup valve of passtve heat removal system 
Qu~ck-actmg pressure reducmg plant 
Regenerative heat exchanger of pnmary circuit 

makeup-blowdown system 
14 Aftercooler of pnmary c m t  makeup- 
blowdown system 
15 Coolant treatment plant 
16 Protectwe membrane 
17 Bubblerdegasser 
18 Fuel pond 
19 Screen filter 

@ 20 Cooler of passlve heat removal from contamment 

24 Pump of emergency coolug 
25 Fuel coolmg system pump 
26 Fuel coo@ system pump 
27 Fuel coo@ system heat exchanger 
28 Primary c m t  makeup-blowdown system pump 
29 Prunary cucult makeup-blowdown system pump 
30 Coolant removal heat exchanger 

3 1 Damper tank of the ptunary c x m t  makeup- 
blowdown system 
32 Pump for the reactor bculdmg consumer 
rnterrndate coo@ cucult 
33 Heat exchanger for the reactor bddmg 
consumer mtermdate coo@ c u w t  
34 Reactor bddmg coohg water system pump 

36 Pressure reduclng plant 
37 Heat exchanger for reactor heat removal 
38 Pump for reactor heat removal 
4 1 Steam-dnven turbme 
42 Generator 
43 Condenser 
44 Qulck-actmg pressure reducrng plant of steam 
&scharge lnto condenser 
45 Qulck-acting pressure reduclng plant of steam 
supply for awdanes 
46 Molsture separator-reheater (SR) 
47 SR separated molsture collecbng tank 
48 SR condensate collectmg tank 

49 Flrst-stage separator 

50 SR separated molsture pump 
5 1 SR condensate pump 
52 L p heater No1 
53 L p heater No2 
54 L p heater No3 
55 L p heaterNo4 
56 Deaeratlon column 
57 Deaerator tank 
58 Feed water pumps 
59 Auxb.ry feed water pump 
60 H p heater No6 
6 1 H p heater No7 
62 Condensate pump 
63 Condensate pump of umt water dermnerahzabon 
plant 
64 Condensate treatment plant 

65 Heater 

66 Dram pump of 1 p heater '2 

67 Network mam heater 
68 Network peak-load heater 



5 2 Bnef Descnpt~on of Ma~n Systems and Equ~pment of the Reactor Plant 

NPP wth VVER-640 is designed for electricity generation m the base load mode A 
possibility of heat supply to external customers is provided, but not cons~dered in ths 
study The equipment IS des~gned wth due regard of the posslbhty of electnclty 
generation m the d d y  load-followmg mode Estimates are made for the rehabhty of 
operation of the reactor core and umt systems that showed the suffiaency of design 
solutions for power maneuvemg 
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Layout and cross sectlon drawmgs of the reactor plant and pictures of the main 
components are in Appendix 1 
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5 2 1 Reactor Core 

The reactor core of V-407 contans 163 he1 assembhes (FA) that are used also for the 
placement of control rods and unmovable burnable absorbers 

As &el, shghtly emched urmum dioxlde is used as m VVER-1000 and VVER-440 
reactors The fbel campagn m the stationary mode is 298 effective days The average 
discharge burnup of fbel is 39 6 MWd/kgU The maxmum average burnup of a fuel 
assembly is 45 5 MWdIkg U, the maximum average burnup of a fuel rod is 
49 0 MWdIkg U, the maxtmum average burnup of a fbel pellet is 54 1 MWd/kg U 

5 2 2 Mam Circulation Pump (MCP) 

The multi-year expenence of design and operation of MCPs for NPPs wrth VVER 
reactors was taken mto account m the des~gn of the MCP as well as results of research 
and development studes wrth long-term verification of the llfetune of major components 

The well-proved and currently used VVER-1000 pressumer is used 

5 2 4 Steam Generator (SG) 

The SG is a one case devlce of homontal type AU construction matenals that are used 
for SG manufactumg have been tested m operation of NPPs wrth VVER-1000 and 
VVER-440, and they are certified and approved by GAN RF 

5 2 5 Safety systems 

In case of full black-out accidents (loss of m-house needs power and m t  dlesel 
generators) a system of passive heat removal fkom the SGs is activated for the coohng of 
the reactor and heat transfer to the reservous of emergency heat removal 

In accidents wrth the loss of coolant m the prunary cucult boron solution is supphed to 
the reactor from the reservorrs of the emergency core coolmg system (ECCS) The 
activation pressure of the ECCS reservoirs is 4 0 MPa In case of fbrther pressure 
reduction tn the pnmary cumit the floodmg of the core fi-om ECCS tanks The coolant 
leavmg the reactor fi-om the break is collected on the contanment floor m the emergency 
coohg pool 



To guarantee water supply from ECCS reservoirs, m case of pressure decrease to 0 6 
MPa there occurs an automatic opemng of release valves that connect the reactor wth 
the fuel loading pool As the pnrnary circuit, emergency reservoirs and reservoirs of 
ECCS become empty, the water level in the emergency pool exceeds the reactor outlets 
and a natural c~rcuiation circuit is created that contarns the core - release valve above the 
core - fbel loading pool - release valve under the core - the core 
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Heat removal from the &el loading pool is prowded by the evaporation of some part of 
the coolant wth subsequent steam condensation at the walls and wthm the metal 
contanment and the return of the condensate to the emergency pool Water supply to the 
&el loading pool 1s prowded from the emergency pool through a connection valve 
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Heat removal from the contanment is provlded through the wall to the water of the 
system of contanment cooling by natural circulation between the reservoir of emergency 
cooling and contanment coohng channels The quantity of water m the reservoir is 
designed for coohng for at least 24 hours, the single falure pnnciple taken mto account 

In accordance wth the safety concept, it is assumed that after 24 hours the residual heat 
is removed wth the systems of normal operation important for safety that have a 
permanent source of coolmg water and rehable power supply from untt diesel generators 

5.3 Processrng and Handlrng of Lrqurd Radroactlve Substances and Wastes 

A number of techcal solutions are unplemented in the project in order to mmmze the amount of 
liquid radioactive substances (LRS) and decrease the degree of salt contents 

separate collection of LRSs dependmg on the actiwty wth reuse of low-active mediums, 

maxlmum use of no-waste technologes, 

use of low-waste deactivation methods, 

renunciation of the regeneration of low-salt water filters, 

use of cleaned circut water only for feeding the pmary cucult 

Under the condition of stnct observance of operation procedures by NPP staff the design amount of 
waste waters is 8000 m3/year per umt, only 10% or less wth the salt content of 1 5 gA and hgher 

Techcal soluaons for the systems of collection and processing of LRSs result m the absence of LRS 
release beyond NPP h t s  due to the organtzation of closed water circuits wth the reuse of cleaned 
water in the NPP cycle 

5 4 Systems and Equ~pment of the Turblne Plant 

Turbme plant K-600-6,9150 IS of a one-shaft type wth one hlgh and medium pressure cylmder 
(HMPC), and two two-stream low-pressure cyhnders (LPC) The structural arrangement is HMPC + 
2LPC + Generator The LPCs are d e d  wth the currently used K- 1000-6013000 turblne 

The steam condensing plant K-600-6,9/50 wthout regulated steam take-outs, wth intermediate 
steam separation and one-step steam superheater is designed for dlrect rotation of an alternate 
current generator of the TZV type wth full water coohng and the power of 645 MW, wth the 

@ rotauon frequency of 3000 rot/-, and for heat supply \ulth the rntens~ty up to 250 GcalJhour for 

Pane 13 frnm 79 

9' 



centrahzed heat supply to industrial and non-industrial customers m the temperature range of 150170 

@ OC 
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The principal thermal scheme mcludes 4 low-pressure heaters (LPH), deaerator of mcreased pressure 
(1 3 MPa abs ) that operates at changng pressure tn translent modes, and 2 hgh pressure heaters 
(LPH) 
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5 5 Fuel Handlrng 

The transportation and technologcal part for fbel handling at the NPP ensures 

receipt and storage of fresh nuclear fuel, 

fuel preparation for loadmg into the reactor, 

fuel reloading in the reactor core, 

fuel unloading from the reactor core, 

intermediate storage of spent nuclear fuel up to 5 years, 

temporary storage of spent nuclear fuel (after the mtermediate storage) m umversal 
transportation contamers before sending in a car-contamer tram to the regeneration plant (a 
"dry" storage techmque is implemented), 

transportation of fresh and spent nuclear fuel m the NPP temtory, 

sending of spent nuclear fbel (after the intermediate storage) to the regeneration plant, 

biologcal protection of the staff at all phases of reloadmg, transportation and storage of 
nuclear &el 

The works for receivmg fresh nuclear fbel at the NPP and for sendmg spent nuclear fuel after 
temporary storage from the NPP are performed at a radway t m a l  wth all necessary equipment 

Recelpt, storage and preparation of fi-esh fuel before the loadmg mto the reactor are performed m the 
fiesh fbel storage facility 

The reloadmg of nuclear &el in the reactor and storage of spent nuclear fbel in the reloading pool are 
performed m the reactor bddmg of the umt 

Storage (temporary storage) of spent nuclear fuel m the reactor bu~ldmg 1s performed m the reloadmg 
pool for not less than 3 years, the storage volume of the reloading pool bemg sufficient for storage 
(temporary storage) of spent nuclear &el dumg 5 years 

Storage of spent nuclear he1 (after the temporary storage m the reactor buddmg) before the shpment 
to the reprocessmg plant 1s performed m the spent fbel storage fackty that is an mtermediate storage 
facllity of the contamer type Upon request of the cbent, storage of nuclear fbel can be provlded up to 
the tune of NPP decomrmssiolung 

5 6 Electrrcal Plant 

By design, NPP is comprised of several power umts wth VVER-640 reactors and generators of the 

a power of 645 MW 



Use of synchromzed generator of the TZV-630-2 type is assumed wth the followng parameters 
normnal power 645 MW, voltage 20 kV, rotation speed 3000 r o h n  wth fbll water coohng, the 
mternals filled in wth a r  under quasi-atmosphenc pressure, use of fire-resistant hquid OMTI m the 
bemng lubrication system is possible 
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The TZV-630-2 generator is explosion- and fire-safe and complies wth equipment reqwrements for 
the equipment of group "B" of explosion- and fire-hazard 

-- - - - 
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For operation wth the TZV-630-2 generator a umt transformer of the power 800 MVA is foreseen 
whlch is a three-phase, two-cod increasing transformer 

For ensunng in-house needs redundancy the installat~on of two reserve m-house needs transformers 
wrth the power of 63 MVA is foreseen 

The followmg systems for power supply to in-house consumers are prowded 

system of normal operation, 

system of reliable power supply for normal operation of the systems unportant for safety 
mcludmg umt diesel generators, - 

system of emergency power supply includmg emergency diesel generators 

5 7 I&C Systems 

The design assumes the followmg herarchcal structure of the control of technologcal processes at 
the NPP .--. - - 

power plant level, where strategc objectives of NPP control and automatic control of 
common plant systems and facilities are combmed, 

umt level, where the control of the umt as a whole is unplernented, 

control sub-systems that supemse the operation of technologcal equipment and systems 
for vmous hnctions and modes, 

sensors, execution umts and smplest control algorithms (the level of mdiwdual control 
bectly linked wth the object of the control) 

The base techcal means of the I&C of thermal processes are 

modular system of collection and output of data that Includes rmcro-process controller 
MK-3, memory dewce MZU-1, mternal cornmumcation system MVS-3 and a number of 
modules for measurement transformation and control modules, 

fdure-resistant calculation complex usmg the method of major@ redundancy and 
compnsed of the followng modules SN (synchromzer), PRC (processor), OZU (operation 
memory), SZU (system memory), BIF MCVO (interface urut of the data collection system), 
BIF IRPS (umt for dewce connection), BIF LS (interface umt of the commumcation lme), 

color displays wth fbnctional key-boards, 

DEC Mcro VAX-3900 as the power umt computer, 



- - - -  
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stream-line network cornmumcation means wth redundancy that provide for mformation 
transfer among vanous hlerarchcal levels of the control system, 

sensors, execution dewces etc 

Automatic protections are diwded mto two categones 

grouu I - automatic protections of umt safety systems (reactor emergency protection, control 
of safety systems), 

group I1 - automatic protections of the systems of normal operation that are in turn diwded 
into 

protections that swtch off devlces and components, 

protections that limt the power of a gven devlce, 

protections that perform local operations 

Only the emergency s~gnahzation and signals of essential fadures m the schemes of operat~on of 
emergency protections are duphcated m full 

5.8 Major Features of the Approach to Safety 

5 8 1 Regulatory Requirements 

The project of a umt wth VVER-640 is bemg developed in accordance wth Russian 
regulatory requirements that are m force at the moment of issuing the documentation 
The major safety documents of GOSATOMNADZOR of the Russian Federation (GAN 
RF) are uncon&tionally observed and all dewations from these documents are 
substantiated and defended in GAN RF 

The man regulatory documents that define safety cntena at the design of VVER-640 umt 
are 

"General Rules for the Safety of NPPs (OPB-88)" 

"Rule of Nuclear Safety for the Reactors of NPPs", PBA RU AC-89 

In addition to the national regulatory documentat~on hsted in the "List of Mam 
Regulations and Norms m Force m the Area of Atomc Power under GAN RF's 
Responsib~lity" (P-0 1-0 1 -92), mternational standards and IAEA matenals related to the 
design of NPPs were cons~dered such as "Regulations for the Safety of NPPs", "Design 
of W s  NSO-C-D (Rev I)", IAEA Safety Gwdehnes NSO-CG-Dl D14, Man 
Pnnciples of the Safety of Atomc Power Stations N75-INSAG-3, "The Safety of Nuclear 
Power", INSAG-5 (draft) 

Rad~ologcal safety of the enwonment IS based on the regulations currently m force m 
Russ~a (OPB-88, NRB-76/87, SPAS-88, OSP-72/87, PNAE G-03-33-93) and ICRP 
pubfications 

In accordance unth the regulatory documentation m force the classfication of the 
bulldings and fachties of the NPP In accordance mth their safety fbnct~on was performed 
as well as the classification of major systems and equipment by safety, selsmc resistance 



and fabncation quahty Special attention was gven to the reliability of the systems of 
normal operation because, on one hand, they ensure the rehabllity of electncaty generation 
and the h t s  of safe operation and, on the other hand, prowde safety increase for 
overcomng accident processes and participate in after-accident measures Accordmgly, 
the systems that ensure water supply to systems of the reactor plant, heat removal fiom 
the reactor, supply of boron solution to the reactor and electncity generation on site are 
made wth enhanced quality requirements for fabncation and installation and, if necessary, 
wth additional redundancy 
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According to the est~mates made for the project, the level of radiologcal impact on the 
population and the envlronment is below the established regulations and it is kept and a 
reasonably achevable low level wth due regard to social and economc aspects In 
addtion, dunng NPP normal operation and design incidents regulations for the emssions 
and contents of radoactive substances m the envlronment are not exceeded, and m case 
of beyond design accidents the regulations on the release of most hazardous radioactive 
nuclides are observed 
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The project apphes the follomg pmciples to ensure fUlfillment of the radiation safety 
requirement s 

consistent unplementation of the principle of defense-m-depth based on the use of a 
system of barners at the potential pathways of radiation and radioactwe substances 
mto the enwonment, 

system of techcal and orgamzational measures m e d  at the protection of the 
barners and theu efficiency, 

system of techcal and orgamzational measures drectly w e d  at the protection of 
the population and the enwonrnent 

The system of techtllcal and orgamzational measures directly m e d  at the protection of 
the population mcludes 

design conservatism, 

quahty assurance at all phases of the design, construction and operation of the NPP, 

NPP site selection, 

establishment of an NPP general protection zone, 

preparation of plans for emergency measures for population protection in case of 
beyond-deagn accidents 

The protection fiom all types of radiation that may affect the plant staff and the 
population dunng NPP operation is based on the following cntena 

dumg normal operation the share of additional radiation fiom the NPP m the 
equivalent population doze must be sigmficantly below the background level, 

m case of design accidents, techcal means prowded by the design must ensure the 
complete protection of the population beyond the NPP site wthout the 
unplementation of orgamzational measures in accordance wth the "Cntena for 
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decision malung on population protection measures m case of nuclear reactor 
accident", 
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in case of beyond-design accidents, techcal and orgamzational means should 
provlde the means of accldent management, so that the estimated probablhty of the 
maxtmum release would not exceed 10 ' per reactor-year 
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In addition to the requirements of PBA RU AC-89, the project ensures the compliance 
wth the operational design limt of fuel rod damages that is defined as 0 1% of the fuel 
rods wth gas releases and 0 01 % wth direct contact between the &el and the coolant 

In case of design accidents, mcluding the break of the mam cuculation pipehne, the 
functiodty of accident protection and emergency coohg is ensured mdependently from 
the avadabllrty of alternative current sources (the system of m-house needs, umt diesel 
generators and coohng water for at least 24 hours Accordingly, the project includes 
safety systems based m d y  on the pmciple of passive operation and qualities of 
"mherent safety" such as self-regulation, thermal capacity, thermal conductivity, thermal 
convection, grawtation, energy of compressed gas and other natural processes For 
systems of normal operation their safety efficiency for use m post-accident measures has 
been demonstrated Techcal solutions mmmue effects of human errors on safety m all 
design modes 

Information on the performed safety analyses, man safety regulations and the assessment 
of the mpact of technolo~cal processes at the umt on the envlronrnent m all operation 
modes rncluding normal operation, incidents, des~gn accldents and beyond-design 
accidents is presented m "Prelmnary Reports on Safety Substantiation" that are prepared 
for every spectfic site 

In the framework of design activities level 1 probabhstic safety assessments (PSA-1) 
according to the IAEA ternnology were performed for the estunation of the probability 
of severe damage to the reactor core of an NPP wth VVER-640 

The results of these studies show that the project of an NPP of medium power wth 
VVER-640, whlch is based on the use of techcal solutions for major equipment proved 
dunng long expmence of operation of NPPs wth VVER reactors and complemented 
wth modem requuements for the application of multi-barner defense, combination of 
active and passive safety systems, complies wth the current safety cntena for NPPs and 
allows to d m s h  the level of the mpact on the enwonment 

5 8 2 Safety Concept 

General 

Safety concept of NPP wth VVER-640 determmes cntena and principles of safety and 
des~gn approaches to ther implementation based on national regulatory requirements, 
IAEA recornmendat~ons and expenence m the development and approval of NPPs wth 
VVERs of earher generations The concept considers the unpacts on barners and their 
protection, methods to ensure the comphance wth the cnterra and pmaples of safety at 
the deslgn phase, and also some aspects related to the site selection, equipment 
manufactumg, construction and operation 



The concept was developed wth the follovcrlng objectives 

to deterrmne the necessary calculational analyses and safety programs, 
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to assess the safety of design solutions for NPP protection bamers, 
to detemne techcal means for NPP safety, 
to develop and substantiate the limts and conditions of safe operation, 
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to develop procedures for safe NPP operation 

Man Safety hnciple 

The safety concept of NPP wth VVER-640 is based on the defense-in-depth pnnclple 
that assumes application of a system of bamers at the potential paths of radiation and 
radioactive substances into the environment and a system of techcal and orgamzational 
measures in order to protect the barriers and ensure their efficiency and to protect the 
population 

In accordance wth the defense-in-depth pnnclple an NPP is designed, built and operated 
in such a way that radioactive matenals are encircled by a number of physical barriers 
The system of barriers of an NPP wth VVER-640 includes 

the &el matnx, 

fuel rod cladding, 
pmary crrcuit coolant boundary, 

system of hermetic compartments 

M m  Design Principles 

The main design pmciples of techcal and speclal techcal means in the safety concept 
of NPP wth VVER-640 are formulated m accordance wth the requirements of current 
regulatory documents (OPB-88, PBA RU-89) and wth due regard of IAEA 
recommendations ("Summary of Regulations for the Safety of Atomc Power Stations 
NPP Design", IAEA, Vienna, 1990 Safety Senes, 50-C-D Rev 1) These principles 
define 

Redundancy Increase m system rehability by the application of 
structural, functional, lnforrnational and tlrne redundancy in 

respect of the m m u m  that is necessary and sufficient for 
the functionahty of the system 

Pmciple of smgle Pmciple that requires that the system fuifills its functions at 
falure any mtial activatmg event and at any fadure, independent 

of the imttal event, of one of the active or passive elements 
mth moving mechamcal parts 

Diversity Increase m system rehability by the apphcation of Merent 
means or of smdar means but based on different action 
pmciples m different systems (or m chfferent channels 
wthn one system) for the fulfillment of a gven function 

Independence Increase m system reliability by the apphcation of fbnctional 
and/or physical separation of channels (component), for 
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whch the fdure of one channel (component) does not lead 
to a fdure of another channel (component) 

-- - 

Prefeasibhv Study of KOLA-2 Nuclear Power Plant 
3xVVER-640 

Safe Fdure When practically possible, the "safe fdure" pnnciple is 
used m the design of systems and components necessary for 
NPP safety that reqwres that m case of a component or 
system failure the plant remam at the ~mt~al protection 
"level" wthout a need of imtiatlon any actions 

-- 

NORTH-WEST REGION POWER 
INVESTMENT PLAN 

Common cause Measures m m n n g  common cause fdures are 
fdure unplemented in the design as possible 

Consideration of Consideration of events m the dewgn of techcal and 
"internal" and special t e c h c d  means in the safety concept of NPP wth 
"external" events VVER-640 is mplemented, mternationally accepted 

approaches and wth due regard to NPP site specificity 

The consideration of "external" events mcludes 
1) Seismc events 
2) Amation crashes 
3) Blast wave 
4) Squalls (humcane) 
5) Extreme an temperatures 
6) Tornado hazard 
7) Impact of the mundatron 
8) Impact of nearby transportation llnes 
9) Impact of nearby mdustrial fachties 
10) Diversions (subversive activity) 

6 Envrronmental aspecl 

The regulatory requlrements of the proposed power plant are more distrlctmg regarding release hmts 
of radioactiaty dunng normal operation and m postulated accident conhtions than those apphed to 
the exlsting power plants m the area Design of the systems for handhng and treatment of the 
rahoactive water is improved to meet those requlrements 

For umts of medium power, Table 6-1 gves a compmson of mam radiation parameters that 
charactenze NPP impact on the enwonment and population m the near-by regon Prognosticated 
releases of radioactive gases mto the enwonment dunng normal operation are presented (for 
operating umts data of actual operation are gven) Also, releases for the most senous design accident 
and for a heavy accident vvlth he1 damage (nsk of lo-' llyear for VVER-640) are gven For the 
VVER-640 umt two options of the most senous deslgn acc~dent are estunated mth power supply 
and wthout power supply for 24 hours 

For compmson, data for NPPs of medium power wth VVERs are gven urufied VVER-440 project 
(2nd stage of the Kola NPP, the Paks NPP, B-2 stage of the Bohumce plant, the Dukhovany NPP, 
the Rovno NPP, Lowsa project 1,2) 

Additionally, operational data for accidents m 1986 and 1992 at the Lemngrad and Chernobyl NPPs 
are presented that show extremely low radiation mpact on the enwonment of accidents at the 
VVER-640, mcludmg beyond-design accidents wth he1 melting 
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The prognosticated releases of radioactive gases and aerosols into the atmosphere from the VVER- 
640 m t  dunng normal operation is reduced by 
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- 
guarantees of the manufacture-plant on the increase In the density of fie1 rods dunng umt 
operation at power, 
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Increase m the requirements for the sealing of major equipment and the correspondmg 
reduction In non-controlled and controlled leakages of radioactive mediums, 

decrease in the volume of coolant take-out dunng regulation due to the reduction in the 
scope of boron regulation, 

creation of a closed gas clrcult for temporary storage of "clean" and ''duty" coolant, 

renunciation of permanent operation of the exhaust system of the ventilation of the hermetic 
volume wrth partial vacuum in the cucle gap between shells 

Table 6-2 presents a companson of the condition of the mam barners that hnder the proliferation of 
radioactive substances Into the enwonment dumg normal operation Table 6-3 gves a companson 
of the condition of the man barners that prevent uncontrolled release of radioactive substances Into 
the environment 
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' IRG - Inert radioachve gases, LLN - long-lived nuclides, DA - most senous design accident, doses are in Ci 1 Ci = 37 GBq 
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Table 6-1 Comparrson of Rad~ologrcal Impact on the Envrronment of NPP unrts of Var~ous Generatrons 

Page 2 1 from 29 

U~ut condition 

Normal operahon, 
operahonal incidents 

Design accidents 

Severe accidents 
(probabihty for VVER-640 
10 ' llyear) 

Nahonal regulahons for 
maxlmum radoa&ve 

releases 1 
Allowable release, Cdday GWe 

IRG- 500 
Idne-131 - 0 01 

LLN - 0 015 

Release that necessitates infomng 
regulatory bodes, Ci 

IRG- 15000 
Idne-131 - 0 3 

LLN - 0 45 
Zone of rahologcal impact 

Accident release that requlres immdate 
implementahon of the plan of protetaon 
measures (for w t s  of earlier 
generahons), Ci 

1-e-13 1 - 30000 
Cs-137 - 3000 

Zone of ra~ologcal impact 

Radoactive release (% of the maximum) 
NPPs under design 

VVER-640 

0 04 
0 05 
0 04 

Controlled zone 

Operahng NPPs 
RBMK- 1000 

Chernobyl NPP, m t s  3,4 
50 - 100 
3 - 100 

0 2 

VVER-440 
Kola NPP, w t s  3,4 

1 - 2  
< 1 
< 1 

Lemngrad NPP 
accident of 30 03 92 

3 3 
800 

upto3km 

Chernobyl NPP, accident of 
Apnl-May 1986 

25000 
30000 

more than 100 km 

Zone of radiologcal impact 
Eshmahon of DA consequences 

< 100 
7400 
1000 

up to 3 km 

<O 001 I0 05 
< 5 110 

< 0 0 1 / 2  
sxte 

Esfimahon of the consequences of severe accident 

analysis 
does not exlst 

< 2 
<O 03 
1 5  km 
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Fuel Claddmg 
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Table 6-2 Companson of Maln Bamers In the Mode of Nominal Operahon 

Bamer 

Unseahg h t  of safe operation, (%) 
I I 

contact wth fuel 

contact wth fuel 

Bamer Condbon 

Mam Equipment 
of First 

0 1 

Crrcuit dehermebzabon, (Vlyear ) allowable 
level of cvcuit unsealing (opemonal h u t )  

NPP Design 

0 01 

I coolant take-out I I 

VVER-440 VVER-640 
I 

boron regulabon 

w t  shutdown 

equipment) 

Hermebc Zone (hermehc 
compartments of mam 

Table 6-3 Companson of the Des~gn Bases Efic~ency of Maln Bamers m 
Case of Maln Clrculat~on Plpellne Break for the Most Severe 
Des~gn Acc~dent 

67 

3 

Unsealmg, (% Vlday) 

4 3 

0 3 

Bamer 

Fuel Claddmg 

The b m e r  principle and other safety aspects are described by the designer are gven more in detatl m 
Appendix 2 Licensing activities w t h  GAN and other authorities are listed in Appendix 3 

Hermetic Zone (hermmc 
compartments 

of mam equipment) 

For storage safety, liquid rahoactive wastes in the design of VVER-640 are solidified by the 
cementation method w t h  the creation of a product, reastant to leachng and comply~ng w t h  the 
requirements of safe storage The use of pressing and rmlllng reduces the amount of solid wastes 

Barner Condoon 

Unsealmg, (%) 

Support of pa&d vacuum In the hermehc zone of the exhaust ventdabon system 

Unseahg, (% Vlday) 

Design pressure, (MPa) 

Pawe 77 frnm 7Q 

NPP Design 

VVER-440 

100 

1 

0 15 

VVER-640 

1 

0 1 

0 4 



Table 6-4 presents a companson of the volumes and parameters of plant radioactive wastes wrth 
medlum slze umts (averaged for umt) It is shown that a s~gmficant reduct~on of waste volume 1s 
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- expected in the design of NYY wth  VVEK-64U as compared wth  operating NPYs wth  VVEK-440 
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Table 6-4 Cornpanson of Volumes and Parameters of Radioactive Wastes for 
Medium Slze NPP Un~ts of D~fferent Generations 

Appendix 4 presents data on the cleantng and use of industrial sewage waters of the system of 
condensate 

7 Project costs and O&M costs 

NPP wth VVER-640 

22 

15 

37'+ 

465 

1 4 ~  

0 55 

Type and category 

of NPP wastes 

Liqud wastes, m31vear m t  
- salt concentrate for 
400 g/l of ion exchange 
- matenals 

Packages wth soliddied wastes, per year- 
unlt 

- metal casks wth 
bitumen compound 
of the volume of 0 2 m3 

- concrete protecbon 
contamers oe 2 6 m3 

Solld wastes, m31year-mt 
group I 
group I1 
group III 

The total cost of the VVER-640 reactor plants has been estimated using both the Russian and EEDB 
methodologes The major factors tnfluenclng the cost of the VVER-640 plant are the research and 
development program, detiuled engneenng, reactor buildmgs, reactor plant components including 
state-of-the-art reactor mstrumentatlon and controls, turbme generator and auxllianes, construction 
and field semces, and a contingency to address the first-of-a-hnd engineering necessary to develop 
the detal design for the plant The R&D cost is not rncluded m present estlmate Construction of the 
NPP in the natural and c b a t e  conditions of the Northwest regon of Russia on soR sods, wrth a 

The contamer volume calculated mth the external dunensions 

Opera- NPPs 

4 For one un~t 13 contamers mth saliWed wastes (from the spend laundry) are added 

W~th pressing 
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Kola 
mts 3,4 

416 

32 

sol~ddication 
fachty 

at the design phase 

100 - 200 
10 - 30 
1 - 2  

Lowsa 
umts 1,2 

40 

8 

no 

data 

1 2 5  - 35' 
no data 



closed system of techcal water supply and cooling towers, wth automobile transportation is 
cnnwdared A rnst hrank dnwn nf a nnwer nlnnt wrth twn N P - A A n  ~ ~ n i t u  1u mven In + h ~  tahle 7-1 
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I Equipment 1 1394 1 

Table 7-1 Capital costs of proposed power plant 3 x VVER-640 

BASE CONSTRUCTION COSTS, mlhon USD 

Matenals 

I FUEL LOAD COST U S D ~ W ~  I a I 

3820 

783 

- .  
SPECIFIC CAFITAL COST, USDkWe 

FIRST FUEL LOAD COST PER UNIT, d o n  USD 

The nrarcntad nnminnl cnctr TTSn 1974 ner ~ W P  ir clenrlv hiahpr than hiaher ect im~te  nf in T P N A C  

