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EXECUTIVE SUMMARY 

INTRODUCTION 

In order to assist the reform process m the Kyrgyz Republic, USAID has sponsored 
projects whch resulted m market-led economc growth, unproved public health and well- 
being, and the establishment of a framework toward a democratic, legal and regulatory 
environment 

In 1994, new projects were identified through cooperation among the agencies of the 
Kyrgyz Republic, USAID and the World Bank, the projects are as follows 

Improvement of Bishkek Power Plant and District Heatmg system, and 
Improvement of Electrical Transmssion and Distribution systems 

The Immediate purpose of t h~s  feasibility study was to address needs of the World Bank 
by providing information to enable the Bank to begin their appraisal process for 
negobatmg a loan to cover the implementation of the study results In effect, the projects 
will provide the catalyst to facilitate the Bank's loan approval process 

The specific objective of tlus feasibility study was to exarmne the possibility of 
rehabilitatmg and modemmg the Bishkek Power Plant and District Heatmg System and 
Electrical Transmssion and Distribution Systems (ET&D) enabllng all systems to operate 
under full market conditions, and providmg the customers with a secure energy supply at @ a reasonable cost 

To accomplish the above, a detailed techca l  evaluation was carried out to evaluate the 
scope of requlred rehabilitation work and to uncover any techca l  obstacles that could 
unpede the rehabilitation process An economc evaluation was conducted to quantify the 
benefits of the proposed rehabilitation projects and to assess economic obstacles that may 
exist to render the mvestments not viable, such as an unacceptable internal rate of return 
and marginal rehabilitation benefits 

The Burns and Roe Team consistmg of Burns and Roe, the Energy Advisory Group (EAG) 
and AEP Energy Services, Inc undertook parallel studies to exarmne the techmcal and 
economc feasibility of rehabilitatmg the electric generation, process steam and district 
heating systems currently serving the City of Bishkek and Electrical Transmission and 
Distribution (ET&D) Burns and Roe's work focused on rehabilitation and modemation 
of the Bishkek Combmed Heat and Power Plant and Industrial Steam system, the Energy 
Advisory Group work focused on the District Heatmg system, and AEP Energy Services 
focused on ET&D 

In the case of Bishkek Power Plant (TES-1) and the Bishkek District Heating Enterprise 
System (BDHE), a feasibility analysis has been carried out comparing the scenario where 
no investments are made with scenarios where rehabilitation Investments are made with 

I) and without system expansion 



In addition, decentralized heating options were exammed by lntroduclng electrical 
resistance heat and gas heat and comparmg these results with district heatmg rehabilitation 
cases to establish the least cost recommendation 

FINDINGS 

A detailed mvestlgation has revealed the followmg techcal, economc and envlronrnental 
problems for TES-1, BDHE and ET&D 

Major TES-1 equipments (hollers, turbme-generators, auxiliaries, I&C, fuel handllng , 
environmental momtoring) require upgrade and rehabilltation 

Low quality coal (hlgh ash content) used as major fuel 

Deteriorating plant efficiency has negative environmental Impact 

Poor preventive maintenance due to lack of funds 

Extensive water and heat losses at the BDHE, m addition to lnflexlble load dispatchmg 
and constant flow operation The above contributes in lowering the efficiency of the 
distribution system 

Insufficient revenues to cover operating costs 

Inefficient "end use" of energy due to consumer behavior (excessive energy 
consumption - mabllity of consumers to control and regulate space heatmg) 

Poor condltlon and obsolescence of the electrical underground network 

Critical condition and overloading electrical transmission system, Including 
transformers supplying the distribution grid 

Obsolete, overloads and poorly mamtalned power transformers, includmg transformers 
leaking oil 

High electrical energy losses 

Highly stressed electrical equipment resulting from slow-acting protection schemes 

Furthermore, the present tariff system and the artificially low energy prices leave no 
Incentive for energy conservation by end users At present the supplier of energy is 
politically forced to subsidize the consumers This is not a sustainable situation as it has 
drlven the utility orgarmation effectively into bankruptcy This will seriously jeopardize 
the efforts to develop a modern and well functlomng energy supply organization 



RECOMMENDATIONS 

@ The evaluation of TES-1, BDHE and ET&D systems has revealed a great and m e d i a t e  
need for rehabilitation, restructurmg and modemation The consultants have found that 
it is techzllcally and economcally feasible to transform the present energy system to a 
modern system capable of operatmg under market conditions m competition with other 
energy supply systems 

Based on the work performed by Burns and Roe Team, a number of specific 
recommendations for mprovlng performance, together with estlrnates of capital costs, 
have been developed and presented 

The following rehabilitation recommendations are made 

(1) Rehabilitation of the Bishkek Combined-Heat-and Power (CHP) plant, TES- 1 

Refurbish of boilers 14 through 20 
Complete the installation of a 90-MW turbogenerator 11 
Upgrade the instrumentation and control equipment 
Installmg emssion monltormg devices and environmental testing 
equipment 
Other plant system upgrades (compressors and coal handlmg) 
Install equipment for environmental upgrade 

(2) District Heating (DH) system rehabilitation 

Replace corroded network sections (approximately 12 5 krn) and relnsulate 
aerial sections (approxmately 7 krn) 
Install variable speed pump drivers to convert the system to variable-flow 
operation from the present constant-flowlvariable temperature operation 
Modeme of substations mcludmg installation of automatic control system 
and flow meters 

(3) Electrical Transmssion and Distribution System (ET&D) 

Construction of a new 220/110 kV Ala Archa substat~on to mprove power 
supply to Bishkek and reduce losses 
Integrate the 220 kV network at the Chuiskaia substation through lnstallation 
of 22011 10 kV transformation 
Improve transformer protection at twelve 110 kV substations 
Upgrade the substat~ons of Orto Alysh (110/35/10 kV), Selectro (35/10kV), 
Novo-Troickaia (1 101351 10 kV) and Selekcionnaia (1 101 10 kV) 
Provide metermg equipment, tools, and spare parts 



Pro~ect Improvement Benefits and Cost 

Following mprovement benefits will be realued by implementing the recommended 
rehabilitation program 

Improvement Benefits 

Rehabilitated portions of the plant will gain 15 years in Life Extension 

TES-1 Project cost for recommended rehabilitation plan 

Pro~ect Base Cost 

Characterlstlc 

Net Available Electric 
Capacity (MW,) 
Net Available Thermal 
Capacity (Gcallhour) 
Increase in Plant 
Availability 
Boiler Efficiency (%) 
0 & M Costs ($/year, 
Year 2000) 

Wlthout 
Rehabllitatlon 

558 

75 8 

- 

87 50% 
$13,880,000 

Component 

Boiler Rehabilitation 
Turbine Rehabilitation 
I&C , Environmental, and 
Other Plant Systems 

TOTAL 

Wlth 
Rehabil~tatlon 

648 

914 

10 to 12% 

89 50% 
$12,060,000 

Forelgn Cost, 
USD 

$2,858,000 
$4,525,000 
$4,393,000 

$11,776,000 

Percent 
Improvement 

16 1% 

20 6% 

10 to 12% 

2 0% 
13 1% 

Local Cost, 
USD 

$945,000 
$3,740,000 
$1,265,000 

$5,950,000 

Total Cost, 
USD 

$3,803,000 
$8,265,000 
$5,658,000 

$17,726,000 



m BDHE 

Following unprovement benefits will be reallzed by lrnplementmg the recommended 
rehabilitation program 

Improvement Benefits 

Rehabilitated portions of Bishkek District Heatlng Enterprise will gam 20 years in life 
extension 

Character~sbc 

Network pipe heat losses 
[TJIyear] 
b p m g  power 
consumption [MWhIy] 
Water losses due to leaks 
[rmllion m3/year] 
Manpower demand 
[operational staff] 
Heat consumption 
[TJfyear] due to unproved 
controls (Variable Flow) 

F 

BDHE Project cost for recommended rehabilitation plan 

Without 
Rehabll~tat~on 

2290 

2 1754 

24 5 

433 

9536 

Component 

Underground pipes 
Aerial pipes 
Pumping stations 
SCADA system 
Substations 

Total 

Wlth 
Rehabilltatlon 

1500 

14469 

17 5 

378 

9248 

Percent 
Im~rovement 

35 % 

33 % 

29% 

13 % 

3% 

Foreign Cost, 
USD 

$8,970,000 
$0 

$1,150,000 
$755,000 

$8,850,000 
$19,725,000 

Local Cost, 
USD 

$3,620,000 
$910,000 
$10,000 
$35,000 
$900,000 

$5,475,000 

Total Cost, 
USD 

$12,590,000 
$910,000 

$1,160,000 
$790,000 

$9,750,000 
$25,200,000 



Following mprovement benefits will be reallzed by mplementing the recommended 
rehabilitation program 

Improvement Benefib 

I Reduction in Transmission Power Losses I 12 2 I 
(MWe) 
Annual Energy Savings from Reduced 49 2 
Transmission Power Losses (GWhIYr) 
Valuation of Energy Savings from $1,378,000 
Reduced Transmission Power Losses 
($/Yr) 
Increase in Installed Transformer Capacity 
(Nameplate MVA) 
Transformer Capacity Available for 
Relocation to Other Substations 

I (Nameplate MVA) 

I disconnect switches with circuit breaker 
mimlzes  disruption to nearby I 

448 

54 

Improved Reliability of Bishkek Power 
System 

Improved Maintenance Scheduling 

Second 22011 10 kV Supply to City 
Avoided Transformer and Llne Overloads 
Relaying and Protection Upgrades 
Replacement of transformer 110 kV 

facilitate accurate bill preparation and 
collection 

Improved Maintenance Practices, Safety 
and Customer Service Reliability 
Improved Demand and Energy Metering 
and Revenue Enhancement ($/year) 

substations and customer outages 
Tools, Trainlng and Spare Parts Inventory 

$4,4 16,000 
Metering installation/~rnprovements to 



ET&D Project cost for recommended rehabilitation plan 

Pro~ect Base Cost 

Total Cost, 
USD 

$10,793,000 

$2,271,000 

$3,454,000 

$1,244,000 
$477,000 

$1,330,000 

$1,916,000 

$3,200,000 

$24,685,000 

Local Cost, 
USD 

$1,261,000 

$365,000 

$338,000 

$232,000 
$5 1,000 
$25 1,000 

$79,000 

$100,000 

$2,677,000 

Component 

Ala Archa Project 
(New Station 
Chuiskaia Project 
(New Station) 
Addition of 110 kV 
Clrcuit Breakers 
Orto Alysh Project 
Selectro Project 
Selekccionnaia 
Project 
Novo-Troickaia 
Station Upgrade 
Meters, Tools, and 
Spare Parts 

Total 

Foreign Cost, 
USD 

$9,532,000 

$1,906,000 

$3,116,000 

$1,012,000 
$426,000 

$1,079,000 

$1,837,000 

$3,100,000 

$22,008,000 



LOAD FORECAST 

The economies of all five central Asian republics including Kyrgyzstan are in a state of 
transition due to the collapse of the former Soviet Uruon Disruptions in fuel supplies 
between the republics, mdustrial plant closures, slulled labor mgration and other changes 
have created a difficult environment for the businesses and industries to function, which 
has contributed to drastic reduction m mdustrial energy demand The industrial energy 
consumption has dropped by more than 40 percent durmg 1991-94 period The population 
has shfted to electricity for household heatlng and cookmg needs due to the low relative 
prlce of electricity and government policies encouraging of the switch, compounded by the 
lack of natural gas supplies and Inadequacy of the existmg district heatmg system as a heat 
source The high electrification rate in Kyrgyzstan has fueled the rapid sw~tch to 
electricity for heatlng and coolung All these factors contribute to sigruficant uncertamties 
in projecting future electric and thermal demand over the next decade 

Burns and Roe believes that energy consumption m Bishkek has reached its bottom and 
is unllkely to fall further In the short term (next two years), the trend in increased use 
of electricity for residential heatmg due to the Inadequacy of hot water heatmg supply may 
contmue, but it is anticipated that once the Bishkek district heating system is rehabilitated 
and modermed, tlus trend will reverse itself Of course, the gradual increase In energy 
prices will dampen the demand and will encourage energy conservation by the population 

The followmg Most Probable Electric Load Forecast and District Heating Load Forecast 
were developed and used in the recommended TES-1 and BDHE case 



Most Probable 
Electric Load Forecast 

*Power transferred from Bishkek power grid to other northern parts of Kyrgyzstan 

Sales 
(GWH) 

1002 

1052 

1094 

1127 

1161 

1196 

1232 

1269 

1307 

1346 

1386 

Year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

TRANSFERS* 

Max 
Demand 
(MW) 

100 

102 -------- 
104 

107 

109 

11 1 

114 

116 

119 

121 

124 

CITY OF BISHKEK 

Max 
Demand 
(MW) 

425 

436 

446 

456 

466 

476 

486 

496 

507 

518 

527 

Sales 
(GWH) 

350 

357 

364 

375 

382 

389 

399 

406 

417 

424 

434 

Max 
Demand 
(MW) 

525 

538 

550 

563 

575 

587 

600 

612 

626 

639 

65 1 

FORECAST 

T&D Losses 
% 

12 

12 

12 

11 

11 

11 

11 

11 

10 

10 

10 

TOTAL 

Sales 
(GWH) 

1352 

1409 

1458 

1502 

1543 

1585 

1631 

1675 

1724 

1770 

1820 

Generation 
(GWH) 

1536 

1601 

1657 

1688 

1734 

1781 

1833 

1882 

1916 

1967 

2022 



Most Probable 
Distrlct Heatln~ Load Forecast 

Year 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Bishkek District Heating System Local District Heating System 
Maxlrnum 
Demand 
(Gcallhr) 
900 
935 
985 
968 
941 
914 
888 
86 1 
834 
803 
- 

782 

District Heat 
Sales (Tcallyr) 

94 
108 
0 
0 
0 
0 
0 
0 
0 
0 
- - 

0 

Maxunum 
Demand 
(Gcallhr) 
46 
53 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Heat Generat~on 
(Tcallyr) 

2667 
2800 
2901 
2841 
2675 
2567 
2535 
2515 
2495 
2475 
- - 
2455 

Heat Generation 
(Tcallyr) 

104 
120 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Dlstrlct Heat 
Sales (Tcallyr) 

2000 
2100 
2285 
2273 
2230 
2209 
2188 
2168 
2148 
2128 
2108 



ENVIRONMENTAL ANALYSIS 

An environmental screemg has deterrmned that thls project should be classified as a Category 
B m terms of its environmental mpacts Investments m rehabll~tat~on of the Bishkek CHP plant, 
TES-1, and the District Heatmg System Upgrade are expected to h ave a positlve mpact on 
emissions from the system A reduct~on m coal consumptlon of 5 % IS pred~cted following the 
mplementation of thls program m the year 2000, when compared to predicted consumptlon 
w~thout benefit of the rehabilitation program Emissions of sulfur ox~des and particulates are 
expected to be reduced proport~onally (5%) wh~le NO, ermsslon reduct~on is expected to be 
reduced to a somewhat greater extent Reduction in particulate ermsslons remalns an unportant 
goal for thls project Although replacement of the electrostat~c preciptators with hgher efficiency 
umts is quite costly, the performance of the existing umts can be unproved by applylng flue gas 
conditiomg technology It has been estunated that particulate emissions can be reduced to 30% 
of the present ermsslon levels by applymg thls technology Fundmg has been requested to reduce 
pmculates ermsslons by applying flue gas conditiomg technology 

Fundmg has been requested for several envwonmental Improvements to the facll~ty These mclude 
Contmuous Stack Ermss~on Monltormg Systems (CEMS) to momtor plant emsslons and Boiler 
Combust~on Analyzers to Improve combust~on effic~ency and reduce pollutant emssions Fundmg 
requests have also mcluded costs for programs to mtlgate any potent~al adverse mpacts assoc~ated 
with the plant rehabilitat~on program itself, such as asbestos removal and disposal actlvlties In 
addition, funding has been requested to unprove analytical capabilities by providing modern 
equipment, such as, Atormc Absorpt~on Spectrometry and Chromotography 

Fundmg for modern analyt~cal testmg equipment, for use m momtormg waste water quality and 
other low level potential sources of pollut~on has been requested 

Env~ronmental unpacts assoc~ated w~th  continued operation of the plant have been ident~fied 
These include unpacts on Ambient Alr Quality and surface water These mpacts are further 
descr~bed In the report 

Several potentially adverse but not lrrevers~ble mpacts have been ident~fied Mltigat~on of these 
potent~ally adverse mpacts have been addressed m the report 

Recornrnendat~ons for consideration of potent~al mvestment m the future mclude 
• Improvement m Wastewater Discharge Quality by Wastewater treatment (Metals 

and/or Oily Waste Removal) 
• Fwe Suppression Equipment for the Coal Pile Area 
• Improve Ash D~sposal S~ te  Operat~on and Mamtenance Procedures 

Completion of Connectmg All Bo~lers to the 300-Meter Stack 
• Corrosion Mo~lltormg System for Dlstrict Heatmg Piping 

Funds have not been allocated for Investment m these unprovements at t h s  tune Adopt~on of 
these potential unprovements will be considered In the future when add~tional fundmg becomes @ available 



ECONOMIC ANALYSIS 

The TES-1 plant is a combined heat and power plant and is used to concurrently serve 
electric, process steam and district heating loads Consequently, the estunates of future 
production costs requlre a concurrent modellng of electnc, process steam and district heat 
For th~s  reason, Burns and Roe developed a computer model for projectmg future revenue 
requirements in whlch production costs (1 e , fuel costs) are estunated based on dispatchmg 
of electric and thermal supply resources to concurrently serve electric, process steam and 
district heating loads while mimlzlng the fuel costs 

The purpose of the economic analysis was to examine how the implementation of 
recommended rehabilitation scheme affects the total cost of supplying electric energy, 
district heat, and process steam, and whether the proposed investments are the least cost 
plan for meeting the future needs of the city of Bishkek and surrounding areas 

The economc model developed evaluated eight study cases (four base study cases and four 
sensitivity cases) The four base cases are as follows 

(1) No Rehabilitation of TES-1 (CHP) Plant or BDHE and No Integration of 
BDHE 

(2) No Rehabilitation of TES-1 (CHP) Plant but Rehabilitation and Integration 
of BDHE 

(3) Rehabilitation of TES-1 (CHP) Plant but No Rehab~litation or Integration 
of BDHE 

(4) Rehabilitation of both TES-1 (CHP) Plant and BDHE, and Integration of 
BDHE 

For each study case following schedules were developed 

Summary of Costs 
Allocation of Costs 
Partial Tariffs 
Input Data and Assumptions 
Load Forecasts 
LoadICapacity Balances 
Energy Production/Fuel Consumption 
Generating Resource Characteristics 
Investment Schedules 

In addition, detailed spreadsheets were developed illustrating the buildup of investment 
cost for each study case 



The Net Present Value (NPV) of annual costs for the base study cases, Case 1, 2, 3 and 
@ 4, are presented below 

Summary of NPV For Base Study Cases 
I 

TES-1 CHP Seenarlo I D~strlct Heat~ng System (BDHE) Scenar~o 

No Rehabllltation or 
Integration 

As can be seen from the above table, the least cost approach is the Study Case 4 which 
includes rehabilitation of both the TES-1 CHP Plant and the Bishkek District Heatlng 
System The NPV for Study Case 4 is $682 0 rmllion or $41 8 million less than the "Do 
Nothmg" case, Case 1 

Rehabllltation and 
Integration 

No Rehabilitation 

Rehabilitation 

A number of factors are found to contribute to the selection of Study Case 4 as the least 
cost plan, m part~cular 

Rehab~l~tation of Bishkek District Heat system pipmg network results m sigmficant 
reductions in thermal losses and extends the economic lifetlme of the d~s t r~c t  
heating system 

Studv Case 1 
NPV of Costs (1995 to 2014) 

= $723 8 mllion 

Studv Case 3 
NPV of Costs (1995 to 2014) 

= $690 9 mllion 

Variable flow operation wlll reduce power consumption, reduce flow temperatures 
and facilitate load dispatchmg 

Studv Case 2 
NPV of Costs (1995 to 2014) 

= $714 2 million 

Study Case 4 
NPV of Costs (1995 to 2014) 

= $682 0 m~l l~on  

Automatic regulation, control and momtoring will Improve operation and reduce 
manpower demand 

Substation modemation will fac~litate variable flow operation, reduce heat 
consumption at end user level and reduce return temperatures, which again wlll 
mcrease electric power production at the CHP plant (10lpC lower return temperature 
will increase power production by 1 %) 

Energy meters will facilitate modernization of the tariff structure 



Modematlon of BDH System enables unproved load dispatching and integration 
of the Local District Heating System into the Bishkek District Heating System, 
hence some thermal loads which would otherwise be served by heat only boilers, 
can be served by the more efficient TES-1 CHP plant 

Rehabilitation of Boilers Nos 14 through 20 at the TES-1 CHP plant will reduce 
fuel consumption as a result of Increased boller efficiency 

Installing TES-1 CHP Turbine No 11 will serve to Increase total system electric 
and thermal capability and thereby defer future capacity additions and investment 
costs 

The following table shows an estunated Internal Rate of Return (IRR) for the 
recommended Case 4 

In addition, alternatives to Dlstrict Heating were examined More specifically, 
decentrallzed heatlng approaches were studied uslng electrical resistance heat and gas heat 
For decentralued heating approach, a llfe cycle cost analysis was performed, and clearly 
the decentrallzed options are not economical 

Component 

TES-1 AND BDHE REHAB, BASE 
CASE 

IRR 

about 30 % 

An economic analysis of the proposed transmission and distribution system reinforcement 
program was carrled out to assess the overall benefitlcost performance The analysls 
evaluated the expected economc benefits and compared them agalnst the expected financial 
commitments The evaluation also determmed the expected internal rate of return for the 
transmission and dlstrlbutlon program under consideration 

Scenario 
BDHE - Rehab Scenario NPV (1995-2014) 
Cogeneration Benefit to DH 
Decentralized Electrical Resistance Heat 
(1995-2014) Llfe Cycle Cost 
Decentralized Gas Heat (1995-2014) Life 
Cycle Cost 

Cost US$ 
$194,080,000 

$1,04 1,000,000 

$383,000,000 



For the transrmssion and distribution program the costs mclude capital expenditures and, 
operaoon and maintenance expenses associated with the capital expenditures Quantifiable 
benefits of the proposed program mclude 

(1) energy savmgs due to loss reduction, 

(2) avoided costs of new future generation capacity otherwise needed to 
supply the losses, and 

• (3) avallabllity of new power supply capacity resulting from the addition of 
new facilities and the relocation of freed-up transformer capacity to other 
existmg facilities, 

(4) Improved reliability and reduced restoration tunes following customer 
service mterruptions and 

(5) increased revenues through nnproved metermg systems 

Component 
ET&D 

IRR 
about 29 2% 



1 0 INTRODUCTION AND OBJECTNE 

@ The dissolution of the Soviet Union in 1991 resulted m the formation of five new independent 
republics m Central Asia Kazakstan, the Kyrgyzstan, Uzbelustan, Turkmemstan and Tajkistan 
Of these, the Kyrgyz Republic stands out through its leadershp m unplementing economic and 
democratic reforms 

The Kyrgyz Republic has large unexploited energy resources m the form of low-cost hydroelectric 
power potential (Approx 26000 W e ) ,  coal (Approx 2 billion tons) and, to a lesser extent, 
natural gas and oll Most of the natural gas and oll consumed m the country is Imported and used 
as fuel in mefficient power and district heatmg (DH) plants A large advantageous domestic 
energy resource, however, is the potential for abundant and relatively low-cost hydroelectric 
generation Existmg resources are used to supply internal electricity needs mostly, and to a 
limited extent export markets The potential markets for export of hydroelectricity has not yet 
been explored 

Durmg the 1990s, there have been dramabc changes rn the economy and the energy requlrernents 
of the Krygyz Republic The break-up of the former Soviet Union had a monumental effect on 
the country's economy The transition from a command economy to a market economy has been 
and wlll contrnue to be a palnful process for the Kyrgyz Republic Industries, whch are no longer 
subsidized and protected by the former Soviet Umon, must be able to survive in a more 
competitive market place The short-term effect has been dramatic job losses in the mdustrial 
sector, with other sectors of the economy bemg affected to a lesser degree The changing @ economc base has affected the energy requlrements of all consumers m the republic There have 
been rapid changes m mdustrial production and electric energy consumption Residential use of 
electricity for heating and cookmg has substantially mcreased thereby also affecting the electric 
requrrements and patterns of consumption These changes wlll contmue to strongly Influence the 
energy requirements of the Kyrgyz Republic 

In order to assist the reform process m the Kyrgyz Republic, USAID has sponsored projects 
whch resulted in market-led economic growth, unproved public health and well-being, and the 
establishment of a framework toward a democratic, legal and regulatory envlronrnent 

Starting m early 1992, USAID sponsored work in the followmg areas 

(a) Energy efficiency audit of the mam district heatmg system and power plant in Bishkek, 
including installation of energy efficiency equipment, instruments and controls 

(b) Review of the status and plannmg for the construction of new hydroelectric power capacity 
at Kambarata The review resulted m identification of potential new 320 MWe and 1900 
MW supplies 

(c) Provisions of information and traimng of personnel who would be involved in the 



legislative, regulatory and techmcal functions for the energy sector of the country This 
task is still being conducted Seminars and traimng courses have been conducted in the 
Kyrgyz Republic and m the U S and visits to U S sites have been completed Additional 
seminars and visits are scheduled A major energy conference for the Central Asian 
Republics was held in July 1995 

(d) Survey of coal resources, recommendations for unproving coal mining efficiency, and 
development of a briquetting technology for the coal fines produced from the mirung 
operations 

In 1994, new projects were identified through cooperation among the agencies of the Kyrgyz 
Republic, USAID and the World Bank This report covers two of these projects as follows 

Task 1 - Improvement of Bishkek Power Plant and District Heating system, and 

Task 2 - Improvement of Electrical Transmission and Distribution systems 

The Combined Heat and Power Plant (TES 1) in Bishkek consists of 24 high pressure steam 
boilers and 10 steam turbiefgenerators The peaking capacity is provided by heat-only steam 
boilers (HOBs) The Bishkek plant and steam generators need rehabilitation in order to unprove 
efficiency and reliability, and lessen environmental unpact 

The transrmssion system consists of 500 kV lmes (541 km), 220 kV lmes (1009 km), 110 kV lmes 
(4301 km) and 35 kV lines (4172 km) The distribution network consists of more than 60,000 
krn of 10,6, and 0 4 kV lmes There are a total of 481 step-down transformer substations (500, 
220, 110, and 35 kV) with a total capacity of 7,790 MVA The experience of the 1993-1994 
winter season showed a dramatic mcrease m wlnter peak load for residential consumers, creating 
major overloading problems, not only in the distribution but also in the KNEHC transmission 
network In addition to the heavy loads on the 110 kV lines, other problems were also 
experienced m the Bishkek 110/35/6 kV sub-stations where power transformers were overloaded 
to 120-125 % of capacity 

The objective of this feasibility study was to prepare a plan with costs and schedules for 
rehabilitation of the Bishkek Power Plant and District Heating System An additional objective 
of this feasibility study was to prepare an electrical Transm~ssion and Distribution (T & D) System 
Master Plan that will define the scope of work needed to Improve the T&D system of the Kyrgyz 
Republic through the year 2005 Engineering and economic analyses of the TES 1 Power Plant 
and District Heating System were performed to develop a rehabilitation plan The study report 
provides a description of the existing system in terms of heat production, age and physical 
condition of equipment An evaluation was made of the system performance including such 
factors as fuel and energy consumption, heat losses, quality of servlce, failure frequency and 
maintenance program Major problems and deficiencies of the Bishkek System were identified 
with recommendations to rehabilitate the existing system 



Comparisons with alternatives to the central distrlct heatmg system were performed Thls work 
included techmcal performance, in addltion to financial and economic comparisons between a 
rehabilitated Bishkek power plant and district heatlng system and the alternatlves of 
Decentralrzed electric heatmg and Decentralrzed natural gas heatmg for both the current capacity 
and for planned future expansion of capacity to year 2005 The least cost investment plan is 
identified 

P l m g  and engmeermg analyses of the City of Bishkek electrical transmission and distribution 
facilities were performed to develop a T & D lmprovement plan for the city The study program 
also considered the electrical requrrements associated w~th  the future possibility of retrrlng the 
Bishkek TES 1 thermal plant with conversion of the City of Blshkek heatmg system to electrical 
boilers as defined by work performed in Task 1 The plan of lmprovements through 2005 was 
based on the most probable electrical load growth forecasts for the City of Bishkek 