1974 

53 5 

- - 

and values pven m ERI-JEAS referred k PNAS Man reason is that ~~-JENAs a plant in central 
regon of Russia was considered Especially labor costs, but also other costs, are hgher in the 
Murmansk regon 

@ In the used methodology the costs were evaluated &st m rubles of 1991, and then converted to USD 
of today usmg conversion factors The work costs was evaluated usmg salmes of today Ths 
methodology has some nsks related to correctness of conversion factors of cost levels and currency 
exchange rates in 1991 and now In ths  study that methodology was however used that the results 
were comparable wth the results done by other groups using same standard Russian methodology 

There are some factors dflcult to evaluate at the moment Real manufacturing costs are not based on 
real contracts or offers of the suppliers or recent corresponding contracts There are big changes m 
the conditions compared to those when last correspondmg project was lmplernented Regulatory 
requirements, e g quahty assurance requrements, are stncter and the regulatory body has more 
power and is more mdependent than earher 

Operating and mamtenance costs and he1 and waste management costs mcluding he1 cycle back end 
are gven in table 7-2 

Table 7-2. Operatmg and maintenance costs 

FIXED NON-FUEL O&M COSTS, mlhon USD/year 
includmg I 1463 I 
- 1llaLt;llillS WlLllUUL 1uc1, WWaLGI illlU SO11 

- salanes of the own staff and contractors 
- depreciation 

P a w  74 frnm 79 

4 

TOTAL JWMBER OF PERSONNEL (mcl contractors) 828 
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8 Econom~c analysis 
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SALARY, USDIman year 

FUEL COSTS + WASTE MANAGEMENT, USD/kWh 

For economc assessments of the investment requrements for NPP projects mth VVER-640 the 
"AtomEnergo-~nvest" program package was used that 1s developed joint by a Research Consulting 
Company "Alt" and by Inst~tute Atomenergoproekt of St -Petenburg Ths package was selected m 
accordance mth "Methodologcal recommendations for assessment of the efficiency of investment 
projects and thar selection for financmg" that were approved by Gosstroy of Russia, Mmstr-y of 
Economcs of RF, Mmstry of F~nance of RF, Gosprom of Russ~a N7-12/47 as of 3 1 March 1994, as 
well as m accordance mth the recommendation of the group of p l a m g  and modellng The 
calculation algonthm takes into account the tax enwonment of the current penod 

12160 

0 005 

The assessment of economc parameters is done for Sosnovy Bor plant mth two VVER-640 umts 1s 
based on the data gven m the premous chapters FoUowmg addit~onal data and assumptions are used 

The annual use of installed capacity 1s assumed to be 7000 hourslyear correspondmg capacity factor 
of 80% 

The zn-house electnclty consumption is calculated for the average load~ng of major equipment 
according and amounts to 7 05% of the electnclty generated 

Discount rate lo%, In the sens~timty analysis a discount rate of 8% was cons~dered 

Social charges, charges for the employment fund, medical msurance etc amount to 39% of 
the annual salary fund 

The liquidation reserve or reserve for the NPP decomrmssiomg fund is defined as 1 3% 
from the production cost 

Charges for the extra-budgetary R&D fimd are 1 5% of the total production cost6 

Charges for the spec~al regonal Investment fbnd for financmg soclal construction m the 30- 
km NPP protection zone are 1% of the total product~on cost6 

Charges m an msurance reserve on liqu~dat~on of emergency consequences from objects of 
nuclear power 1% of the total product~on cost 

Land cost 1s not taken into account m ths case, because the exact terntory has not been 
defined yet (to be d e t e m e d  by local authonties) 

For the NPP equ~pment was taken Into account, that the kances for mdemmficatlon of the 
value-added tax (VAT) become covered at the expense of finances fkom VAT, showed for 
payment to consumers of power production VAT on c ~ v ~ l  and erection works 1s not 
compensated 

* 6 Federal law "About finannng especially of dangerous manufactured and wts  adopted 02 2 1 96 mcle 3 



The calculations do not take into account hrectly the costs of decomrmssiomng that appear 
for VVER-640 after 50 years of servlce lfe of the first unlt Decomssionmg costs are 
mdlreetly accounted for by the charges for the "Liquidation reserve" 
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In estimations the electnc power tmff was assumed constant dunng the whole servlce llfe 
NPP The accounts were carned out for two values 45 mlls/kWh and 60 mlls/kWh 
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The step of account is equal to 1 year Production fiom each umt is taken into account 
b e g m g  since the next year after start-up of the appropnate block 

Construction time is 7 years and the disbursement schedule as follows 

unlt 1 

3 4% 

16 % 

19 % 

26 % 

22 % 

10 % 

3 6% 

0 %  

unlt 2 

0 0% 

7 %  

19 % 

20 % 

22 % 

17 % 

11 % 

8 %  

0 %  

unlt 3 

0 %  

0 %  

7 %  

19 % 

20 % 

20 % 

18 % 

11 % 

5 %  

Results of account of commercial effectivness are subrmtted m appendur 7, as the diagrams of set 
parameters 



Table 8-1 Results of economlc estrmatlon of Kola-2 NPP constructlon 
(7 years constructlon) 
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Accordmg to Russian laws all nuclear power plants are owned by the govenunent Fmanclng can not 
be based on implementation of IPP type or any other model where some other rnvestor than the 
government wll become a shareholder of the plant 

Simple payback penod, year 

Discounted payback penod, year 

Net present value, M $ 

Profitability Index 

The internal rate of return, % 

Average production cost of the 
electnc power, mlls/kW h 

Most of the financmg wll be from Russlan sources D ~ e c t  governmental financing represents the 
own capltal of the power utllity Most probably add~tional financmg of the Russian dehvery and work 
wdl be credlts fi-om Russian banks Western financing may be avalable up to the amount of western 
deliveries, if m addltion of the guarantee of Russian government the export credit guaranteed by the 
state institutions of the exporting country 1s gven 

In the econormc analysis the followmg percentage of hancmg fiom dserent sources wth the 
rndicated rate of interest was assumed 

Discount rate 

Governmental financing, about 40 % 

Loans fiom Russian banks, about 40%, real Interest rate 7 8% for long-term loans and 
9 8% for short-term loans 

8 %  
Tariff, mlls/kW h 

Loans fi-om western banks, about 20%, real interest rate 5 8% 

45 

18 9 

>60 

-590 

0 78 

6 4 

25 6 

10 % 
Tanff, rmlls/kW h 

60 

15 2 

33 8 

292 

111 

8 7 

24 2 

45 

18 9 

>60 

- 1034 

0 59 

6 4 

25 6 

60 

15 2 

>60 

-380 

0 85 

8 7 

24 2 



10 Project implementatron plan 

10.1 Project organlzat~ons 
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The system of project management is based on IAEA recommendations ("Nuclear Power Project 
Management" Tech Rep Senes 279) and Russian regulations 

The followng orgarmations are responsible for the design and realization of NPP wth VVER-640 m 
accordance vvlth Russlan law and regulations 
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Institute "Atomenergoproject" of St -Petenburg (SPBAEP), 

Leading deagner - Archtect engneer of the NPP 

OKB "Gdropress" (OKB GP), 

Archtect engneer of the reactor plant 

RRC "Kurchatov Institute", 

Scientific leader 

For I&C systems elements and components developed for VVER-1000s m cooperation wth Siemens 
d l  be used 

Fabncation of major equipment components is provlded by Russian mdustnes Traditionally, the 
followng enterprises are supplier of major NPP components 

LLIzhor~ky plant" company reactor, pressumer, hydrauhc reservoirs of the ECCS, 
man c~culatlon pipelme, protection cylinder for reactor mnternals, racks of the fuel 
storage pool, heat transfer equipment, containment, 

Kuovsky plant MCP and major pump equipment, 

Podolsky plant Sags, heat transfer equipment, 

"Metal plant" the turbine plant, 

"Electoral" generator, 

"Atomc" the fuel loadmg machme and transportation and serwce equipment for the 
reactor plant 

In accordance wth a Framework Agreement on Cooperation m Design and Construction of NPPs 
wth VVER-640/407 reactors between the Wrustry of the Russian Federabon on Atomc Energy and 
Siemens AG, KWU Department signed in Moscow on May 15, 1995 it is determtned that Siemens 
AG wll take part m the followrng areas of the implementation of the project of NPP wth VVER- 
640 

design, supply, assembhng and start-up of certan I&C systems, 

design, supply, assemblmg and start-up of certain electrical components and 
equipment, mcludmg the emergency diesel generator, 

design, supply, assembhg and start-up of certan components and equipment of 
technologcal and vent~latlon systems 
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10 2 T~me schedule 

8 Prelimnary tune schedule of the project is in Appendlx 5 The construction time is expected to be 7 
to 8 years It is not realistic to consider shorter tune of implementation when the present conditions 
of economy and industry are taken mto account and the fact that the project is based on new type of 
power plant wthout prewous experience 

The readiness of design describes Appendix 6 listmg stages of basic design works and the 
exammations of the deagn documentation 

Construction works wll be started in 2001 after h s h e d  s~multaneously wth the expenmental studies 
at the test facilities at the scientrfic center NIT1 in Sosnovy Bor are completed wth positive results 

10 3. Project nsks 

For such a specific object as an NPP, there are additional speclfic nsks radiation nsk and "political" 
nsk, in addloon to usual nsks (techcal, economc, social) Radiation nsk can be, in pmciple, 
regarded as economc nsk, because it is related to the possibility of severe accidents wth the 
destruction of the reactor and release of substantial amounts of radioactive substances beyond the 
safety barners and Grther into the environment and, as a consequence, wth a possible loss of the 
umt Ths nsk (or the probabihty of a sever accident) is estimated by calculation techques 
According to the regulations that are followed in the project design the probabihty of such accidents 
should be m m a l  and amount to - 10-6 - 10-7 llreactor-year Stnct adherence to regulations and 
rules dunng construction and operation, fblfillrnent of technologcal requirements, "safety culture" 
are first pnonty measures for d~rmmshng the NPP radiation nsk 

@ Soclal opposition to NPP construction under the influence of "green movements" or of the fear 
appeared after the Chernobyl accident is an additional aspect of the social nsk Ths nsk can be 
reduced by information campagns wth compansons of conventional and nuclear power plants as 
energy sources for the population, experts and decision-makers 

Possxble sources for the nsk called "political" are both competmg energy producers (the Gasprom 
concern, foreign compames interested m the market for thm products such as gas-turbme plants, 
combmed-cycle plants etc ) and "anti-nuclear7' groups, maybe even at hgh power levels, that are 
agamst nuclear power in pmciple In ths case, independent economc policy of a given regon that 
decided to develop nuclear power on its terntory can serve as a guarantee 

Appendlx 8 presents a quahtative analysis of some nsk categones as well as of possible counter- 
measures in order to reduce them 



DRAWINGS 

WYbl\lUIX 1 

Layout of the reactor plant 

Cross section of  the reactor plant 

Reactor 

M m  circulat~on pump 

Steam generator 
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Lay out of the reactor plant on level +I 0 m 

mrmuu 1 
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The reactor plant 
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Reactor 
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The main circulation pump 
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0 SAFETY ASPECTS OF VVER-640 

1 General 

Appendur. L 

The VVER-640 is designed to meet the followng Russian regulatory limts 
For routine operation and accidents, the h t s  for damage to fbel elements are 
0 1% of &el elements w11 develop gas non-tightness defects and 0 01% of he1 
elements wll develop direct contact of he1 wth the coolant 

Prefeasibdity Study of Sosnovy Kola-2 Nuclear Power 
Plant 3xVVER-640 

The probability of sigmficant damage to he1 (1 e , melting of the &el) is less than 
10 5/reactor-year, and the probabihty of exceeding the threshold values for release 
of radioactivity necessitating population evacuation beyond the distances 
determmed by regulatory requirements for nuclear power plant placement is less 
than 10 7/reactor-year 

NORTH-WEST REGION POWER 
INVESTMENT PLAN 

The reactiwty is affected by two independent systems based on different principles 
of operation (hversity of operation) 

Control rod system, wth mechamcally actuated control rods in the 
reactor core 
System for mo-g the bonc acid concentration in the coolant 

In all the design modes, the activation of the mechamcal CRS system only (even 
wth the fiulure to actuate of the most effective control rod) is sufficient for fast 
suppression of reactiwty and for mantamng the reactor in a subcnt~cal state The 
system of boron solution regulation is sufficiently effective to provlde for a slow 
transfer of the reactor to a subcntical state and for mantmnmg the reactor in such 
a state An additional measure for mcreasmg the reliabhty of ensung reactor 
subcriticahty m accidents is the use of boron solution in the safety systems that 
supply coohg water mto the reactor and into the spent &el coohg pond In 
beyond-design accidents, the transfer of the reactor to the subcntical state is 
effected by jomt operation of all the operable reactivlty regulating systems 

For accidents not mvolvlng the depressurization of the pnmary cucuit, emergency 
shutdown of the reactor is accomphshed by introduc~ng negative reactivlty by 
means of gravity msertion of the control rod clusters into the core Reactor 
cooldown and removal of residual heat is by operation of normal systems havlng 
budt-in redundancy of their actuating components and the avadabihty of electrical 
power supply from a backup chesel-generator umt 

In the event of a complete loss of power supply (station blackout), the system for 
passive heat removal (SPHR) from the steam generators shall be activated, whch 
wdl prowde for the cooldown of the reactor umt, and also for long-term decay heat 
removal Natural circulation in the pmary cucuit and the SPHR transfer the 
residual heat from the core to the heat removal tank for accidents 

For loss of coolant accidents from the pmary cucuit and loss of flow accidents, 
the response of the automatic protection system and the drop of the coolant 
nreaciire wrll he fnllnwerl hv feedina intn the remtnr a hnnr acid cnhitinn frnm 

P 
h y  



From the metal shell, heat wll be removed through its wall to the water of the 
system for heat removal from the sealed shell (SHR SE) To ensure an adequate 
level in the pool for emergency heat removal, all penetrations through the metal 
shell are positioned at levels above the required fluid level in the pool If the 
temperature, pressure, or radioactivity of the atmosphere inside the contanrnent 
exceeds preset values, the sealed shell is isolated by the closure of the isolation 
valves on the pipmg of routme operation systems 

AppenauC L 

According to the probabilistic nsk assessment (PRA) results, the safety systems 
have been designed to preclude severe damage to the core, wth a probability of 
such damage well below 106/reactor-year However, to follow the present-day 
trends of expandmg tn-depth protection, prowsions for containmg the melt mside 
the reactor vessel and beyond its confines are now bemg worked out, and also for 
protectmg agarnst exceedmg the mawnum allowable pressure value inside the 
sealed protective shell wth the use of a spray system 
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It is mtended that the potential for reachmg an explosion-hazardous concentration 
of hydrogen m the steam-and-gas murture w d  be lirmted by controlled combustion 
of hydrogen inside the containment 

NORTH-WEST REGION POWER 
INVESTMENT PLAN 

In addition to passive methods, electncal controls are prowded for safety system 
management Control of safety systems in design accidents, including the actuation 
of the emergency protection of the reactor, emergency coohg of the reactor, 
prolonged removal of residual heat, localuation of the contiunment, and provision 

of condltlons alIowmg for the presence and work of the personnel IS acheved 
through a twm-set safety control system Each safety control system set Includes 
two subchannels sunultaneousiy mtiatlng accordmg to the "either/or" pattern, one 
actuatmg mechamsm for the systems bullt on a 2~100% pattern, or each channel 
affecting its own actuating mechamsm for systems built on a 4 ~ 5 0 %  pattern Logc 
is stored m read-only-memory whch cannot be reprogrammed 

hydraulic accumulators, at an mtial pressure of 4 0 MPa Subsequent reduction of 
the pressure w11 be accelerated due to heat removal through the SPHR Then, m 
the event that adequate hnctiomng of the pumpmg means is not supported for 
proper makeup to the pmary circuit, the core wll be flooded fiom the leveling 
tanks that hold an emergency supply of the botlc acid solution The levehg tanks 
are located Inside the contament The lealung coolant fiom the ruptured pmary 
cucuit wll accumulate on the floor of the contzunment m a specifically partitioned 
area (the emergency heat removal pool) As the prunary circuit, emergency 
hydrauhc tanks and levehg tanks gradually empty, the level m the pool wdl nse 
above the level of the outlet pipes of the reactor When the reactor pressure 
decreases to a preset point, valves d l  open to form a natural cuculation circuit 
pool to lower m n g  chamber of the reactor to core to upper m n g  chamber of 
the reactor and back to the pool Heat wll be removed fiom the pool by partial 
evaporation of the coolant, wth subsequent condensation of steam on the walls 
and m the mtenor of the metal shell and wth the condensate r e t m g  to the pool 

Each safety control system set prowdes automatic control of the safety systems, ,. C ,. . 
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control board (SCB) The safety control system is protected &om external effects 

Plant 3 x ~ V E ~ - 6 4 0  

The contzunment consists of an mternal metal shell and an external concrete shell 
In the space between the Inner and outer shells, a small vacuum is mamtamed mth 
the effluent a~ passing through filters into the ventilation duct 

INVESTMENT PLAN 

Inner diameter 41 m 
Full volume 60,000 m3 
Design pressure 0 5 MPa 
Design temperature 1 50°C 

data for the on-lme personnel on the block control board (BCB) and the stand-by 

The design leak rate from the sealed shell is 0 2 % of the sealed volume for 24 
hours The concrete shell is designed to mthstand the external effects of an 
arrplane crash, shock wave, and sasmc effects 

2. Barner system descnpt~on 

Four systems of bmers are traditionally considered 

a 3 Descnption of NPP safety levels 

Description 
As he1 for he1 rods is used low emchment of urmum dioxlde used now in 
NPP wth VVER-1000 and VVER-440 reactors The use of urmum dioxlde 
allows to limt an release of gaseous radoactive hsion products from a &el 
matm 
The b m e r  represents a pipe wth final detsul's from nrcomum alloy, hlfilled 
wth d~oxlde urmum tablets VVER-640 he1 rod with compmson of 
exlsting VVER- 1000 he1 rod, has the improved parameters because of 
pedectmg production process of tablets and fbel rods, implementation of 
more effective of momtonng methods, strengthens of tolerances dunng 
manufacturing, lmprovlng of assemblage quahty 
The pnmary circult coolant represents a c~cuit, on which the coolant 
arculates through the core and consists from reactor vessel, man circulating 
prpelme conslstlng of four circulating loops Each loop mcludes stearn- 
generator and main circulation pump Besides its the system of pressunser 
and some other systems concerns to the pnmary cucuit As a basic 
constructional matenal of bmers, based on operation experience of the 
prewous NPP generations, the stiilnless steel is selected 
The containment is a barner which content the mam equipment of reactor 
umt, and also a spent &el pit 
The con tment  mcludes a steel contment ,  t~ght llner concrete 
constructions, lsolat~on devlces, personal au lock and manholes, 
penetrations 
The steel contiunment 1s the smooth cylmdrrcal envelope wth hemsphencal 
top from low-alloy steel k e d  on a bottom m concrete array of intenor 
pedestal 

1 

2 

3 

4 

Barner 
Fuel matnx 

Fuel rod clad 

The pnrnary 
circult 
coolant 
boundary 

Contamment 
systems 



4 System of engrneenng measures 

Appendix 2 

System of engneenng measures is intended for 
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Protection of bamers wth the goal of preservation of bamers properties 
protective effectiveness 
Mtigation of accldents consequences wth the goal of reduction actions of 
radioactive mpact to the staff, population and environment 
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The system of engneenng measures tncludes a chotce of bamers constructional 
matenals, design of bamers and choice of means and special means for bamers 
protection from actions at each of safety level 

The choice of matenals and bamers design detemnes of operation Me of bamers 
wth allowance for that the selected engneenng and speaal means ensure 
restnction of tnfluence of coupled actions to barners by means of mamtamg of 
each acbons performances m baudares, appropnate to each NPP safety level hmts 
The choice of matenals both design of bamers and engtneemg and special means 
in the project of NPP wth VVER-640 is c m e d  out on the base of maxlmum use 
of NPP wrth VVER development and operation expenence wth account for term 
NPP rases of design operation unhl 50 years 

The first level 

The second level 

The thrrd level 

The fourth level 

The protect~on of bamers is c m e d  out by means stipulated m the project 
engneermg measures or special means for each NPP safety level 

THE GOAL mamtenance of NPP safety by means of opera~on rehabhty 
and by preservation of barners effectiveness and e n s m g  of able to work 
of st& by means of techcal and organmbonal measures stipulated for 
normal operation 
THE GOAL of NPP safety by means of restnction of normal operation, 
down to its shutdown and preservation of bamers effectiveness and 
ensuranse of able to work of staff by means, mcludmg means specially 
stipulated for reactor shutdown and mamtamng it in undercntical state 
THE GOAL maintenance of NPP safety by means of rehable shutdown 
by work of means specially stipulated for reactor shutdown and 
mamtamg it m undercntical state, both protection of bamers and 
ensumg of able to work of staff by specially ~ntended means 
THE GOAL matntenance of NPP safety by means of transfernng of 
reactor island to undercntical state and keep it tn thrs conditton, 
protection of bamers and ensuranse of able to work of staff by any 
accessible means, and also additional means Intended for control of 
beyond design basis accidents 

The basis of chotce for engneenng measures and spectal means m the NPP project 
wth VVER-640 is the analysts of actions issues to bmers, accepted technologcal 
and radiation cntenons and the requirement mcludmg 

Basic design pnnciples, 



"Intenor" and "extenor" actions, 
Ensuranse of NPP defense in the power supply, 
Ensuranse of NPP defense m control and momtormg and et al 

lippenax L 

5 The Electrosnpply systems 
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The electrosupply systems are intended for maintenance of operation of 
engmeenng and special means for ensuranse of bamers effectiveness at each 
"level" of the NPP defense 
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The follomg electrosupply systems are provlded 

Electrosupply system for means of normal operation, 
Reliable electrosupply system for means of normal operation mcludmg a block 
diesel - generator and battery, 
Emergency electrosupply system for special means mcludmg an emergency 
diesel - generator and storage battenes 

6 The control and monrtonng system 

The momtormg control system has an herarchlcal structure appropnate to the NPP 
defense "levels" The controlling means of a lower herarches have pnority bear a 
relation to tools of a hgher herarchy The NPP momtonng and control system is 
subdivided into four basic functional areas 

1 Functional area of systems for normal operation, 
2 Funct~onal area of systems for normal operation, important for safety, 
3 Functional area of safety systems, 
4 Functional area for momtonng of radiatmg situation and major NPP parameters 

The concept of safety NPP with VVER-640 promdes three posts of control both 
for momtonng of a bamers condition and for engmeenng and special means 

1 The main control room (MCR) - is the basic control console, wth whch is 
camed out momtonng and control NPP at the all defense "levels" 

2 The reserve control room (RCR) - is the additional control post physically 
separated from MCR, on whch enough of instrumentation and controlhg 
means is placed, so that it was possible to stop reactor and to support it in 
undercritical condition, to remove residual heat and to momtor major 
parameters of NPP 

3 The spare control post for antiaccident operations control - tlus emergency 
control post is physically separated from MCR and RCR, hear is placed 
mmmum necessary amount of tools for momtonng of the Important NPP 
parameters and radating situation at the NPP and m the ~mmediate proxinuty 
fiom it, wth the purpose of actuating of protectwe measures plan 

7. A system of structure measures 

The system of structure measures includes 



Appenax L 
Prefeasibility Study of Sosnovy Kola-2 Nuclear Power 
Plant 3xVVER-640 

NORTH-WEST REGION POWER 
INVESTMENT PLAN 

Choice of  a site for the nuclear power plant arrangement 
NPP operation in the correspondence wth the regulatory normative - by the 
justified operational rules and instructions, ~ncludrng comssiomng, guidmg 
for normal operat~on, emergency operational guldmgs, gu~ding on a radiatmg 
safety 
Quality assurance 
Safety assessment 
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N 

1 

2 

3 

4 

5 

6 

1 Licensing works ( For implementabon of deslgn to concrete slte the base project of NPP w~th  WER-640 is developed, the necessary R&D are carry out and the notes 
and sentences of examinat~ons are obtalned whlch ensure deruvlng solut~ons on construction of concrete NPP) 

The name of basic stages of the project realuat~on and 
conducted works 

Soluhon under the safety assessment (MINATOM of 
Russia and GAN of Russia) Are prepared and discussed 
the basic solubons on licensmg procedures (heremafter 
by GAN of Russia are prepared RD-04-07-94 and other 
appmpnate documents) 
"New generation medium power u t  wth reactor plant V- 
407 (VVER-640) The preluntnary report on NPP safety" 
SPb AEP OKB GIDROPRESS (OKB GP) NRC KI 
1992 N 70581 (Ref MlNATOM of Russia N 04-2 fiom 
14 04 92) To issue the PSAR have proceeded joint works 
of the conductmg developers and experts of GAN of 
Russian Federahon dunng three years Under the 
judgment of the develop, represented matenals, 
c o n f i g  safety are suffcmt for denvmg the license to 
the beguuung of civil work, wth allowance for the 
experience of development and opaation of a great many 
of the prototypes (NPF' wth VVER reactors) 
"New generation medium power umt wth reactor plant V- 
407 (VVER-640) The prel- report on NPP safety" 
The project of umt basic buldtngs SPb AEP, 1992 N 
71 120 
Meetlng on preparabon of materials under the safety 
assessment wh~ch necessq for denvmg, (hcense) on 
construction of New generation medum power urut wth 
reactor plant V-407 (VVER-640) 

"New generation medium power urut wth reactor plant V- 
407 (VVER40)" The project of SPb AEP 1993 No- 
72224 

Evaluation of probability Indexes of NPP safety wth 
reactor plant VVER-640 The mam report of SPb AEP 
NO -7 1 646 

T~me expended on realization of 
works and exammatlon 
Develovment Exammahon 

10 months 
8 months 

6 months 
3 months 

10 months 
10 months 

6 months 
6 months 

Solytions, inference and 
exalmlnatlon 

Is authomed by V N  
Mlk.hayl~v both Y G 
Vislhnevsky 12 10 92 

I 

Inference of GAN of Russian 
Federahon N 14-091347 fiom 
17 112 92 Inference GRS 
(GERMANIUM) GRS -A- 
21 30 

~ 

The protocol of GAN of 
Russian Federation and 
MINATOM of Russian 
Federation kom 19-23 10 1992 
(The Sosnovly Bor) 
Inference MINATOM of Russia 
kom 30 04 95 

The exammatton together wth  
item 3 1 is provided 

Bnef content of ~nferences, 
sentences and recommendanons 

MINATOM represents mto GAN of 
Russia " the Report on the NPP Safety 
Assessment" (SAR) at the base of RG 
1 70 (US NRC) 

The report is considered by the experts 
TC NRC Central distnct of GAN of 
Russlan Federabon 

Study of NPP and reactor plant des~gn 
solutions to the substantmtlon of safety 
and for account of techntcal- 
economcal mdexes 
GAN of Russia has marked under 
condbon of addhon to PSAR for 
rnatenals of chapter 2 PSAR can be by 
the substantlat~on for a choice of a site 
for NPP construction 
The leadmg Orgmuahons of MINATOM 
of Russian Federation have marked the 
correspondence to the modem 
requrements 



I I reduce the tlme i f  expenditures and realuatro~of examinahons on other sites and ensure a posslbrlrty of ngomus parhclpatlon In the tenders for NPP calnstructron ln 
Russla and abroad) 
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The name of basrc stages of the project realuat~on and 
conducted works 
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"New generation medium power m t  wth reactor plant V- 
407 (WER-640)" The project NP-00-01 SPb AEP, 

NORTH-WEST REGION POWER I 

INVESTMENT PLAN 

- .  