P l a m g  studies of the Kalimn area transmsslon and distribution facilities were performed to 
develop a T & D mprovement plan for that region The results of the Kallmn and City of 
Bishkek analyses were extrapolated to provide a basis for developmg a T & D master 
unprovement plan for KNEHC Reliability, safety and energy loss reduction were considered and 
incorporated m the master mprovement plan The KNEHC staff tramng needs in the areas of 
transrmssion and distribution plamng, constructlon, operation and malntenance were assessed 

1 1 Local Utll~ty Orgamzat~on - 

@ Prior to the break-up of the former Soviet Unmn, all of the energy enterprises of Kyrgyzstan were 
subordinate to the Soviet Mmstry of Electric Power (Mienergo), with Kyrgyzstan's interests 
represented by Kyrgyzenergo On the foundahon of thls orgmation, and mcorporatmg a number 
of smaller energy enterprises and scientific-plmng mstitutions, the Kyrgyz State Energy 
Company was formed after the dissolution of the Sovlet Umon 

In January 1994, the Government approved the new statutes of the national power utllity, 
changmg its name to the Kyrgyz Nahonal Energy Holding Joint Stock Company (KNEHC) As 
can be seen m figure 1-2, KNEHC operates through runeteen "enterprises" of whlch slxteen are 
entrusted with power generation, transrmssion and distribution, district heating, Operation and 
Maintenance (O&M), stores and t r a m g  Three "enterprises" are mvolved m engmeermg , design 
and construction work 

KNEHC operates, for all practical purposes, as the headquarters of a s~ngle vertically integrated 
utllity Its orgmation chart appears m Figure 1-2 W e e n  individuals report to the President 
of the company, including two Vlce Presidents (one m charge of techmcal operations, the other 
of admmstratlve and commercial aspects), three Executive D~rectors oversee Capital 
Construction, External Affalrs and Development, and eight Department Heads are in charge of 
falrly small umts (personnel, accounting, economc matters, finance, legal etc ) Thls structure 
is unusual In that a large number of individuals report to the president Further, umts that one 



would normally find under one vice presidency m other utilities (finance, accounting, commercial, 
economc matters) are spread in KNEHC case in an unreasonable number of units, which is not 
conducive to efficient decision maklng It is thus the parent company of TES-1 and Bishkek 
District Heatlng System as shown m Figure 1-3 and oversees the administrative, financial, policy, 
and techca l  operation of both of these enterprises Note that the responsibilities of the State 
Energy Company cover only electric and thermal power (heat and steam), they do not include 
coal, natural gas or crude 011 supplies 

In addition, the Kyrgyz National Holdmg Company system p l a m g  hnction is undertaken by the 
Planning-Economic Department and the Perspective Plamng Department The Planning- 
Economic Department is responsible for the development of short-term (one-year) operational 
plans The Perspective P l a m g  Department is responsible for the preparation of long-range (ten 
years or more) system development 

Figure 1-4 is an orgamzation chart illustrating the interfaces between the Planrung-Economic 
Department and other groups involved in the development of short-term operational plans The 
Technical Service Department of Hydro, Thermal, Fuel-Transportation and Production are all 
involved m the short-term plamng process coordinated by the Planning-Economic Department 

The Perspective Plamng Department is responsible for the coordinated development of long- 
range system expansion plans As shown in Figure 1-5, the perspective Planrung Department IS 

responsible for preparing the electric power and energy demand forecasts and evaluating the 
adequacy of generation capacity and system reserve The Perspective Planning Department, in 
consultation with the Central Dispatch Department, Commercial Department, and the technical 
Hydro, Thermal, and Production Departments prepares the generation and transmssion expansion 
plans 

KNEHC is also responsible for supplying electricity throughout the Kyrgyz Republic and district 
heat in Bishkek, Osh, Karakol, Kyzil-Kiya and Kara-Kul KNEHC operates 20 power plants with 
a total installed capacity of about 3,587 MW, including 18 hydroelectric power plants (2,949 MW 
comprising 82% of total generatmg capacity) and two combined district heat and power plants in 
the cities of Bishkek and Osh (638 MW comprising 18% of total generating capacity) 
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Figure 1-3 
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Figure 1-4 
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a 2 0 BISHKEK POWER PLANT, DISTRICT HEATING SYSTEM AND ELECTRICAL 
TRANSMISSION AND DISTRIBUTION SYSTEM 

2 1 Prronty Recommenda~ons for the Improvement of the B~shkek TES, BISHKEK DH 
System, ET&D System 

The followmg rehabditation programs are recommended to unprove the plant performance, 
efficiency, and enhance the reliabdity and avadabdity of the Bishkek TES and District Heatmg 
System In addibon, unprovements are recommended for Electrical T&D system relative to 
losses, reliability, availabdity and of deferment of new electncal generation capacity 

Priority modifications are most essential for mprovmg operational capacity, efficiency and 
reliable operation and extension of plant hfe by at least 15 years 

The followmg is a summary of the proposed recommendabons for TES-1 plant, BDHE and 
ET&D The ET&D secbon also mcludes the economc cost benefit justification for project 
unplementabon 

- 
Bas~s of Costrng for all Estunates 

- All estunates provided are m 1995 US dollars 

a - Estunates mclude cost of equipment, material and mstallabon labor 

- Russian equipment is estimated uslng Western pncmg No escalaoon applied m economc 
analysis 

- Conversion m currencies used as follows 

1 USD = 4,500 Rouble 
1 USD = 10 5 Som 

- Engmeermg and design is mcluded m pnces 

- Freight mcluded m cost of equipment 

- Escalabon wdl be applied m the economc analysis on local labor and local material only 

- No contmgencies reflected m prices for unknowns or for inflation 



2 1 1 TES-1 Rehabllltatlon Program 

Thls section presents the elements of the TES 1 rehabilitation program The evaluation of TES 
1 has revealed a great and Immediate need for rehabilitation, reconstructmg and modenmation 
The Consultant has found no serious techcal obstacles for the transformation of the existmg 
thermal plant and district heatlng system to a modern system capable of operatmg under market 
conditions through rehabilitation 

The techcal  and economc analyses recommend the followmg elements for the Thermal Plant 
Rehabilitation whlch are divided mto foreign and local components 

The proposed project rehabilitation wlll meet several urgent needs, namely 

- 

- Modenmation 
- Life Extension 
- Improvements m Electric and Thermal Capacity 
- Improved Plant Reliability and Availability 
- Improved Equipment Efficiency 
- Reduction m O&M Costs 
- Environmental Benefits 

Improvements are recommended on Plant Boilers, Turbme-Generators, I&C, Environment 
Upgrades, and Other Plant Equipment 

Following table provides a summary of Improvement benefits 

COMPONENT 

Boiler Rehabilitation 

Turblne Rehabilitation 

I&C , Environmental, 
Other Plant Systems 

TOTAL 

LOCAL COST 
USD 

$945,000 

$3,740,000 

$1,265,000 

$5,950,000 

FOREIGN COST 
USD 

$2,858,000 

$4,525,000 

$4,393,000 

$1 1,776,000 

TOTAL COST 
USD 

$3,803,000 

$8,265,000 

$5,658,000 

$17,726,000 



Blshkek Thermal Electrlc Statlon (TES 1) 
Improvement Benefits 

Rehabilitated portions of TES-1 wlll jom 15 years m Life Extension 

Character~stic 

Net Available Electric 
Capacity (MW) 

Net Available Thermal 
Capacity (Gcal/hour) 

Increase m Plant 
Availability 

Boller Efficiency (%) 

O&M Costs ($/yr, year 
2000) 

(a) BK2 160-100 Borlers 

These fust SIX (6) bollers have been m operahon for more than 200,000 hours 

Accordmg to Burns and Roe techcal evaluation with participahon of TES staff, the full plant 
electrical power and thermal output requuements can be met by a total of eighteen (18) bollers 
i e , seven BKZ 160 plus eleven refurbished BKZ 220 bollers It is therefore proposed to 
concentrate the replacement/refurbishment effort on these bollers The oldest SIX BKZ 160-100 
bollers could either be dismantled or permanently shut down and preserved for spare parts supply 
to the operatmg BKZ 160s 

Percent 
Improvement 

16 1% 

20 6% 

10 to 12% 

2 0% 

13 1% 

Without 
Rehabhtatlon 

558 

758 

- 

87 50% 

$13,880,000 

All of these bollers have been m operation for less than 100,000 hours The last four bollers, No 
21 to 24 mclusive, have additional state-of-the-art design features (fully welded, tube-fm-tube 
furnace walls and roof construction) Thus, it is proposed to mclude bollers 14 to 20 m the 
refurbishment effort to maxlrmze the efficiency unprovements and plant output, and reliability 

With 
Rehabfitahon 

648 

914 

10 to 12% 

89 50% 

$12,060,000 



Pehabll~tatlon Plan 

BRILC refurbishment/replacement and furnace and convective pass rooftubes tube 
penetration seals refurbishmg for boilers No 14 to 20 mclusive (seven boilers) 

Furnace tubes (vertical tubewalls) partial replacement for boilers No 14 to 20 
mclusive (seven boilers) 

e Furnace and convective pass roof superheater tubes partial replacement for boilers 
No 14 to 20 mclusive 

Boiler Rehabilitation 
Totals, USD 

$883,000 

$2,920,000 

$3,803,000 

Kyrgyz Labor 
and Mater~al, 

USD 

$200,000 

$745,000 

$945,000 

Cost Item 

Furnace wall tubmg 
rernoval/replacement m burner 
zone for Boilers No 14 to 20 

Boiler refractory, mulation, 
lagglng and casmg 
refurbishment and roof 
superheater seal refurbishment 
for Boilers No 14 to 20 

Direct Cost, 
Western 

Equpment, USD 

$683,000 

$2,175,000 

$2,858,000 



The current total electrical power output capability of all m t s  is 558 MW The total combmed 
normnal thermal output of the steam turbmes is currently 1152 Gcallh 

As is noted m the turbme assessment section, the first four turbmes have accumulated an excessive 
number of operatmg hours and show signs of metal fatigue and wear Umts 1 and 2 had 
developed cracks m the cylmders and had a series of problems with turbme components, and 
requlre excessive mamtenance to keep them running Umt 3 (as well as Umts 1 and 2) had 
problems with governor valves due to wear, and the rotor of thls umt is m need of replacement 
Tlus u~ut  also exceeded its origlnal design llfe Umt 4 also developed cracks m the rernamng HP 
secbon whch now operates m the backpressure mode Uruts 5 and 6 are closely approachg thew 
200,000 hours of operation In order to better momtor the condition of metal of these umts, a 
frequent NDE and Inspection and testmg program is requlred to prevent or mlnlmlze unscheduled 
shutdowns The most mportant would be for the plant to perform replication type creep testmg 
on the lugh pressurehgh temperature components In order to facditate the metal control m an 
efficient and expeditious manner, the plant should have modem NDE and testmg equipment 
Because of the large number of m t s  and components (boders, turbmes, and lugh temperature 
steam pipmg) the number of people requned for the testmg of the many parts will mcrease as the 
plant IS g e m g  older Umts 7,8 and 9 and 10 are entermg then age where more and more testmg 
wdl be requlred The number of people assigned to these tasks can be rrrrmrmzed when the testmg 
equipment is modern utillvng the latest technology 

In addibon the plant has procured a new turbme unit (known as Umt 11) wlwh currently IS sittmg 
m storage for the past two years Auxiliary equipment for thls m t  st111 needs to be purchased 
Unfortunately, due to the lack of funds the installation of thls m t  was halted 

Considering the above and our fmdmgs related to the condition of steam turbmes and thelr 
auxiliary equipment and other components associated with the turbme plant, the followmg are 
priority rmprovements 

Rehabihtation Plan 

C o m s s i o m g  of Turbme Umt 11 Comflllssionmg of thls umt wd1 enhance plant 
electnc capacity and heat supply capabdity Ths  turblne is a modified version of 
the T-1151125-130 turbme the manufacture of whch started m 1989 by LMZ The 
umt has two controlled heat extracbon and a smplified regenerative feedwater 
heatmg system, and consists of two cylmders It was specifically developed to be 
used for replacement of old umts durmg rehabilitation of existmg power plants 
The version (Type 1) whlch is available at the Bishkek plant is most effective m 
the heatmg reglrnes as it has short last row blades The umt, however, must 
operate with the mam steam parameters existmg at the Bishkek Thermal Station 



W~th such mtial steam parameters tlus urut wlll add about 90 MW electr~c capacity 
and up to 175 Gcallh of thermal capability Tlus IS suffic~ent capaclty to enable 
the removal of Umts 1 and 2 from servlce m a subsequent upgrade phase 

In order to commsslon tlus turbme varlous add~tional feedwater heatmg cycle 
equlpment must be procured (As ~t was ment~oned above, only the turbme Itself 
and the mam condenser have been obtamed by the plant) 

The plant should purchase state-of-the-art NDE equipment Due to the advanced 
age of t h ~ s  plant it is essential that systematic momtormg of its many parts be 
contmued and expanded usmg modern equipment Use of tlus equipment m a well . 
planned metal control program is expected to mcrease availab~lity and rel~ab~l~ty 
smce unplanned shutdowns can be mumuzed It IS also expected to contr~bute to 
safer operation, slnce w~th proper metal cond~t~on momtomg potentla1 fallures can 
be better predicted and avo~ded 

Replace condenser tubes m Umt 3 condenser 

Replace the turblne shaft sealmg system components at the front end of the h~gh 
pressure turbme of Umt No 7 

Replace the flexible couplmg connectmg the HP and comb~ned IP-LP rotors of 
Umt 8 turbme together w~th the No 2 beamg to elmmate low frequency v~brat~on 
problems at partial loads 

Prov~de portable vibration momtormg equipment to be able to systematically 
monitor shaft vibrat~on at bearmgs and to prov~de for planned replacement of 
expenslve Babb~t metal Tlus equipment should also be ut~llzed durlng rotor 
balancmg 



Turbine-Generator Rehabilitation 

Replace Rotor Coupl~ng for Umt #8 1 $25,000 1 N/A I $10,000 I $35,000 

Cost Item 

Commission Un~t #11 

Cost of Turb~ne #11 

Purchase NDE Equ~pment 

Purchase Portable Vibration Monitormg 
Equipment 

Replace condenser tubes for Turbme- 
Generator #3 

Replace Turbine Shaft Sealing System for 
Unit #7 HP end 

Dlrect Cost, 
Russlan 

Eqlupment, USD 

$4,140,000 

NIA 

NI A 

N/A 

$45,000 

$35,000 

- -  

Dlrect Cost, 
Western 

Eqwpment, 
USD 

N/ A 

NI A 

$270,000 

$10,000 

N/ A 

NIA 

- - 

Kyrgyz Labor 
and Material, 

USD 

$1,420,000 

$2,275,000 

NIA 

N/A 

$20,000 

$15,000 

Totals, USD 

$5,560,000 

$2,275,000 

$270,000 

$10,000 

$65,000 

$50,000 



Other Plant System and Envlronrnental Upgrade Rehabllitatlon Plan 

Rehabll~tatlon Plan 

Coal Storage and Coal Handlzng System 

The Bishkek power plant has two rotary car dumpers at the present tune, but because of then age 
(34 years) and lack of spare parts, they breakdown very often In adhbon, the columns for these 
coal dumpmg mechmsms have developed cracks Therefore, it is recommended to procure and 
comss ion  a new rotary car dumpmg mechmsm m a new buddmg adjacent to the existmg coal 
dumpmg car buildmgs 