OKB GP NRC I6 
"New generation m d u m  power m t  wth reactor plant V- 

2 Package of base design matenals on NPP (the Base desrgn matenals are developed and carned out all necessary examlnahons ln structure of the des~gn 
documentat~on on the srtes of Kola NPP-2 and Far East NPP, and also take rnto account the recommendatrons of Inferences from GRS and SIEMENS (Germanmm), 
carned out rn a phase 1993-1994 years Now by results of examinations the adjustments are conducted wh~ch allow to ensure unificat~on of engineering solutrons to 

407 (WER 640) PSAR" 
The reports " The Concept of NPP safety " and " An 
Evaluat~on of probability Indexes of safety" SPb AEP 
OKB GP NRC KI ( June 1996) 

Solutrons, Inference and 
examlnatlon 

Conference mcludmg of 
Interests 

Inferences of mterests 

I I I 

3 Desrgn works on NPP site ( as an example the works by denvlng a solut~on to constructron of VVER-640 unlt at a srte of NORTHWEST SCIENTIFIC - industrial 
CENTRE of Nuclear Engineering Sosnovly Bar are represented ) 

Trme expended to realuation of 
works and examinat~on 
Development Exammatlon 
12 months 
12 months 

&months 

Bnef content of mferences, sentences 
and recommendat~ons 

The g~ven stage 1s camed out wtlun the 
framework of works by sectllon 3 of the 
given table 
The given stage is camed out w h  
the framework of works on sechon 3 
of the given table ~ 

N Solut~ons, inference and 
examlnatlon 

The name of basic project stages realiaatron and 
conducted works 

1 

2 

Is considered of GAN of 
Russian Fedemtlon (N 14- 
091493 from 29 12 93) 

NORTHWEST scientific - mdustnal Center of Nuclear 
Engmeenng 
PSAR of New generation m&um power utut wth reactor 
plant V-407 (WER-640) (fust edition) SPb AEP OKB 
GP NRC KI Apnl, 1993 (Ref NITI N 4-23/3490 from 
28 04 93) The m a t a d s  are prepared for the first stage of 
derrvlng of a solubon to construction (endorsmg of a s~te) 
NORTHWEST scientific - mdustnal center of Nuclear 
Engmeemg The feasibility report for construction 
The report "An Evaluation of environmental unpact" 
POKAS (0) and POKAS (VP) SPb AEP January, 1994 

Is agreed by Muudrav GAN of 
Russlan Federatxon 
Comnussion of State ecologcal 
examnubon and expert council 
of Mmpnroda Control of state 
expert Apprasals of the 
Projects of MINATOM of 
Russian Federatlon 

Time expended on realuation of 
works and examination 
Development Exammation 
&months 
8 months 

36 months- 
12 months I n c l h g  about 30 
months Surveys and observations 

Bnef content rnferences, sentences 
and recommendat~ons 

GAN of Russia has produced "A 
pre1mnm-y mference on a s ~ t e  for 
construction " 

The coordmation at a regonal level 
m 1 5 orgmzatlons 

,- Page 2 from 3 
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Additional matenals represented on exarmnation for 
1 derrvlng of NPP construction solution 
The report " Safety Concept of NPP wth VVER-640 " N 
7303 1 
The report " Evaluabon of probability mdexes of NPP 
safety" N 73080 
POKAS (P) POKAS (RU) and POKAS (R) N NPC-89- 
002 SPb AEP OKB GP NRC KI March -August 1994 

Plant 3xVVER-640 INVEST 
The MINArOM judgment of 3 
Russia fiom 30 04-95 i n  design 
matenals and SAR of NFT uith 
VVER-640 The matenals of 
SAR are considered by NRC K1 
N 32-19/77 From 16 05 94 also 

NORTHWEST scientific - industrial center of Nuclear 
Engmeeermg The prelmary report (PSAR) of a new 
generabon with reactor VVER-640 (altenation 1) 
SPb ASP, SKI3 SP NRC KI March, 1994 
The matenals are prepared for f m l  stage of construction 
soluhon detlmg 

N 32-32/95 From 16 05 95 
Is considered bv GAN of 
Russian Federabon for h v m g  
a temporal solutlon on NPP 
construction 

dENT PLAN 
12 months 
12 m (common with item 4) 

(See item 3) 

25 06 96 GAN of Russ~an 
Federat~on 1s glven a temporal 
solut~on for construction of the 
p~lot unit with VVER440 at the 
Sosnovly Bor site N 021013-01-03 

* 
$ 3  
'-Gd 
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e USE OF INDUSTRIAL WASTE WATER OF WATER TREATMENT SYSTEM IN 

Appendur 4 

COMPONENT COOLING WATER SYSTEM 
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The system, st~pulated in the project for clearmg of a turbines condensate / hereinafter - the 
condensate cleamg system1 is one of the source of formating the industd waste water, 
appearing as an outcome of filters regeneration - heremafter - regeneratiomng waters 

NORTH-WEST REGION POWER 
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Regeneratiorung waters are subdiwded to sour and alkaline mnerallzed waters, washng waters 
and waters of filters loosenmg 

Regenerationlng waters are collected in control tanks for check of a radionuclides content in them 
and for solution of questions of their m h e r  clearing It is prowded rnstallation of a tank for sour 
waters, tank for alkahe waters, tank for washmg waters and tank for filter loosing waters 

The scheme stipulates a possibility of feeding of regeneratiomng waters rnto a radioactive water 
treatment system wth avadabihty of actiwty rn them 

Regenerating waters of condensate cleamg system whch contamng the radionuchdes in an 
amount less then tolerable concentration are transfemng m a GCP water treatment system for 
M h e r  jomt processing 

To reuse are subject the waters of filters washng, of condensate treatment system and water 
regenerater looserung The washng waters &er morntonng of its radloacuwty are used to 
loosenmg of filters-regeneraters The looserung waters contamng corrosion products after 
momtonng on activlty are defended, for want of it the madioactlve clarified water is used 
repeatedly together wth washmg water, and inradioactive pulp water are processed jointly wth 
pulp waters of water treatment system 

Stipulated separate gathemg of sour and alkahne waters, and also separate gathering of waters of 
filters washmg and filters loosenmg allow to reduce volume of wastes and enable to use 
repeatedly m a water treatment cycle of waters from washmgs and loosemg 

Thus, only mnerahzed waters (the sour and alkaline waters) are exposed to hrther processing 

With the purposes of reliabhty rase of the gathemg scheme for regeneratiomng waters of the 
water treatment system the reservation of the most Important equipment is prowded 

In all cycles of waters gathemg and processing the momtonng processes wth duplication of 
automated momtonng by laboratory analyzers is stipulated A foundation for a choice of 
regeneration waters processmg method are the results of the full chemcal analysis of the fluids 
whlch have mved in gathemg tanks 

1 2 Descnpt~on and volume of rehenerated waters of water treatment system 

Mnerallzed waters contam 

The salts extracted fiom a condensate, whch have mved rn a worlung fluid due to the 
penetration of coohg water, 

Regeneratiomng solutions used in filters-regeneraters for restoring of resm exchange abllrty, 



Chermcal reagents whch used for water-chemcal mode correction m the second circuit, and 
wh~ch extracted by filters fiom a condensate * Chemcal structure of alkaline waters 
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The salt content (chlondes, sulfates, silicate acid) - 3740 mghter, 
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Content of free NaOH - 6470 mg/liter 
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Chemcal structure of sour waters 

The salt content ( calcium, magnesium, arnrnoma ) - 5700 mgA, 

Content of a free suhnc acid - 3905 mgA 

Flow rate of alkaline waters from one regeneration operation - 40 m3, flow rate of sour waters 
from one regeneration - 45 m3 

Pulp waters contasn 

Corrosion products of constructional matenals fiom an equipment and pipelines of the 
second circuit, 

Destruction products of resln matenals 

Content of iron oxldes m pulp waters is 5-10 gll, content of small-sued non-worlung resm 
fractions per the first year of operation - is 3 7 gA, per consequent years - 2 gA Flow rate of pulp 
waters from loosing operation and hydro-overload of one filter - 70 m3 

The number of regeneration actions of a nmed bed demmerahzer filters, semngs for desalination 
and defemzatlon of a turbme condensate, depends on quahty of cooling water in turbines 
condensers At coolmg water the salt content up to 1000 mg/l the calculated amount of 
regenerations for each filter wll make 4 time/year, for the whole umt - 16 tlrne/year As to bmdmg 
of plant to a concrete water-supply source the frequency of filters regeneration of water treatment 
system and the volumes of regeneratmg waters are subject to an Improvement 

2 Component coollng water system 

For the coohg of components In reactor and turbine plants is provlded one-through scheme wth 
use for coohng systems devlses whch ensures umnterrupted work of an NPP heat exchange 
equipment 

Below in appropnate sections the basic measures on a drop of probable negative influence of 
hydraulic engmeenng bwldlngs of a component cooling water system on an enwonrnent m a 
phase of construction and operation are represented 

2.1 Water-supply systems 1x1 NPP s ~ t e  

In the correspondence mth asslgmng and parameters of heat exchange equipment three 
autonomous systems of coohg are stipulated 

Basic system of coohng (RA), ensunng a heat removal from condensers and part of 
auxlhary turbine equipment whlch have not of contact to greasing systems The RA coohg 
system of coolmg RA 1s a system of normal operation whch IS not iduencing to safety 

Audary system of coolmg (RS), ensunng a heat removal from intermedate cxcuit of 



auxlhary turbine equipment whch have a contact to greasmg systems, from refhgerating 
machmes and from of general site customers The RS system is a system of normal 
operation whch is not influencing to safety 
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System of cooling RE, ensmng a heat removal from basic mtermediate cooling circuit of 
customers located m reactor and auxlhary umt parts, budding of electromechmcal devlces 
and hesel-generators buildmg The RE system is a system of normal operation, important 
for safety 
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2 2 Bnef Descnpt~on of a water-supply systems 

The cooling water is bnnged immediately on a umt site wth the help of the open bnngmg channel 
The dram water after of heat exchanger equipment from all coolmg systems is dumped in the 
common open assigmng channel The channels capacity for one umt is - 35 m3/sec 

The dumping of the heated up water in a water-supply source is decided at the tlme of NPP 
arrangement m a speclfic construction conditions m an association from an accepted intake 
construction and coolmg abhty of a water-supply source 

1 The basic system of coohg (RA) is designed on umflow scheme The nomal  flow rate of 
cooling water for one umt is 

For the turbine condensers 98000 m3/hr, 

For a part of auxllimes 1500 m3/hr 

In the cooling scheme of a RA system the block vmant of feeding by coohng water to the 
condenser is stipulated - on each half of condenser group its pipehe and pump is accepted 

1 The auxlhary system of coohng (RS) is designed on umflow scheme The n o d  flow rate of 
coollng water m a system for one untt is 

3 100 m3/hr for coohg an equipment in a normal operational conditions, mcluding 1000 
m3/hr for coolmg the refhgerating machne, 

1200 m3/hr for coohg a part of auxlhmes of the turbme and of general site customers 
worlung in a turbme stoppmg conditions 

2 The system of coohng (RE), mtended for coollng of basic intermediate cucuit, is designed on 
u d o w  scheme 

The nomal  flow rate of coolmg water is - 3000 m3/hr 

The coolmg baslc intermediate cucuit (system KAA) 1s produced by through the group of heat 
exchangers, placed m a b u ~ l b g  of basic mtennediate clrcuit 

The water temperature differences whch past through heat exchanger equipment of coohg 
systems, is 

For a RA system - 10-12 OC, 

For a RS system - 4- 5 "C, 

For a RE system - 5- 6 OC 
@ In a specific NPP site arrangement conditions it is necessary to execute a complex of IU-D works 

wth the purpose of cleanng of influence of damp warm NPP waters to a reservoir ecologcal 
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1 NPP Engmeenng project 

1 1 Engneenng project of 
reactor plant 

1 2  
1 3 Engmeenng project of 

turblne plant 
1 4  
1 3 Engneenng projects of 
aux~lianes 

2 Reports of the safety 
assessment (PSAR) 

3 Probablhty safety analyses 

4  Concept of NPP safety 

5 Evaluat~on of action on an 
enwronment 

The base project is camed out "New generahon 
m d u m  power u t  mth reactor plant V-407 (VVER- 
640) The project NP-00-01 " SPb AEP, OKB 
GIDROPRESS (OKB GP), NRC KI 

The engmeenng project readmess 1s about 80 % 

The engmeermg project 1s camed out 

The equipment umfied on 60% wth VVER-1000 
one 

Is carned out Base PSAR at a modem level m the 
correspondence mth US NRC Gulde 1 70 Only 
the bshlng of chapter 2 and appropnate sectlons 
under the requirements fiom a leg of a slte is 
requlred on cooling water, grounds and 
atmosphere 
(PSAR has passed examrnatlon in GAN of Russian 
Federation, because of whlch temporal solutions 
on umts construction are obtsuned m NSI CNE and 
KNPP-2) 

The report "Probabll~ty analys~s of safety A 
level 1" 1s camed out 

The report "Concept of safety NPP wth 
VVER-640" is carned out 

The report "An Evaluation of enwronment Impact 
is carned out 
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25 06 96 GAN of Russian Federation has issued a temporal solutlon to 
construction of a pilot umt wth VVER-640 in structure of NSI CNE m Sosnovly 
Bob. N 02/0 13 -0 1-03 
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GAN of Russian Federation - Summary experts' report on a site ( N F-16407) 
GAN of Russian Federation - Prelumnary mference on a site (ref N 02/004-01-01 
from 13 10 94) 

General staff of Russian Federation Army Forces (ref N 3 12/1/16NS from 
19 01 94) 
Mmstry of Extremely Situations (MChS) of Russian Federatlon (ref N 22-435-8 
from 18 03 94) 

State Supemsion Muustry of Pubhc Health of Russian Federation (ref N 94-06 
from 26 05 94) 

State fire-prevention servlce W s t r y  of Internal M a r s  (MVD) of Russian 
Federation (ref N 20/5/741 from 28 10 94) 

Mrustry of Nature of Russian Federabon - Summary inference of a comrmssion of 
experts of State Ecologcal Exarmnation (SEE) (from 25 10 94) 

Muustry of Nature of Russian Federation -solution of SEE Council (from 05 12 94 
N 19) 

MINATOM of Russian Federatlon - mference of Department of Project 
Exarmnation (comrmssion Inference from 29 12 94) 

MINATOM of Russian Federation -statement of the feasibihty REPORT (protocol 
N 66/80 ftom 29 12 94) 

Comrmssion of Expertsof Department of Nuclear Powwer Development of 
MINATOM of Russ~a (from July 20, 1994 N6) 

REGIONAL And DEPARTMENTAL ORGANS 

North-West regonal department of an a r  transport (ref N 4 16 40 from 
01 06 93) 

Road comrmttee of Lemngrad regon (ref N 177 from 23 03 93) 

Department of the October rwlway (ref N NOKS-14 from 10 06 93) 



Admmstration of Sosnovly Bohr (Protocol N 5017-94 from 20 04 94) 
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"North-West regonal department" Mmstry of f i s h g  Indusrty of Russian 
Federation (ref N 86-PG from 14 06 94) 
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Neva-Ladoga Basln Water-Supply Department of Roscomvod (ref N 71 fiom 
30 12 94) 
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Government of Lemngrad regon (ref N 3 32/83 5 from 29 07 94) 

State Expert Department of Lemngrad regon (Lenoblgosexpertua) (ref N 711 
from 04 04 94) 

Inference of uthty organnation (NITI), of MINATOM M m  department- 16 (Dep 
of science and engeneenng) and Mam department-26 by matenals of the feasibdlty 
REPORT (ref N 66149 fiom 30 06 94) 

Experts' report of VNIIAES (ref N 2132-1514683 fkom 09 11 93) 
Comrmssion of experts of NRC KI (ref N 32-32/95 from 16 05 95 ) 

The solution of the scientific-engmeenng councd of St -Petenburg institute "AEP" 
(is authorzed by the Muster of MINATOM of Russia, V N Mchaylov, 
10 10 95) 

REVIEWINGS and EXAMINATIONS of DESIGN MATERIALS by FOREIGN 
ORGANIZATIONS 

Comrmssion of International competition "Energy" on a new generation NPP(St - 
Petersburg 1 992) 

German company on nuclear reactor - G R S B e r h  - Cologne - Moscow - St - 
Petersburg, 1994) 

US DOE, Bruchavlen National Laboratory (BNL), Raytheon Engneers and 
Constructors" - report "Joint Parallel Steady of an Alternatives of Development of 
a Nuclear Power Engmeermg m Russia" (Washgton - Phdadelphla - Moscow, 
1994) 

US DOE, BECHTEL, Argonne National Laboratory, BATTELLE Pactfic 
Northwest Laboratory - report "Research of Possibhties of Substltutron wth Use 
of Nuclear Potencies for Seversk (Tomsk-7) and Geleznogorsk (Krasnojarsk-26) " 
(Washngton - St -Petersburg -Moscow, 1995) 
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* ~ u k s  of a preparatory stage 
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In a preparatory stage the nsk of the project is m m u m ,  as both as the basis and the resources in 
regon in a enough either are present, or can be supplied 

Aspect of nsk 
Remoteness from transport 
turnpikes 

Relation of a local authority 

Engneenng secunty 

Amlability of the contractors 

&sks of a bulldlog stage 

Influence to profit 
Addtional expendtures to 
creaoon of access roads 

Possibhty of mtroduction by 
them of addtiond restnmons 

Expendtures to supply of the 
electnc power, water, heat 

Danger of overestimate of works 
cost 

Talung into account that fact, that for supply of basic buildmg needs accommodating ready 

Counter-measures 
Are not requtred, slnce all 
entrances avalable The nsk is 
not present 

Are not q u ~ r e d ,  slnce the 
relation of an a&onty are 
posiove 

The expendtures are mmmum, 
since the basic commmcations 
avmlable 

The tenders on the most capital- 
mtensive works 

Aspect of nsk 

Unexpected expendtures 
- mflaoonary 
- nse m pnces 

Delayed realization of terms of 
works 

Delayed preparabon of techcal 
personnel 

Delayed realization of starbng- 
up and adjustment works for 
safety ensunng 

Unconscienbousness of the 
contractors 

Influence to profit 

Magmficabon of loan funds 

Magtvficabon of the production 
start tune 

Magmficabon of term of design 
volume semce achevernent 

Distance of term of NPP 
accrdtaoon m a system 

Magmfication of terms of 
builchg and rnstallation works 

Counter-measures 

The factors of nsk need to be 
taken mto account when 
compllmg of the expense budget, 
the addbonal ermssion of the 
shares or bonds is possible 
The nsk is reduced by 
orgamzabonal measures and 
momtomg 

The risk is reduced by 
orgamatxonal measures and 
mo111tonng 

The nsk is reduced by econormc 
san&ons to the contractors and 
organuabonal measures 

The nsk is reduced at the stage 
of the contracts, by momtonng 
and sanmons 



terntones m lndustnd zone of operating NPP is necessary, the mam measure of the gven aspect 
of nsk drop, the coordmat~on of nvll and eremon works wth the common program of works m 
inriiiatnal 7nne and fiirther lice n f  n r ~ r n a ~  mnnitnnnu fnr t h ~  ach~diile xmll he 
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Funding-economic nsk 
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The fundmng-economc nsks of NPP creatlon and development are appreciable, but tt can be 
mspected, that allows t o  orgamze matter w t h  a reduclng of nsks to  nurumurn at any stages of the 

- ~roiec t  develo~ment 

Aspect of nsk 

Instab~llty of demand 

Emergmg of an alternate weld 

Pnce cut by the competitors 

Growth of the taxes 

Insolvency of customers 

Growth of prices on m a t e d ,  
rep- parts etc 

Shortage of c~culatmg assets 

Large tune of payments passlng 

Influence to profit 

Falilng of demand wth a nse of 
produrnon prices 

Drop of demand 

Pnce cut and lncome 

D~mmution of a net profit 

Fallmg of sales 

Drop of the profit 

Mapficabon of the c r d t s  

D m u h o n  of the profit 

Counter-measures 

The nsk IS ms~pficant, s~nce 
the demand IS con&bonally 
constant, the expenses are by the 
cost of an energy consumer 

To semces NPP the alternat~ve 
on a Kola pernula IS not 
present 

NPP is a form of legal monopoly 
because of iicensmg agreements 
wlth the state 

The nsk has a common 
character, ~t can be reduced by a 
local authonty 

The customer is vanous, such 
nsk IS not charactenstic only of 
export 

The consumption of materials, 
eqwpment and others Is 
apprecmble 

The cuculatmg assets has a 
character of constants costs, and 
are mdependent of scales of a 
turnover 

Takmg into account rather 
seller's pnce of slngle servlce, it 
is possible to orgmze specially 
accounts 
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The social nsks of the project are appreciable, but are less sigmficant, than other aspects of nsks, 
and are also under control at all stages of NFT creation and of the program development 

Prefeasibhty Study of Sosnovy Kola-2 Nuclear Power 
Plant 3xVVER-640 

Aspect of nsk 

Lack of the qualified laborers 

Relabon of local authonQes 

Insufficient wage level 

Low qualificabon of staff 

Social mfhstructure 

Englneenng nsks 

NORTH-WEST REGION POWER 
INVESTMENT PLAN 

Soclal nsks 

Influence to profit 

Mqficahon of expendtures on 
complectabon 

Addlbonal expendtures on 
realization of their requirements 

Turnover of the stuff, drop of 
production 

Magmfication of accidents, 
reject, drop of production qualtty 

Unexpected expenditures 

(0 It is represented, that the greatest nsk is the nsk of delay of the work b e g m g  of and lack of a 
synchromzation w t h  the program of regon development 

Counter-measures 

In regon there are special 
enterprises, that fachtates 
acqwsmon 

Relations wth authonbes and 
system of the mutual obligations 
should be ~nstalled legally 
precisely on a pioneering stage 

The nsk of a s1m1a.r type is 
msigmficant, talung mto account 
a labor market position m regon 

The nsk is reduced by 
mewtabhty of tutonng of staff 
dunng accrdtabon and 
mtroduction m the state register 

The social ~nfrastmcture of 
terntory is rather stablis 

Aspect of nsk 

Wear and tear of an equipment 
engmeenng resources, idle tunes 

Insufficient rehability of a 
process engmermg 

Influence to profit 

Expendtures to repau 

Magnification of expen&tures to 
elmunabon of accidents and 
mamtammg of production 
~ualltY 

Counter-measures 

Equipment is new and science 
fulfilled, the sjstem of qualtty 
assunng and metrologml 
cerhficabon are the warranty of 
the nsk mummatton 
The process engmeertng for 
measurements is ngdly gven by 
the standards, marntamng of 
quality of NPP work - is one of 
the mandatory con&ons for 
remgnmng of the project as a 
whole 
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1 INTRODUCTION 

Prefeasibility study for the project North-West Region Power Plant Invest- 
ment Plan in Russia provides technical and economic feasibility informa- 
tion regarding the proposed St Peterburg heat and power plant extension 
The project w l l  comprise an extension of 240 MW, of installed capacity 
The project is one of the projects developing the extension of power plants 
in the North-West Region of Russia After both the F i m s h  and the Russian 
in-depth analyses St Petersburg heat and power plant was selected because 
of its viability 

T h s  study w11 present the project background and descnbe the existing 
conditions in greater detail After this general alternative plant concepts are 
discussed Specific methods for technical optimisation of the plant concepts 
are thereafter discussed w th  emphasis on the programs developed by 
Ekono Energy Ltd of Finland Environmental aspects along w t h  economic 
and financial considerations of the projects are also discussed Finally, the 
discussion leads to the project implementation plan 

0 2 PROJECT BACKGROUND 

The Nuclear Safety Account (NSA) of the EBRD has agreed w t h  the Rus- 
sian Government to conduct an analysis of the energy Investment alterna- 
tives to continued operation of nuclear plants in the Centre and North-West 
Russia The government of Finland and USAID have agreed to support that 
analysis by financing a study for North-West Russia 

The aim of the thermal and hydropower study is to identify and evaluate 
potential thermal & hydro investment projects to be included in the North- 
West Region Power Investment Plan until the year 2010 of which St Pe- 
tersburg is among the selected cases 

The objective of the project is to increase the present capacities of 240 MW 
for electncal output and 280 GcaYh for d~stnct heat output talung into ac- 
count the feasibility and env~ronmental aspects of the project The study 
reviews the present situation of the emissions and the expected develop- 
ment 

The area of St Petersburg will benefit from the extension of the heat and 
power plant from the economic point of view This w l l  at least include the 
expenditure of funds for construction matenals, construction labour, and 
transportat~on and shpping costs T h s  will lead to an economc ripple ef- 
fect through the economy as funds are used for matenals, transportation and 
services %s ripple effect continues to the personal level, too, as each 
worker has personal needs concerning, for instance, housing and food The 
economy of the area is expected to be positively effected by the increased 
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demand for goods and services Moreover, the evtension of the power plant 
w l l  make it possible to ensure the requisite reliability of the supply of elec- 
tric and heat power in the region 

Of the soc~al aspects may be ment~oned the following ones in the case of 
the implementation of the project 

improved comfort lebel and quallty of life for the residential of St Pe- 
tersburg 

allows more buildings to be built m the area served by the plant 

a decreased heat and electricity tmffs and subsidy payments 

3 DESCRIPTION OF EXISTING CONDITIONS 

3 1 Maln plant data 

Power Plant No 5 IS owned by the JSC "Lenenergo", and it serves the heat 
load in the residentla1 sector The total load from the users amounts to 1396 
MW (1200 Gcalh) With consideration for heatmg of the plant itself (40 
Gcalh) and the leakages of the d~stnct heating network (20 Gcal/h), the to- 
tal load w11 be 1465 MW (1260 Gcal/h) The total heat sales m 1997 was 
some 2500 Tcal 

The existlng power plant consists of 3 steam turbines, 6 steam boilers and 2 
hot water boilers The total electricity production capacity of the plant is 69 
MW However, the plant is old, and for t h s  study it is assumed, that the 
basic equipment installed in the existing main bu~lding, w ~ l l  be decommis- 
s~oned So, all calculat~on are based on the new umts The first umt consist- 
ing a steam boiler and a steam turbine is now under construction and it 
should be completed next year (1999) This new w t  wl1 be handled as "an 
existing plant" since it is already under construct~on and therefore not any- 
more the object of a pre-feas~b~l~ty study 

The new u t  will be a conventional steam power plant w t h  a steam boiler 
and a steam turbine The main fuel w11 be natural gas Techca l  plant data 
in greater detal is presented in Chapter 3 2 

In addition to the new power plant umt the hot water boller house wl1 be 
expanded w th  six new bo~lers - four hot water boilers and two saturated 
steam boilers 

New basic equipment in the main building and in the hot water bo~ler house 
is being installed at the site No 2 situated beyond the Dalnevostochy Pros- 
pect 
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At the moment (spring 1998) construction works and installation of equip- 
ment in the main building are bemng completed, hence, any essent~al change 
in the layout of the basmc equipment is no longer possible 

The nom~nal capacities of the maln equipment and the total nominal capac- 
ity of the plant are presented in the followng tables 

Table 3-1 Main data of the power plant unlt (rated values) 

I Steam boller 
- umt number 1 
- type En-670- 140 
- fuel (mamnlback-up) natural gaslHFO 
- maxlmum live steam flow 670 t/h 

(186,l kg/s) 
- llve steam pressure 137 bara 
- live steam temperature 545 O C  
- reheat steam pressure 27 bara 
- reheat steam temperature 545 OC 

- steam output 1) 507 MW 

Steam turb~ne 
- unlt number 

- type 
- electrical output 

(maximum capaclty 
- district heat output 

- live steam flow 

- live steam pressure 
- live steam temperature 
- reheat steam pressure 
- reheat steam temperature 

MW 
MW) 
GcalJh 
MW) 
t'h 
kgls) 
bara 
O C  

bara 
O C  

[ - ultimate back-pressure 0,0865 bara I 
1 )  Calculated 

Accord~ng to nominal values plant's gross efficiency w l l  be 89,8 % (based 
on the boller efficiency of 90 %) Plant's own consumpt~on of electncity is 
estimated to be 6 % of the gross electnc~ty production plus 20 k W G c a l  
for the distnct heat production Thls means a total net efficiency of 86,9 % 



FINNISH ENERGY CONSERVATION GROUP 6 0 ~ 0  1 149-~070-004 

EYIRMP 0712 1 I98 6(471 

@ 
S \DOUG\DO I RREP0RTILENSTC.Y L E N  DOC 

Table 3-2 Marn data of the heat only borlers 

Steam bollers 
- type E- 160-24 
- number of boilers 2 
- fuel (madback-up) natural gasMFO 
- steam flow 160 tfh 

(44,4 kg/s) 
- steam pressure 24 bara 

Water boilers 
- type KVGM- 100 
- number of boilers 4 
- fuel (madback-up) natural gas/HFO 
- district heat output 100 Gcalh 

(116,3 MW) 

The new m t  is running first to meet the dlstnct heat demand Hot water 
bollers are used during the dlstnct heat peak demand penod and during the 
maintenance shut down periods of the power units 

The number of the annual runrung hours of umt 1 w11 be very h g h  since 
the district heat production capacity of u t  1 w11 cover only 20 - 30 % of 
the peak demand 

Emissions to atmosphere through the stack of the unit 1 are based purely on 
the boiler construction and the burner technology since the boiler will not 
be equ~pped w t h  SO,- or NO, -removal facilit~es However, comparing to 
the recent years, the SO, -emssion level will decrease sign.ficantly due to 
decommissiomng of 40 small boiler houses The estimated emission levels 
c o n c e m g  NO,-emissions w l l  be 120 mg/Nm3 (40 mgMJ) w th  natural 
gas f v n g  and 250 mg/Nm3 (80 mg/MJ) wth  heavy fuel oil finng Tlus IS m 
accordance wth the Russlan standard GOST P 50831-95 "Boiler u t s  
Thermal engineenng equipment General specifications" 

3 2 Plant Performance 

The turbine mll be an extraction condensing turbine and will be started up 
m 1999 

The main parameters of the turbine are shown in Table 3-2, and the main 
flow d~agram in Figure 3-1 



FINNISH ENERGY CONSERVATION GROUP 60~01149-~070-004 

EY/RMP 0712 1/98 7(47) 
S \DOUGWl9\REPOR~LENSTUDWLEN-R-EN DOC 

Flgure 3-1 Marn flow dzagram unlt 1 (rn przncrple) 

3 2 1 Process Descript~on 

The feedwater is preheated by extraction steam up to the boiler inlet tem- 
perature of about 250 "C For h s ,  the condensing llne has m the flow dl- 
rectlon, after the condensing and leak steam condensers, 3 LP-preheaters, 
after that a mixer-preheater (feedwater tank wth  deaerators - 6,58 bara, 162 
0 C) and In the feedwater line 3 HP-preheaters Steam for deaeratlon is taken 
from extraction IV 

The HP-section of the steam turbine has two extractions The outgomg 
steam IS led to the reheater in the boller The IP-section has four and the LP- 
section has one extracbons Steam to distrlct heat exchangers IS taken from 
the IP- and LP-sectlons trough controlled exctractions 

Makeup water is taken lnto the feedwater tank 

The rated values of extractions at turbine plant 1 are presented m Table 3- 

3 
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Table 3-3 Rated values ofturbrne plant 1 

Extractions t/h kg Is bara "C 
- inlet steam 656,O 182,2 127,5 540 
- I  31,6 8,s 4 1,2 3 86 
- I1 49,9 13,9 27,2 333 
- I11 17,9 5,o 12,6 447 
- IV, deaerator 31,7 8,s 6 6  360 
- V 22,O 6 1  2,6 249 
- VI 8,o 2 2  1 ,o 152 
- VII 1,9 0,s 0,49 9 8 
- exhaust 0,087 

The control limits of the distnct heat extractions are 0,49-1,47 bara at the 
lower pressure extraction and 0,59-1,96 bara at the upper pressure extrac- 
tion 

Main cooling system is based on a cooling tower 

3 2 2 Operating Modes 

The power plant umt can be operated in an almost pure back-pressure op- 
eration, when only the rnin1mum steam flow needed for cooling the con- 
densing turbine blades, flows into the condenser Other operating modes are 
condensing mode, combined back-pressure and condensing mode and re- 
duction mode 

3 3 Infrastructure 

3 3 1 Location and site 

Power plant No 5 is located about 20 km north-east fi-om the hstonc centre 
of St Petersburg, and it covers the distnct heat demand of the surrounding 
residenfial areas 

There is enough fiee space on the site for the expansion of the power plant 
The new m t ,  whlch is under construction, is located next to the existing 
mam building 
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It is assumed in this study, that no nem major district heat pipelines nor high 
voltage transmission lines are needed for the new power plant units - that is 
no major investments are expected 

3 3 3 Fuels 

The future operation of the power plant is based on the utilisation of natural 
gas In h s  study it is assumed that the required capacity of natural gas will 
be avalable on the site almost through the year Only in wnter 10 % of the 
fuel consumption is assumed to be heavy fuel oil whle 90 % is natural gas 

3 3 4 Water 

Major part of the make-up water goes to district heatlng network So, the 
consumption IS not expected to increase significantly due to power plant 
extension, and therefore no major investments to new water treatment fa- 
cilities is assumed in t h s  studv 