Existmg coal car dumpmg mechamsms are designed to unload cars with a maxunum weight of 60 
tons In addition, repamg of the exlstmg coal dumpmg mechamsm is very difficult due to lack 
of spare parts Therefore, the new coal dumpmg car mechamsm should be designed with a 
capacity to unload 120 ton coal cars 

Two truck weighmg scales are also recommended for mstallation durmg the installation of new 
coal car dumprng mechamsm These scales should be used for weighmg coal cars and mazut (oil) 
tank cars 

Plant Compressed Azr System 

Because of the age and condition of the existmg four plant compressors (30 cubic meterslrmnute 
capacity each), and due to lack of spare parts, it is recommended to procure and install two (2) 
new rotary screw air compressors These new compressors wlll have a capacity of 100 cubic 
meterslmmute each at an alr discharge pressure of 9 kg/cm2, and wlll be of the 011 free type 
These mcreased compressors capacity wdl provide ample reserve capacity with the use of one of 
the existing 30 cubic meterlmmute capacity air compressor, and would enhance the plant 
operations and pneumatic transport of boiler flyash 

Envzronmental Upgrades 

The Bishkek Plant presently does not have any devices for measurmg and momtormg SO, and 
NO, levels m the flue gases discharged to the atmosphere The emssion levels are calculated at 
the present tune 

Measurement of flue gas emssions for fossd fired boders are generally provided for two reasons 

1 Morutormg and control of combustion efficiency 

2 Morutormg of emssions to demonstrate compliance with emssion regulations 



Thus, for control of boder operaborn, it is recommended to use 0, and CO measurrng equipment 
for each of the refurbished boders In addibon, the momtonng of ermssions requw NO., opacity 
measurements (each boder), and sulfur dioxide (SOJ analysis of the flue gas ermtted to the 
atmosphere 

In-situ stack morutor where a transrmtter and receiver Installed across the stack p e m t  analysis 
of the gases passmg through the stack without withdrawmg a sample of the flue gas Th~s system 
has the addibonal advantage of calibration without the requxement for certified calibration gas 
blends whch are expensive to prepare A system of th~s type is recommended for the 300 meter 
and 180 meter stacks (total of two momtormg devices) 

Other cost items mclude refurbishment of the electrostatic precipitators on all eleven BKZ220-110 
boders and, purchase and mstallation of flue gas ductmg from two 220 and seven 160 boilers to 
connect them to the 300 meter stack m the future 

Modern laboratory equipment wdl be purchased m order to update the facdihes currently used by 
the TES-1 staff Items to be procured rnclude a Gas Chromatograph, Atomc Absorption 
Spectrophotometer, and other general laboratory measumg devices It is hghly encouraged that 
ths equipment be located at the site of the State Commttee of Envxonmental Protecbon, m the 
city of Bishkek The site is situated close to the plant, thus it is convement for the plant 
personnel In addition, the equipment can be used by anyone else m Kyrgyzstan Thus, tlvs 
equipment could benefit the entxe country * The Electrostatic Precipitators (ESP) wdl be rehabditated Each boller has two (2) 50% ESPs 
Some have 7 5 meter hgh plates, whde others have 12 meter plates Each ESP has four fields 
(8 total) At least one complete unit wdl be rehabditated to mcrease the collection efficiency 

Plant Instruments and Controls Improvements 

The followmg Plant Instrumentation and control rmprovements are recommended 

Pehabll~tatron Plan 

Upgrade of plant mformation systems 

Replace existmg control room mdicatmg devices (meters, recorders, mdicators 
etc ) with work stations m each of the five central heatmg control rooms, each of 
the two mam control rooms and the water treatment control room 

Add personal computers connected to the mformabon system, m the plant dxectors 
office, the chef engrneers office, and the assistant chef engineers office 

Add englneermg station m the automated system group office 



Supply infrared thermometers for leak detection (heat spy) 

I & C, Environmental Upgrades, and Other Plant Equipment Rehabfitatlon 

Installation of New Air 
Compressors 

Instrumentation & Controls 
Upgrade, Stage 2 

Installation of Emission 
Monltorlng Devices and 
Environmental Improvements 

Totals, USD 

$566,000 

Installation of New Rotary Car I $830,000 I $510,000 
Dumpers 

Kyrgyz Labor 
and Matenal, 

USD 

$1 16,000 

Cost Item 

Instrumentation & Controls 
Upgrade, Stage 1 

$2 1 1,000 

$630,000 

$1,340,000 

Dwect Cost, Western 
Eqtupment, USD 

$450,000 

Instrumentation & Controls 
Upgrade, Stage 3 

Instrumentation & Controls 
Upgrade, Stage 4 

$23,000 

$140,000 

$234,000 

$770,000 

$480,000 

$192,000 

$160,000 

$1 16,000 

$640,000 

$308,000 



Summary Bishkek TES 1 Priority Rehabilitation Project 

Rehabilitation of BKZ 
220-100 Boilers 

(All Costs are in USD) 

b Furnace wall tubing removallreplacmg m the burner zone (approx 15 % of wall tublng per Boiler) for Boilers 
No 14 to 20 

b Bo~ler refractory, insulation lagg~ng and casing refurbishment for Boilers No 14 to 20 
b Furnace roof superheater tube penetration seals refurbishment for Bo~lers No 14 to 20 

Rehabilitation of 
Turbme-Generators 
and Auxiliaries 

Direct Costs Cost Item 

Instrumentation & 
Controls Upgrades 

Description 

Comm~ssion~ng of Unit #11 Turblne-Generator 
Purchase NDE equipment for the metal testlng laboratory 
Replacement of condenser tubes for Umt #3 Turbine-Generator 
Replacement of Turbme shaft seallng components on the HP end of Un~t  #7 Turbine-Generator 
Replacement of shaft couplmg (HP to IP) and bearmg #2 for Urut #8 Turblne Generator 
Purchase Portable Vibrat~on Monitoring Equ~pment 

Replacement of the exlsting control room lndlcatmg devices wlth work stations 
Purchase and mstallatlon of computers connected to the plant's information system 
Purchase and installation of flow, pressure, temperature, and level transmitters for various plant systems 

1 Other Plant Equrpment 

I Environmental 
Upgrades 

b Installation of emssion monltormg devices 
Env~ronrnental Upgrades 

I, Installation of new Rotary Car Coal Dumpers 
b Installation of new Air Compressors 

I TOTAL 1 $17,726,000 1 

$1,574,000 

As already noted, the proposed projects address the untned~ate needs to unprove TES-1 performance Sectlon 2 7 of thls report describes In 
further deta~l other projects needed to Improve TES-1 performance m future years 



2 1 2 BDHE Rehabll~tat~on Program 

The specific objective of the study of the Distnct Heatmg System m Bishkek was to exarmne the @ 
possibilities of rehabllitatlng and modewmg the system, enablmg Bishkek District heatlng 
Enterprise (BDHE) to operate under full market conditions, and providing the customers with a 
secure energy supply at a reasonable cost 

The tecbcal and economc analyses recommend the followmg elements for BDHE Rehabilitation 
whch are divided lnto foreign and local components 

Followmg nnprovement benefits will be reallzed by ~mplementmg the recommended rehab~l~tat~on 
program 

Rehabll~tated portions of B~shkek District Heatmg Enterprise w~ll  gam 20 years m life extension 

Totals, USD 

$13,500,000 

$1,160,000 

$790,000 

$9,750,000 

$25,200,000 

Y 'f' 

Kyrgyz Labor and 
Matenal, USD 

$4,530,000 

$10,000 

$35,000 

$900,000 

$5,475,000 

Cost Item 

Underground and 
Aer~al P~plng 

m p m g  Station 
Upgrades 

SCADA System 

Substat~ons 
Upgrade 

TOTAL 

Dlrect Cost, Western 
Equpment, USD 

$8,970,000 

$1,150,000 

$755,000 

$8,850,000 

$19,725,000 



BDHE Rehabfitabon Descr~pt~on 

The proposed pipework rehabditation to be mcluded m the 1996 to 1999 vlvestments encompasses 
about 12,500 m of underground prllnary pipelmes and about 7,000 m of aerial pipellnes The 
underground pipework to be replaced is 25-30 years old and is known to cause serious leakage 
and heat losses 

The aerial pipellnes to be re-mulated have been exposed to vandalism, whereby most of the 
weather protecbon metal sheets has been taken away (supposedly sold as scrap metal) exposmg 
the mulation to the weather and further vandalism It is estlrnated that more than 50% of the 
insulation has been seriously damaged 

The underground pipework will be replaced by premulated pipe sections wkch may be placed 
either m the present pipe channels or alongside these The relnsulation of the aerial pipework 
shall be by means of mmeral wool covered with reinforced concrete or with a cement composite 
@ot asbestos cement) 



The estlrnate of the proposed pipework rehabilitation is given below 

Aerial pipework 

Underground plpework 

Selected pumps will be suppl~ed with frequency converters for variable speed control and a few 
new pumps wlll be added to the system Tlus will allow the district heatmg system to operate as 
a variable flow system Instead of the present fixed-flow-variable-temperature operation 

Total costs 
1000 USD 

1216 

722 

713 

640 1 

946 

1996 

- - - 

436 

160 

12590 

Plpe sect~on 
~dentlficat~on 

From TES 1 to 
Bellnskaya 

Total 

Labor costs 
1000 USD 

101 

86 

85 

53 1 

79 

1 82 

-- -- 

95 

46 

1205 

Local 
Mater~als 
1000 USD 

220 

160 

158 

1157 

17 1 

359 

- - 

146 

44 

2415 

Fore~gn 
Matenah 
1000 USD 

895 

476 

470 

4713 

696 

1455 

195 

70 

8970 

D~ameter 
mm 

(2*m)  
2*700 

Length 
m 

900 

890 

880 

4740 

700 

1700 

1800 

900 

12510 

Plpe sed~on 
identlficat~on 

Toktogula Street 
PM13-011 

Fuzlka Street 
IV39B29 

Ahunbaeva Street 
B-26-B29 

Magistral Rostok 
TES-B19 

Frunze Street 
116-I110 

Microraionu 
Alam-din 

Kvartala 226 227 

Kvartala 116 

Total 

Length 
m 

7000 

7000 

D~ameter 
mm 

2*700 

2*500 

2*500 

2*700 

2*700 

2*600 

2*150 

2*100 

Foreign 
Mater~als 
1000 USD 

0 

0 

Local 
Matenals 
1000 USD 

616 

616 

Labor costs 
1000 USD 

295 

295 

Total costs 
1000 USD 

91 1 

91 1 



The works has been estunated as follows 

Automatic Regulation, Control and Momtormg System (SCADA) 

The mtallahon of the computerued SCADA system wlll facilitate the automatic operation of the 
vanable flow system m that the pumpmg wdl be regulated m accordance with demands momtored 
at various critical locations of the network and transrmtted to the central computer 

Total Costs 

USD* 1000 

1160 

1160 

The work are estimated as follows 

Installatron 
Local costs 
USD*lOOO 

7 

7 

Materials 
Foreign 

costs 
USD*lOOO 

840 
180 
133 

1153 

Eqwpment 

Frequency converters 
New Pumps 
Fllters 

Total 

The rebulldmg of the about 3200 substations encompasses the installation of equipment and 
devices whch wlll enable the substations to transfer heat energy from a variable flow district 
heatmg system, and whch, at substation or buildmg level, will control the heat consumption 
Furthermore 300 substations at public and commercial bulldmgs wlll be fumshed with heat 

Amount 

19 pieces 
6 pieces 
19 pieces 

Total Costs 

USD*1000 

212 40 
128 40 
96 30 
136 40 
44 70 
41 70 
66 30 
11 00 
41 90 
10 00 

788 80 

Eqwpment 

Maln control 
pump stations 
pump transm 
pump meters 
boiler stations 
boiler transm 
boiler meters 
network trans 
com system 
tramng 

Total 

Amount 

1 piece 
12 pieces 
7 pieces 
1 piece 
3 pieces 
12 pieces 
1 piece 
5 pieces 

Materials 
Fore~gn 

costs 
USD*1000 

210 50 
127 30 
92 20 
120 60 
44 50 
40 00 
64 40 
10 70 
25 80 
8 40 

754 40 

Installatron 
Local costs 
USD*l000 

1 90 
0 80 
4 10 
5 80 
0 20 
1 70 
1 90 
0 30 
16 10 
1 60 

34 40 



meters as a first step towards the mtroduction of consumption based tariffs 

The works are estlrnated as follows 

2.1.3 Electrical Transmlss~on and D~str~but~on Rehabilrtatlon Program 

There is a great need to rehabilitate and reinforce the transmssion and distribution system in 
Kyrgyzstan Ths section summarizes the elements of the Kyrgyz Republic transmssion and 
distribution mprovement program Flnal element of the transmssion and distribution 
Improvement program were selected jomtly by members of the Kyrgyzstan and AEP Energy 
Services team based on the extensive list of mprovement projects contamed m the draft final 
report of the project team 

Total Costs 

USD*lOOO 

4674 

5076 

9750 

The mplementation of the projects wlll depend on the amount of funds allocated to thls part of 
the World Bank program However it is now anticipated that sufficient funds wlll be available 
for several of the first priority projects Thls program IS viewed as the first step of many that wlll 
be needed to Improve the reliability, operation, mamtenance and efficiency of the transmssion 
and distribution system A breakdown of the foreign and local costs are shown m the followrng 
table (See Appendur G for more mforma~on) 

Eqwpment 

Pressure diff 
valves 
stramers 

Control valve 
heat control 
P-P 
heat meter 

Total 

Mater~als 
Fore~gn 

costs 
USD*lOOO 

3667 
523 

1583 
286 
2363 
425 

8847 

Amount 

3 187 pieces 
3 187 pieces 

3 187 pieces 
3 187 pieces 
3 187 pieces 
300 pieces 

Installat~on 
Local costs 
USD*lOOO 

484 

419 

903 



ET&D COST SUMMARY 

Followmg improvement benefits wlll be reallzed by unplementmg the recommended rehabilitation 