3 3 5 Personnel 

The present number of the plant personnel is about 600 l h s  is estimated to 
be suficient also after the extension of the plant As a matter of fact, due to 
new technology in the new power plant umt(s), there is need for the reduc- 
tion of the operation personnel 

4 IDENTIFICATION AND REVIEW OF ALTERNATIVE 
PLANT CONCEPTS 

4 1 Process opt~mlsabon methods 

Turslm is a modelling programme designed for steady state s~mulation of 
power plants It can be used to model different l n d s  of steam turbme, gas 
turbme and comblned cycle plants in both design and off-design conditions 
It is based on physical process quantities and component models and ap- 
plies a graphic user interface 

The applied mathematical models profit from Ekono Energy's extensive 
expenence in power plant process calculation The implementation uses the 
latest PC technology, making it to user-friendly professional tool The pro- 
gramme internal solving method is equation based, enabling calculation and 
input in any deslred order Th~s means flexibility in choice of fixed parame- 
ters The same plant model can thus be used to simulate any situation at a 
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given power output, fuel input, heat output etc and also in situations, 
where a specific process parameter must be achieved 

One of the program's useful special features is its optimisation function It 
chooses an optimally efficient value for free variables, if the model contains 
degrees of fieedom Thls enables easy determination of an opt~mal opera- 
tion method or dimenslorung 

4 2 Process optimisation 

The prefeasibiiity study is based on an assumption that distnct heat demand 
will increase up to 1500 MW The following concepts have been studied to 
cover the shortage of distnct heat 

1) Existlng situation w t h  60 MW gas turbine m t  The exlsting case have 
been studied with a gas turbine unlt whlch 1s planned to be build beside 
the existlng CHP plant 

2) New CHP plant w t h  60 MW gas turbine The new plant would be the 
exact copy of the first alternative 

3) New combined-cycle power plant The combined-cycle power plant is 
equipped mth ABB 13E2 gas turbine un~t, heat recovery boiler and 
steam turbme u t  

4) Two combmed-cycle plants The combined-cycle plants are similar to 
concept 3 

The process values of the first two alternatives have been given by the 
Russian partners The combmed-cycle plant has been designed and simu- 
lated with Tursim process simulation tool 

The main techcal  values of the power plants are presented m Table 4-1 in 
outdoor temperature O°C 

Table 4-1 EIectrzc and heat outputs of alternatzves m outdoor temperature 
0°C 

Power plant 

Existing situauon 

New CHP ~ 7 t h  GT unit 

Combined ct cle plant 

Two combined cycle 

Fuel 
input, 
MW 

757 

757 

490 

980 

Electr~city 
(net), MW 

240 

240 

23 0 

460 

Heat, 
MW 

326 

326 

195 

3 90 

Overall 
eficiency, 

% 

74 7 

74 7 

87 0 

87 0 
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4 2 1 New CHP plant wrth GT 

One alternahve is to bulld a CHP plant wth  a gas turbine The plant would 
be exact copy of the existing system Exhaust gases pass through a r  re- 
heater into a r  duct The electncity output is about 240 MW and the heat 
output is 326 MW 

For the new unit two different flow charts have been proposed The more 
detaded description of the alternatives is given In Appendix 2 The flow 
diagrams of the altematlves are presented in Appendix 1 1 (Figure 2 1 and 
2 2) 

4 2 2 New comb~ned -cycle power plant 

The other alternative is a condens~ng combined-cycle plant wth  extractions 
The power plant consists of a gas turb~ne unit w th  electricity output of 170 
MW, a heat recovery boiler and a steam turb~ne The total electr~city output 
is 233 MW and the heat output 195 MW in the back-pressure mode The 
maxmurn electricity output IS 250 MW in the condens~ng mode 

A power output diagram and flow diagrams of the combined cycle power 
plant are shown in Appendix 1 2 A simple gas turbine cycle, consisting of 
air compressor, combustion chamber, and gas turbine is used with the tur- 
bine exhaust gas going to heat-recovery boiler to generate superheated 
steam That steam is used in a standard steam cycle, whch consists of tur- 
bme, distnct heat exchanger, pump and feedwater heaters The heat- 
recovery boiler consists of an distnct heat exchanger, economiser, boiler, 
steam drum and superheater The gas leaves the heat recovery boiler to the 
stack Both gas and steam turbines drlve electnc generators The more de- 
Wled plant descnption is presented m Appendix 2 

4 2 3 Two combined-cycle power plants 

The alternabve of two combined-cycle power plants have also been stuled 
Both power plants are based on ABB 13E2 gas turbine units The total 
electncity output of the units In the back-pressure mode is 466 MW and the 
heat output is 390 MW The plant concepts are descnbed in greater detal m 
Appendix 2 
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5 COSTS 

5 1 Investment costs 

Investment costs consist of investment costs and connection costs to power, 
heat and gas network Due to the Increased heat load Investments for heat 
only bollers are also needed Heat only boiler Investments are Included in 
all the alternatives to cover the shortage between the need of 1500 MW and 
the power plant capaclty The pnce of the heat only boilers have estimated 
to be 35 USDkW Investment costs for each concept have been collected to 
Table 5-1 The investment cost have also been dlrected to the existlng 
situation because the power plant IS still under construction and so it w l l  be 
more comparable wth other altemahves 

There are no (or only minor) connection costs to the power, heat and gas 
network They wlll not be taken Into consideration 

Table 5-1 Investment costs of each power plant 

5 1 1 Other f s ed  costs 

Concept 

Exlsting situation 

CHP wth  GT 

Combmed-cycle plant 

Two combined-cycle plants 

Other fixed costs are costs of personnel in the power plant and fixed main- 
tenance costs 

The average yearly salary cost for personnel in power plants is 3000 
USD/person, a The present number of the plant personnel is 600 TINS is 
est~mated to be sufficient also after the extension of the plant 

Power plant, 
million USD 

120 

120 

123 

246 

Flxed malntenance costs have been evaluated to be yearly 2 % of the in- 
vestment cost of the power plant 

Heat only bollers, 
mllion USD 

4 1 

30 

3 4 

27 

5 1 2 Varlable costs 

Variable costs Include the electricity and heat production costs and variable 
malntenance Also the usage of heavy fuel oil during gas supply interrup- 
tions IS cons~dered here 



FINNISH ENERGY CONSERVATION GROUP 6 0 ~ 0  1 149-~070-004 

EYIRMP 0712 1/98 1 3 (47) 
S \DOUG\DO I9 WPORnLENSTUDY\LEN-R-EN DOC 

Electricity and heat production costs are calculated w t h  Copsim simulation 
program 

Vmable maintenance costs are presented in Table 5-2 Due to the different 
plant concepts also the vmable costs dlffer The marntenance cost have 
been estlrnated according to the Ekono Energy's expenence 

Table 5-2 Varrable marntenance costs of the power plants 

In t h s  study the gas and oil pnces are considered as a variable cost 

Concept 

Exlsting situation 

CHP plant wth gas turbine m t  

Combmed-cycle plant 

Two combined-cycle plants 

6 TECHNICAL OPTIMISATION OF ALTERNATIVE 
PLANT CONSEPTS 

Maintenance costs, USD/MWhf 

0 73 

0 73 

0 91 

0 91 

6 1 Bas~c data 

6 1 1 Energy demand and production 

Heat demand is only demand for hot water 

Due to the uncertamhes in heat consumption in the future the studies have 
been made with yearly load demand of 4000 GWh/a No increase in yearly 
load demand w11 be taken into account The estimated load demand will be 
used for the whole operation penod of the power plant 

The yearly load demand curve is presented in Figure 6- 1 
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Heat loads as annual share of the yearly energy 

month I 

Fzgure 6-1 Monthly heat loads as an annual sha~  e of energy 

Heat load vanation curve is formed according to vanations m a similar 
Flnrush town 

The annual heat production is estimated to cover the heat demand The 
electricity load is assumed to be infirute The produced electricity amount is 
based on the heat load Ail the produced elechcity is estimated to be sold 

6 1 2 Outdoor temperature 

Performance of outdoor temperatures in St Petersburg is presented in Fig- 
ure 6 2 The temperature vanation curve has been made wth  the daily aver- 
ages of the sirmlar Finrush city whch daly temperature variation is known 
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Average outdoor temperature 

month i 
I 

I 1 
I 

Fzgure 6-2 Monthly average temperatures rn St Petersburg 

6 2 Fuel prices and taxes 

The calculations have been made wthout VAT 

The calculations have been made with gas pnce of 7 27 $/MWh The stor- 
ing costs of the reserve fuel have expected to be Included m the gas pnce 

Heavy fuel oil is reserve fuel for the power plant 

6 3 Heat and electr~city 

Since actual pnce information was not available the pnces have been esti- 
mated by Ekono Energy 

Heat have expected to be sold wth  the price of 9 USDfMWh The pnce 
covers the costs of heat production 

Electricity has expected to sold wth the prlce of 24 5 USDIMWh The pnce 
has been chose so that the alternatives are viable 

6 4 Reserve power 

In the study no costs for reserve power have been ident~fied 

@ 6 5 Energy supply optlrn~satloo methods 

The energy supply has been simulated using the Copsim energy optimisa- 
tion program de.c eloped by Ekono Energy 
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Copsim is an optimisation program for analysing and simulating a utility's 
energy production and purchase over the year on an hourly basis With the 
program it is possible to determine the least cost alternative for an energy 
utility's heat and power production and purchase mix between plants a w l -  
able 

The calculation can be carried out based on the real heat and power load 
patterns on hourly basis If the real load patterns are not available, typical 
forecasts for heat and power consumption on hourly basis can be formed for 
example using monthly energy supply and some typical daily load pattern 
as basic data 

Copsim calculates the operating costs based on turbine characteristics, ca- 
paclties and efficiencies of each plant talung fuel prices, energy tariffs and 
mantenance penods into account 

As a results a large vanety of reports are generated including for example 
operating costs energy product~on of each plant and energy purchase on an 
hourly basis as well as duration and vanation curves 

6 6 Energy supply optimrsahon 

The operation of each power plant is smulated when hourly heat and power 
load curves are given for the whole year The power plants are modelled to 
the Copsm-simulation program based on the charactenstics of the plant 
The results of the Copsim-simulation program are the vanable producbon 
costs of heat and power and the optimal operation of the power plants 

The daly vanations in power and heat outputs for heat load 4000 GWh are 
presented in Appendix 3 Total heat and power generation for each concept 
is given in Table 6-1 The more detailed specdicatlon of the outputs and 
fuel consumption of the power plants is given m Appendix 4 

Table 6-1 The heat and electrzczty generatzon zn each alternatzve 

Power plant 

Electricity 

Back-pressure 

Condensing 

Heat 

Combined production 

Heat only boilers 

Combmed- 
cycle, MWh 

3862 

3151 

71 1 

4586 

343 7 

1149 

Exlstmg, MWh 

1951 

1702 

249 

4586 

2348 

2237 

2 x combined- 
cycle, MWh 

5807 

4249 

1559 

4586 

4144 

442 

CHP + GT, 
MWh 

3961 

2846 

1015 

4586 

3963 

623 
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The electrlc power capacity In the back-pressure and condens~ng mode of 
each alternat~ve IS presented in Flgure 6-3 

- 
X X 

N N 

.Old un~ts back-pressure New units back-pressure I 

rn Old un~ts condens~ng New untts condens~ng 

F~gure 6-3 The electrzcrty supply of each alternatzve 

The yearly e leclc  energy output of each alternat~ve 1s presented m Figure 
6-4 The figure shows that wth  combmed-cycle power plants ~t IS possible 
to produce the most electnc~ty In back-pressure operat~on 

I a ~ e w  units back pressure ' 
01d units condenslng 

1 old un~ts back pressure 
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Frgure 6-4 The supplred electrzczty rn each alternatz~e 

The heat outputs and yearly energies of each alternative are presented in 
F~gures 6-5 and 6-6 

Heat 1 

Frgure 6-5 The heat outputs of alternatrves 

Heat I 

Fzgure 6-6 The heat energzes of each alternatzve 

@ 7 ECONOMIC ANALYSIS 

Each concept is calculated in a base case to find out, whlch power plant is 
the most v~able 
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A base case is formulated on next assumptions A new power plant is 
scheduled to operate as a base load plant to maximise the amount of elec- 
tricity in cogeneration mode Old capacity is used as controlling power 

The feasibility calculations are based on the following assumptions 

techmcal life time of the power plant is 25 years 

real interest rate is 8% 

The customer pnce of heat and electncity is based on assumptions of Ekono 
Energy because no actual pnce information was available The pnce of 
electncity has been determined so that the extension of the exlsting system 
becomes viable The spreadsheet calculations with results are given m Ap- 
pendix 5 

The key figures of the feasib~lity of the alternat~ves are shown in Table 7-1 
The feasibility have been calculated wlth the heat demand of 4000 G W a  

Table 7-1 KeyJigures of the alternarzves 

The result show that all the alternatives are viable Although, the most vi- 
able alternatives are the combmed-cycle power plants l h s  is because m 
combined-cycle power plants the electricity is produced wth  h g h  effi- 
ciency as a result of good heat to power ratio 

Concept 

Present situation 

CHP with GT 

Combmed-cycle 

2 x combined-cycle 

The concept of one combmed-cycle power plant is the most profitable 
though it requres quite large Investments m heat only boilers and the 
amount of heat produced in HOBs is relatively hgh  The good viability is a 
consequence of large amount of Inexpensive back-pressure electncity 

The feasibility calculations have also been calculated in case that no con- 
densing power w11 be produced The key figures of these calculat~ons are 
presented In Table 7-2 

KEY FIGURES 

Net present value, 
million USD 

107 

225 

263 

337 

Pay-pack 
time, a 

9 3 

8 2 

7 5 

8 0 

IRR, 
YO 

15 2 

16 8 

18 0 

17 1 
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Table 7-2 Key figures of the alternatrves zn the back-pressure productzon 

The ~nternal rates of the alternat~ves are also presented m Figure 7-1 

Concept 

Present situation 

CHP wth GT u t  

Combined-cycle 

2 x combined-cycle 

I 

g Maxmrn electr~crty 
I productton 

Only back-pressure 
production , 

I 

I 

I 

Fzgure 7-1 Internal rates of return of each alternatzve 

KEY FIGURES 

Table 7-2 and Figure 7-1 show that the concepts of present situation and 
combined-cycle power plant are the least sensitive to the condensing pro- 
duction 

Net present value 
million USD 

88 9 

146 

2 16 

23 1 

7 1 Technical data and presentahon of the selected Concept 

The concept of one comb~ned-cycle power plant seems to be the most prof- 
itable It has quite short pay-back time and the ~ntemal rate of return is 
good 

Pay-pack 
t~me ,  a 

10 4 

10 5 

8 5 

10 0 

It is techcally poss~ble to connect the new combined-cycle plant to the 
existing unlts The combmed-cycle plant IS based on a gas turbine wth 
power output of 170 MW The total electncity output in back-pressure 

IRR, 
% 

14 0 

13 9 

16 3 

14 4 
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mode is 233 MW and the district heabng output 195 MW In the condens- 
ing mode the electricity output is 250 MW and the distnct heat production 
IS from 0 to 50 MW The plant capaci5 curve and schematic flow diagram 
are presented 1n Appendix 1 2 The plant data is as follows 

Gas turbines One, rated at 170 MW at O°C 

Turbine exhaust 522°C 

Heat recovery boiler Two pressure (63 4 bar and 6 5 bar) Forced recircu- 
lation in boiler secbon 

Feedwater 1 10°C at economser inlet 

Steam 60 bar, 497"C, 65 kg/s 

Steam turbine One hgh pressure, one low pressure and one con- 
densmg, nonreheat, rated at 8 1 7 MW 

Fuel Natural gas 

The combined-cycle power plant has operat~onal flexibility The gas and 
steam turbine may be started, controlled, and loaded Independently from a 
centralised control room The gas turbine may be operated wth or without 
the heat recovery boiler 

The changes m profitability of the combmed-cycle plant have been studied 
in cases of different interest rates and the changes m pnces of gas, heat, 
electricity and mvestment costs The results are shown m Table 7-3 
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Table 7-3 Sens~tlvzty analyszs of the combzned-cycle power plant 

Table 7-3 shows that the feaslbllity of the combmned-cycle power plant is 
not very sensitive to the vanation of the real interest rate, investment costs 
or heat price The changes in rates or prices have only an lmpact of few 
years on the pay-back tune This IS a good defence towards uncertalnt~es of 
inflation rate and changes in investment costs 

Combined-cycle power plant 

Baslc case 

Real interest 5% 

Real interest 10% 

Real interest 12% 

Investment cost + 10% 

Investment cost - 10% 

Electricity pnce +lo% 

Electricity pnce - 1 0% 

Heat prlce + 10% 

Heat price - 10% 

Gas pnce +lo% 

Gas pnce - 1 0% 

The feasibility of the cornbmed-cycle plant depends a lmttle more on the 
pnces of electricity and gas However, the power plant IS still vlable when 
the prices change + 10 % The changes of feasmbmlity are presented in Figure 
7-2 as a funcbon of Internal rate of return 

KEY 

Net present value, 
mllllon USD 

263 

437 

182 

120 

235 

290 

3 64 

162 

307 

219 

183 

343 

FIGURES 

Pay-pack 
time, a 

7 5 

6 6 

8 3 

9 5 

8 6 

6 5 

6 0 

10 1 

6 8 

8 4 

9 4 

6 3 

IRR, 
% 

18 0 

18 0 

18 0 

18 0 

16 2 

20 1 

21 5 

14 3 

19 5 

16 4 

15 1 

20 8 
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+ Gas price 
I I , 

Change rn electr~cttylgas prlce , 

Fzgure 7-2 Changes In znternal rate of return when gas and electrzcrty 
prlces are varzed 

a 8 ENVIRONMENTAL ASPECTS 

All the power plants are natural gas or heavy fuel oil fired Estimates of 
emsslon amounts are based on an assumptions that only natural gas is fired 
m the power plants 

The charactenstics of natural gas is expected to be as follows 

methane 98 99 % 
ethane 0 1 %  
oxygen 0 01% 
mtrogen 0 96% 
carbon dioxide 0 04% 

Calculated heat value of natural gas is 8490 kcaI/Nrn3 35'55 M J / N ~ ~ ~  

Annual NO, ernisslons of Lenenergo's power plant No 5 are presented in 
Table 6-1 Emss~on factor for combined cycle is estimated based on gas 
turbine manufacturers' guarantee values for NO, emissions Other emssion 
factors are accordance wth the Russian standards GOST 275 10-87 for wa- 
ter boilers and GOST P 5083 1-95 for boiler umts Emission factors are as 
follows 

HOB 50 mg/MJfuel 
existing un~t  40 mgMJhel 
CHP with GT 40 m g / M ~ ~ ~ ~ ~  
Combined cycle 60 mg/MJfuel 
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Table 6-1 Annual NO, emrssrons of Lenenergo 's power plants (ram per 
year) 

Annual C02 ermssions are presented m Table 6-2 Emission factor for C02 
is 55 g/MJ 

Table 6-2 Annual C02 emzsszons of Lenenergo 's power plants (1000 tons 
per year) 

Old un~t  
720 
720 
720 
720 

Concept 
Present situation 

CHP with GT 
Combined-c ycle 
2 x combined-cycle 

New un~t  
0 

720 
870 
1740 

Speclfic emissions per produced energy umt are lowest in present situation 
(new u t  and HOBs under construction) because of hgh efficiency of new 
HOBs On the other hand, much more electricity is generated in the other 
alternatives Therefore, if different value of electricity and heat is taken into 
consideration, the situation wl l  change 

HOB 
445 
125 
230 
90 

Total 
1165 
1565 
1820 
2550 

9 PROJECT COSTS 

Concept 
Present situation 
CHP wth  GT 
Combined-cycle 
2 x combined-cycle 

The total investment cost of the combined-cycle power plant is estmated to 
be approximately 120 mlll~on USD The rough estimate for the distnbutlon 
of the investment costs 1s presented in Figure 9-1 

HOB 
487 5 
136 

250 5 
96 3 

Old un~t  
991 5 
988 5 
991 5 
991 5 

New un~t  
0 

991 5 
800 

1600 2 

Total 
1479 
21 16 
2042 
2668 



FINNISH ENERGY CONSERVATION GROUP 

EYtRMP 0712 1 I98 25(47) 
S \DOUG\DO 19\REPORnLENSTUDnLEN-R-EN DOC 

Gas tubtne 

Frgure 9-1 The estrmate for the drstrrbutron of znvestment costs 

The costs wll be divided between Russia and Western countnes It has 
been estimated that the steam turbine unlt and electrification as well as 
construction work would be Russian Part of the piping work, design and 
supervision IS also planned to be Russian The esbmated dlvision of the 
costs is presented in Figure 9-2 

EU and other 
Western 
countr~es 

Frgure 9-2 Estimated dzvzszon of costs 
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10 FINANCIhG 

The most likely possibilities that may be available in financing the St Pe- 
tersburg heat and power plant project are as follows 

10 1 Equity investments and guarantees 

10 1 1 Equity investments 

When an investment is assoc~ated w t h  a major cap~tal outlay as for a power 
station, an equlty Investment is always requlred Owners are generally re- 
qulred to give up some ownershp to the new investors Usually lenders re- 
quire one thlrd eqwty of the total costs Local compames should be in- 
cluded in their consortla to reduce the polltical nsk 

An equlty investment may be undertaken m a vanety of forms, mcludmg 
subscnptions to ordinary shares or preference shares Quasi-equity mvest- 
ments ranging from subordmated loans, debentures and income notes to re- 
deemable preference shares are also offered When a Multilateral Invest- 
ment Bank, the EBRD for instance, takes an equlty stake it expects an ap- 
propnate return on ~ t s  mvestment It wl l  have a clear exlt strategy and w l l  
only take a mlnonty posltion 

In the case of the EBRD as an mvestor, it may also undenvrlte a share issue 
by a publlc or a pnvately owned enterprise 

The EBRD wll  consider financing the transfer of shares in exlsting enter- 
pnses only in the case of pnvatisation where such a transfer will definitely 
Improve efficiency, for example through better management, rehabilitation 
or expansion under new ownershrp, or synergy wth the acquirer's opera- 
tions 

The terms and conditions of the EBRD's investment in a particular project 
w111 depend on the nsks and prospectwe returns of the project, as well as on 
the charactenstics of the enoty serving as a velcle for the investment, for 
example the joint-stock company 

The EBRD does not seek long-term investments or take a controlling mnter- 
est In or dlrect responsibility for managing enterpnses Where the EBRD 
can, it w l l  encourage other co-financiers to participate in h d m g  a project 
These potential co-financ~ers could Include commercial banks and interna- 
tional financ~al institutions, export credit agencies, and further official 
sources such as government development assistance programmes Most of 
these potential co-financiers may also on their own take part in the funding 
of the investment 
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Co-financing benefits both lenders and borrowers For borrowers co- 
financing can 

facilitate a flow of resources fiom vmous financ~ers 

catalyse the flow of additional resources from officlal and private instl- 
tutlons 

help in meeting large resource requirements for projects too big to be 
handled by one funding agency 

Co-financing can also help m mobilising resources whch are sometimes 
provided on equal or better terms than those avalable fiom the lead~ng 
bank's own h d s  Co-financmg thus offers expanded busmess opportuI11- 
ties together wth greater security and lower costs Usually the lead~ng bank 
orgaruses co-financing arrangements 

10 1 2 Guarantees 

Guarantees are a very effective instrument especially for debt and project 
financ~ng Guarantees from Multilateral Development Banks and the Export 
Credlt Agencies are avmlable against losses from currency transfer or in- 
convertabillty, expropnation, breach of contract and war and c~vil  distur- 
bance 

Through the EBRD, for mstance, vmous types of guarantees are available, 
rangmg from all-nsk guarantees to partial nsk-specific contingent guaran- 
tees, but in all cases the maximum exposure must be known and measurable 
and the credlt nsk must be acceptable 

10 2 Project financing by sources and terms 

Project financlng is the model generally applied by Mulblateral Develop- 
ment Banks for projects in CEE and NIS The lender finances the project 
proper Cruclal for an ~nvestment declsion is that the project can in its busl- 
ness plan show an anticipated cash flow sufficient to repay the loan, pay 
Interest and also give a sufficient accurnulatlon of eanungs at the borrower 
Assets, contracts and cash flow of the project are used as a collateral m the 
event of a default In project financing for larger projects the banker plays 
an important role in forming the financ~al plan of the project, m orgamslng 
and implementmg the synd~cate funding 

Credits by Multilateral Development Banks such as the EBRD and the 
World Bank have been tradit~onally excluded from sovereign debt re- 
scheduling~ and have therefore enjoyed preferred creditor status Banks that 
participate m loans to pnvate sector borrowers made by the development 
banks, where the Multilateral Development Banks remaln the lender of rec- 
ord, may share in the benefit of thls preferred creditor status 
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EUROPEAN BANK FOR RECONSTRUCTION AND DEVELOPMENT (EBRD) 

Lendlng Operations 

EBRD activities in the energy sector involve upgrad~ng the power sector, 
w t h  the introduction of more efficient technology, the reduction of trans- 
mssion and distribution losses, and the completion of conventional power 
plants 

In financing power plant projects, the trend in EBRD financing has been to 
shift from public sector projects towards pr~vately owned and rn projects, 
the IPP's (Independent Power Producers) In these cases, the financing is 
structured on project-finance basis, i e non-recourse, w th  completion guar- 
antees, off-take agreements, etc 

Government ownershp does not, as such, exclude a power project from the 
bank's lending programme, but more and more, EBRD projects are de- 
signed to transfer power utllihes from public to pnvate ownershp In public 
sector power projects there either needs to be a sovereign guarantee, or m 
case of project nsk being assumed, the project should be nng-fenced to look 
financially like a pnvate sector project, i e it should have its own cash- 
flows separate fiom government expenses and revenues 

As regards the minlmum size of an EBRD-financed power project, loans m 
practice tend to be more than MUSD 20 or more and equity investments at 
least MUSD 10 Through global loans, where a local bank acts as a finan- 
cial intermediary, even very small power projects can be financed Loan fi- 
nancing may in these cases be supplemented with nsk capital from venture 
funds where EBRD has invested 

The EBRD provides loans whch are tarlored to meet the particular re- 
qulrements of the project The credit nsk may be taken entirely by the 
EBRD or partly syndicated to the market A loan may be secured by a bor- 
rower's assets andfor it may be converted into shares or be equ~ty-lmked 
The Bank lends in any hard currency, and it has started to fund or facilitate 
loans m certain local currencies When lendlng to pnvate commercial enter- 
prises the EBRD does not normally require guarantees from the host gov- 
ernment and loans are typically wthout recourse to foreign sponsors, once a 
project is up and m n g  The basis for providing a loan IS the cash flows of 
the investment and the ability of the Investment to repay that loan over the 
agreed penod 

The terms of the EBRD loans are as presented in table 9 1 
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Table 9 1 Terms of the EBRD loans 

WORLD BANK 

Rates 

Terms 
Fees 

Expenses 

Recourse 
Insurance 

Security 

Covenants 

The World Bank, founded more than 40 years ago, has a role of a lender- 
donor institution It has provided more than 200 billion USD in fmancial 
and techca l  assistance to developlng countries to stimulate economc 
growth and stab~htv Russ~a became a member of the Bank m 1992 The 
Bank conslsts of four closely assoc~ated institutions the Internat~onal Bank 
for Reconstruction and Development (IBRD), the International Develop- 
ment Assoclatlon (IDA), the International Finance Corporat~on (IFC), and 
the Multilateral Inbestrnent Guarantee Agency (MIGA) In this context we 
concentrate only on the IBRD because of the nature of the project and the 
country 
The IBRD lends funds, most of whch it raises through the sale of A M -  
rated bonds in lnternatlonal capital markets, credrtworthy developlng coun- 
tries These countries shall be able to pay near-market interest rates Loans 

\ b l  

margin over market benchmark (normally Libor) 
vanable rate or fixed rate 
loan matunties from 5 to 10 years 
fiont-end fee at sigrung 
annual commitment fees 
reimbursements of out-of-pocket expenses from spon- 
sors to the EBRD 
not requlred to a sponsor 

Funded compames or entitles shall have 
insurance aganst normally insurable nsks (e g theft of 
assets) 
no insurance aganst polltlcal nsk 
no insurance against non-convertibhty of the local cur- 

m C Y  

Secmty of loan wthproject assets of compames or enti- 
ties 

mortgage on fixed assets (e g land) 
mortgage on movable assets (e g equipment) 
assignment of company's hard currency and domestic 
currency earmngs 
pledge of sponsor's shares m company 
assignment of company's msurance policy and other 
contractual benefits 

Frnance covenants 
h i t i n g  rndebtedness 
certaln financial ratios 
other issues 
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are made only to governments, government agencies, or institutions that can 
obtain a guarantee from their government Goods, works and services fi- 
nanced by these loans are procured in accordance with procedures stipulated 
by the Bank The IBRD also prov~des partial risk or partla1 credit guaran- 
tees (with a counter-guarantee from their government) to pnvate lenders on 
development projects 

In table 9 2 the main terms of the World Bank loans are presented 

Table 9 2 Terms of the IBRD loans 

The World Bank finances, on average, about 40% of the total cost of a proj- 
ect, whlch in turn stimulates further fund~ng by the borrowng countries and 
by other agencies and comrnerclal banks that co-fmance w t h  the World 
Bank If the World Bank agrees to fund the project, perhaps RAO and the 
Energos may request a long term, soft loan (1 e low interest) for approxi- 
mately 112 (one-half) of the project costs 

Loans 

Rates 

Repayment 
Grace 
per~od 
Borrowers 

NORDIC INVESTMENT BANK (NIB) 

currency pool loan 
single currency lo= 
Libor-based single currency loan 
rate reset semi-annually (currency pool loan) 
Libor-based or fixed-rate (smgle currency loan) 
six-month Libor 
12- 15 years 
3-5 years 

governments and 
agencies that can obtain a guarantee from the govern- 
ment 

MB is a multilateral financing inst~tution founded m 1976 and owned by 
the five Nordlc counmes (Fmland, Sweden, Norway, Denmark and Ice- 
land) The Bank's authonsed cap~tal has been subscnbed to m proportion to 
the member countries' GNP 
In order to have the possibility to finance a Russian investment the Petroza- 
vodsk heat and power plant extension shall have positlve environmental 
lmpacts In addition to thls it has to be ensured that the borrower can pay 
back the loan, i e covenants are required ffom the borrowers In the case 
that elther RAO or one of the energos is the borrower one requlrement IS 

that the Russian Ministry of F~nance gnes a secunty In the case of the 
Nordic Investment Bank as a lender it 1s requlred a Nordic Interest, 1 e 
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the project has pos~tive effects on employment and buslness in the Nor- 
dic countr~es 

the project IS carried out in one Nordlc country by the combined efforts 
of that country and a non-Nord~c country 

foreign investments in the Nordic countnes can involve greeenfield in- 
vestments, as well as expanding production in an exlstlng subsidiary 