. 

program 

Improvement Benefits 

Cost Item 

Ala Archa Project 
(New Station) 

Chuiskaia Project 
(Newe Stahon) 

Addition of 110 kV 
Clrcuit Breakers 

Orto AIysh Project 

Selectro Project 

SAeleccionaia 
Project 

Novo-Troickaia 
Stahon Up-Grade 

Meters, Tools and 
Spare Parts 

TOTAL 

Total Cost, USD 

$10,793,000 

$2,271,000 

$3,454,000 

$1,244,000 

$477,000 

$1,330,000 

$1,916,000 

$3,200,000 

$24,685,000 

Charactenst~c 
Reduction m Transmsslon Power Losses 

W~th Rehab~l~tat~on 
12 2 

W e )  
Annual Energy Savmgs from Reduced 
Transmssion Power Losses ( G W Y r )  
Valuation of Energy Savlngs from 
Reduced Transmssion Power Losses 
($/Yr) 
Increase m Installed Transformer Capacity 

Relocation to Other Substahons 
(Nameplate MVA) 

Dlrect Cost, 
Western 

Equipment, USD 

$9,532,000 

$1,906,000 

$3,116,000 

$1,012,000 

$426,000 

$1,079,000 

$1,837,000 

$3,100,000 

$22,008,000 

49 2 

$1,378,000 

448 - 

(Nameplate MVA) 
Transformer Capacity Available for 

Kyrgyz Labor and 
Material, USD 

$1,261,000 

$365,000 

$338,000 

$232,000 

$5 1,000 

$25 1,000 

$79,000 

$100,000 

$2,677,000 

54 



The proposed projects are designed to meet seven urgent needs of the transmsslon and 
distribution system Fust, to provide a new source to the city of Bishkek to meet the present and 
anticipated loads m the clty Second, to strengthen the power supply to the Chuiskaia substation 
which serves the mdustrial center of Tok Mak Thlrd, to replace substation transformers and 
associated equipment that are currently overloaded and vulnerable to failure Fourth, to mcrease 
the reliability of the 110 kV power supply to the City of Bishkek by unprovmg the system 
protection and operatmg practices Fifth, to mcrease transformer capacity at exlstmg substations 
to serve new and existmg customers Sucth, to procure tools, spare T&D parts to repair and 
replacement of underground distribution and finally, installations of meters to mprove revenue 
collection 

Improved Reliability of Bishkek Power 
System 

Improved Mamtenance Schedulmg 

Improved Mamtenance Practices, Safety 
and Customer Service Reliability 
Improved Demand and Energy Metermg 
and Revenue Enhancement ($/year) 

As already noted, the proposed projects address lrnmedlate needs to Improve the electrical power 
supply to the City of Bishkek and surroundmg areas Section 4 of thls report describes in detail 
other projects needed to unprove the power supply system m the Kallnln area of the Chu 
Transrmssion Company and City of Bishkek Section 4 also describes more generally the need 
for reinforcement of the electrical transmssion and distribution system in other regions of 
Kyrgystan 

Second 22011 10 kV Supply to City 
Avoided Transformer and Lme Overloads 
Relaymg and Protection Upgrades 
Replacement of transformer 110 kV 
disconnect switches with clrcuit breaker 
rrrrmrmzes disruption to nearby 
substations and customer outages 
Tools, Tralnlng and Spare Parts Inventory 

$4,4 16,OO 
Metermg mstallation/unprovements to 
facilitate accurate bill preparation and 
collection 

The Ala Archa Project 

Project Description 

The Ala Archa project is a new 22011 10 kV substation located m the outslurts of the southwestern 
area of Bishkek The project plan calls for the construction of approxunately 20 km of double 
circuit 220 kV overhead transmssion lme from the new station site to the mtersection of the 
Frunzenskaia-Bystrovka 220 kV lme The plan calls for the installation of two 125 MVA, 
2201110 kV transformers and necessary 220 and 110 kV switchgear m the new Ala Archa 
substation The Ala Archa substabon will be Integrated mto the nearby 110 kV system servmg 
the city by the construction of two double clrcuit 110 kV transrmssion lmes (each approxmately 
2 lun) from Ala Archa to the intersection of the Kyzyl Asker-A1111 110 kV lme That 110 kV lme 
whlch is part of the 110 kV loop surroundmg the City, wlll be severed to create the followmg four 



clrcuits Ala Archa-Am #1 and #2, and Ala Archa-Kyzyl Asker #1 and #2 The project also 
calls for the construcbon of a thrd double clrcuit 110 kV transmssion lme from Ala Archa to the 
Pkovaa Kotelnam substahon and the construction of approxmately 0 8 km of 110 kV lme from 
Lem plant to the Yuzhma substation The installation of 100 MVAr of shunt capacitors at the 
Ala Archa substation is also part of this proposal 

Project Cost 

The total estmated cost of the Ala Archa project and related mprovements m 1995 U S dollars 
is $10 8 mllion 

System Performance without the Ala Archa Project 

The power supply to Bishkek consists prmcipally of the Bishkek combmed heat and power plant 
and the Glavnaia 2201110 kV substation Actual experience (peak load of 449 MW) and system 
p l a m g  studies of the Bishkek network for projected 1997198 wmter peak load conditions 
(473 M W )  mdicate severe problems of low voltage and hgh transmssion lme and transformer 
loadmgs exist with the present power supply system 

The loadlngs on the Glavnaia transformers and the mam 220 kV source clrcuit to that substation, 
i e the Kara Balta-Glavma 220 kV clrcuit, are bghtly related to the avadabdity and output of the 
Bishkek TES 1 power plant Power flow smulation studies, wth the conservative assumption of 
all transmssion lmes m-service, mdicate safe loadmgs on the 220 kV and 110 kV transmssion 
lmes if Bishkek TES 1 plant output is 310 MW or more for peak load conditions If the plant 
operates at levels less than 310 MW but more than 170 MW (whch now is the normally expected 
operatmg range) loadmgs on the Kara Balta-Glavnaia 220 kV lme wdl exceed 100% of its normal 
ratmg of 270 MVA If the Bishkek TES 1 plant output is at or below approxmately 170 MW, 
the Kara Balta-Glavnaia 220 kV lme wdl load beyond its emergency capabdity of 351 MVA (130 
% of normal capacity) whch could jeopardne power supply to the entlre Northern area of 
Kyrgyzstan (approxmately 1400 MW of load, mcludmg the City) 

The failure of one of the two Glavnaia transformers could result m an extreme overload of the 
other transformer Smce the power supply to the entre city is hghly dependent on the Glavnaia 
substabon and the Bishkek TES 1 plant, the overloadmg and subsequent fallure of the Glavnaia 
transformers would jeopardize power supply to the entlre city No spare transformer capacity 
is provided to back-up the Glavnaia transformers The purchase or relocation of a transformer 
to the station could take a few months to a year or longer The entlre city load of 473 MW is 
vulnerable to an extended blackout should a Glavnaia transformer fail 

Unless the transmssion supply to the city of Bishkek is mproved, the fuel supply problems, 
unavallabdity of generating capacity at the Bishkek TES 1 plant, and the madequacy of existmg 
trmmssion facdibes wdl contmue to make the city of Bishkek vulnerable to a serious blackout 
There is little to no operatmg margm or flexlbdity m the present power supply system servmg the 
single most major populated center of the country The Kyrgyz National Energy Holdmg 
Company views the reinforcement of the Northern Kyrgyzstan transmssion system and the City 
of Bishkek as the Nation's most urgent problem 



System Performance with the Ala Archa Project 

The Ala Archa project will provide a second transmssion source to the City of Bishkek The 
introduction of the Ala Archa substation will reduce the loadmgs on the Kara Balta-Glavnaia 
220 kV lme and the Glavnaia 22011 10 kV transformers smce the Bishkek load wdl now be dlvided 
between three prmcipal supply sources 1) Bishkek TES 1 Plant, 2) Glavnaia 22011 10 kV 
substation and, 3) the new Ala Archa 22011 10 kV substation The lntroduction of the Ala Archa 
substation will provide operatmg margm to reliably meet the existmg load and to accommodate 
expected future load growth 

Benefits of the Ala Archa Project 

The results of power flow simulation studies for projected 1997198 wmter peak load conditions 
mdicate the lntroduction of the Ala Archa project wdl reduce active and reactive system losses by 
4 to 10 MW and 15 to 55 MVAR, dependmg on the generation dispatch at the Bishkek TES 1 
plant The active power losses m the City of Bishkek are reduced by approxmately 10 to 15 %, 
a very sigmficant savlngs and an mdication of how heavily loaded the network is prior to the 
mtroduchon of the Ala Archa project The annual energy savmgs resultmg from the lntroduction 
of the Ala Archa project IS estimated at 20 2 GWH If such savmgs are valued at a rate of 2 8 
cents per hlowatthour (variable cost of generation from TES-I), tlus reduction m losses 
represents a savmgs of approximately $564,150 annually The present worth of the reduction m 
losses, avoidance of costs associated with future generatmg capacity, provision of margm to 
accommodate f i r e  load growth and mproved reliability of the city power supply system are 
presented m the economc analysis section The Ala Archa project wlll provide much needed 
Immediate relief to the city transmssion system 

Future Developments 

The substation layout shall provide flexibility for the future installation of three 220 kV 
transmission lmes and a mmmum of four 110 kV transmssion lmes The heavy loadmgs 
expected on the Frunzenskaia-Ala Archa 220 kV transmsion lme resultmg from the loads at Ala 
Archa and the demands further east m the Issyk Kul area wdl requlre another 220 kV lme mto Ala 
Archa from Frunzenskaia T h s  lme, subject to further system p l m g  studies, could be the 
b e g m g  of a 500 kV development (mtially to be operated at 220 kV) that would ultimately 
extend to the K e r n  substahon m the Issyk Kul area 

The Chutskata Project 

Project Description 

The Chuiskaia substation is located near the mdustrial city of Tok Mak wluch is about 65 km east 
of Bishkek The Chuiskaia project is designed to mtegrate the existmg Glavnaia-Bystrovka 220 
kV transmission lme mto the Chuiskaia 110 kV substation The project plan calls for the 
installation of 1-125 MVA, 2201110 kV transformer (to be relocated from the Issyk Kulskaia 
substation) and associated 220 kV and 110 kV switchgear Approximately 1 km of double clrcuit 
220 kV lme construction is needed to mtegrate the Glavnaia-Bystrovka 220 kV lme mto the 
Chuiskaia substation 



Project Cost 

The total es-ted cost of the Chuiskaia project and related mprovements m 1995 U S dollars 
is $2 3 mdlion 

System Performance without the Chuiskaia Project 

The eastern areas of the Chu Company and the Issyk Kul area are hghly dependent on 
transmssion supply from source clrcuits emanatmg from the Frunzensha 500/220 kV substanon 
and by 220 mterconnections to Almaty The area is also dependent on a 110 kV lme from the 
Bishkek TES 1 plant to Bystrovka substation The Bishkek TES l-Bystrovka 110 kV lme has five 
mtermediate stat~ons along its length The five stations mclude Alamedm, Kant, Ivanovka, Tok 
Mak (Chuiskaia) and Iskra The 110 kV llne is of double clrcuit construction (AC-240 
conductor/phase) to the Kant station and smgle clrcuit construction (AC-185 conductorlphase) 
from Kant to Bystrovka 

Power flow studies and operatmg experience demonstrate the 110 kV lme section between Kant 
and Ivanovka substat~ons is heavdy loaded and can often load beyond its capabdity of 100 MVA 
An outage of t . s  Ime wdl jeopardlze service to the loads east of Bishkek smce the 220 kV lmes 
whlch operate m parallel with the 110 kV lrne can overload Power flow simulations and actual 
experience demonstrate the 110 kV lme can overload even when the Bishkek TES 1 plant is 
operated at reduced output levels of 250 MW Operation of the plant above 250 MW would 
create even hgher overloads m the 110 kV lme whch would further jeopardlze the reliability of 

@ power supply to loads m the Issyk Kul and eastern Chu Electric Company service areas 

System Performance with the Chuisha Project 

The Chuisha project is designed to relieve the overloads on the Kant-Ivanovka 110 kV lme The 
nearby Glavnaia-Bystrovka 220 kV lme wdl be mtegrated lnto the existmg Tok Mak substation 
l h s  mtegrauon wdl provide a 2201110 kV source mto the Chuiskaia substation whch will have 
the effect of reducmg the loadmg on the Kant-Ivanovka 110 kV transmssion lme 

Power flow sunulahon studies of the new Chuiskaia 22011 10 kV mtegration project mdicate the 
loading on the Kant-Ivanovka 110 kV lme will be reduced by 20% (from 11 1 % of its normal 
capabdity to 91 %) under peak load conditions The reduction m the loadmg of the 110 kV lme 
is ambutable to the mcreased load picked up by the 220 kV lme secnon from Glavnaia-Chuiskaia 
The reduction m the Kant-Ivanovka 110 kV lme loadmg wdl provide margm on that clrcuit to 
provide for future mcreased operatmg levels of the Bishkek TES 1 plant 

Benefits of the Chuiskaia Project 

The Chuiskaia project will relieve the overloads now experienced on the Kant-Ivanovka 110 kV 
transrmssion llne The integration of the Glavnaia-Bystrovka 220 kV lme mto the Kant-Bystrovka 
110 kV lme will also sigmficantly reduce the transrmssion losses It is expected that the 
transmssion losses will be reduced by 6 MW The annual energy savmgs resultmg from the 
mtroduchon of the Chuiskaia 220/110 kV project is e s m t e d  at 24 2 GWH If such savmgs are 
valued at a rate of 2 8 cents per lulowatthour (the estimated variable cost of Bishkek TES 1 



generation), h s  reduction m losses represents a savmgs of approxmately $677,000 annually 
The present worth of the reduction m losses, avoidance of costs associated with future generating 
capacity, and the provision of margm to accommodate future load growth are calculated m the 
economc analysis section The Chuiskaia project will provide much needed m e d i a t e  relief to 
the eastern Chu Valley system and provide some margm to mprove the reliability of the eastern 
Chu transmssion system 

Future Developments 

The layout of the Chuiskaia substation should provide for future expansion of the 220 kV and 110 
kV substation Provision for a mnumw of two future 220 kV and two 110 kV transmssion lmes 
should be adequate since no firm plans for such expansion are now contemplated The initial 
substation layout provides for the addition of a second 220/110 kV transformer It is expected 
that the transmssion system to the east of h s  substation, at or m the vicmty of the Bystrovka 
substation, will be reinforced at 500 kV m the future 

Bzshkek 110 kV System Protectzon Improvements 

Project Descripbon 

This project is designed to mprove the system protection and reliability of power supply to the 
city of Bishkek The project is also designed to reduce the fault duties on the 110 kV lines and 
110 kvllower voltage transformers at twelve substations tapped off the 110 kV double clrcuit 
transmssion lme that enclrcles the city 

The project plan calls for the mstallaaon of twenty two circuit breakers and associated unproved 
relay protection at twelve substations The proposed improvements are planned for the followmg 
substations Novo Yuzhnaia, Plkovaia Kotelnaia, Am, Novo Zapadnaia, Karagachevaia, 
Molodogvardeiskaia, Yuzhnaia, Promyshlennaia, Energeticheskaia, Alamedm, Novo Vostochnaia, 
and Kostromskaia 

Project Cost 

The total estunated cost of the Bishkek system protecbon Improvement project m 1995 U S 
dollars is $3 5 mllion 

System Performance without the System Protection Upgrade 

A 110 kV double cucuit transmssion lme enclrcles the city The Bishkek TES 1 plant and the 
Glavnaia 220/ 110 kV substation are the mam sources of supply to the 110 kV rmg The southern 
section of the rmg extends from the Bishkek TES 1 plant to the Kyzyl Asker substation Four 110 
kV circuit breakers, two at the Bishkek TES 1 plant switchyard and two at the Kyzyl Asker 
substatron, protect the southern 110 kV double clrcuit transmssion lme Transformers at seven 
substations are solidly tapped off the 110 kV transmssion llne The followmg table lists the 
substations and transformer capacity mtalled between the Bishkek TES 1 plant and the Kyzyl 
Asker substation 



Note The Lemns Plant substation IS owned by the customer The cost to upgrade the relay 
pg~tection system at the L e m  Plant is excluded from thrs project - - - 

SOUTHERN RING 
110 KV 

SUBSTATIONS 

SELEKCCIONNAIA 

PIKOVAIA KOTELNAIA 

NOVO YUZHNAIA 

LENINS PLANT (CUST ) 

AINI 

ORTO ALYSH 

NOVO VOSTOCHNAIA 

TOTAL 

The southern porhon of the 110 kV loop is used to distribute the power to the substat~ons listed 
m the foregomg table The system protection scheme now m existence exposes all of the 
substations, and more unportantly, about half of the Bishkek city load, to mtermption should a 
transformer or 110 kV h e  section experience a short crrcuit fault Furthermore, the use of 
ground switches m lieu of 110 kV clrcuit breakers results m fault clearmg tunes of 1 0 to 1 5 
seconds Such long cleamg tunes mcrease the duty on the transformers, conductors and hardware 0 wluch can lead to loss of life and early fallwe Should the automatic protection scheme, wluch 
relies on disconnect switches to isolate the faulted clrcuit, not operate properly, all of the City 
load served by the southern 110 kV m g  wdl be mterrupted Consumers served from the southern 
110 kV system wdl experience a prolonged outage The faulty equipment would need to be found 
and isolated manually before the process of re-energlzation of the sauthern 110 kV facilities and 
load pick-up could begm 

A s m l a r  situabon as described above exlsts m other areas of the unportant 110 kV rmg that 
serves as the mam source of power supply to the City of Bishkek The followmg table lists the 
substations and transformer capacity ~ustalled m the northwestern section of the rlng located 
between the clrcuit breakers mstalled at the Kyzyl Asker and Glavnaia 110 kV substations Three 
transformers at two substat~ons are solidly tapped off the 110 kV transmssion h e  between Kyzyl 
Asker and Glavnaia 

INSTALLED 
TRANSFORMER 

CAPACITY (MVA) 

1*16 

2*16 

1*16,1*25 

2*40 

2*16 

1 *25 

2*25 

276 

110 KV TRANSFORMER 
GROUNDIDISCONNECT 

SWITCHES 

0 

2 

2 

2 

2 

0 

2 

10 

1 

110 KV 
CIRCUIT 

BREAKERS 

1 

0 

0 

0 

0 

1 

0 

2 

NORTHWEST RING 
110 KV 

SUBSTATIONS 

KOSTROMSKAIA 

NOVO ZAPADNAIA 

TOTAL 

INSTALLED 
TRANSFORMER 

CAPACITY (MVA) 

1 *25 

2*31 5 

88 

110 KV TRANSFORMER 
GROUNDIDISCONNECT 

SWITCHES 

1 

2 

3 

110 KV 
CIRCUIT 

BREAKERS 

0 

0 

0 



A slmilar situation as described above also exists m other areas served at 110 kV from the 
Glavnaia substation and Bishkek TES 1 plant The following table lists two substations and thelr 
mtalled transformer capacity served radially from the Glavnaia substation 

A s d a r  situation exists m areas served at 110 kV from the Bishkek TES 1 plant The next table 
lists two substahons and then- Installed transformer capacity served radially from the Bishkek TES 
1 plant 

RADIAL 110 KV 
SUBSTATIONS 

FROM GLAVNAIA 

KARAGACHEVAIA 

MOLODOGVARDEISKAIA 

TOTAL 

A slrmlar situation exists m another area served at 110 kV from the Bishkek TES 1 plant The 
substations m the eastern area of the city are served by the 110 kV double clrcuit lme connectmg 
the Bishkek TES 1 plant and the Kant substation located to the east of the city The next table 
lists three substations and thelr mtalled transformer capacity connected between the cucuit 
breakers mtalled at the Bishkek TES 1 plant and the Kant substation 

INSTALLED 
TRANSFORMER 

CAPACITY (MVA) 

2*25 

1*16 

66 

RADIAL 110 KV 
SUBSTATIONS 

FROM BISHKEK TES 1 

VOSTOCHNAIA 

YUZHNAIA 

TOTAL 

System Performance with the System Protection Upgrade 

110 KV TRANSFORMER 
GROUNDIDISCONNECT 

SWITCHES 

2 

1 

3 

110 KV TRANSFORMER 
GROUNDIDISCONNECT 

SWITCHES 

0 

2 

2 

INSTALLED 
TRANSFORMER 

CAPACITY (MVA) 

2*25 

2*40 

130 

EASTERN 110 KV 
SUBSTATIONS 

FROM BISHKEK TES 1 

PROMY SHLENNAIA 

ENERGETICHESKAIA 

ALAMEDIN 

TOTAL 

The project is planned to rmprove the reliability of the Bishkek power supply system by replacing 
the slow actmg ground switch/disconnect switch protection system with hlgh speed relays and 110 
kV cucuit breakers The modernmition of th~s outdated protection system through the Installation 

110 KV 
CIRCUIT 

BREAKERS 

0 

0 

0 

110 KV 
CIRCUIT 

BREAKERS 

2 

0 

2 

INSTALLED 
TRANSFORMER 

CAPACITY (MVA) 

1*31 5, 1*40 

2*25 

1*40, 1*25 

186 5 

110 KV TRANSFORMER 
GROUNDIDISCONNECT 

SWITCHES 

2 

2 

2 

6 

110 KV 
CIRCUIT 

BREAKERS 

0 

0 

0 

0 



of 110 kV clrcuit breakers and related modem relays wlll mprove the performance of the Bishkek 
power supply system 

Benefits of the System Protechon Upgrade Project 

The system protection upgrades outllned above wdl siflicantly mprove the reliabrlity of power 
supply to Bishkek The lnstallation of clrcuit breakers on the hgh voltage side of each 
transformer as proposed wrll isolate the transformer experiencmg a short clrcuit fault nearly 
mstantaneously, thus, leavmg the 110 kV transrmssion gnd and the nearby substations Intact The 
rnlnlmlzation of mterruptions to nearby customers will mprove customer service and reduce 
outage tunes Thus, the unproved reliability (less customer service mterruptions) will mcrease 
the revenues to the KNEHC, assummg proper blllmg and collection procedures are unplemented 
An estlmate of the added revenue resultmg from reduced outages and restorahon tunes is provided 
m the economc analysis secbon 

The lnstallation of 110 kV clrcuit breakers and related relay modlfcations will also reduce the 
stress on exlstmg transformers and other stahon equipment slnce the fault cleamg tme will be 
reduced from one m u t e  or more to less than one second Life extension of transformer and 
other substabon equpment is difficult to quanw It is well known, however, that less exposure 
to prolonged faults wdl Improve the life of electrical equipment, especially when the equipment 
is already heavlly stressed because of Inadequate mamtenance practices 

Finally, the mtallation of the 110 kV clrcuit breakers is expected to Improve the flexibility of 

@ schedulmg mamtenance smce the transformer can be cleared locally without disturbmg the 110 
kV transmssion m g  The operahon and mamtenance expenses associated with repalr or routme 
mamtenance of the substabon is expected to be reduced slnce the equipment wlll expenence much 
less stress as a result of the mprovements recommended m the 110 kV system protechon upgrade 

Future Developments 

The Ala Archa project mcludes the construction of three 110 kV double clrcuit lmes m the 
southwest area of the city The Ala Archa project wlll sigmficantly change the configuration of 
the 110 kV transmssion system The Ala Archa project also mcludes 110 kV lme construction 
to connect the Lenrns Plant and Yuzhnaia substations 

The mprovements proposed m h s  project must be coordmted with the Ala Archa project and 
other elements of the transmssion and distribution mprovement program to ensure proper 
mtegrabon from a system plammg and engmeermg design perspective Ths  would mclude the 
proposed remforcements at the Selekccionnaia and Orto Alysh 110 kV substations that are also 
part of the transmssion and distribution mprovement program 

Transformer Replacement/Add&on Projects 

Project Descnption 

Ths  element of the proposed transmssion and distribution remforcement program lnvolves the 
replacement or addition of transformer capacity to provide relief to overloaded transformers 



Many transformers m Kyrgyzstan are experiencmg very heavy loadmgs as a result of mcreased 
consumer demands and the absence of unprovements m the past few years The project mvolves 

Project Cost 

he mstallahon of additional transformer capacity at the Orto Alysh, Selectro, Selekcciomaia and 
lJovo Troickaia substations as summarlzed m the followmg table 

The estmted total cost for the proposed Improvements at the Orto Alysh, Selectro, Selekccionaia 
and Novo Troickaia substations is 5 0 rmllion USD 

System Performance without and with the Transformer Upgrades 

REMARKS 

INCLUDES THE LOOP IN OF THE 
VODOCANAL-DZHAL 35 KV LINE 

REMOVE 3510 4 KV, 4 0 MVA 
TRANSFORMER 

REMOVE AND REPLACE 
TRANSFORMERS 

The existmg transformers at Orto Alysh, Selectro, Selekccionaia and Novo Troickaia substations 
have all experienced overloads The contmued overloadmg of these transformers will result m 
thelr fadure Smce no spare transformer capacity is provided for these substations, the failure of 
any one of the transformers wlll result m extended disruption of electric service to consumers 
supplied from these substations The replacement of the transformers wdl avoid the overloads and 
make available the overloaded transformers for use elsewhere on the Kyrgyz energy system 

FOLLOWING 
UPGRADE 

(MVA) 
2*25 

6 3 

2*16 

2*40 

168 3 

SUBSTATION 

ORTO ALYSH 
110/35/10 KV 

SELECTRO 
35/10 KV 

SELEKCCIONAIA 
110110 KV 

I NOVO TROICKAIA 
110/35/10 KV 

TOTAL 

Future Developments 

EXISTING 
TRANSFORMER 

(MVA) 

1*25 

1 *4 

1*16 

2*25 

95 

The proposed transformer upgrades at the four stations will provide capacity for future load 
growth It is expected that the transformers released by th~s project wlll be marntalned as needed 
and reinstalled elsewhere on the system so as to relieve other overloaded transformers 

Procurement of Tools, Spare Parts and Metermg Equipment 

Few spare parts are available at the KNEHC to make emergency or mamtenance repalrs of 
transmssion and distribution equipoment The shortage of spare parts is especially acute with 
respect to the distribution system facilities Few spare parts are available to repalr or replace 
damaged distribution cables, low voltage switchgear, transformers and hardware The 
transmission and distribution lmemen have few specialized tools available to perform regular 
maintenance and repair of transmssion and distribution facilities The unavailability of spare 
parts and adequate tools and test equipment result m poor customer service and lengthy repair 



tunes followmg forced outages of system facllihes The project mcludes approxunately $2 nullion 
for the procurement of the most urgent spare parts, tools and equipment accordmg to priorities 
established by the KNEHC wth acceptance and approval by the lendmg mbtuhons The benefits 
of h s  part of the project mclude Improved safety for KNEHC workers, mcreased customer 
satisfaction and reduced customer outage and service restoration tunes 

It is reported that more than 125,000 unmetered consumer connections have been added to the 
KNEHC distnbution gnd The project also requests appromtely $1 1 d o n  for the purchase 
and installation of 100,000 metemg devices so that ths  situation can be remediated Installation 
of the metemg devices and establishment of a meter standards and related blllmg and accountmg 
programs wdl provide mcreased revenue to the company The value of the mcreased revenue 
resultmg from proper metermg and bdlmg for energy use is estmated m the economc analysis 
section 

Economtc Analysts 

Overview 

An economc analysis of the transmssion and distribution system relnforcement program was 
carried out to assess the overall benefitlcost performance The analysis evaluated the expected 
economc benefits and compared them agalnst the expected financial comrmtrnents The 
evaluation also deterrmned the expected mternal rate of return for the recommended transmssion 
and distnbution program 

@ For the transmssion and distnbution program the costs mclude capital expenditures and future 
operabon and mamtenance expenses associated with the proposed facllities Quantifiable benefits 
of the proposed program mclude (1) energy savmgs due to loss reduction, (2) deferred costs of 
new future generabon capacity otherwise needed to supply the losses, and (3) avallabllity of new 
power supply capacity resultmg from the addihon of new facllibes and the relocation of freed-up 
transformer capacity to other existmg facllities Less readlly quantifiable reliabdity benefits are 
discussed m the followmg sechon 

Assumptions 

The assumptions used to d e t e m e  the costs and benefits associated with the transmssion and 
distribution system relnforcement program are described m ths  section 

Costs 

o Caprtal Costs 

The capital cost of the project are phased m accordmg to the forecast of capital 
expenditures prepared for the transmssion and distribution program 

o Operation and Marntenance Cost 



Operation and mamtenance expenses are assumed to be 1% of the total capital 
expenditures 