NIB'S participation should be in reasonable proportion to the slze of the 
project and the anticipated benefit for the Nordic countnes 

However, hgh  pnority is gven to lendlng for cross-border investments that 
promote Nordic economc mtegrabon, stronger growth and hgh  employ- 
ment on a long-term bass 

In table 9 3 are presented the principle terms of the Nordic Investment Bank 
loans In addition to loans, NIB offers also guarantees 

Table 9 3 Terms of the NIB loans 

NIB'S lending conslsts to 20% of International loans (borrowers outside the 
Nord~c countnes) The international loans Increases more than the Nordic 
loans 

Rates 

Repayment 
Grace 
perlod 
Terms 

TACIS PROGRAMME 

fixed 
floatlng 
5-20 years 
up to 7 years 

all costs related to a project can be financed 
maxlmum 50% of the total project costs 

Ownership 

The Tacis programme is a techcal  assistance programme, whch provides 
grant finance for know-how to support the process of transformation to 
market economies and democratlc societies 

The know-how IS delivered by providing policy advlce, consultant teams, 
studies and train~ng, by developing and reforming legal and regulatory 
frameworks, institutions and organisations, and by settlng up partnerships, 
networks, twlnnings and p~lot projects 
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Tacis partner countries cornpnse Russia and the New Independent States 
(Armenia, Azerbaidzan, Belarus, Georgia Kazakhstan, Kyrgystan, 
Moldova, Turkmenistan, Tajikstan, Ukraine, Uzbehstan) and Mongolia 

The Tacis programme is funded from the EU budget and operates under its 
rule The budget is fixed annually by the European Parlrarnent and the 
Councrl of the European Umon The yearly budget provided for Tacis is 
then divided up between each country based on cntena such as population, 
gross domestic product, commitment to the reform process etc 

A new Tacis regulation was approved by the Council in June 1996 The 
new regulation p e m t s  a llmrted amount of the allocation to be used for 
small-scale infrastructure projects in the context of cross-border coopera- 
tion In addition, the regula~on states that the Tacls programme wrll support 
the establrshment of jolnt ventures through the fundmg of eqmty investment 
in small and medium-srzed enterprises 

Programming process 

Ind~cahve Programmes are prepared by the European Commission in 
coordination wth  the partner countries and cover a four-year penod 
bresently 1996- 1999) Indicative programmes take each individual 
country's reform pnonties and economlc circumstances into account and 
establish the baslc objectives and strategy for the Tacis programme m that 
country Indicative programmes may also include financial estrmates 

Nat~onal Action Programmes are prepared every second year (except in 
Russia and Ukraine every year) and they cornpnse ~ndividual projects and 
activities, whch support the sector objectives established m the Indicatrve 
programmes Action programmes also allocate the ?%ndrng avsulable for 
each sector 

Fmancial proposals are based on the Action Programmes where projects 
are descnbed and budgeted They outline the contracts avalable for tender 
and are submrtted for the oplmon of the Tacls Comrmttee Once the Tacls 
Committee has delivered a favourable opmon and subsequently the 
Comrmsslon has formally approved the financing proposals, the 
corresponding budget comrmtments are made 

Fund~ng Operations 

_The different TACIS programs that can assist the energy sector reform in 
Russia are 

Tacis Action Programme for Russia 1998 

Tacrs Inter-State Programme 
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Tacls Cross-Border Cooperation 

Nuclear Safety Programme 

The Joint Venture Programmes 

Project Cycle 

Ordinarily, a proposal to include a project in one of the Tacis financed pro- 
grammes, may only be made by a national or local orgmsation from a 
Tacis partner country and should correspond to objecbves identified by the 
Ind~cative Programmes for that country 

The project is then subnutted to the Coordinating Umt m that country The 
Coordinating Uwt will assess the proposal and may, after a pre-selection, 
submit it to the European Comss ion  for further consideration either via 
the Comrmssion's Delegation m that country or directly to the DG 1 m 
Brussels 

If the project is then selected in an Action programme, the corresponding 
contracts are put out to tender in the normal way It should be noted that 
Action programmes do not always automatically retan selected projects as 
onginally proposed 

THE NORDIC PROJECT EXPORT FUND (NOPEF) 

The Nordic Project Export Fund was established m 1982 and operates under 
the Nordic Council of Mimsters Its shareholders are the Nordic countries 
(Denmark, Finland, Iceland, Norway and Sweden) 

Nopefs annual budget is approxlrnately ECU 3 5 rmllion 

The Board of Directors constitutes of two representatives from each Nor&c 
country 

Operatronal Structure 

The maln pnority of NOPEF is to foster and develop Nordic cooperation 
The concept of Nordic ~nterest is also a pnonty for all activities of NOPEF 
NOPEF's target is to strenghten the Nordic compames international com- 
petitive advantage by offering attractive financing for feasibility studies and 
business planrung activities Ths fosters the internationalisation of Nordic 
compames and their participation in international projects 
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NOPEF cooperates w th  the NIB, NEFCO and the Nordlc Development 
Fund (NDF) to strengthen the Nordic profile 

Target Sectors/Restr~ct~ons 

NOPEFs target region is the neighbonng region and NOPEF has also dur- 
ing the last few year focused on small and medium slzed Nordic compames, 
whch today stand for 75% of the total amount of compames seelung fmanc- 
ing from NOPEF 

During the last years 80% of NOPEF's act~vities have been in Central and 
Eastern Europe, and especially in the Baltic States North-West Russia has 
taken the place of Asia as an mcreasingly important region outside the 
neighbonng region 

Most of the projects financed during 1996 have represented the forestry, en- 
ergy, production and the construction industries New important areas of 
operation are the ~nformat~on technology, data service and wholesale sec- 
tors The environmental sector is also an interesting sector and m t h s  sector 
NOPEF usually works in close cooperation mth the NIB and NEFCO 

Loans 

NOPEF gives interest-free loans to finance pre-feasib~lity and feasibility 
studies in the Balt~c states and in the North-West Russia. 

The loan can cover 50% of the feasibility study costs 

Project Cycle 

The mtial contact to NOPEF can be taken by telephone or fax After dis- 
cussing the project wth one of the NOPEF project consultants, application 
papers can be received 

The project consultants evaluates the project and forwards the appl~catxon, d 
~t fulfills the requirements made by NOPEF, to the Board of Directors 

THF, NORDIC ENVIRONMNET FINANCE CORPORATION (NEFCO) 

Ownership 

The Nordic Enklronrnent F~nance Corporation (NEFCO) is a risk cap~tal 
lnstitutlon financing environmental projects (including Investments In sin- 
gle energy product~on plants) m Central and Eastern Europe NEFCO was 
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established in 1990 by the five Nordic countries (Denmark, Finland, Ice- 
land, Norway and Sweden) 

NEFCOs capital (doubled in 1996) IS ECU 80 million, w t h  the intention to 
invest the capital m some 50 projects up to year 2001 Denmark shall sub- 
scribe ECU 18 3 mill~on, Finland ECU 14 9 million, Iceland ECU 880 000, 
Norway ECU 15 6 million and Sweden ECU 30 4 million 

All powers of the Corporation are with the Board, whch may to the extent 
it sees acceptable, delegate power to the Managing Dlrector and/or to the 
Nordlc Investment Bank Financial decisions are made by the Board The 
Board approval for a project is usually obtamed in two steps (1) the project 
is given an indxation of mterest, which means that it falls w t h n  the field 
of NEFCO's operabons (2) the project undergoes Eull apprasal to confirm 
its viability m NEFCO's opmon 

NEFCO is situated in Helsmnlu, together wth the Nordic Investment Bank 

Operabonal Structure 

Proiects eligible for financing from NEFCO must fill the followng cntena 

I )  The project should be carrred out in one of NEFCO's countrzes of op- 
eratlon m Central and Eastern Europe Prrority zs given to the Baltzc Sea 
reson and the Barents regron 

2) The project should have relevant environmental eflects Przorzty 1s grven 
to projects that have substantzal envzronmental eflects on the Nordzc regzon, 
z e projects that lead to reductron of pollutron zn the Baltlc Sea and the 
Barents Sea or reductzon of transboundary azrborne pollution 

3) The project rs based on long-term cooperatzon through znvestments zn 
enterprzses, prrrnarrly through the formatzon ofjoznt venture companzes or 
corporate acquzsitzons 

4) The project has a Nordic company or znstztutron as buszness partner 

5) The project 1s economzcally JinanclaIly lnstztut~onally and technzcally 
vzable 

A Nordic partner should take part in the project on a long-term bas~s Gen- 
erally t h s  implies participation in an enterprise also acqu~smtions and joint 
ventures are typical, but long-term cooperation may also be based, for ex- 
ample, on a t w m n g  arrangement The Nordic partner is also required to 
have sufficient expenence of the business The environmental, technical, 
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institutional, economical and financial feasibility of the project should be 
demonstrated, normally through a feasibility study 

NEFCO alms at participating as an active investor In practice this usually 
means that NEFCO requests the nght to nominate a representative in the 
Board of project compames, at least in the early phase of a project 

subs crib in^ of ea_uity and shares 

Facilitat~ng mobllisation of necessary equity base for a project NEFCO can 
then part~c~pate as a partner m the project NEFCO will not accept a major- 
ity ownershp or a domating position for itself 

Med~um and long-term loans and parantees 

Provided on market terms In some cases subordinated loans and loans w t h  
equity features may be provided Often the loans are extended m addition to 
NEFCO's equity participation m the projects 

NEFCO's participation in projects for equity investments is generally m the 
range of 25-35% of the total fmancing Loans on market terms, loans with 
equity features, subordinated loans or mezzanine financing normally is m 
the range of 2550% of total loan financlng 

In large projects the proportion would be smaller According to present 
policy the maxlmurn commitment for one project is approximately ECU 4 
m~llion A commitment under ECU 125,000 wl l  be considered by NEFCO 
only under special condifions, for example in the case of envrronmentally 
sigmficant demonstration projects 

NEFCO regularly co-finances projects w t h  other financ~al institutions and 
w t h  the Nordic countries bilateral environmental assistance programs for 
the neighbowg region 

10 2 2 Suppliers Credit 

The project may also be announced under a turnkey arrangement with the 
successful contractor responsible for obtaimng the financlng from export 
credit agencies The procurement under k s  scenmo w11 be done on an m- 
ternational competitive basis The matunty of the loans fiom export credit 
agencies is llkely to be for about 7-8 years, and wl l  requlre guarantees fiom 
RAO and the Russian government Approximately 70% of the estimated 
costs to complete the project can be financed in this manner, wth  the rest of 
the funds coming from commercial banks 



FINNISH ENERGY CONSERVATION GROUP 

EY /RMP 0712 1 198 37(47) 
S WUG\DO 19\REPORlUENSTUDY\LEN-R-EN DOC 

10 2 3 Commercial Banks 

Based upon the balance sheets of RAO and the energos and w t h  the appro- 
prlate guarantees from the Government, some of the Western commercial 
banks may be interested m financing the project The mterest rates for such 
loans, however, are llkely to be hgher 

10 3 Grant funds 

10 3 1 EBRD and other development banks 

In addition to the EBRD's and other development banks' caprtal pald in by 
the shareholder countnes, many member countnes have lodged special 
funds wth the Banks to asslst m preparing projects Such grant funds are 
ava~lable to employ consultants to carry out feasibility studies for projects 
and to cover other preparaaon costs Thus, the grant funds do not cover the 
financing in the investments 

Financiers have the reqwrement that nsks connected w t h  thelr participation 
in a project are kept at a low level A structured and comprehensive ap- 
proach to nsk management is thus essential 

h sks  are usually divlded m two types 

a) project nsks and 

b) global nsks 

Project nsks mclude development nsk (plammg, blddmg), construchon 
nsk (design, completion, etc ), operational nsk (defects, management, eco- 
nomlcs of operation), financial nsk (foreign exchange, mterest, cash flow) 
and revenue nsk (demand, rates) 

Global nsks Include polit~cal nsks (expropnation, force majeure, fiscal 
changes, etc ), legal nsks (changes m law and regulation dunng concession 

penod), commercial nsks (escalation of costs of raw matenals, convertibil- 
ity, devaluation) and environmental nsks 

All r~sks must be carefully scrutimsed and evaluated The most important 
thing is that each nsk should be clearly i d e n ~ e d  and appropriately allo- 
cated and that responsibilities are clearly defined m the contract 
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10 5 Summary of financ~ng 

In figure 9 1 there is presented the basic structure of the international proj- 
ect financing 

The pnvately financed projects are charactensed wth  an emphasis on the 
follow-up of revenue flows msing from the project to service the loans and 
to provlde the return on the equlty whch has been ~nvested The fimders to 
make t h ~ s  follow-up can be insurers, lenders, mvestors or donors 

The Insurers decide on the insurance policy In practice t h s  usually means 
that the lenders have certaln requirements for the msurances whch the m- 
suers apply In most cases the msurance reqlllrements are set only agmst 
normally insurable nsks such as outbreak of fire 

The lenders cover a large group lncludmg among others international de- 
velopment b&, commercial banks and export credit agencies All the 
lenders have theu general regulations on lendlng and specific regulabons 
whch differ from one area to other The common terms include the rates of 
lnterest whlch are normally set at a margln over a market benchmark The 
loan matunties for example for the EBRD loans generally range Erom 5 to 
10 years The matunties of the export credit agencies follow the same ten- 
dency 

The Investors are deallng wth equity Investments and guarantees The big- 
gest investors m t h s  area are the Multinational Development Banks The 
Banks' equlty m~estments are provided for assisting the lnltial stage of the 
project and the Banks wll  only take a mlnonty position 

The banks are generally handlmg the guarantees if the bank's customer fals 
to meet certain commitments, such as loan repayment In t h~s  way the banks 
may help borrowers galn access to financmg a project 

The donor insbmons are usually at the same tlme the lenders The grants 
are generally provlded for feasibility studies not for investments Thus, t h~s  
alternahve IS not viable for t h ~ s  project financing 
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investment , Project Company 
Investors V' Coneess~ona~re i 

1 

Fzgure 10-1 Summary of project financmng 

10 6 Conclusions 

Whether the World Bank, for mstance, would fund the becoming mvest- 
ment in the case that RAO and the energos would be the borrowers of a 
long-term soft loan the bas~s could be as follows 

The Russ~an electnc sector requlres capital that is not avalable from 
wtlun Russ~a 

Energos and RAO are wllmg to invest a substantla1 amount of thelr own 
funds for the project 

The project wll be environmentally sound and will save natural gas, 011, 
coal and nuclear fuel whch are fimte natural resources 

The reglon should have a reliable long term power Investment plan the 
objective of whlch would be to lead the region to self-sufficiency m gen- 
eration capacity 



FINNISH ENERGY CONSERVATION GROUP 6 0 ~ 0  1 149-~070-004 

EY/RMP 0712 1/98 40(47) 
S U)OUGU)O 1 9\REPORT\LENSmMLENENRREN DOC 

11 PROJECT DEVELOPMENT AND IMPLEMENTATION 

1 1 Alternat~ve Project Development Options 

Text under the paragraph 10 1 Alternative Project Development Options 1s 
based on the findlngs presented in the Financial Apprasal Report - Hydro 
Team March 1998 of the TACIS Project Development of Local Energy 
Resources of Karel~a, Project No ERUS 9504 

There are basically two d~fferent ways to cany out the proposed project 
These are 

(1) Development by an Independent Power Producer (IPP) 

The IPP builds and operates the station sellmg power to a power procurer 
on the basis of a Power Purchase Agreement (PPA) 

(2) Development by Lenenergo 

In t h s  case Lenenergo would build and operate the plant 

11 1 1 Development by Independent Power Producer (IPP) 

Structure 

An IPP normally comprises a consortium whch often typically involves an 
international electricity company, engmeenng, procuzvlg and contracting 
supphers (1 e engmeermg, procumg and contracting Contractor) and fin- 
anciers Typ~cal structural models are 
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Model 1 

PPA = Power Purchase Agreement, EPC = Engmeer, Procure and Construct 

Power Procurer 

PPA Guarantee 

WB = World Bank, EBRD = European Bank for Reconstrucbon and Devel- 
opment 

IPP 
Partner@) 

Equlty/Debt 

IFC = International Finance Corporation 

Loan Agency 
(WB, EBRD, IFC) 

Construct Plant Operate and Malntaln Supply Fuel 
Plant (O&M) 
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Model 2 

Under Model 1 the plant operation and maintenance contractors are not 
partners m the IPP whle in Model 2 they are In Mode1 1 the followmg 
subsidiary contracts are requlred m addition to the maln PPA 

1 Construct Contract 

1 

Power Procurer 

PPA Guarantee 

2 Operation and Mamtenance Contract 

IPP 
Partners 
UtlIlty 

EPC Contractor 
O&M Contractor 

DebtlEqmty 

3 Fuel Supply Contract 

Loan 

Major International lendlng agencies may favor Model 1 as its structure is 
more geared to accornmodat~ng competitive tendering and procurement 

Fuel Supply 

Fuel Suppher(s) 

If the financial position of Lenenergo is weak any IPP ulll most llkely re- 
quire RAO to guarantee all payments due by Lenenergo to the IPP 
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Formahon of an IPP 

The impetus would have to come from either Lenenergo or RAO or both as 
the power procurer The power procurer would develop a draft or outline 
PPA l lus  would determ~ne the size and he1 type of any future IPP Invita- 
tions to bid would then be issued in newspapers, techrucal and trade jour- 
nals both wthin Russia and throughout Europe A wde circulation of the 
invitation to bid is probably necessary if it is to attract mternational lending 
agencles An alternative approach would be imtlally to target potential in- 
vestors and invite them to an investment workshop at whch the power pro- 
curer's requirements would be revealed 

Power Purchase Agreements @PA) 

In the event of an IPP development a PPA would have to be drawn up be- 
tween the IPP and either Lenelenergo or RAO Th~s  power purchase agree- 
ment would be the legal basis govermng the long term sale of firm electnc 
capacity and associated energy 

Fundrng for IPP Development 

T h s  would obviously depend on the successful consortium Three possible 
options are conceivable namely 

Totally foreign based consortium 

Totally Russlan consortium 

Jolnt venture 

Totally foreign based consortium 

Two pefinent facts immediately present themselves 

The combined cycle gas turbme development is llkely to be financially 
attractive 

The political and economlc environment in S t  Petersburg area is posltlve 
towards foreign investment 

These factors indicate that a totally foreign owned consortium may be a 
feasible way to develop an IPP It would have the advantage of enabllng the 
consortium to raise the necessary debt and equ~ty finance on western capital 
markets However a s~gnlficant disadvantage could mse fiom the lack of 
local contact and knowledge msing fiom the non involvement of a Rus- 
sian(~) partner 

Totally Russian consortium 

There could be significant disadvantages with t h s  approach because of 
B 

<\\ 
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Difficulty of raising required level of equity capital given the small scale 
of stock markets in Russ~a 

Relative scarcity of long term debt in Russia 

Lack of expenence of operating m a competitive generatmg environment 

using PPAs 

Possible financmg difficulties may be a real b m e r  to procuring the most 
advanced technology 

For these reasons a solely Russian consortium is unllkely to be the preferred 
option 

J o ~ n t  Venture 

Th~s  could involve foreign and Russian involvement both as equity holders 
and debt financiers Equity involvement could be either through drrect in- 
vestment or through, for example, the fuel supplier or the operations and 
maintenance contractor talung payment partially m the form of eqmty In 
the case of debt the financing could be provided by foreign banks and Rus- 
sian banks wth In all probability the bulk of the debt financing coming 
fiom foreign banks 

The advantages of t h s  approach is that it allows access to the most ad- 
vanced technology and western capital and at the same tune have Russian 
involvement in the ownership, management and financing of the IPP In h s  
way permanent knowledge transfer is guaranteed wth long term economic 
benefits From a short term perspechve local participation may be advanta- 
geous fiom an admmstrative and legal point of view 

11 1 2 Development by Lenenergo 

The second development option IS for Lenenergo to undertake the develop- 
ment For h s  to be a realistic option two conditions must be present 

1 Lenenergo, as the borrower, must be commercially attractwe to lending 
institutions 

2 The projects must be economically viable in their own nght (whch ap- 
pears to be the case for combined cycle gas turbine) 

Requirements of Banks to Finance Lenenergo 

Before banks will lend they will need reassurance that the borrower can 
meet the loan Interest and capital repayments While banks may require the P 

a'', w 
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loan to be guaranteed (e g by RAO ) they view such guarantees as a protec- 
tion of last resort and w11 not lend unless they are reasonably certain that 
the borrower has the financial capacity to contractually meet debt servlce 
payments From a financial vlewpolnt before conclud~ng a loan agreement 
banks will require the followng 

- Proof of current financial soundness 

- Evidence of future continuing financial soundness 

Financial statements prepared m accordance wth internationally accepted 
accounbng standards and properly audited accounts are used to establish the 
current financial position Financial projecbons prepared uslng computer- 
ised financial models and based on realistic assumptions would be used as 
indicators of the future financial positlon 

11 2 Project fmplementatlon Plan 

The pnnciple implementation plan of the project is presented in F~gure 11- 
1 The more detailed schedule IS presented in Appendix 6 
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Fzgure 11 -I The prznciple schedule 

Task name 

Feasibility study 

General plannlng 

Plant design 

Architectural design 

Procuring of GT 

Procunng of HRB 

Procuring of ST 

Pipes 

Auxllianes 

Automation 

Electrification 

Construction 

Connections 

Test runs 

The total time of construction is 4 5 years lncludmg feasibility study and 
pre-design The feas~billty study contains the final selection of the plant 
concept and preliminary design of the plant General design and plant de- 
sign consists of final power plant layout and preparing and sending the ten- 
der documents as well as authonsations 

The procurement of gas and steam turbines as well as heat recovery boiler 
contains the order, manufactmng time, assembly, implementation and test 
runs of the parts 

Year 

Pipes auxiliaries and electrification contains the delivenes, assemblies and 
implementation of different equipment These parts and work would be 

1 

------------ 

------------- 

--- --- 

------- ----------- ----------- -- 

----- ----------- ----------- -- 

------- ----------- ----------- -- 

--- ------- ------ 

- -------- ------ 

---------- ---- 

--- --- -------- 

----------- ------- 

- 

--- 

3 2 4 5 
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mainly Russian Automation system and equipment would be for the most 
part Western 

Construction consists of earth moving and pile work, foundat~ons, con- 
struct~on and regional works The connection to elechcity, district heat, 
water and natural gas networks is expected to be a mmor work 

The anticipated div~sion of worklng time between Russia and Western 
countries has been presented in Figure 1 1-2 

EU and other 
Western 
countr~es 

I 
I 

Frgure 11-2 The antrcrpated dlvrsron of workrng trme 

12 SUMMARY 

In t h s  prefeasibility study four different power plant concepts have been 
compared present situation wth a 60 MW gas turbine umt, cogeneration 
plant wth 60 MW gas turblne urut, combmed-cycle power plant and two 
combined-cycle power plants All the alternahves are natural gas fired 
There IS also a need for new heat only boiler investments m all the alterna- 
tlves to cover the shortage of distnct heat Heat only boilers will be used 
dunng distnct heat peak demand penods and d m g  rnalntenance 

The viability of each concept IS quite good and near each other When the 
amount of electricity production is an important point concepts based on 
heat and power co-production are the most interesting choices Furthermore 
to maxlmise the electricity production, combined-cycle power plant based 
concepts should be considered because of their hgh heat to power ratio 
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The concept of one combined-cycle power plant was the best alternative ac- 
cording to pay-back time and internal rate of return The feasibility of the 
combined-cycle power plant is based on a large amount of back-pressure 
product~on The power plant is also very flexible wth heat and power pro- 
duction so it suits easily to the vanation of heat and electricity load de- 
mands 

The feasibility of the concept of two combined-cycle power plant units 1s 
not so good as a concept based on one combined-cycle plant This is due to 
the increased amount of electnclty production in condensing mode In the 
most viable concept 3 150 GWh of electricity was produced m cogeneration 
mode and 710 GWh m condensing mode Respectively the figures for a 
concept with two combmed-cycle plants are 4250 GWh and 1560 GWh 
Thus the potential for extra cogeneration is obvious So it might be worth 
considering to study the utllt of even larger combmed-cycle plant than the 
one in t h s  study The mvestment costs per unit wl l  decrease when the umt 
size increases, so the larger combined-cycle power plant mght be even 
more profitable than the studied one 

Sensitivity analysis of the combined-cycle power plant showed that the vl- 
ability is not very sensitive to the vanations of rnternal rates, investment 
costs or changes in pnces The viability of the power plant is a bit more 
sensitive to the variations of gas and electricity pnces For a more exhaus- 
tive feasibility study a more accurate information about gas, heat and elec- 
tricity pnces as well as heat demand in future is needed 

According to the results of t h~s  study the combined-cycle power plant is 
very profitable and worth investing We recommend that the planrung will 
be contmued wth the concept of a combined-cycle plant 
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1 NEW CHP PLANT WITH GAS TURBINE 

1 1 Descr~pt~on of plant operation 

The alternative is a steam turbine process with gas turbme Atrnosphenc alr 
via air inlet comes into gas turbine's compressor, pressunses and comes 
into combustion chamber Combustion product gases are led Into gas tur- 
bine, expand and rotate turblne with compressor and electncal generator 
After gas turbine combustion products go Into the boiler In boiler the oxy- 
gen of the combustion gases is used m boiler's b m n g  process It's possi- 
ble to mlx some excess a r  in the exhaust The high pressure steam gener- 
ated in the boller expands in the steam turbine and rotates the generator to 
produce electricity 

After the steam turbine there is a condenser The distnct heating network 
water is heated m two steam extractions 

There are two optional flow diagrams, whch differ slightly as follows The 
flow diagrams of these two cases are presented m Appendix 1 

In heat flow chart in Figure 2 1 there is a cogeneration cycle power plant 
wth  gas turbine exhaustlng in the bo~ler furnace wthout displacement of 
regenerative extraction of the steam turblne and wth retention of a regen- 
erative air heater The heat flow chart does not provlde for reheat of auxll- 
iary alr, thus ensmng decrease m gas temperature at the boiler Inlet For the 
recovery of heat of flue gases, air-to-water heat exchanger IS used for the 
reheat of make-up water of the heat supply network by heat of excess m At 
the next stage, the complication of the heat flow chart is possible, by means 
of using ar-to-water heat exchanger for re-heatmg make-up water or con- 
dense, as a result, economical efficiency in the condensa~on mode w1l m- 
crease 

In Figure 2 2 there is a classical heat flow chart of a cogeneration cycle 
power plant wth gas turbine exhaustlng in the boiler furnace, in accordance 
wth  such flow chart, provision is made for the replacement of regenerative 
air heater by gas-to-water heaters of hgh  and low pressures, installed in the 
flue gas path of the boiler after the econormser and coupled to the water 
mains m parallel tylth the systems of regenerator of htgh and low pressures 
of the steam turb~nes The lrnplementation of such flow chart lnvolved the 
necessity of restriction of steam flow for the turblne defined by llmted 
throughput of the seventh stage of the intermediate pressure cylinder (about 
585 tlh) In the independent mode, air reheat is ensured by condense (the 
first stage) and cold-reheat steam (the second stage) 

For both versions, the layout of the basic and auxiliary equipment m the 
main bullding of the cogeneration plant remalns without any changes 
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1 2 Main design parameters of the power plant 
(outdoor temperature O°C) 

The basic design point is maximum heat load Outdoor temperature IS 0°C 
and corresponding power is about 240 MW, 1 326 MW* 

The characteristic performance parameters for the gas turbine unit are 

Electtlcity output, net 60 MW 
Efficiency 343 % 
Exhaust temperature 557 OC 
Exhaust flow 184 kg/s 

Charactenstic parameters of the steam cycle are 

Electnc~ty output, net 180 MW 
Pressure 128 bar 
Temperature 540 "C 
Steam flow 182 kgls 

Performance character~stics of the power plant performance are as follows 
The outdoor temperature is O°C, dlstnct heating supply water temperature 
90°C and return water temperature 50°C 

Electncity output, net 
back-pressure 240 MW 
condensing 270 MW 

Distnct heat output 326 MW 
Pressure 128 bar 
Temperature 540 "C 
Steam flow 182 kg/s 
Total efficiency 74 8 

1 3 Descrlpt~on of mechanical equipment 

1 3 1 Bo~ler unit 

Boller Ep-670-13,7 IS a circulation drum boller Boller consists of furnace 
and convection parts including steam re-heater, extrachon steam re-heater 
and economlser Boiler IS gas/o~l-fired 

Partial upgrading of the boiler umt ulll be requlred to the following extent 

- partial upgrading of burning dev~ses 
- coupl~ng of the exhaust gas duct to the boiler 
- the same - in accordance wth  the system of exhaust of excess gases to 

the area of an economiser \:3P 
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- installation of au-to-water heat exchanger and coupling to the air and 
water mains 

- partial upgrading of gas-alr ducts of the boiler u t  

Boiler unit includes steam drum, convection surfaces, ar-blow and exhaust 
gas equipment, burners, framework, stairs, stages, plping, fittmg, control 
and safety automation, casing, insulation ect 

1 3 2 Steam turblne un~t  

Steam turbine is a back pressure turbine with intermehate steam reheat and 
condensing urut Network water is heated wth extraction steam in two 
steps 

The steam turbine plant consists of 

- steam turbine and auxiliary eqmpment 
- back pressure steam turbine 
- district heat exchangers 
- principal control device and protective system 
- developed regeneration system 

- generator 
- sound insulating hoods for the steam turb~ne and generator 

It has been planned that "ASU TP" automation control system w l l  be used 
It provides technology for process control, data collect~on, saving and indi- 
cation, protection as well as techca l  diagnoses, t echca l  and economical 
indicators calculation, savmg and processing 

System includes computers wth  software, sensors, cables and other equip- 
ment 

Electrical equ~pment ~ncludes all electrical equ~pment of power plant, m- 
cludlng transformers, rnternal power plant swtchyards for 0,4 and 6 kV, ac- 
cumulators, swtchyard, buses, power cables, electrical dnvers ect 
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1 3 5 Other equipment 