Benefits 

o Loss Reductzon 

The energy savmgs resultmg from a more efficient system The value of the energy saved 
is calculated accordmg to the following formula 

Value = [Losses] *[Loss Factor] *[8760] *[$/MWH] 

The followmg are assumed 

- Load Factor = 0 65 
- Loss Factor = 0 46 (based on 15 (Load Factor) + 85 (Load Fa~tor)~)  
- $/MWH = $28 00 (2 8 cents per kWH) estunated as variable cost of generation 

from the TES plant 
- The losses are assumed to mcrease propomonally to the square of the growth m 

peak demand as forecast for the first five years and held constant thereafter 
- Forecasted growth m peak demand = 2 2 %/year 

o Deferred Generation Capaczty 

The value of the future generation capacity that can be deferred mdefmtely due to a 
reduction in losses New generation capacity is needed by 2002 The annual savmgs 
associated with new generatmg capacity deferment are calculated as follows 

Value = (0 12)*($626)*(12,200) 

The followmg are assumed 

- Generation Umt Cost = $626/kW 
- Carrymg Charge = 12 %/year 
- New Generation Required m 2002 
- Total loss reduction = 12,200 kW 
- Value held constant through end of analysis 

o Revenue Enhancement from Improved System Reliability Associated with 110 kV System 
Protection Ugprades 

The 110 kV crrcuit breaker addihons and associated relay mprovements, collectively the system 
protection upgrades, will reduce the customer service interruptions and mprove the service 
quality followmg foced outages of llO/lower voltage transformers An economc value associated 
with reduced service mterruptions and reduced customer service restoration tunes followmg 
disturbances can be calculated based on the added revenue (realization) opporhuuties available to 
the company The fallure of the exlstlng ground switch/disconnect switch protection scheme can 



result m service disruptions to many customers smce fault clearmg must be done remotely from 
the affected transformer Fallure of the scheme to operate properly can disrupt loads for extended 
periods of tune untll the cause is determed and customer restoration beglns An approxunate 
value of reduced customer service mtermptions and shortened restoration tunes is calculated as 
follows 

Value = (PI) * (P2) * (Ll) * (TI) * (Rl) 

Where 
P1 = Expected No of transformer failures 
P2 = Probability of fadure of the automatic protection scheme to clear faulted transformer 
L1 = Loss of MW load caused by service mterruptions 
T1 = Restroabon tune followmg servlce mterruphons 
R1 = Net Realnabon (profit)/MWH, estunated at $16/MWH 

The followmg are assumed 

* Assumxng 10% forced outage rate per year for the llO/low voltage transformers 

1 # of Transformers 

2 Expected number 
of transformer faults' 

3 Expected loss of 
load m MW 

4 Tune requlred to 
restore service m 
hours 

5 Expected net 
realnation per MWH 

6 Expected revenue 
enhancement 

Southern 
h g  

10 

1 0  

276 

12 

$16 

$53,000 

Northwest 
mi! 

3 

0 3 

88 

12 

$16 

$5,100 

Service Area 

Stations 
served from 

Glavma 
Station 

3 

0 3 

66 

12 

$16 

$3,800 

Statlons 
served from 

Bishkek 
TES 1 

4 

0 4 

130 

12 

$16 

$10,000 

Eastern 
Stations 
Served 
From 

Bishkek 
TES 1 

6 

0 6 

186 

12 

$16 

$2 1,000 



o Capanty Supply Value of Replaced Transformers (Abzhty to Serve More Load) 

Abdity to meet new load growth by relocatmg the replaced transformer to another part 
of the system Value is given for the mcremental mcrease m capacity The value is 
calculated each year by the followmg formula 

Value = [Inc MW load] *[Load Factor] *[8760] *[$/MWH] 
where Inc MW Load = yearly mcrease m peak loadmg on the new facllity 
Load Factor = 0 65 
$/MWH = $16 00 (1 6 cents per kWH) estlrnated as consumer wdlmgness to pay less variable 
cost of generation 

The loadmg on the new facllity is allowed to Increase each year until the ratmg is reached The 
number of years it takes to reach the ratmg depends on the load area bemg served and the 
forecasted peak demand load growth The number of years can be calculated by the followmg 
formula 

For distr~bution tme transformers. 

Ratmg = [Existmg Loadmg]*[l + 0 0221" 
where n = number of years before transformer is at rated capacity 

For transmission type transformers and lines, 

Existmg Area Load + Inc Capacity = [Existmg Area Load]*[l + 0 0221" 
where Inc Capacity = the excess capacity avadable after the new facdities are added to the 
system 
n = number of years before mcremental capacity is used up 

The value of the new supply capacity is held constant once the mcremental capacity is used 

o New Transmzsszon Supply Capaczty 

Ability to meet new load growth as a result of addmg new facilihes to the transmssion 
system Value is given for the mcremental mcrease m capacity The calculation of the 
value of thls new capacity is identical to the foregomg item above 

o Revenue Enhancement from Installation of Metermg Devices 

The installation of metermg devices and the preparahon of comprehensive billmg and collection 
procedures will mcrease the revenues avadable to the KNEHC The value of the revenue 
enhancement is estlrnated as follows 

Value = (N1) * (U1) * (Rl) 

Where 
N1 = Number of new meter installations (100,000) 



U1 = Average customer usage (2 76 MWhIyear) 
R1 = Net ~eallzation (~rofi)/MWh, estlmate at $161MWh 

o Revenue Enhancement fkom the Rehabllity Improvements associated with the Ala Archa Project 

The additlon of the Ala Archa 22-11 10 kV stahon wrll Improve the reliabllity of power supply to 
loads m the city of Bishkek and load areas to the east of the city of Bishkek TES-1 plant These 
load centers wlll be less susceptible to power outages smce the exposure to 220 kV and 110 kV 
lme outages is reduced For example, the Ala Archa station wlll reduce the amount of load 
affected by the outage of the Bishkek to Kyzyl Asker 110 kV lme smce the lme will be routed 
through the new Ala Archa substahon 

Improved reliabllity of the transmssion system provides tangible benefits to customers as their 
number of service mterruptlons per year w d  be decreased followmg the addition of the Ala Archa 
station The mcrease m power supply reliabllity also wlll benefit the KNEHC as fewer service 
mterruphons wlll mcrease revenues, as well as mprove customer satisfaction levels The value 
of the revenue enhancements can be estrmated as follows 

value = ( (Nl) * @I) + (N2) * @2) ) * L1 * R1 

Where N1 = Average number of scheduled outages per year 
Dl  = Average duration of scheduled outage 
N2 = Average number of forced outages per year 
D2 = Average duration of forced outages 
L1 = Loss of MW load caused by service mterruptions 
R1 = Net Realization (profit)/MWH, estimated at $16/MWH 

Net Present Value Calculation 

The first step m determmmg the benefitkost relationshp for th~s project mvolved a calculation 
of the net present values of the benefits and costs of the proposed program The analysis was 
performed by calculatmg the net present value (NPV) of the costs and benefits and then calculatmg 
the difference between the two Ths  difference provides an analpcal foundation to determe 
whether the target rate of return is acheved A net present value equal to or greater than 0 
mdicates the mternal rate of return is greater than the target level 

The net present value analysis assumed a five year phase-m penod for the mprovement program 
whch starts m 1995 and extends through 1999 A twenty five year horlzon is assumed whch 
takes the analysis out through the year 2024 A discount rate of 12% and cash flow at the end of 
each penod were assumed The detaded results of the analysis are provided m the attached table, 
"Economc Analysis " 

As shown m the table, the net present value of the costs is estunated to be $16 9 mdlion Th~s  
compared to the $42 rmllion net present value of the benefits whch suggests the transrmssion and 
distribution program clears the assumed hurdle rate of 12% The drfference between the benefits 
and costs equates to an mternal rate of return of approxunately 29 2% for the transrmssion and 
distnbuoon program 



Reliablllty Considerations 

The projects that comprise h s  transmsslon reinforcement program will lmprove the reliability 
and quality of electnc power supply to consumers The reliability of power supply will become 
increasmgly lmportant m the Kyrgyz Republic as the Nation pursues ~ t s  economc development 
program m a competitrve market place The lrnportance of a reliable electrlc power supply system 
and the problems associated with an unreliable system are discussed briefly below 

Relzable Electrzc Power Supply 

Over the years, the reliable supply of electricity has become one of the mam engmes drivmg 
societies forward, mcreasmg economc productivity, and lmprovmg health, safety, cornfort and 
general welfare Electricity IS essential m home life, m the work place, and m sustamng health, 
safety, samtation and transportation systems Economc growth and its resultant benefits to 
society are mtmately coupled with growth m electricity usage A hlgh degree of electrlc service 
reliability is not accidental High reliability comes from past and on-gomg efforts by electric 
utilities to plan, design, construct and coordmate therr electric system development to meet present 
and projected demands for electric power and energy 
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It IS expected that the Kyrgyz Nat~onal Energy Holdmg Company (KNEHC) w~l l  have a legal 
obl~gat~on to prov~de rel~able electr~c servlce for the safety and securlty of the publ~c served 
KNEHC must plan to prov~de and fund adequate generation, transm~ss~on and d~str~but~on 
fac~l~tres to fulfill that obligat~on Equally mportant, m plannmg to meet the needs of zts 
customers, KNEHC must be concerned w~th the safety and securlty of operation of the system 
W~thout adequate secunty (the abd~ty of the power system to w~thstand sudden d~sturbances), the 
trlp-out of a transmsslon fac~l~ty m one area can affect other parts of the system and could 
ultmtely result m cascadmg failure throughout the servlce area and mto the servlce area of other 
Nat~on's A cascading fa~lure of the transmsslon network recogmzes no corporate or nat~onal 
boundar~es 

Impacts of an Unrebable Electrzc Power Supply 

Rel~able electr~c servlce IS mportant to customers because ~t reduces the chances of servlce 
mterruptions whch have real costs (e g lost work tune, food spodage, equ~pment damage, etc ) 
Thus the rel~abd~ty of electnc servlce, or lack thereof, wdl be an mportant factor lnfluencmg the 
health and strength of a Nat~on's economy 

Unreliab~l~ty IS characterized by servlce mtermpt~ons, whch may mclude complete loss of servlce 
(outage), or degraded servlce quality (low voltage) The costs of unrel~ab~l~ty are the costs 
Incurred by customers m the event of an electr~c servlce mterruphon The costs of unreliab~l~ty 
are not u~llform but wdl vary from customer to customer For example, some mdustr~al plants, 
such as l~ght bulb or steel manufacturers, may mcur damage to product~on fac~ l~ t~es  m add~t~on 
to losmg the~r work-m-process, employee tme, etc as a result of even a short outage 
Conversely, some government service or commerc~al customers, such as baker~es, may mcur only 
lost employee tme, lost sales opportumtles, and customer good wdl 

As mportant as rel~able electr~c power supply IS to the well-bemg of the economy, ~t IS equally, 
~f not more lrnportant to the health, safety and welfare of the publ~c In the health area, electr~c~ty 
IS v~tal to the smooth funct~onmg of hosp~tals, water pur~ficat~on and sewage treatment fac~l~t~es,  
to name a few In the safety area, electr~c~ty powers traff~c s~gnal and street l~ghtlng systems as 
well as commumcat~on systems used by publ~c agencles such as fire and pol~ce departments, and 
rad~o and telev~sion broadcasters 

It IS d~fficult to put a dollar value on these and other l~fe  mpactlng funct~ons It is mportant, 
however, that these factors are cons~dered when p l a m g  and valumg mprovements to the 
transmsslon and d~str~but~on system 



2 2 LOAD FORECAST, ELECTRICAL AND DISTRICT HEATING 

Energy Demand Forecasts for the Clty of Blshkek (1995-2005) 

The economes of all five central Asian republics mcludmg Kyrgyzstan are m a state of transition 
due to the collapse of the former Soviet U111on Disruptions m fuel supplies between the 
republics, mdustrial plant closures, slulled labor mgration and other changes have created a 
difficult environment for busmess and mdustries to function Ths  has contributed to a drastic 
reducbon m mdustnal energy demand The mdustnal energy consumption has dropped by more 
than 40 percent durmg the 1991-94 period As a result, household mcomes have dropped 
sigmficantly due to substantially Increased unemployment The population has shfted to 
electricity for household heatmg and coolung needs due to lack of natural gas supplies, the low 
price of electncity and, the mdequacy of the current Qstnct heatlng system as a heat source The 
large electrification rate m Kyrgyzstan has also fueled the rapid switch to electricity for heatmg 
and cookmg All these factors contnbute to sigmficant uncertamties m projectmg future electric 
and thermal demand over the next decade 

Burns and Roe beheves that energy consumpbon m Bishkek has reached its m u m ,  and is 
unllkely to declme further In the short term (next two years), the trend m mcreased use of 
electrrcity for residenbal heatmg due to mdequacy of hotwater heatmg supply may contmue, but 
it is anbcipated that once the Bishkek distnct heatmg system E rehab&tated and modemzed, h s  
trend wlll reverse itself Of course, the gradual mcrease m energy pnces wlll dampen the demand 
and wdl encourage energy conservation by the population The followmg paragraphs describe 
the electnc and thermal demand projecbons m more d e w s  The thermal demand is broken down * further mto district heatmg demand and mdustrial st- system demand 

mstor~cal Electr~c Energy Consumpbon Trends 

Residenbal (population) electric energy consumption has grown rapidly smce 1973 Between 
1973 and 1990, energy consumption by households mcreased at an average annual rate of 6 9 
percent Over the 1991 through 1994 period, the average annual growth rate of consumption 
Increased to 29 5 percent, with accelerabon m rates of consumption bemg attributed to the 
mcreased usage of electricity as a source for home heatmg and coolung Many of the urban 
residents have typically relied on hot water for heatmg, but h s  consumption pattern is changmg 
rapidly m response to mufficient heat supply from the TES-1 plant and Blshkek District Heatmg 
System due to lack of fuel There has also been mcreased electrification m the rural areas of the 
country Thls mcreased consumption by the residential sector wdl have a very distmct effect on 
the seasonal demands 

Between 1973 and 1990, the hstoncal electric energy consumption pattern for those parts of the 
economy mcluded m other sectors, such as government facdities, schools, and banks sectors 
mcreased at an average annual rate of 5 3 percent Between 1991 and 1994, however, the 
consumpbon declmed at an average rate of 1 7 percent per year, whch reflects the effects of the 
economc upheaval that is bemg experienced dumg the transibon period towards a market dnven 