Fuel handllng facilities 

A compressor statlon for gas pressure raising from 12 bar to 25 bar is 
planned Also installing gas pipelines from man gas pipeline to compressor 
statlon and from compressor station to gas turbine unlt including fittings, 
control and safety automation The volume of compressor station building 
is about 4000 m3 

An exlstmg oil supply system is used The 011 system requlres small recon- 
s m o n  Volume of the oil tank is 50 000 m3 It IS enough for 10 days use 
of the power plant 

Reserve for diesel oil is not planned In case of the cut of gas supply power 
plant w11 operate in steamlpower mode 

Water treatment equipment 

Pnmary water is supplied by city water lme For leakage compensation 
(about 5% of steam production) water will be treated in a demlneralisation 
plant 

Distnct heating water is not treated Cooling towers w l l  be used in closed- 
loop condensing water cooling 

6 3 Annual make-up water demand IS about 25 10 m /a 

CHP plant Includes all pipelme system wth  shut-off control and safety fit- 
tings The volume of piplng is sufficient for reliable operation of power 
plant 

Auxiliary equipment 

Aux~llary equipment are as follows feed water pumps, distnct heatlng 
pumps condensate and other pumps, lifts, cranes, tanks, heat exchangers, 
backup boiler, pneumatic appliances, spear engine and marntenance work- 
shop equipment and tools 

Infrastructure 

Existlng district heating pipel~nes, electric networks and water supply net- 
work will be utillsed 
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1 4 Construction works 

Outside the power plant site the exlst~ng district heating plpes and water 
supply pipes will be used The mam bulldlng of the power plant conslsts of 
machlne room, de-aeration stack, boiler room, open type regeneratwe air 
heater as well as air blow and exhaust gas umts The framework of the main 
buldmg is made of steal 

2 COMBINED CYCLE POWER PLANT 

The combined cycle power plant is a condensing power plant wth extrac- 
eons The net output is 233 MW, / 195 MW, Thls natural gas fired com- 
bmed cycle is based on LMZ's GTE-60 gas turbine process 

Exhaust gases from the gas turbme are led to heat recovery boiler In heat 
recovery boiler the heat of the hot exhaust gases are used to generate steam 
for a steam turbine The electnc power of the plant 1s produced in two gen- 
erators Thermal energy for distnct heating IS obtained on the heat exchang- 
ers of the steam turbine extractions and steam generator convection sur- 
faces There is a condenser after the steam turbine The process values and 
flow diagram are presented m Appendix 1 2 

The power plant can be rn in two modes the back pressure operation and 
condensing operation When distnct heat load IS In ~ t s  maxlmum, thermal 
energy is obtalned on both, the heat exchangers of the steam turblne extrac- 
tions and boiler convecbon surfaces When distnct heat is not needed, the 
power plant runs in condensmg mode and thermal energy is obtamed only 
in heat recovery boller convect~on surfaces The extraction steam is used in 
electnc power production by condensing all the steam 

2 1 Main design parameters of the power plant 
(outdoor temperature O°C) 

The basic design pomt is maximum heat load Outdoor temperature is 0°C 
and correspond~ng power is about 233 MW, 1 195 MWth 

The character~stic performance parameters for the comblned power cycle 
wth GTE-60 are 

Net power, electrical 233 MW 
Efficiency 870 % 
Exhaust temperature 522 "C 
Exhaust flow 549 kgls 
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Charactenstic parameters for the llve steam from the steam generator are 

Pressure 60 bar 
Temperature 497 "C 
Steam flow 65 kg/s 
Feed water temperature 110 "C 

Performance charactenstics of the power plant are shown in Table 1 The 
outdoor temperature is O°C, distr~ct heating supply water temperature 90°C 
and return water temperature 50°C 

Table 1 Performance parameters of the combmed cycle power plant 

I Max back I Max con- I 

Total efficiency I % 1 870  1 6 0 9  1 

I I pressure I denslog I - 

2 2 Descr~pbon of mechanical equ~pment 

2 2 1 Boller unit 

The boller plant ~ncludes one boller, whch consists of five adjacent heat 
exchanger packages From hotter to cooler exhaust gases the heat exchang- 
ers are as follows two superheaters, evaporator economser and district 
heat exchanger 

I 

The expenses of the boiler plant include the steam drum, circulating pumps 
and steel chunney and thelr framework and founda~ons 

operation 
252 
5010 
492 

2 2 2 Steam turbine unit 

operat~on 
236 
195 
492 

Electr~cal output, gross 
District heat output 
Fuel consumption 

The steam turbine is a condensing turbine w t h  three extractions The dis- 
tnct heatlng water for is heated w t h  two steam extractions On of the ex- 
tractions IS used for de-aeration 

MW 
MW 
MW 

The steam turbine plant conslsts of 

- steam turblne and auxiliary equipment 
- condensing steam turbine 
- d~stnct heat exchangers 
- pnnclpal control device and protectwe system 

- generator 
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- sound msulating hoods for the steam turbine and generator 

2 2 3 Gas turbine nnit 

One gas turbine type of ABB GT 13E2 is included in the power plant Natu- 
r d  gas is the main fuel, but also l~ght fuel oil can be used as a reserve fuel 
The gas turbine umt consists of 

- the gas turbine with axial compressor 
- auxiliary equipment 
- generator 
- turblne control system 
- au mtake system 
- sound Insulating hoods for the steam turbine and generator 

Sulphur IS not a problem as a contaminant, when bummg natural gas The 
emission level of NO, is reduced onto level 60 mgN02/MJ by usmg low- 
NO, burners 

2 2 4 Automation 

Automahon includes measuring mstruments and control and monltonng 
devices Installed It also includes the cable works and the operator's room 
equipment Power plant data processmg equipment and software are m- 
cluded as well 

2 2 5 Electr~cal equipment 

EIectnfication costs include all electrification related to the process, such as 
power transformers, sw~tchboards, buses, hlgh-voltage power cables, elec- 
tncal motor for feed water pump and switchyard 

2 2 6 Other equipment 

Fuel handhg fac~lities 

In the pressure reduction station the pressure of gas IS reduced to 22 bars for 
gas turbme and to 5 bars for auxiliary burners Gas IS led fiom the pressure 
reduction station to the gas turb~ne and auxiliary burners m stamless steel 
PlPe 

The reserve fuel is light fuel 011 For fuel stonng there's a fuel reservoir tank 
~n the power plant area 

Water treatment equipment 
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Power plant process water from the public water distribution network is 
used as feed water It is treated in the demineralisation plant The water 
treatment equipment include also a condensate po l i shg  plant and district 
heating water treatment equipment 

In the steam generator there IS a water loss of 2% of live steam stream The 
ex~sting cooling towers w11 be used in closed-loop condensing water 

Piping 

P~ping includes the hlgh and low pressure steam pipes, natural gas pipes, 
insulation and fixtures Also distnct heating networks and the connection to 
the present system are included 

Auxiliary equipment 

Auxiliary equipment are as follows feed water pumps, distnct heating 
pumps, condensate and other pumps, lifts, cranes, tanks, heat exchangers, 
backup boiler, pneumatic appliances, spear engine and ma~ntenance work- 
shop equipment and tools 

Infrastructure 

Existing distr~ct heating p~pelines, electnc networks and water supply net- 
work will be utilised 

2 3 Construction works 

Construction works include foundation, construction works with all mate- 
r~a l  and llghtmg needed, water supply and sewer system, fire alarm and 
sprinkler system as well as a telecomm~cations network 

The maln buildmg of the power plant is made of steel constructions The 
buildlng includes the boiler room, turbine room, control room, electrical 
equipment room, water treatment room and condense treatment rooms and 
condense pumplng plant The office premises, rooms for personal, repar- 
shop and store-house are located m the present buildings 

Earth-removing costs include excavation and earth removmg, r a n  water 
sewerage, dram work road and yard constructmg, asphalt and grass work, 
fences and power plant yard area hghtmng 
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2 4 Des~gn and supervision 

Design includes power plant site geological study and general-, process-, 
architectural-, electrical-, automation- and mechmcal construction plan- 
ning and design Contract document arrangements and cost-, time schedule 
and delivery supervision are also included 

2 4 2 General and slte costs 

S~te costs include supervision of construction work and installat~on of 
equipment general management of construction site, tune schedules, 
maintenance dmng construction works, electnc and heat supply of the site 
and melioration works Supervision of temporary bulldings and construc- 
tion is rncluded as well 

General costs include project management costs, settlement of orders, 11- 

cences of the authont~es and public relations d m g  construction works 
Acceptance and testing of the power plant are also included 
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VARIATION CURVE OF HEAT 
Existing situation, heat load 4000 GWh 

1 400 -, I 

New WATERBOI 

VARIATION CURVE OF POWER 
Exlstlng situation, heat load 4000 GWh 

.New BP New Condense 
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Summary of power and heat productlon 
Total heat load 4000 GWh 

Exlstlng 
2 x 

2 x CHP + Comblned combined- 
CHP+GT GT cycle cycle 

Capaclty 
- power back pressure MW 240 480 473 706 
- power condensing MW 270 540 520 770 
- drstrrct heating, back pressure MW 326 652 52 1 716 

Power productlon 
Old unlts 

- back pressure, GWh 
- condens~ng, GWh 
- total, GWh 

New unlt 
- back pressure GWh 
- condenslng GWh 
-total GWh 

Total, GWh 
Extra production GWh 

back pressure GWh 
- extra productron GWh 

District heat production GWh 
Old un~ts 
New unit 
HOB 
Total 

Fuel cost USDIMWh 

Fuel GWhfa 
HOB 
Old un~ts 
New unlts 
Fuel, total GWh 

Fuel, back pressure GWhIa 
HOB 
Old un~ts 
New unlts 
Fuel, back pressure, GWhla 
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Heat production costs 
Variable rna~ntenance costs 

Vanable costs together 

TOTAL COSTS 

INCOME 

Heat selllng 
Heat capacity fee lncome 
Heat energy lncome 
Heat sales altogether 

Electrlclty selllng 
Electrlclty capactty fee Income 
Eiectnc energy lncome 
Electricity sales altogether 

TOTAL INCOME 

PROFIT 
NET PRESENT VALUE 
PAY-BACK TIME 
INTERNAL RATE OF RETURN 
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YEARLY COSTS AND INCOME 

New CHP 
Power plant Present with GT 
- electricity output (yearly average) MW 239 6 239 6 
- heat output (yearly average) MW 326 0 326 0 
- fuel ~nput (+0 C outdoor temp ) MW 825 0 825 0 

Input data 
Power plant life time 
Real ifiterest 

year 
Of!! 
/U 

Energies and production costs 
- fuel input energy GWh 
- fuel costs $IMWh 
- heat energy GWh 
- heat energy productron cost $/MWh 
- electrlclty GWh 
- electr~c~ty product~on cost $/MWh 

Heat 
- capaclty fee 
- energy price 

Electricity 
- capaclty fee 
- energy price 

COSTS 

investments 
Power plant Investment 
Connection costs 
Heat only bollers 
investment costs together 

F~xed costs 
Personnel costs 
F~xed maintenance costs 

@ /=,xed costs together 

Variable costs 
Electricity production costs 
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Northwest Region Power Investment Plan 

a 6 1 INTRODUCTION 

Plan in Russia provides technical and economic feasibility information regarding the proposed 
St Peterburg Prefeasibility study for the project North-West Region Power Plant Investment heat 
and power plant extension The project m11 comprise an extension of 240 MW, of installed ca- 
pacity The project is one of the projects developing the extension of power plants in the North- 
West Region of Russia After both the Finnish and the Russian in-depth analyses St Petersburg 
heat and power plant was selected because of its viability 

T h s  study will present the project background and describe the existing conditions in greater 
detail After this general alternative plant concepts are discussed Specific methods for technical 
optimisation of the plant concepts are thereafter discussed with emphasis on the programs devel- 
oped by Ekono Energy Ltd of Finland Environmental aspects along with economic and finan- 
cial considerations of the projects are also discussed Finally, the discussion leads to the project 
implementation plan 

6 2 PROJECT BACKGROUND 

The Nuclear Safety Account (NSA) of the EBRD has agleed mth the Russian Government to 
conduct an analysis of the energy investment alternatives to continued operation of nuclear 
plants in the Centre and North-West Russia The government of Finland and USAID have agreed 
to support that analysis by financing a study for North-West Russia 

The aim of the thermal and hydropower study is to identify and evaluate potential thermal & 
hydro investment projects to be included in the North-West Region Power Investment Plan 
until the year 2010 of which St Petersburg is among the selected cases 

The objective of the project is to increase the present capacities of 240 MW for electrical output 
and 280 Gcal/h for district heat output taking into account the feasibility and environmental as- 
pects of the project The study reviews the present situation of the emissions and the expected 
development 

The area of St Petersburg will benefit from the extension of the heat and power plant from the 
economic point of view This w~ l l  at least include the expenditure of funds for construction ma- 
terials, construction labour, and transportation and shipping costs This will lead to an economic 
ripple effect through the economy as funds are used for materials, transportation and services 
This ripple effect cont~nues to the personal level, too, as each worker has personal needs concern- 
ing, for instance, housing and food The economy of the area is expected to be pos~tively effected 
by the increased demand for goods and services Moreover, the extension of the power plant will 
make it possible to ensure the requisite reliability of the supply of electric and heat power in the 
region 
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0 Of the social aspects may be mentioned the following ones in the case of the implementation of 
the project 

improved comfort level and quality of life for the residential of St Petersburg 

allows more buildings to be built in the area served by the plant 

decreased heat and electricity tariffs and subsidy payments 

6 3 DESCRIPTION OF EXISTING CONDITIONS 

6 3 1 Ma~n plant data 

Power Plant No 5 is owned by the JSC "Lenenergo", and it serves the heat load in the residential 
sector The total load from the users amounts to 1396 MW (1200 Gcalh) With consideration for 
heating of the plant itself (40 Gcallh) and the leakages of the district heating network (20 
Gcallh), the total load will be 1465 MW (1260 Gcalh) The total heat sales in 1997 was some 
2500 Tcal 

The existing power plant consists of 3 steam turbines, 6 steam boilels and 2 hot water boilers 
The total electricity production capacity of the plant is 69 MW However, the plant is old, and for 
t h s  study it is assumed, that the basic equipment installed in the existing main building, will be 
decommissioned So, all calculation are based on the new units The first unit consisting a steam 
boiler and a steam turbine is now under construction and it should be completed next year 
(1999) This new unit will be handled as "an existing plant" since it is already under construction 
and therefore not anymore the object of a pre-feasibility study 

The new unit will be a conventional steam power plant with a steam boiler and a steam turbine 
The main fuel will be natural gas Techca l  plant data in greater detail is presented in Chapter 
3 2 

In addition to the new power plant unit the hot water boiler house will be expanded with six new 
boilers - four hot water boilers and two saturated steam boilers 

New basic equipment in the main budding and in the hot water boiler house is being installed at 
the site No 2 situated beyond the Dalnevostochy Prospect 

At the moment (spnng 1998) construction works and installation of equipment in the main 
build~ng are being completed, hence, any essential change in the layout of the basic equipment is 
no longer possible 

The nominal capacities of the main equipment and the total nominal capacity of the plant are pre- 
sented in the following tables 

- 
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Table 3-1 Maln data ofthe power plant unl f (rated values) 

Steam boller 
- unit number 1 
- type En-670-140 
- fuel (maidback-up) natural gas/HFO 
- maximum live steam flow 670 t/h 

(1 86,l kgls) 
- live steam pressure 137 bara 
- llve steam temperature 545 OC 
- reheat steam pressure 27 bara 
- reheat steam temperature 545 OC 
- steam output 1) 507 MW 

Steam turblne 
- unit number 1 
- type T-1801120-130 
- electrical output 180 MW 

(maximum capacity 210 MW) 
- d~strict heat output 280 Gcal/h 

(326 MW) 
- live steam flow 656 tlh 

(182,2 kgls) 
- live steam pressure 127,5 bara 
- live steam temperature 540 OC 
- reheat steam pressure 24,9 bara 
- reheat steam temperature 540 OC 
- ultimate back-pressure 0,0865 bara 

1) Calculated 

According to nominal values plant's gross efficiency will be 89,s % (based on the boiler effi- 
ciency of 90 %) Plant's own consumption of electricity is estimated to be 6 % of the gross elec- 
tricity production plus 20 k W G c a l  for the distnct heat production This means a total net effi- 
ciency of 86,9 % 

a 
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@ Table 3-2 Maln data ofthe heat only hollers 

Steam bo~lers 
- type E- 160-24 
- number of boilers 2 
- fuel (maidback-up) natural gas/HFO 
- steam flow 160 t/h 

(44,4 kgls) 
- steam pressure 24 bara 

Water bo~lers 
- type KVGM- 100 
- number of boilers 4 
- fuel (maidback-up) natural gasIHFO 
- district heat output 100 Gcalh 

(1 16,3 MW) 

The new unit is running first to meet the district heat demand Hot water boilers are used during 
the distrlct heat peak demand period and during the maintenance shut down periods of the power 
units 

@ W e  number of the annual running hours of unit 1 will be very high since the district heat pro- 
duction capacity of unit 1 w l l  cover only 20 - 30 % of the peak demand 

Emissions to atmosphere through the stack of the unit 1 are based purely on the boiler constiuc- 
tion and the burner technology since the boiler will not be equlpped wlth SOx- or NO, -removal 
facilities However, comparing to the recent years, the SO, -emission level will decrease signifi- 
cantly due to decornrn~ssioning of 40 small boiler houses The estimated emlssion levels concern- 
ing NOx-emissions will be 120 mglNm3 (40 mg/MJ) w th  natural gas firing and 250 mglNrn3 
(80 mg1M.J) w t h  heavy fuel 011 firing This is in accordance with the Russian standard GOST P 
5083 1-95 "Boiler units Thermal engineering equipment General specifications" 

6 3 2 Plant Performance 

The turbine will be an extraction condensing turbine and will be started up in 1999 

The main parameters of the turbine are shown in Table 3-2, and the main flow diagram in Figure 
3-1 
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Fzgure 3-1 Mazn flow dzagram, unzt 1 (zn prmcqde) 

3 2 lProcess Descriphon 

The feedwater is preheated by extraction steam up to the boiler inlet temperature of about 250 
"C For this, the condensing line has in the flow direction, after the condensing and leak steam 
condensers, 3 LP-preheaters, after that a mixer-preheater (feedwater tank with deaerators - 6,58 
baa,  162 OC) and in the feedwater line 3 HP-preheaters Steam for deaeration is taken from ex- 
traction IV 

The HP-section of the steam turbine has two extractions The outgoing steam is led to the re- 
heater in the boiler The IP-section has four and the LP-section has one extractions Steam to 
district heat exchangers is taken from the IP- and LP-sections trough controlled exctractions 

Makeup water is taken into the feedwater tank 

The rated values of extractions at turbine plant 1 are presented in Table 3-3) 
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Table 3-3 Rated values ofturbrne plant 1 

Extract~ons t/h kgls bara OC 
- inlet steam 656,O 182,2 127,5 540 
- I  31,6 8,8 41,2 386 
- I1 49,9 13,9 27,2 333 
- I11 17,9 5,o 12,6 447 
- IVY deaerator 31,7 8,8 6,6 360 
- V  22,O 6,1 2,6 249 
- VI 8,o 2 2  I,() 152 
- VII 1 ,9 0,5 0,49 98 
- exhaust 0,087 

The control limits of the district heat extractions are 0,49-1,47 bara at the lower pressure extrac- 
tion and 0,59-1,96 bara at the upper pressure extraction 

Main cooling system is based on a cooling tower 

6 3 2 20perating Modes a The power plant unit can be operated in an almost pure back-pressure operation, when only the 
minimum steam flow, needed for cooling the condensing turbine blades, flows into the con- 
denser Other operating modes are condensing mode, combined back-p~essure and condensing 
mode and reduction mode 

6 3 3 Infrastructure 

6 3 3 lLocation and site 

Power plant No 5 is located about 20 lun north-east from the historic centre of St Petersbwg, 
and it covers the district heat demand of the surrounding residential areas 

There is enough free space on the site for the expansion of the power plant The new unit, which 
is under construction, is located next to the exist~ng man  building 

It is assumed in this study, that no new major district heat pipelines nor high voltage transmis- 
sion lines are needed for the new power plant units - that is no major investments are expected 
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The future operation of the power plant is based on the utilisation of natural gas In this study it 
is assumed that the required capacity of natural gas will be available on the site almost through 
the year Only in wnter 10 % of the fuel consumption is assumed to be heavy fuel oil while 90 % 
is natural gas 

Major part of the make-up water goes to district heating network So, the consumption is not ex- 
pected to increase sigmficantly due to power plant extension, and therefore no major ~nvestments 
to new water treatment facilities is assumed in this study 

The present number of the plant personnel is about 600 This is estimated to be sufficient also 
after the extension of the plant As a matter of fact, due to new technology in the new power 
plant unit(s), there is need for the reduction of the operation personnel 

6 4 IDENTIFICATION AND REVIEW OF ALTERNATIVE PLANT CONCEPTS 

0 
6 4 1 Process optimisat~on methods 

Tursim is a modelling programme designed for steady state simulation of power plants It can be 
used to model different kinds of steam turbine, gas turbine and combined cycle plants in both 
design and off-design conditions It is based on physical process quantities and component mod- 
els and applies a graphic user interface 

The applied mathematical models profit from Ekono Energy's extensive experience in power 
plant process calculation The implementation uses the latest PC technology, making it to user- 
friendly professional tool The programme internal solving method is equation based, enabling 
calculation and input in any desired order This means flexibility in choice of fixed parameters 
The same plant model can thus be used to simulate any situation at a given power output, fuel 
input, heat output etc , and also in situations, where a specific process parameter must be 
achieved 

One of the program's useful special features is its optimisat~on function It chooses an optimally 
efficient value for free variables, if the model contains degrees of freedom This enables easy 
determination of an optimal operation method or dimensioning 
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a6 4 2 Process ophrnisation 

The prefeasibility study is based on an assumption that distrlct heat demand wl l  increase up to 
1500 MW The following concepts have been studied to cover the shortage of district heat 

1) Existing situation with 60 MW gas turbine unit The existing case have been studied with a gas 
turbine m t  whch is planned to be build beside the existing CHP plant 

2) New CHP plant with 60 MW gas turbine The new plant would be the exact copy of the first 
alternative 

3) New combined-cycle power plant The combined-cycle power plant is eqmpped w t h  ABB 13E2 
gas turbine umt, heat recovery boiler and steam turbine unit 

4) Two combined-cycle plants The combined-cycle plants are similar to concept 3 

The process values of the first two alternatives have been given by the Russian partners The 
combined-cycle plant has been designed and simulated with Turs~m process simulation tool 

The main technical values of the power plants are presented in Table 4-1 in outdoor temperature 
0°C 

Table 4-1 Electric and heat outputs of alternatzves in outdoor temperature O°C 

6 4 2 lNew CHP plant w ~ t h  GT 

Power plant 

Existing situation 

New CHP wth  GT unit 

Combined cycle plant 

Two combined cycle 
plants 

One alternative is to build a CHP plant with a gas turbine The plant would be exact copy of the 
existing system Exhaust gases pass through air re-heater into air duct The electricity output is 
about 240 MW and the heat output is 326 MW 
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@ For the new unit two d~fferent flow charts have been proposed The more detaled description of 
the alternatives IS given in Appendix 2 The flow diagrams of the alternatives are presented in 
Append~x 1 1 (Figure 2 1 and 2 2) 

6 4 2 2New combined -cycle power plant 

The other alternative is a condensing combined-cycle plant w t h  extractions The power plant 
cons~sts of a gas turb~ne unit with electricity output of 170 MW, a heat recovery boiler and a 
steam turbine The total electricity output is 233 MW and the heat output 195 MW in the back- 
pressure mode The maximum electricity output is 250 MW in the condensing mode 

A power output diagram and flow diagrams of the combined cycle power plant are shown in Ap- 
pendix 1 2 A simple gas turbine cycle, cons~sting of air compressor, combust~on chamber, and 
gas turbine is used with the turbine exhaust gas golng to heat-recovery boiler to generate super- 
heated steam That steam is used in a standard steam cycle, wh~ch consists of turbme, d~strict 
heat exchanger, pump and feedwater heaters The heat-recovely boiler consists of an dlstrict heat 
exchanger, economiser, boiler, steam drum and superheater The gas leaves the heat recovery 
boilel to the stack Both gas and steam turbines drive electric generators The more detailed plant 
description is presented in Append~x 2 

6.4 2 3Two combined-cycle power plants a - 

The alternative of two combined-cycle power plants have also been studled Both power plants 
are based on ABB 13E2 gas turbine units The total electricity output of the units in the back- 
pressure mode is 466 MW and the heat output is 390 MW The plant concepts are described In 
greater detail in Appendix 2 

6 5 1 Investment costs 

Investment costs consist of investment costs and connection costs to power, heat and gas net- 
work Due to the increased heat load investments for heat only boilers are also needed Heat only 
boiler Investments are Included in all the alternatives to cover the shortage between the need of 
1500 MW and the power plant capacity The price of the heat only boilers have estimated to be 
35 USDIkW Investment costs for each concept have been collected to Table 5-1 The investment 
cost have also been directed to the exist~ng situation because the power plant IS st111 under con- 
struction and so ~t will be more comparable wth other alternatives 

There are no (or only minor) connection costs to the power, heat and gas network They w ~ l l  not 
be taken Into consideration 
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Table 5-1 Investment costs of each powel plant 

6 5 1 1 Other fixed costs 

Concept 

Existing situation 

CHP with GT 

Combined-cycle plant 

Two combined-cycle plants 

Other fixed costs are costs of personnel in the power plant and fixed maintenance costs 

The average yearly salary cost for personnel in power plants is 3000 USD/person, a The present 
number of the plant personnel is 600 This is estimated to be sufficient also after the evtenslon of 
the plant 

Power plant, 
mllllon USD 

120 

120 

123 

246 

Fixed maintenance costs have been evaluated to be yearly 2 % of the investment cost of the 
power plant 

Heat only bo~lers, 
mlllion USD 

41 

30 

34 

27 

6 5 1 2Var1able costs 

Variable costs include the electricity and heat production costs and variable maintenance Also 
the usage of heavy fuel oil during gas supply interruptions IS considered here 

E!ecir~c~ty heat production costs 2133 ca!rulated with Copsun c~mi~lat~on program 

Variable maintenance costs are presented in Table 5-2 Due to the diffe~ent plant concepts also 
the variable costs differ The maintenance cost have been estimated according to the Eltono En- 
ergy's experience 
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Table 5-2 Varzable rnazntenance costs of the power plants 

In this study the gas and oil prices are considered as a variable cost 

Concept 

Existing situation 

CHP plant with gas turbine unit 

Combmed-cycle plant 

Two combined-cycle plants 

6 6 TECHNICAL OPTIMISATION OF ALTERNATIVE PLANT CONSEPTS 

Maintenance costs, USD/MWhf 

0 73 

0 73 

0 91 

0 91 

6 6 1 Baslc data 

6 6 1 lEnergy demand and product~on 

a Heat demand is only demand for hot water 

Due to the uncertainties in heat consumption in the future the studies have been made with yearly 
load demand of 4000 GWh/a No increase In yearly load demand wl l  be taken into account The 
estimated load demand will be used for the whole operation period of the power plant 

The yearly load demand curve IS presented in F~gure 6- 1 
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Heat loads as annual share of the yearly energy 

month 

- - 

Fzgure 6-1 Monthly heat loads as an annual share of energy 

Heat load variation curve is formed according to variations in a similar Finnish town 

The annual heat production is estimated to cover the heat demand The electricity load is as- 
sumed to be infinite The produced electricity amount is based on the heat load All the produced 
electricity is estimated to be sold 

6 6 1 20utdoor temperature 

Performance of outdoor temperatures in St Petersburg is presented in Figure 6 2 The tempera- 
ture varlatlon curve has been made with the daily averages of the similar F imsh  city which daily 
temperature variation is laown 
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0 
Average outdoor temperature 

month 

Fzgure 6-2 Monthly average temperatures in St Petersburg 

6 6 2 Fuel prlces and taxes 

The calculations have been made without VAT 

The calculations have been made with gas price of 7 2'7 $IMWh The stor~ng costs of the reserve 
fuel have expected to be included in the gas price 

Heavy fuel oil is reserve he1 foi the power plant 

6 6 3 Heat and electrlclty 

Slnce actual price information was not available the prices have been estimated by Eltono En- 
ergy 

Heat have expected to be sold with the price of 9 USD/MWh The price covers the costs of heat 
production 

Electricity has expected to sold with the price of 24 5 USDIMWh The price has been chose so 
that the alternatives are viable 

6.6 4 Reserve power 

In the study no costs for reserve power have been identified 
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a6 6 5 Energy supply optimaatlon methods 

The energy supply has been simulated using the Copsim energy optimisation program developed 
by Ekono Energy 

Copsim is an optimisation program for analysing and simulating a utility's energy production 
and purchase over the year on an hourly basis With the program it is possible to determine the 
least cost alternative for an energy utility's heat and power production and purchase mix between 
plants available 

The calculation can be carried out based on the real heat and power load patterns on hourly basis 
If the real load patterns are not ava~lable, typical forecasts for heat and power consumption on 
hourly basis can be formed for example using monthly energy supply and some typical dally load 
pattern as basic data 

Copsim calculates the operating costs based on turbine characteristics, capacities and efficlencles 
of each plant taking he1 prices, energy tariffs and maintenance periods into account 

As a results a large var~ety of reports are generated including for example operating costs, energy 
production of each plant and energy purchase on an hourly basis as well as duration and variation 
curves 

@6 6 6 Energy supply opt~mrsation 

The operation of each power plant is simulated when hourly heat and power load curves are 
given for the whole year The power plants are modelled to the Copsim-s~mulation program 
based on the characteristics of the plant The results of the Copsim-simulation program are the 
variable production costs of heat and power and the optimal operation of the power plants 

The daily variations in power and heat outputs for heat load 4000 GWh are presented in Appen- 
dlx 3 Total heat and power generation for each concept is given in Table 6-1 The more detailed 
specification of the outputs and fuel consumption of the power plants is given in Appendix 4 

Final Report (Draft) 

Volume 2 Chapter 6 Page 14 July 1998 



Northwest Remon Power Investment Plan 

Table 6-1 The heat and electrzczty generatzon zn each alternatzve 

The elect~ic power capacity in the back-pressure and condensing mode of each alternat~ve is pre- 
sented in Figure 6-3 

I Old un~ts back-pressure New un~ts back-pressure 1 

Fzgure 6-3 The electrzczty supply of each alternatzve 

Combined- 
cycle, MWh 

3862 

3151 

71 1 

4586 

3437 

1149 

CHP + GT, 
MWh 

3961 

2846 

1015 

4586 

3963 

623 

Power plant 

Electr~c~ty 

Back-pressure 

Condensing 

Heat 

Combined production 

Heat only boilers 

- 
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2 x combmed- 
cycle, MWh 

5807 

4249 

1559 

4586 

4144 

442 

Existing, MWh 

1951 

1702 

249 

4586 

2348 

2237 
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The yearly electnc energy output of each alternative is presented in Figure 6-4 The figure shows 
that with combined-cycle power plants it is possible to produce the most electricity in back- 
pressure operation 

New unlts back pressure 

Old units condensing 

I Old unlts back pressure 

Fzgure 6-4 The supplzed electrzczty zn each alternatzve 

The heat outputs and yearly energles of each alternative are presented in Figures 6-5 and 6-6 

Heat 

1600 
I 

0 Heat only bollers 

New units 

Old un~ts 

Fzgure 6-5 The heat outputs of alternatzves 
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Heat 

New un~ts 1 

Fzgure 6-6 The heat energze5 of each alternatzve 

6 7 ECONOMIC ANALYSIS 

Each concept is calculated in a base case to find out, which power plant is the most viable 

A base case is formulated on next assumptions A new power plant is scheduled to operate as a 
base load plant to maximise the amount of electricity in cogeneration mode Old capacity is used 
as controlling power 

The feasibility calculations are based on the following assumptions 

technical life time of the power plant is 25 years 

real interest rate is 8% 

The customer price of heat and electricity is based on assumptions of Ekono Energy because no 
actual pnce information was available The price of electricity has been determined so that the 
evtension of the existing system becomes viable The spreadsheet calculations with results are 
given in Appendix 5 

The key figures of the feasibility of the alternatives are shown in Table 7-1 The feasibility have 
been calculated with the heat demand of 4000 GWhla 
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0 Table 7-1 Key figures ofthe alternatzves 

The result show that all the alternatives are vlable Although, the most viable alternatives are the 
combined-cycle power plants This is because in combined-cycle power plants the electricity is 
produced wlth high efficiency as a result of good heat to power ratio 

Concept 

Present situation 

CHP with GT 

Combmed-cycle 

2 x combined-cycle 

The concept of one combmed-cycle power plant is the most profitable though it requires quite 
large investments in heat only boilers and the amount of heat produced in HOBs is relatively 
high The good viability is a consequence of large amount of inexpensive back-pressure electric- 

ity 

@ The feasibility calculat~ons have also been calculated in case that no condensing power w l l  be 
produced The key figures of these calculations are presented in Table 7-2 

KEY FIGURES 

Table 7-2 Key figures of the alternatzves m the back-pressure p~ oductzon 

IRR, 
% 

15 2 

16 8 

18 0 

17 1 

Net present value, 
million USD 

107 

225 

263 

337 

The internal rates of the alternatives are also presented in Figure 7- 1 

Pay-pack 
time, a 

9 3 

8 2 

7 5 

8 0 

Concept 

Present situation 

CHP with GT unit 

Combined-cycle 

2 x combined-cycle 
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Net present value, 
million USD 

88 9 

146 

216 

23 1 

Pay-pack 
time, a 

10 4 

10 5 

8 5 

10 0 

IRR, 
YO 

14 0 

13 9 

16 3 

14 4 
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Only back-pressure 

Fzgure 7-1 Internal rates of return of each alternatzve 

Table 7-2 and Figure 7-1 show that the concepts of present situation and combined-cycle power 
plant are the least sensitive to the condensing production 

6 7 1 Technical data and presentation of the selected Concept a 
The concept of one combined-cycle power plant seems to be the most profitable It has qu~te 
short pay-back time and the internal rate of return is good 

It is technically possible to connect the new combined-cycle plant to the existing units The 
combined-cycle plant is based on a gas turbine with power output of 170 MW The total electric- 
ity output in back-pressure mode is 233 MW and the district heating output 195 MW In the con- 
denslng mode the electr~city output is 250 MW and the district heat production IS fiom 0 to 50 
MW The plant capacity curve and schematic flow diagram are presented in Appendix 1 2 The 
plant data is as follows 

One, rated at 170 MW at 0°C 

aust 522°C 

ry boiler Two pressure (63 4 bar and 6 5 bar) Forced recirculation m boiler section 

110°C at economlser inlet 

60 bar, 497"C, 65 kgls 

One h g h  pressure, one low pressure and one condensing, nonreheat, rated at 8 1 7 MW i 
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0 Natural gas 

The combined-cycle power plant has operational flexibility The gas and steam turbine may be 
started, controlled, and loaded independently from a centralised control room The gas turbine 
may be operated with or without the heat recovery boiler 

6 7 2 Sensitiv~ty analysis 

The changes in profitability of the combined-cycle plant have been studied in cases of different 
interest rates and the changes in prices of gas, heat, electricity and investment costs The results 
are shown in Table 7-3 

Table 7-3 Sensitivity analyszs of the combined-cycle power plant 

Table 7-3 shows that the feasibility of the combined-cycle power plant is not very sensitive to the 
variation of the real interest rate, investment costs or heat price The changes in rates or pnces 
have only an impact of few years on the pay-back time This is a good defence towards uncer- 
tainties of inflation rate and changes in investment costs 

Combined-cycle power plant 

Basic case 

Real ~nterest 5% 

Real interest 10% 

Real interest 12% 

Investment cost +lo% 

Investment cost - 10% 

Electricity price +lo% 

Electricity pnce - 10% 

Heat price +lo% 

Heat price - 1 0% 

Gas price + 1 0% 

Gas price - 10% 
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KEY 

Net present value, 
million USD 

263 

437 

182 

120 

23 5 

290 

3 64 

162 

3 07 

219 

183 

343 

FIGURES 

Pay-pack 
time, a 

7 5 

6 6 

8 3 

9 5 

8 6 

6 5 

6 0 

10 1 

6 8 

8 4 

9 4 

6 3 

IRR, 
YO 

18 0 

18 0 

18 0 

18 0 

16 2 

20 1 

21 5 

14 3 

19 5 

16 4 

15 1 

20 8 
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@ The feasibility of the combined-cycle plant depends a little more on the prices of electricity and 
gas However, the power plant is still viable when the prices change k 10 % The changes of fea- 
sibility are presented in Figure 7-2 as a function of internal rate of return 

Change In electr~cltylgas prlce 

Fzgure 7-2 Changes zn internal rate of return when gas and electrzczty przces ar e varzed 

a 6 8 ENVIRONMENTAL ASPECTS 

All the power plants are natural gas or heavy fuel oil fired Estimates of emission amounts are 
based on an assumptions that only natural gas is fired in the power plants 

The characteristics of natural gas IS expected to be as follows 

ne 98 99 % 
0 1 %  

n 0 01% 
n 0 96% 
dioxide 0 04% 

Calculated heat value of natural gas is 8490 kcalNm3 35'55 M J / N ~ ~  

Annual NO, emissions of Lenenergo's power plant No 5 are presented in Table 6-1 Emission 
factor for combined cycle is estimated based on gas turbine manufacturers' guarantee values for 
NO, emissions Other emission factors are accordance with the Russian standards GOST 27510- 
87 for water boilers and GOST P 5083 1-95 for boiler units Emission factors are as follows 
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ined cycle 60 mgMJhel 

Table 6- 1 Annual NO, emisszons of Lenenergo 's power plants (tons per year) 

Annual C02 emissions are presented in Table 6-2 Emission factor for C02 is 55 g/MJ 

Table 6-2 Annual C02 emissions of Lenenergo 's power plants (1 000 tons per year) 

Total 
1165 
1565 
1820 
2550 

Specific emissions per produced energy unit are lowest in present situation (new unit and HOBs 
under construction) because of high efficiency of new HOBs On the other hand, much more 
electricity is generated in the other alternatives Therefore, if different value of electricity and 
heat is taken into consideration, the situation wl l  change 

Concept 
Present situation 
CHP wth  GT 
Combined-cycle 
2 x combined-cycle 

6 9 PROJECT COSTS 

Old unit 
720 
720 
720 
720 

HOB 
445 
125 
23 0 
90 

Total 
1479 
21 16 
2042 
2668 

The total investment cost of the combined-cycle power plant is estimated to be approximately 
120 million USD The rough estimate for the distribution of the investment costs is presented in 
Figure 9-1 

New umt 
0 

720 
870 
1740 

Concept 
Present situation 
CHP with GT 
Combined-cycle 
2 x combined-cycle 
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991 5 
988 5 
991 5 
991 5 

HOB 
487 5 
136 

250 5 
96 3 

New unit 
0 

991 5 
800 

1600 2 
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1 Resews 1 

Steam turbine 

Aux~l~ar~espl~es 

Fzgure 9-1 The estzmate for the dzstr zbutzon of znvestment costs 

The costs w11 be divided between Russia and Western countries It has been estimated that the 
steam turbine unit and electrification as well as construction work would be Russian Part of the @ piping work, design and supervision is also planned to be Russian The estimated division of the 
costs IS presented in Figure 9-2 

EU and other 
Western 
countr~es 

Fzgure 9-2 Estzmated dzvzszon of costs 
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a6 10 FINANCING 

The most llkely possibilities that may be available in financing the St Petersburg heat and power 
plant project are as follows 

6 10 1 Equlty lnvestments and guarantees 

6.10 1 lEqulty lnvestments 

When an investment is associated with a major capital outlay as for a power station, an equity 
investment is always required Owners are generally required to give up some ownership to the 
new investors Usually lenders require one thrd equity of the total costs Local compames should 
be included in their consortia to reduce the political risk 

An equity investment may be undertaken in a variety of forms, including subscriptions to ordi- 
nary shares or preference shares Quasi-equity investments ranging from subordinated loans, de- 
bentures and Income notes to redeemable preference shares are also offered When a Multilateral 
Investment B d c ,  the EBRD for instance, takes an equity stake it expects an appropriate return 
on its investment It wlll have a clear exit strategy and wlll only take a minorlty position 

In the case of the EBRD as an investor, it may also underwrite a share issue by a public or a pri- 
@ vately owned enterprise 

The EBRD will consider financing the transfer of shares in existing enterprises only in the case 
of privatisation where such a transfer will definitely improve efficiency, for example through 
better management, rehabilitation or expansion under new ownership, or synergy w t h  the ac- 
quirer's operations 

The terms and conditions of the EBRD's investment in a particular project will depend on the 
risks and prospective returns of the project, as well as on the characteristmcs of the entity serving 
as a vehicle for the mnvestment, for example the joint-stock company 

The EBRD does not seek long-term investments or take a controlling interest in or direct re- 
sponsibility for managlng enterprises Where the EBRD can, it will encourage other co-financiers 
to participate in funding a project These potential co-financiers could Include commercial banks 
and international financial institutions, export credit agencies, and further official sources such as 
government development assistance programmes Most of these potential co-financiers may also 
on then own take part in the funding of the investment 

Co-financing benefits both lenders and borrowers For borrowers co-financing can 

facilitate a flow of resources from various financiers 

a catalyse the flow of additional resources from official and private mnstitutions 
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@ help in meeting large resource requirements for projects too b ~ g  to be handled by one funding 
agency 

Co-financing can also help in mobillsing resources which are sometimes provided on equal or 
better terms than those available from the leading bank's own funds Co-financing thus offers 
expanded business opportunities together wrth greater security and lower costs Usually the 
leading bank orgamses co-financing arrangements 

Guarantees are a very effective instrument especially for debt and project financing Guarantees 
from Multilateral Development Banks and the Export Credlt Agencies are available against 
losses from currency transfer or inconvertability, expropriation, breach of contract and war and 
civil disturbance 

Through the EBRD, for instance, various types of guarantees are available, ranging from all-risk 
guarantees to partial risk-specific contingent guarantees, but in all cases the maximum exposure 
must be known and measurable and the credit rlsk must be acceptable 

6 10 2 Project financmg by sources and terms 

Project financing is the model generally applied by Multilateral Development Banks for projects 
in CEE and NIS The lender finances the project proper Crucial for an investment decision IS 

that the project can in its business plan show an anticipated cash flow sufficient to repay the loan, 
pay interest and also give a sufficient accumulation of earnings at the borrower Assets, contracts 
and cash flow of the project are used as a collateral in the event of a default In project financing 
for larger projects the banker plays an importanl role in forming the financial plan of the project, 
in organising and implement~ng the syndicate funding 

Credits by Multilateral Development Banks such as the EBRD and the World Bank have been 
traditionally excluded from sovereign debt reschedulings and have therefore enjoyed preferred 
creditor status Banks that participate in loans to private sector borrowers made by the develop- 
ment banks, where the Multilateral Development Banks remain the lender of record, may share 
in the benefit of tlvs preferred credltor status 

EUROPEAN BANK FOR RECONSTRUCTION AND DEVELOPMENT (EBRD) 

EBRD activit~es m the energy sector involve upgrading the power sector, wrth the introduction of 
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more efficient technology, the reduction of transmission and d~stribution losses, and the comple- 
tion of conventional power plants 

In financ~ng power plant projects, the trend in EBRD financ~ng has been to shift from public 
sector projects towards privately owned and run projects, the IPP's (Independent Power Produc- 
ers) In these cases, the financing is structured on project-finance basis, i e non-recourse, w t h  
completion guarantees, off-take agreements, etc 

Government ownersh~p does not, as such, exclude a power project from the bank's lend~ng pro- 
gramme, but more and more, EBRD projects are designed to transfer power util~ties from public 
to private ownership In publlc sector power projects there eithei needs to be a sovereign guaran- 
tee, or in case of project risk being assumed, the project should be ring-fenced to look financially 
like a private sector project, i e it should have its own cash-flows separate from government ex- 
penses and revenues 

As regards the mlnimum size of an EBRD-financed power project, loans in practice tend to be 
more than MUSD 20 or more and equity investments at least MUSD 10 Through global loans, 
where a local bank acts as a financial intermediary, even very small power projects can be fi- 
nanced Loan financing may in these cases be supplemented w ~ t h  risk capital from venture funds 
where EBRD has invested 

@ The EBRD provides loans whch are tailored to meet the particular requirements of the project 
The cred~t r ~ s k  may be taken entirely by the EBRD or partly syndicated to the market A loan 
may be secured by a borrower's assets and/or it may be converted into shares or be equity-liked 
The Bank lends in any hard currency, and it has started to fund or facilitate loans m certain local 
currencies When lendlng to private commercial enterprises the EBRD does not normally lequlre 
guarantees from the host government and loans are typically without recourse to foreign spon- 
sors, once a project is up and running The basis fol providing a loan is the cash flows of the in- 
vestment and the ability of the investment to repay that loan over the agreed per~od 

The terms of the EBRD loans are as presented in table 9 1 

Table 9 1 Terms of the EBRD loans 
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Rates 

Terms 
Fees 

Expenses 

Recourse 
Insurance 

margin over market benchmark (normally Libor) 
variable rate or fixed rate 
loan maturities from 5 to 10 years 
front-end fee at signing 
annual commitment fees 
reimbursements of out-of-pocket expenses fi-om sponsors 
to the EBRD 
not required to a sponsor 
Funded companies or entities shall have 
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0 WORLD BANK 

Security 

Covenants 

The World Bank, founded more than 40 years ago, has a role of a lender-donor institution It has 
provided more than 200 billion USD in financial and technical assistance to developing countries 
to stimulate economic growth and stability Russia became a member of the Bank in 1992 The 
Bank consists of four closely associated institutions the International Bank for Reconstruct~on 
and Development (IBRD), the International Development Association (IDA), the International 
Finance Corporation (IFC), and the Multilateral Investment Guarantee Agency (MIGA) In this 
context we concentrate only on the IBRD because of the nature of the project and the country 
The IBRD lends funds, most of which it raises through the sale of AAA-rated bonds in interna- 
tional capital markets, creditworthy developing countries These countries shall be able to pay 
near-market interest rates Loans are made only to governments, government agencies, or insti- 
tutions that can obtain a guarantee from their government Goods, works and services financed 
by these loans are procured In accordance w th  procedures stipulated by the Bank The IBRD 
also provides partial risk or partial credit guarantees (with a counter-guarantee from their gov- 
ernment) to private lenders on development projects 

insurance against normally insurable risks (e g theft of 
assets) 
no insurance against political r ~ s k  
no insurance against non-convertibility of the local cur- 
rency 
Security of loan withproject assets of companies or enti- 
ties 
mortgage on fixed assets (e g land) 
mortgage on movable assets (e g equipment) 
assignment of company's hard currency and domestic 
currency earnings 
pledge of sponsor's shares in company 
assignment of company's insurance policy and other 
contractual benefits 
Finance covenants 
limiting indebtedness 
certain financial ratlos 
other issues 

In table 9 2 the main terms of the World Bank loans are presented 

Table 9 2 Terms of the IBRD loans 
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The World Bank finances, on average, about 40% of the total cost of a project, which in turn 
stimulates further funding by the borrowng countries and by other agencies and commercial 
banks that co-finance w t h  the World Bank If the World Bank agrees to fund the project, perhaps 
RAO and the Energos may request a long term, soft loan (1 e low interest) for approximately 1/2 
(one-half) of the project costs 

Rates 

Repayment 
Grace 
per~od 
Borrowers 

NORDIC INVESTMENT BANK (NIB) 

Libor-based single currency loan 
rate reset semi-annually (currency pool loan) 
Libor-based 01 fixed-rate (single currency loan) 
six-month Libor 
12- 1 5 years 
3-5 years 

governments and 
agencies that can obta~n a guarantee from the government 

NIB is a multilateral financing institut~on founded in 1976 and owned by the five Nordic coun- 
tries (Fmland, Sweden, Norway, Denmark and Iceland) The Bank's authorised capital has been 
subscribed to in proportion to the member countries' GNP 
In order to have the possibility to finance a Russian investment the Petrozavodsk heat and power 
plant extension shall have positive environmental impacts In addition to this it has to be ensured 
that the borrower can pay back the loan, i e covenants are required from the borrowers In the 
case that e~ther RAO or one of the energos is the borrower one requirement is that the Russian 
Ministry of Finance gives a security In the case of the Nordic Investment Bank as a lender it is 
required a Nordic interest, i e 

the project has positive effects on employment and business in the Nordic countries 

the project is carried out in one Nordic country by the combined efforts of that country and a 
non-Nordic country 

foreign investments in the Nordic countries can involve greeenfield investments, as well as 
expanding production in an existing subsidiary 

NIB'S participat~on should be m reasonable proportion to the size of the project and the antrci- 
pated benefit for the Nordic countries 

However, high priority is given to lending for cross-border investments that promote Nordic eco- 
nomic integration, stronger growth and high employment on a long-term basis 

In table 9 3 are presented the principle terms of the Nordic Investment Bank loans In addition to 
loans, NIB offers also guarantees - 
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@ Table 9 3 Terms ofthe NIB loans 

NIB'S lending consists to 20% of international loans (borrowers outside the Nordic countries) 
The international loans increases more than the Nordic loans 

Rates 

Repayment 
Grace 
per~od 
Terms 

TACIS PROGRAMME 

fixed 
floating 
5-20 years 
up to 7 years 

all costs related to a project can be financed 
maximum 50% of the total project costs 

Ownership 

The Tacis programme is a technical assistance programme, which provides grant finance for 
know-how to support the process of transformation to market economies and democratic socie- 

a ties 

The know-how is delivered by providing policy advice, consultant teams, studies and training, by 
developing and reforming legal and regulatory frameworks, institutions and orgamsations, and 
by setting up partnerships, networlts, t w m n g s  and pilot projects 

Tacis partner countries comprise Russia and the New Independent States (Armenia, Azerbaidzan, 
Belarus, Georgia, Kazakhstan, Kyrgystan, Moldova, Turkmenistan, Tajikistan, Ukrane, Uzbeki- 
stan) and Mongolia 

The Tacis programme is funded from the EU budget and operates under its rule The budget IS 

fixed annually by the European Parliament and the Council of the European Union The yearly 
budget provided for Tacis is then divided up between each country based on criteria such as 
population, gross domestic product, commitment to the reform process etc 

A new Tacis regulation was approved by the Council in June 1996 The new regulation permits a 
limited amount of the allocation to be used for small-scale infrastructure projects in the context 
of cross-border cooperation In addition, the regulation states that the Tacis programme w l l  sup- 
port the establishment of joint ventures through the fund~ng of equity investment in small and 
medium-sized enterprises 

Programm~ng process 
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lndlcatlve Programmes are prepared by the European Comm~ssion In coordination ulth the 
partner countries and cover a four-year period (presently 1996- 1999) Indicative programmes 
take each individual country's reform priorities and economic circumstances into account and 
establish the basic objectives and strategy for the Tacis programme m that country Indicative 
programmes may also include fiianclal estimates 

Natlonal Actlon Programmes are prepared every second year (except In Russia and Ulcrame 
every year) and they comprise individual projects and activities, which support the sector 
objectives established in the Indicative programmes Action programmes also allocate the 
funding available for each sector 

Flnanclal proposals are based on the Action Programmes where projects are described and 
budgeted They outline the contracts available for tender and are submitted for the opinion of the 
Tacls Committee Once the Tacis Committee has dellveied a favourable oplnlon and 
subsequently the Commission has formally approved the financing proposals, the corresponding 
budget commitments are made 

The different TACIS programs that can assist the energy sector reform in Russia are 
Tacls Actlon Programme for Russia 1998 

@ Tacis Inter-State Programme 

Tacis Cross-Border Cooperation 

Nuclear Safety Programme 

The Joint Venture Programmes 

Project Cycle 

Ordinarily, a proposal to Include a project m one of the Tacis financed plograrnrnes, may only be 
made by a national or local organisation from a Tacis partner country and should correspond to 
objectives identified by the Indicative Programmes for that country 

The project is then submitted to the Coordinating Umt in that country The Coordlnatlng Unit 
will assess the proposal and may, after a pre-selection, submit it to the European Commission for 
further consideration either vla the Comm~ssion's Delegation in that country or dlrectly to the 
DG 1 in Brussels 

If the project is then selected In an Action programme, the corresponding contracts are put out to 
tender ln the normal way It should be noted that Action programmes do not always automati- 
cally retan selected projects as originally proposed 

- 
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THE NORDIC PROJECT EXPORT FUND (NOPEF) 

The Nordic Project Export Fund was established in 1982 and operates under the Nordlc Councll 
of Ministers Its shareholders are the Nordic countries (Denmark, Finland, Iceland, Norway and 
Sweden) 

Nopefs annual budget is approximately ECU 3 5 million 

The Board of Directors constitutes of two representatives from each Nordlc country 

Operational Structure 

The main pnority of NOPEF is to foster and develop Nordic cooperation The concept of Nordic 
interest is also a priority for all activities of NOPEF NOPEF's target is to strenghten the Nordic 
com-ies international competitive advantage by offerlng attractive financing for feasibility 
studles and buslness p l m n g  activities Tlvs fosters the ~nternationalisation of Nordlc companies 
and their participation in International projects 

NOPEF cooperates with the NIB, NEFCO and the Nordic Development Fund (NDF) to @ strengthen the Nordic profile 

Target Sectors/Restrlct~ons 

NOPEFs target region is the neighboring region and NOPEF has also during the last few year 
focused on small and medium sized Nordic companies, which today stand for 75% of the total 
amount of companies seeking financing from NOPEF 

During the last years 80% of NOPEFYs activities have been in Central and Eastern Europe, and 
especially in the Baltic States North-West Russla has taken the place of Asia as an increasingly 
important region outside the neighboring region 

Most of the projects financed during 1996 have represented the forestry, energy, production and 
the construction industries New important areas of operat~on are the information technology, 
data service and wholesale sectors The environmental sector IS also an interesting sector and in 
this sector NOPEF usually works In close cooperation with the NIB and NEFCO 

Loans 

NOPEF gives interest-fiee loans to finance pre-feasibility and feasibility studles in the Baltic 

0 states and in the North-West Russia 
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The loan can cover 50% of the feasibility study costs 

Project Cycle 

The initial contact to NOPEF can be taken by telephone or fax After discussing the project with 
one of the NOPEF project consultants, application papers can be received 

The project consultants evaluates the project and forwards the application, if it fulfills the re- 
quirements made by NOPEF, to the Board of Directors 

THE NORDIC ENVIRONMNET FINANCE CORPORATION (NEFCO) 

The Nordic Environment F~nance Corporation (NEFCO) is a risk capital institution financing 
environmental projects (including investments in single energy p~oduction plants) in Central and 
Eastern Europe NEFCO was established in 1990 by the five Nordic countries (Denmark, Fin- 
land, Iceland, Norway and Sweden) 

NEFCOs capital (doubled in 1996) is ECU 80 million, \nth the intention to invest the capital in 
some 50 projects up to year 2001 Denmark shall subscnbe ECU 18 3 milhon, Finland ECU 14 9 
million, Iceland ECU 880 000, Norway ECU 15 6 million and Sweden ECU 30 4 m~llion 

All powers of the Corporation are with the Board, which may to the extent it sees acceptable, 
delegate power to the Managing D~rector and/or to the Nordic Investment Bank F~nancial deci- 
sions are made by the Board The Board approval foi a project is usually obtained in two steps 
(1) the project is given an indication of interest, which means that ~t falls within the field of 
NEFCO's operations (2) the project undergoes full appraisal to confirm its v~ability in NEFCO's 
oplnion 

NEFCO is situated in Helsidu, together with the Nordic Investment Bank 

Operational Structure 

Projects eligible for financing fi-om NEFCO must fill the follow~ng criteria 

1) The project should be carrled out zn one of NEFCO's countrzes of operation zn Centr a1 and 
Eastern Europe Prrorzty 1s gzven to the Baltlc Sea r eglon and the Barents r eglon 

a 2) The project should have relevant envzronrnental effects Prlorzty IS gzven to pr ojects that have 
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@ substantzal envzronmental eflects on the Nordzc regzon, z e projects that lead to reductzon of 
pollutzon m the Baltzc Sea and the Barent~ Sea or reductzon of transboundary azrborne pollutzon 

3) The project w based on long-term cooper atzon through znvestments zn enterprzses, przmarzly 
thr ough the for matzon ofjolnt venture companzes or corporate acquzsztzons 

4) The project has a Nordzc company or znstztutzon as buszness partner 

5) The project zs economzcally, financzally, znstztutzonally and technzcally vzable 

A Nordic partner should take part m the project on a long-term bass Generally t h ~ s  ~ m p l ~ e s  par- 
ticipation in an enterprise, also acquisit~ons and jo~nt ventures are typ~cal, but long-term coop- 
eration may also be based, for example, on a twinn~ng arrangement The Nordic partner is also 
requ~red to have sufficient experience of the busmess The env~ronrnental, technical, mstitutlonal, 
economical and financial feasib~lity of the project should be demonstrated, normally through a 
feasibil~ty study 

NEFCO aims at partic~pating as an active investor In pract~ce this usually means that NEFCO 
requests the right to nominate a representatwe in the Board of project companies, at least in the 
early phase of a project 

Subscribing of equity and shares 
- 
Facilitating mob~lisation of necessary equity base for a project NEFCO can then participate as a 
partner m the project NEFCO will not accept a majority ownersh~p or a dominating position for 
itself 

Medium and Ion?-term loans and guarantees 

Provided on market terms In some cases subordinated loans and loans mth equity features may 
be provided Often the loans are extended m addition to NEFCO's equity participat~on in the 
projects 

NEFCO's participation in projects for equity investments is generally m the range of 25-35% of 
the total financing Loans on market terms, loans w th  equ~ty features, subordinated loans or 
mezzamne financ~ng normally is m the range of25-56% of total loan financ~ng 

In large projects the proport~on would be smaller According to present policy the maximum 
comrn~tment for one project is approximately ECU 4 mill~on A commitment under ECU 
125,000 will be considered by NEFCO only under special conditions, for example in the case of 
environmentally significant demonstration projects 

NEFCO regularly co-finances projects w~ th  other financial institutions and with the Nordic 
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countr~es bilateral environmental assistance programs foi the neighbouring region 

The project may also be announced under a turnkey arrangement w ~ t h  the successful contractor 
respons~ble for obtalnlng the financing from export credit agencies The procurement under this 
scenano w l l  be done on an internat~onal competitive basis The matur~ty of the loans from ex- 
port cred~t agencies is likely to be for about 7-8 years, and wl l  require guarantees from RAO and 
the Russian government Approximately 70% of the estimated costs to complete the project can 
be financed in t h s  manner, w ~ t h  the rest of the funds coming from commercial banks 

6 10 2 3Commerc1al Banks 

Based upon the balance sheets of RAO and the energos and with the appropr~ate guarantees from 
the Government, some of the Western commercial banks may be interested in financing the proj- 
ect The interest rates for such loans, however, are likely to be higher 

6 10 3 Grant funds 

10 3 lEBRD and other development banks 

In addit~on to the EBRD's and other development banks' capital paid In by the shareholder 
countr~es, many member countries have lodged spec~al funds with the Banks to assist in prepar- 
ing projects Such grant funds are available to employ consultants to carry out feasibil~ty studies 
for projects and to cover other preparation costs Thus, the grant funds do not cover the financing 
in the investments 

Financ~ers have the requirement that risks connected w th  thew participation in a project are kept 
at a low level A structured and comprehensive approach to risk management is thus essential 

Rsks are usually divided in two types 

11 nrn~prt riclrc and 
U, y L V J V V C  l l U l L U  ULlU 

b) global rlsks 

Project risks include development risk (planning, bidding), construction rlsk (design, comple- 
tion, etc ), operational risk (defects, management, economics of operation), financ~al risk (foreign 
exchange, interest, cash flow) and revenue risk (demand, rates) 
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0 Global risks include political risks (expropriation, force majeure, fiscal changes, etc ), legal risks 
(changes in law and regulation during concession period), commercial risks (escalation of costs 
of raw materials, convertibility, devaluation) and environmental risks 

All risks must be carefully scrutinised and evaluated The most important thing is that each risk 
should be clearly identified and appropriately allocated and that responsibilities are clearly de- 
fined in the contract 

6 10 5 Summary of financ~ng 

In figure 9 1 there is presented the basic structure of the international project financing 

The privately financed projects are characterised with an emphasis on the follow-up of revenue 
flows arising from the project to service the loans and to provide the return on the equity which 
has been invested The funders to make this follow-up can be insurers, lenders, investors or do- 
nors 

The insurers decide on the insurance policy In practice tlvs usually means that the lenders have 
certain reqmrements for the insurances which the insurers apply In most cases the insurance re- 
quirements are set only aganst normally insurable risks such as outbreak of fire 

The lenders cover a large group including among others international development banks, com- a mercial banks and export credit agencies All the lenders have their general regulations on lend- 
ing and specific regulations which differ from one area to other The common terms include the 
rates of interest which are normally set at a margin over a market benchmark The loan maturities 
for example for the EBRD loans generally range from 5 to 10 years The maturities of the export 
credit agencies follow the same tendency 

The investors are dealing with equity investments and guarantees The biggest investors In this 
area are the Multinational Development Banks The Banks' equity investments are provided for 
assisting the initial stage of the project and the Banks will only take a minority position 

The banks are generally handling the guarantees if the bank's customer fails to meet certain 
commitments, such as loan repayment In this way the banks may help borrowers gain access to 
financing a project 

The donor institutions are usually at the same time the lenders The grants are generally provided 
for feasibility studies not for Investments Thus, this alternative is not viable for thls project fi- 
nancing 
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Fzgu~ e 10-1 Summary ofprojectflnanczng 

Insurers 

Whether the World Bank, for instance, would fund the becoming investment in the case that 
@ RAO and the energos would be the borrowers of a long-term soft loan the basis could be as fol- 

lows 

Insurance policy 

The Russian electric sector requlres capital that is not available from within Russia 

Energos and RAO are willing to invest a substantial amount of their own funds for the project 

Lenders 

The project will be environmentally sound and will save natural gas, oil, coal and nuclear fuel 
which are finite natural resources 

Debts 

The region should have a reliable long term power investment plan the objective of which would 
be to lead the region to self-sufficiency in generation capacity 

6 1 PROJECT DEVELOPMENT AND IMPLEMENTATION 

Equity 

6.11 1 Alternative Project Development Options 

Investors 

Text under the paragraph 10 1 Alternat~ve Project Development Options is based on the findings 
presented in the Financial Appraisal Report - Hydro Team March 1998 of the TACIS Project 
Development of Local Energy Resources of Karelia, Project No ERUS 9504 

There are basically two different ways to carry out the proposed project These are 

Grants 
Donors 

investment - 

- 
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(1) Development by an Independent Power Producer (IPP) 

The IPP bmlds and operates the station selling power to a power procurer on the basis of a Power 
Purchase Agreement (PPA) 

(2) Development by Lenenergo 

In this case Lenenergo would build and operate the plant 

6 11 1 1Development by Independent Power Producer (IPP) 

Structure 

An IPP normally comprises a consortium wh~ch often typically involves an international elec- 
tricity company, engmeermg, procuring and contracting suppliers (I e engineering, procuring 
and contracting Contractor) and financiers Typlcal structural models are 

Model 1 

PPA = Power Purchase Agreement, EPC = Engineer, Procure and Construct 

@ 
WB = World Bank, EBRD = European Bank for Reconstruction and Development 
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IFC = International Finance Corporation 

Model 2 

Under Model 1 the plant operation and msllntenance contractors are not partners in the IPP while 
in Model 2 they are In Model 1 the followrng subsidiary contracts are required in addition to 
the m a n  PPA 

Power Procurer 

PPA Guarantee 

1 Construct Contract 

IPP 
Partners 

Utility 
EPC Contractor 
O&M Contractor 

DebtIEquity 

2 Operation and Maintenance Contract 

Banks 

3 Fuel Supply Contract 

Fuel Supply 

Fuel Supplier(s) 
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Major international lending agencies may favor Model 1 as its structure IS more geared to ac- 
commodating competitive tendering and procurement 

If the financial position of Lenenergo is weak any IPP will most liltely require RAO to guarantee 
all payments due by Lenenergo to the IPP 

Formation of an IPP 

The impetus would have to come from either Lenenergo or RAO or both as the power procurer 
The power procurer would develop a draft or outline PPA This would determine the size and 
fuel type of any future IPP Invitations to bid would then be issued in newspapers, techn~cal and 
trade journals both within Russia and throughout Europe A wide circulation of the invitation to 
bid is probably necessary if it is to attract international lending agencies An alternative approach 
would be ilvt~ally to target potential Investors and invite them to an investment worltshop at 
whch the power procurer's requirements would be revealed 

Power Purchase Agreements (PPA) 

In the event of an IPP development a PPA would have to be dlawn up between the IPP and either 
Lenelenergo or RAO This power purchase agreement would be the legal bas~s governing the 
long term sale of firm electric capacity and associated energy 

Funding for IPP Development 

This would obviously depend on the successful consortium Three possible opt~ons are conceiv- 
able namely 

Totally foreign based consortium 

Totally Russian consort~urn 

Joint venture 

Totally foreign based consortium 

Two pertinent facts immediately present themselves 

The combined cycle gas turbine development is likely to be financially attractive 

The political and economic environment In St Petersburg area is positlve towards forelgn in- 
vestment 

These factors indicate that a totally foreign owned consortium may be a feaslble way to develop 
an IPP It would have the advantage of enabling the consortium to raise the necessary debt and 
equity finance on western capital markets However a significant disadvantage could arise from 
the lack of local contact and lcnowledge arising from the non involvement of a Russian(s) part- 

a ner 
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Totally Russ~an consortium 

There could be significant disadvantages with this approach because of 

Difficulty of raising required level of equity capital given the small scale of stock markets in 
Russia 

Relative scarcity of long term debt in Russia 

Lack of experience of operating in a competitive generating environment using PPAs 

Possible financing difficulties may be a real barrier to procuring the most advanced technology 

For these reasons a solely Russian consortium is unlikely to be the preferred option 

Jolnt Venture 

This could involve foreign and Russian involvement both as equity holders and debt financiers 
Equity involvement could be either through direct investment or through, for example, the fuel 
supplier or the operations and maintenance contractor taklng payment partially in the form of 

@ eqmty In the case of debt the financing could be provided by foreign banks and Russian banks 
with in all probability the bulk of the debt financing coming from foreign banks 

The advantages of this approach is that it allows access to the most advanced technology and 
western capital and at the same time have Russian involvement in the ownership, management 
and financing of the IPP In this way permanent knowledge transfer is guaranteed with long term 
economic benefits From a short term perspective local participation may be advantageous fiom 
an admimstrative and legal point of view 

6 11 1 2Development by Lenenergo 

The second development option is for Lenenergo to undertake the development For this to be a 
realistic option two conditions must be present 

1 Lenenergo, as the borrower, must be commercially attractive to lending ~nstitutions 

2 The projects must be economically viable in their own right (which appears to be the case for 
combined cycle gas turbine) 
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Requirements of Banks to Finance Lenenergo 

Before banks will lend they w11 need reassurance that the borrower can meet the loan interest 
and capital repayments While banks may require the loan to be guaranteed (e g by RAO ) they 
view such guarantees as a protection of last resort and will not lend unless they are reasonably 
certain that the borrower has the financial capacity to contractually meet debt servlce payments 
From a financial viewpoint before concluding a loan agreement banks w11 require the following 

- Proof of current financial soundness 

- Evidence of future continuing financial soundness 

Financial statements prepared in accordance with internationally accepted accounting standards 
and properly audited accounts are used to establish the current financial posit~on Financial pro- 
jections prepared using computerised financial models and based on realistic assumptions would 
be used as indicators of the future financial position 

6 11 2 Project Implementation Plan 

The principle implementation plan of the project is presented in Figure 11-1 The more detailed 
schedule is presented in Appendix 6 
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Fzgure 11-1 The prznczple schedule 

Task name 

Feasibil~ty study 

General p l m n g  

Plant design 

Architectural design 

Procuring of GT 

Procuring of HRB 

Procur~ng of ST 

Pipes 

Auxiliaries 

Automation 

Electrification 

Construction 

Connections 

Test runs 

The total time of construction is 4 5 years including feasib~lity study and pre-design The feasl- 
bility study contains the final selection of the plant concept and prelim~nary design of the plant 
General design and plant design consists of final power plant layout and preparing and sending 
the tender documents as well as authorisations 

The procurement of gas and steam turb~nes as well as heat recovery bo~ler contams the order, 
manufacturing time, assembly, implementation and test runs of the parts 

Year 
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Pipes, auxiliaries and electrification contans the deliveries, assemblies and implementation of 
different equipment These parts and work would be mainly Russian Automation system and 
equipment would be for the most part Western 

Construction consists of earth moving and pile work, foundations, construction and regional 
works The connection to electricity, district heat, water and natural gas networks is expected to 
be a minor work 

The anticipated division of working time between Russia and Western countries has been pre- 
sented in Figure 1 1-2 

EU and other 
Western 
countr~es 

Fzgure 11 -2 The antzcpated dzvwzon of wor kzng tzme 

6 12 SUMMARY 

In this prefeasibility study four different power plant concepts have been compared present 
situation with a 60 MW gas tuibine unit, cogeneration plant with 60 MW gas tubine unit, com- 
bined-cycle power plant and two combined-cycle power plants All the alternatives are natural 
gas fired There IS also a need for new heat only boiler investments in all the alternatives to cover 
the shortage of dlstrict heat Heat only boilers w l l  be used during district heat peak demand peri- 
ods and during maintenance 

The viability of each concept is quite good and near each other When the amount of electricity 
production is an important point concepts based on heat and power co-production are the most 
interesting choices Furthermore to maximise the electricity production, combined-cycle power 
plant based concepts should be considered because of their lugh heat to power ratio 
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@ The concept of one combined-cycle power plant was the best alternative according to pay-back 
time and internal rate of return The feasibility of the combined-cycle power plant is based on a 
large amount of back-pressure production The power plant is also very flexible with heat and 
power production so it suits easily to the variation of heat and electricity load demands 

The feasibility of the concept of two combined-cycle power plant units is not so good as a con- 
cept based on one combined-cycle plant This is due to the increased amount of electricity pro- 
duction in condensing mode In the most viable concept 3 150 GWh of electricity was produced 
m cogeneration mode and 710 GWh in condensing mode Respectively the figures for a concept 
w t h  two combined-cycle plants are 4250 GWh and 1560 GWh Thus the potential for extra co- 
generation is obvious So it might be worth considering to study the unit of even larger com- 
bined-cycle plant than the one in this study The investment costs per unit will decrease when the 
u t  size increases, so the larger combined-cycle power plant might be even more profitable than 
the studied one 

Sensitivity analysis of the combined-cycle power plant showed that the viability is not very 
sensitive to the variations of internal rates, investment costs or changes in pnces The viability of 
the power plant is a bit more sensitive to the variations of gas and electric~ty prices For a more 
exhaustive feasibility study a more accurate information about gas, heat and electricity prices as 
well as heat demand in future is needed 

According to the results of this study the combined-cycle power plant is very profitable and 
worth investing We recommend that the planning will be continued with the concept of a com- 
bined-cycle plant 
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1 NEW CHP PLANT WITH GAS TURBINE 

1 1 Description of plant operation 

The alternative is a steam turbine process with gas turbine Atmos- 
phenc air via air inlet comes into gas turbine's compressor, pressur- 
ises and comes into combustion chamber Combustion product gases 
are led into gas turbine, expand and rotate turbine with compressor 
and electrical generator After gas turbine combustion products go 
into the boiler In boiler the oxygen of the combustion gases is used in 
boiler's burning process It's posslble to mix some excess air in the 
exhaust The hgh  pressure steam generated in the boiler expands in 
the steam turbine and rotates the generator to produce electncity 

After the steam turbine there IS a condenser The distnct heating net- 
work water is heated in two steam extractions 

There are two optional flow diagrams, whch differ slightly as fol- 
lows The flow diagrams of these two cases are presented in Appendix 
1 

In heat flow chart in Figure 2 1 there is a cogeneration cycle power 
plant with gas turbine exhausting in the boiler furnace wthout dis- 
placement of regenerative extraction of the steam turbine and with 
retention of a regenerative air heater The heat flow chart does not 
provide for reheat of auxiliary a r ,  thus ensung decrease in gas tem- 
perature at the boiler inlet For the recovery of heat of flue gases, air- 
to-water heat exchanger is used for the reheat of make-up water of the 
heat supply network by heat of excess air At the next stage, the com- 
plication of the heat flow chart is possible, by means of using air-to- 
water heat exchanger for re-heating make-up water or condense, as a 
result, economical efficiency in the condensation mode will increase 

In Figure 2 2 there is a classical heat flow chart of a cogeneration cy- 
cle power plant with gas turbine exhausting in the boiler furnace, in 
accordance with such flow chart, provision is made for the replace- 
ment of regenerative alr heater by gas-to-water heaters of high and 
low pressures, installed in the flue gas path of the boiler after the 
economiser and coupled to the water malns in parallel with the sys- 
tems of regenerator of high and low pressures of the steam turblnes 
The implementation of such flow chart involved the necessity of re- 
stnction of steam flow for the turbine defined by limited throughput 
of the seventh stage of the intermediate pressure cylinder (about 585 

Flnal Report (Draft) 

Volume 2 Chapter 6 A2 - 1 July 1998 



Northwest Region Power Investment Plan 

t/h) In the independent mode, air reheat is ensured by condense (the 
first stage) and cold-reheat steam (the second stage) 

For both versions, the layout of the basic and auxiliary equipment in 
the m a n  building of the cogeneration plant remans without any 
changes 

1 2 Ma~n des~gn parameters of the power plant 
(outdoor temperature O°C) 

The basic design point is maximum heat load Outdoor temperature is 
0°C and corresponding power is about 240 MW, 1 326 MWth 

The charactenstic performance parameters for the gas turbine unit are 

Electncity output, net 60 MW 
Efficiency 343  % 
Exhaust temperature 557 "C 
Exhaust flow 184 kgls 

Charactenstic parameters of the steam cycle are 

Electncity output, net 180 MW 
Pressure 128 bar 
Temperature 540 "C 
Steam flow 182 kgls 

Performance charactenstics of the power plant performance are as 
follows The outdoor temperature is O°C, Is tnct  heating supply water 
temperature 90°C and return water temperature 50°C 

Electncity output, net 
back-pressure 240 MW 
condensing 270 MW 

Distnct heat output 326 MW 
Pressure 128 bar 
Temperature 540 OC 
Steam flow 1 82 kg/s 
Total efficiency 74 8 
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1 3 Descr~pt~on of mechanical equ~pment 

Boiler Ep-670-13,7 is a circulation drum boiler Boiler consists of 
furnace and convection parts including steam re-heater, extraction 
steam re-heater and economiser Boiler is gas/oil-fired 

Partial upgrading of the boiler m t  m11 be required to the following 
extent 

- partial upgrading of burmng devises 
- coupling of the exhaust gas duct to the boiler 
- the same - in accordance with the system of exhaust of excess 

gases to the area of an economiser 
- installation of air-to-water heat exchanger and coupling to the air 

and water mains 
- partial upgrading of gas-air ducts of the boiler unit 

Boiler unit includes steam drum, convection surfaces, air-blow and 
exhaust gas equipment, burners, framework, stairs, stages, piping, fit- 
ting, control and safety automation, casing, insulation ect 

1 3 2 Steam turbine unit 

Steam turbine is a back pressure turbine with intermediate steam 
reheat and condensing unit Network water is heated with extraction 
steam in two steps 

The steam turbine plant consists of 

- steam turbine and auxiliary equipment 
- back pressure steam turbine 
- distnct heat exchangers 
- principal control device and protective system 
- developed regeneration system 

- generator 
- sound insulating hoods for the steam turbine and generator 

It has been planned that "ASU TP" automation control system will be 
used It provides technology for process control, data collection, sav- 
ing and indication, protection as well as technical diagnoses, technical 
and economical indicators calculation, saving and processing 
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System includes computers with software, sensors, cables and other 
equipment 

1 3 4 Electrical equ~pment 

Electncal equipment Includes all electncal equipment of power plant, 
including transformers, internal power plant swltchyards for 0,4 and 6 
kV, accumulators, switchyard, buses, power cables, electncal dnvers 
ect 
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@ 1 3 5 Other equipment 

Fuel handling facilit~es 

A compressor station for gas pressure raising from 12 bar to 25 bar is 
planned Also installing gas pipelines from main gas pipeline to com- 
pressor station and from compressor station to gas turbine unlt in- 
cluding fittings, control and safety automation The volume of com- 
pressor station bmlding is about 4000 m3 

An existing oil supply system is used The oil system requires small 
reconstruction Volume of the oil tank is 50 000 m3 It is enough for 
10 days use of the power plant 

Reserve for diesel oil is not planned In case of the cut of gas supply 
power plant will operate in steamlpower mode 

Water treatment equipment 

Pnmary water is supplied by city water line For leakage compensa- 
tion (about 5% of steam production) water will be treated in a demin- 
eralisation plant 

Distnct heating water is not treated Cooling towers will be used in 
closed-loop condensing water cooling 

Annual make-up water demand is about 25 lo6 m3/a 

Piping 

CHP plant includes all pipeline system with shut-off control and 
safety fittings The volume of piping is sufficient for reliable opera- 
tion of powerplant 

Auxiliary equipment 

Auxiliary equipment are as follows feed water pumps, distmct heating 
pumps, condensate and other pumps, lifts, cranes, tanks, heat ex- 
changers, backup bo~ler, pneumatic appliances, spear engine and 
maintenance workshop equipment and tools 

Infrastructure 

0 
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Existing distnct heating pipelines, electnc networks and water supply 
network will be utilised 

1 4 Construction works 

Outside the power plant site the existing distnct heating pipes and 
water supply pipes will be used The main building of the power plant 
consists of machine room, de-aeration stack, boiler room, open type 
regenerative air heater as well as air blow and exhaust gas units The 
framework of the main building is made of steal 

2 COMBINED CYCLE POWER PLANT 

The combined cycle power plant is a condensing power plant with 
extractions The net output is 233 MW, / 195 MWth Ths  natural gas 
fired combined cycle is based on LMZ's GTE-60 gas turbine process 

Exhaust gases from the gas turbine are led to heat recovery boiler In 
heat recovery boiler the heat of the hot exhaust gases are used to gen- 
erate steam for a steam turbine The electric power of the plant is pro- 
duced in two generators Thermal energy for distnct heating is ob- 
tained on the heat exchangers of the steam turbine extractions and 
steam generator convection surfaces There is a condenser after the 
steam turbine The process values and flow diagram are presented in 
Appendix 1 2 

The power plant can be run in two modes the back pressure operation 
and condensing operation When distnct heat load is in its maximum, 
thermal energy is obtained on both, the heat exchangers of the steam 
turbine extractions and boiler convection surfaces When distnct heat 
is not needed, the power plant runs in condensing mode and thermal 
energy is obtained only in heat recovery boiler convection surfaces 
The extraction steam is used in electnc power production by con- 
densing all the steam 

2 1 Main deslgn parameters of the power plant 
(outdoor temperature O°C) 

The basic design point is maximum heat load Outdoor temperature is 
0°C and corresponding power is about 233 MW, 1 195 MWfi 

The charactenstic performance parameters for the combined power 
cycle with GTE-60 are 

a 
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Net power, electrical 
Efficiency 
Exhaust temperature 
Exhaust flow 
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Charactenstic parameters for the live steam from the steam generator 
are 

Pressure 60 bar 
Temperature 497 "C 
Steam flow 65 kgls 
Feed water temperature 110 "C 

lerfomaize zlr~actemt:cs cf the power p l a t  a e  shown ~n Tahlel, 
The outdoor temperature is O°C, distnct heating supply water tem- 
perature 90°C and return water temperature 50°C 

Table 1 Performance parameters of the comblned cycle power 
plant 

2 2 1 Boller unit 

The boiler plant includes one boiler, which consists of five adjacent 
heat exchanger packages From hotter to cooler exhaust gases the heat 
exchangers are as follows two superheaters, evaporator, economiser 
and distnct heat exchanger 

Max con- 
denslng 

operation 
252 
50/0 
492 
60 9 

The expenses of the boiler plant Include the steam drum, circulating 
pumps and steel chlmney and then framework and foundations 

Max back 
pressure 
operation 

236 
195 
492 
87 0 

Electrical output, gross 
Distnct heat output 
Fuel consumption 
Total efficiency 

2 2 2 Steam turbine unlt 

MW 
MW 
MW 
% 

The steam turbine is a condensing turbine with three extractions The 
distnct heating water for is heated with two steam extractions On of 
the extractions is used for de-aeration 

The steam turbine plant consists of 

- steam turbine and auxlllary equipment 
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- condensing steam turbine 
- disbct heat exchangers 
- principal control device and protective system 

- generator 
- sound insulating hoods for the steam turbine and generator 

2 2 3 Gas turbine unit 

One gas turbine type of ABB GT 13E2 is included in the power plant 
Natural gas is the main fuel, but also light fuel oil can be used as a re- 
serve fuel The gas turbine unit consists of 

- the gas turbine with axial compressor 
- auxiliary equipment 
- generator 
- turbine control system 
- air intake system 
- sound insulating hoods for the steam turbine and generator 

Sulphur is not a problem as a contaminant, when burning natural gas 
The emission level of NOx is reduced onto level 60 mgNOz/MJ by 
using low-NOX burners 

- 
2 2 4 Automation 

Automation includes measunng instruments and control and moni- 
tonng devices installed It also includes the cable works and the op- 
erator's room equipment Power plant data processing equipment and 
software are included as well 

2 2 5 Electrical equipment 

Electnfication costs include all electrification related to the process, 
such as power transformers, switchboards, buses, high-voltage power 
cables, electncal motor for feed water pump and switchyard 

2 2 6 Other equipment 

Fuel handllng fac~litles 

In the pressure reduction station the pressure of gas is reduced to 22 
bars for gas turbine and to 5 bars for auxiliary burners Gas is led 
from the pressure reduction station to the gas turbine and auxiliary 
burners in stainless steel pipe 

Final Report (Draft) 

Volume 2 Chapter 6 A 2 - 9  July 1998 



Northwest Regon Power Investment Plan 

The reserve fuel is light fuel oil For fuel stonng there's a fuel reser- 
voir tank in the power plant area 

Water treatment equipment 

Power plant process water from the public water distnbuoon network 
is used as feed water It is treated in the demineralisation plant The 
water treatment equipment include also a condensate polislvng plant 
and distnct heating water treatment equipment 

In the steam generator there is a water loss of 2% of live steam 
stream The existing cooling towers will be used in closed-loop con- 
densing water 

Piping includes the high and low pressure steam pipes, natural gas 
pipes, insulation and fixtures Also distnct heating networks and the 
connection to the present system are included 

Auxiliary equipment 

Auxiliary equipment are as follows feed water pumps, distnct heating 
pumps, condensate and other pumps, lifts, cranes, tanks, heat ex- 
changers, backup boiler, pneumatic appliances, spear engine and 
maintenance workshop equipment and tools 

Infrastructure 

Existing distnct heating pipelines, electnc networks and water supply 
network will be utilised 

2 3 Construction works 

Construction works include foundation, construction works with all 
matenal and lightmng needed, water supply and sewer system, fire 
alann and spllnkler system as well as a telecommumcations network 

The main building of the power plant is made of steel constructions 
The bullding includes the boiler room, turbine room, control room, 
electrical equipment room, water treatment room and condense treat- 
ment rooms and condense pumping plant The office premises, rooms 
for personal, repairshop and store-house are located in the present 
bmldings 

- 
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Earth-removing costs include excavation and earth removing, rain 
water sewerage, drain work, road and yard constructing, asphalt and 
grass work, fences and power plant yard area lightrung 

2 4 Deslgn and supewislon 

2 4 1 Design 

Design includes power plant site geological study and general-, proc- 
ess-, architectural-, electrical-, automation- and mechanical construc- 
tion planning and design Contract document arrangements and cost-, 
time schedule and delivery supervision are also included 

2 4 2 General and s ~ t e  costs 

Site costs include supervision of construction work and installation of 
equipment, general management of construction site, time schedules, 
maintenance dunng construction works, electnc and heat supply of 
the site and melioration works Supervision of temporary bmldings 
and construction is included as well 

General costs Include project management costs, settlement of orders, 
licences of the authorities and public relations d u n g  construcbon 
works Acceptance and testing of the power plant are also included 
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C VARIATION CURVE OF HEAT 
Existing situation, heat load 4000 GWh 

N e w  _ - VVATERHOI 

VARIATION CURVE OF POWER 
Existing situation, heat load 4000 GWh 

-- 
H N e w  BP New Condense 
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-- 

VARIATION CURVE OF HEAT 
CHP + GT 2491330 MW, heat load 4000 GWh 

l LUU 

1000 

H 800 

600 - - - - - - - - - - - - - -  

. - - a, 

N e w  1 r9 - New 2 WATERBOI 

VARIATION CURVE OF POWER 
CHP + GT 2491330 MW, heat load 4000 

N e w  1 ,  BP ->New 2 BP 
a New I Condense New 2 Condense 
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VARIATION CURVE OF HEAT 
Combined-cycle, heat load 4000 GWh 

VARIATION CURVE OF POWER 
Combined-cycle, heat load 4000 GWh 

PI CC plant 
pl Existing 

L PIE CC plant, condensing 
PIE Existing, condensing 
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VARIATION CURVE OF HEAT 
2 x combined-cycle, heat load 4000 GWh 

1600 + 

"- 
~ c C  plant CC plant 

CHI Ex~stlng W4TERBOILERS 

VARIATION CURVE OF POWER 
2 x combined-cycle, heat load 4000 GWh 

800 1 

CC back-pressure &, CC, back pressure a C t  Exlstlng, back-pressure 
CC condens~ng @ CC condens~ng C t  Ex~stlng, condens~ng 
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Summary of power and heat productlon 
Total heat load 4000 GWh 

Exlstlng 
2 x 

2 x CHP + Comblned combined- 
CHP+GT GT cycle cycle 

Capaclty 
- power, back pressure MW 
- power, condenslng, MW 
- dlstrlct heatlng back pressure, MW 

Power productlon 
Old unlts 

- back pressure GWh 
- condenslng GWh 
- total, GWh 

New unlt 
- back pressure, GWh 
- condenslng GWh 
- total GWh 

Total, GWh 
Extra productlon GWh 

back pressure, GWh 
- extra productlon, GWh 

Dlstrlct heat productlon GWh 
Old unlts 
New unlt 
HOB 
Total 

Fuel cost, USDlMWh 

Fuel, GWhla 
HOB 
Old unlts 
New unlts 
Fuel, total GWh 

Fuel, back pressure, GWhla 
HOB 
Old unlts 
New unlts 
Fuel, back pressure, GWhla 
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a YEARLY COSTS AND INCOME 

New CHP 
Power plant Present w~th  GT CC 2 x C C  
- electricity output (yearly average) MW 239 6 239 6 233 2 4664 
- heat output (yearly average) MW 326 0 326 0 1950 3900 
- fuel input (+0 C outdoor temp ) MW 825 0 825 0 492 0 984 0 

Input data 
Power plant life time 
Real ~nterest 

year 
% 

Energies and productron costs 
- fuel Input energy GWh 
- fuel costs $/M W h 
- heat energy GWh 
- heat energy product~on cost $/MWh 
- electrlclty GWh 
- electr~c~ty production cost $/M W h 

Heat 
- capaclty fee 
- energy price 

Electr~city 
- capac~ty fee 
- energy price 

COSTS 

Investments 
Power plant investment M$ 
Connection costs M$ 
Heat only bollers M$ 
rnvestment costs together M$ 

Fixed costs 
Personnel costs M$/a 

a F~xed ma~ntenance costs M $/a 



60K01149 Lenenergo Prefeas~b~l~ty Study APPENDIX 5 

a Flxed costs together 

Vanable costs 
Electrlclty productlon costs 
Heat productlon costs 
Var~able maintenance costs 

Vanable costs together 

TOTAL COSTS 

INCOME 

Heat sell~nq 
Heat capac~ty fee lncome 
Heat energy lncome 
Heat sales altogether 

Electrlclty capac~ty fee lncome 
Electrlc energy lncome 

e Electr~c~ty sales altogether 

TOTAL INCOME 

PROFIT 
NET PRESENT VALUE 
PAY-BACK TIME 
INTERNAL M T E  OF RETURN 

Append5 xls 



4 ( ~ e n e r a l  planning 

0 
e 

I 

5 I Plant des~gn 

Power Plant Extension of St Petersburg APPENDIX6 

lmplementatlon Plan 
p& 

I 

8 
I 

I 11 I Assembly 

Procuring of gas turblne 

9 
I 

1 12 1 Implementat~on, GT + HRB I 

Purchase order 

10 

1 13 1 Test runs 

Manufacturing 

14 

15 Procuring of HRB 

16 Purchase order 

18 1 Assembly I 
I 

19 lmplementat~on 

20 Test runs 

Project Append6 MPP 
Date Fr17124198 

Task 

Progress 

M~lestone 

summary Rolled Up Progress - 
Rolled Up Task 

4 Rolled Up M~lestone 0 



Power Plant Extens~on of St Petersburg APPENDIX 6 

Implementation Plan 

- - 

22 1 Procur~ng of steam turblne 

ID 
21 

23 1 Purchase order 

Task Name 

7 1 Manufacturing I 

1998 

Implementation of CC plant I 

Q t r l  1 Qtr2 1 Qtr3 1 Qtr4 I Q t r 1  I Qtr2 I Qtr3 I Qtr4 I Q t r l  ( Q t r 2  I Qtr3 ( Q t r 4  I Q t r l  )QtrZ ( Q t r 3  I Qtr4 I Q t r l  ( Q t r 2  
1999 

I 

25 

I 30 / Valves 

2000 

Assembly 

I 

1 31 1 Pipes 

27 

2001 

Test runs 

- - -  

Project Append6 MPP 
Date Frt 7/24/98 

2 

35 

36 

37 

38 
- 

39 

Task 

Progress 

Milestone 

Deliveries 

Assemblies 

lmplementat~ons 

Automat~on 

Summary Rolled Up Progress - - Rolled Up Task 

• Rolled Up Mflestone 3 

40 Automation system 



Power Plant Extensron of St Petersburg 
lmplementat~on Plan 

- - 

APPENDIX 6 

I 

45 Transformers and gear plant 
I 

46 Hlgh voltage eq~pments 

1 47 -1 Electrification and cable 1 

I 50 / Earth moving and p~le work 

( 51 1 Foundation I 
1 52 / Foudatlons for equ~pments 

54 Reglonal works 

57 Electricity 

58 D~strict heating network 

59 Water 

60 Natural gas 

Project Append6 MPP 
Date Frl 7/24/98 

Task 

Progress 

M~lestone 

Summary Rolled Up Progress - 
Rolled Up Task 

+ Rolled Up Milestone 0 