Between 1973 and 1990, the agricultural electric energy consumption mcreased at an average rate 
of 9 3 percent, with mdustries m h s  sector playmg a vital role m the Kyrgyz economy When 
the economy slowed d m g  the lnltial stages of the period of transition to a market economy, the 
electric energy consumption by the agricultural sector decreased at an average rate of 8 4 percent 

Industrial electrical energy consumption mcreased at an average annual rate 3 6 percent between 
1973 and 1990 The mdustnal production dumg thus perrod was controlled by the Soviet Umon 
and some mefficient plants were allowed to operate The local mefficient mdustries lost thelr 
federal government subsidies when Kyrgyzstan declared its mdependence from the former Soviet 
Umon In addition, the currency exchange problems and d m s h e d  need for defense related 
plants, as well as other factors, all combmed to adversely affect the mdustrial sector Between 
1991 and 1994, mdustnal electnc energy consumption decreased at an average annual rate of 16 7 
percent Sharp drops m consumption were experienced m the rmlitary machme buildmg and 
electro-technology m a c h e  buddmg mdustnes, whch saw electric energy consumption decrease 
by 41 percent and 35 percent, respectively, between 1990 and 1992 

The total electnc energy consumpbon m the Kyrgyz Republic mcreased at an average annual rate 
of 5 3 percent between 1973 and 1990 As previously discussed, sustamed growth m electric 
energy consumption durmg the 1973 to 1990 period was experienced m all sectors of the 
economy Durmg the transition period smce mdependence (1991 to 1994), growth m total 
consumpbon decreased at rate of 1 2 percent per year, with large decreases m the mdustrial and 
agrrcultural sectors more than offsettmg the substantml g m  expenenced m the residential sector 
due to electric resistance heatmg and coolung 

Electr~c Energy Consumpt~on Forecast 1995-2005 

The rate of growth m residential electric energy consumption 1s expected to slow to 2 1 percent 
per year, over the next ten (10) year period, whch is much slower than experienced durmg the 
1991 through 1994 penod The forecast mcreases m consumpbon reflect mprovements m district 
heatlng system and mcreased avadability of fuels at the Bishkek power plant 

Durmg the 1995 through 2005 forecast period, the other sectors electric energy consumption is 
projected to mcrease at an average annual rate of about 4 0 percent Ths  forecasted growth is 
stronger than was experienced durmg the mtial years of the transition period to a market 
economy, but weaker than the hstorical rate experienced prior to mdependence 

Agrrculturd electnc energy consumption is projected to mcrease at an average annual rate of 4 4 
percent, whch reflects a rebound from the recent declmes expenenced m thus sector The forecast 
is not unduly optmistic and appears to be reasonable 

During the 1995 through 2005 period, mdustrial consumption is projected to mcrease at an 
average annual rate of 2 5 percent However, there is slow growth expected m the near term, 
followed by a more robust expansion after the turn of the century The forecast provides a 
defimtive reversal of fortunes for th~s  sector of the economy The mdustrial forecast may be 
opt~mstic, as the mdustrial expansion requlres many factors to fall mto place including a great 
deal of foreign mvestment 



The total electnc energy consumption forecast and hstory is shown m Table 2-1A Between 1995 
and 2005, total consumption is projected to grow at an average annual rate of 2 3 percent the 
table also shows the energy consumption broken down by sectors 

Peak Electric Demand 

Peak Demand Trends 1989-1995 

The Kyrgyz power system is hstorically a wmter peakmg system The shlftmg of patterns of 
energy consumphon, unavallabllity of fossll fuels for power plant and heat only boilers, and the 
unrehabllity of dlstrict heatmg systems have resulted m drivmg the wmter maximum demands to 
levels much greater than summer demands 

Average monthly peak demands for the Bishkek Electric Network show that the wmter months 
are havmg much hgher peaks, wMe the summer months are experiencmg somewhat lower peaks 
Tfus pattern of change reflects the mcreased utdlzation of electric heatmg and cookmg, 
electrification of households, and the decreased demand by mdustnal consumers These data also 
provide evidence that the load is wmter critical and becommg more so over tune The summer 
months exhlbit a sharper decrease m peak demand Ths  pattern reflects the mdustrial losses m 
the Bishkek area, particularly the defense related produchon This rate of growth is less than one- 
half of that experienced by the country as a whole and reflects the effect of decreased mdustrial 
consumption m h s  area Electric heatmg is rapidly replacmg hot water heat m the city and 
provided more than enough growth to offset the Industrial losses 

The ~~~c load forecast developed for t h ~ ~  study assumes that the e-g TES-1 Plant and 
Blshkek dstrlct heatmg network wdl be rehab&tated and would provlde a hgher degree of 
comfort (space) heatmg so that the populahon does not use electnc resistance heatmg to heat 
thew dwehgs. Ths load forecast also assumes that sufficient quantlty of fuel ulll be 
avadable at TES-1 plant m the future years to operate the plant at reqwed capac~ty levels 
The electnc forecast for the city of Blshkek for the next 10 years is shown on the attached Table 
2-1 In h s  table, the Column titled "Transfers" represents power that is transferred from the 
Bishkek power grid to other parts of Kyrgyzstan Most of a s  power is transmtted to the 
northern parts of Kyrgyzstan In addition, very detalled electric power demand and energy 
consumption forecasts are further covered m sechon 4 for the entlre Kyrgyz Republic 



Table 2-1A 
Energy (Mllllonn of KW) Consumption by Sector 

for the Kygyz Republlc, 1973 2008 

Growth Growth Growth Growth Growth 
Year Rssidsntlal Rate Commercial Rate AgffcuHuml Rate lndwtrkl Rate Total Rate 

Actual 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 
1980 
1991 
1992 
1993 
1994 

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

Average Annual Oruwth Rats 
1973 94 10 9 
1973 90 6 9 
1091 94 29 S 
1995 2005 I 2 1 





Projection of District Heating Hotwater Demand 

The district heatmg hotwater system study was prepared by European Commumty Energy 
Advisory Group (EC EAG) 

The e s t a t e  of the future distnct heatmg needs is based on a forecast of the development m umt 
heat demand (consumption per person or per m2) for the future years Concemg the 
development m number of consumers an mcrease of about 1 % per year is assumed Most of thls 
market development is assumed to take place m two specific areas, namely Microraion JAL m the 
southlwest part of the city (old alrport area) and the area northfwest of the Frunze factory The 
proposed rehabditation and modemfion of the Bishkek District Heating system is described as 
follows 

Analyzed Scenarios 

The proposed rehabilitation and modemation are described through four different scenarios 
Scenario 1B and Scenario "Do nothmg B" , Scenario 1C and Scenario "Do nothmg C" 

The present district heatmg system m Bishkek, and the future development if no modernrzation 
and market development takes place, is described m the "base case" s c e m o  titled "Do nothmg 
B" Scenario 1B whch mcludes the proposed rehabditation and modemation is compared with 
the "do n o h g  B" scenarro The two other scemos,  "Do nothmg C" and S c e m o  1C illustrate 
the economc effects of a possible future extension of the heat market 

Scenario "Do nothmg B" 

The "Do nothmg B" scenario considers a situation (case) where no techcal  modenmation nor 
the expansion of the Bishkek distnct heatmg system is carried out The Bishkek District Heatmg 
Enterprise (BDHE) only performs the mnumum mamtenance to keep the system operational under 
ths  scenario 

The mam features of the "Do nothmg B" scenario are 

The network will be rehabilitated and mamtamed at the present standard throughout the 
analyzed period (20 years) 

The supply capacity will be mamtamed at a level correspondmg to the consumer demand, 
mcluding replacement as the present supply u t s  are phased out due to explred life tune 

The tariff system will be modernrzed and cross subsidization between the various consumer 
groups wlll be abandoned 

New potential customers withm the existmg network may be offered district heatmg, whereas 
potential customers outside the network wdl be left to mdividual or mdependent district heatmg 
systems to meet thelr heat demand 



l k s  scenario describes a situahon where BDHE actively adapts to the changmg techno-economc 
and socio-economc environment by lmplementmg the proposed rehabditation and modemation 
of the system The exlstmg consumers outside the DH network at Microraion "JAL" and near 
the Frunze HOB are captured as consumers, whlch is made possible as the vanable flow operation 
is mtrooduced, and as these local networks are close to BDHE's network BDHE, however, m tlvs 
scenario does nothmg to expand its market share as when these two energy districts grow m 
future Table 2-2 describes the most probable District Heatmg Load Forecast 

The mam features of "Scenario 1B" are 

The network wdl be rehabilitated and maxitamed throughout the analyzed period (20 years), 
and it wdl be extended to cover the new two potential heat markets 

The system wdl be modemzed, lncludmg the introduction of variable flow operation, 
automahc mo~lltormg and control (SCADA) 

BDHE wdl develop its organnation towards a modern service orgmahon utlllzmg modern 
management and admmstrative skdls and tools, and also developmg its "customer service" 
capabdity 

@ The supply capacity wdl be -tamed to cover the consumer demand and it wdl be expanded 
to cope with the potential mcrease m the heat market 

BDHE will actively develop a tarlff system 

Scenar~o "Do nothmg C" 

m s  s c e m o  describes a situahon where the consumer market grows m future m the two districts 
"JAL" and "Frunze", and where these new consumers are left to seek mdividual solutions for thelr 
heat demand BDHE only does the mlnlmum to survive llke m scenario "Do nothmg B" 

Scenario 1C dlustrates the same development as Scenario 1B except for the "market approach" 
In tlvs scenario BDHE actively mvests m network extensions to capture the new potential 
customers outside the current service area The scenario wdl thus m comparison with scenario 
1B dlustrate the economc effect of an "aggressive" versus a "passive" market approach, whereas 
the compansons with the "Do Nothmg" scenarios dustrate an "achve" versus a "passive" adaphon 
to the changmg techno-economc and socio-economc envlronrnent 



TABLE 2-2 
Most Probable 

Distr~ct Heatlng Load Forecast 

Scenario 1B 

Year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

- 

Local District Heatlng System 

Maxunurn 
Demand 
(Gcallhr) 

46 

53 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Bishkek District Heatmg System 

Max~rnum 
Demand 
(Gcallhr) 

900 

935 

985 

968 

941 

914 

888 

861 

834 

808 

782 

Heat 
Generation 
(Tcallyr) 

104 

120 

0 

0 

0 

0 

0 

0 

0 

0 

0 

District 
Heat Sales 
(Tcallyr) 

94 

108 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Heat 
Generat~on 
(Tcaltyr) 

2667 

2809 

2901 

2841 

2675 

2567 

2535 

25 15 

2495 

2475 

2455 

District 
Heat Sales 
(Tcallyr) 

2000 

2100 

2285 

2273 

2230 

2209 

2188 

2168 

2 148 

2128 

2108 



Industrial Steam System Demand 

The Bishkek Indusmal Steam Supply network consists of appro-tely 57 kdometers of pipelmes 
and supplies the process steam to vmous mdustries m Bishkek It has approximately 38 
kdometers of aboveground pipes, and 19 kdometers of underground pipes The peak steam load 
for the system was 350 tonshour dumg the Soviet era, but at the present tlme the steam load has 
dropped to less than 100 tonshour due to curtailment of mdustrial production as a result of 
economc slowdown Due to sigtllficant dropoff m mdusmal steam demand, the heat losses from 
the steam supply system have skyrocketed resultmg m mcreased steam condensation The 
deterioration of steam lme Insulation has also contributed to these heat losses The excessive 
length of steam lmes from the TES-1 plant contributes to heat losses, condensanon and steam 
leaks resultmg m mcreased energy losses 

At the present tune, the farthest steam consumer is located 9 lulometers away from the Bishkek 
Plant The total mdustrial steam consumption has dropped to less than 25% of the peak system 
flow of the late eighnes, and a sigtllficant number of steam customers have gone out of busmess 
permanently Some of the steam dlstnbubon lmes have lost 60 to 80% of thelr steam customers 
permanently 

The attached Table 2-3 provides the projected mdustrial steam demand forecast for years 1995 
through 2005 The mdusmal steam demand forecast was developed on a generation basis (at the 
TES-1 plant boundary) The heat losses m the steam supply lmes are estmted at 30% without 
rehabllitabon of the hues The demand forecast was jointly developed with BDHE and KNEHC 



TABLE 2-3 
Most Probable 

Industrial Steam Load Forecast 

I 1 
1995 

year 

400 

Annual Sales 
(Tcallyr) 

(Gcalihr) 

130 

(Tcallyr) 

571 

Maximum 
Demand 

Annual 
Generation 



2.3 ECONOMIC ANALYSIS OF REHABILITATION ALTERNATIVES 

@ Burns and Roe and the Energy Advisory Group (EAG) have undertaken parallel studies to 
examme the techcal and economc feasibdity of rehabhtatmg the electnc generation and distrrct 
heatmg systems currently servmg the City of Bishkek Burns and Roe's work focused on 
rehabhtabon and modemnabon of the Blshkek Combmed Heat and Power Plant (1 e TES-1) and 
the Energy Advisory Group's work focused on the District Heatmg Distnbubon System 

The fmdmgs and recommendabons developed by the Energy Advisory Group are presented m 
therr report btled "Energy Savmgs m District Heatmg-Bishkek Distnct Heatmg System" (See 
Appendlx I) The assessments performed by Burns and Roe and the resultmg fmdmgs and 
recommendabons are presented m ibs  report Based on the work performed by Burns and Roe 
and the Energy Advisory Group, a number of specific recommendations for mprovmg 
performance, together with estunates of capital costs, have been developed The prunary purpose 
of th~s analysis is to examme the economc attractiveness of unplementmg those recommendations 
The economic analysls specifically covers rehabditabon of TES-1 and the Dlstnct Heatmg System 
The economc analysis of alternabves to contmued operation of the Blshkek Dlstrict Heatmg 
Systems are presented m Secbon 2 4 The purpose of ibs  economc analysis is to exarmne how 
the implementation of the rehabditabon recommendations wlll affect the total cost of supplymg 
electric energy, district heat, and process steam, and whether the proposed mvestments are 
elements of the least cost plan for meetmg the future needs of the city of Bishkek and surroundmg 
areas 

The TES-1 plant IS a combmed heat and power plant and is used to concurrently serve electnc, 
process steam and Qstrrct heatmg loads Consequently, the estmates of future production costs 
requrre a concurrent modehg of electnc, process steam and dlstrrct heat For this reason, Burns 
and Roe developed a computer model for projectmg future annual costs m whlch production costs 
(1 e , fuel costs) are estunated based on dispatchmg of electric and thermal supply resources to 
concurrently serve electnc, process steam and Qstrict heatmg loads wlde rn~numzmg total fuel 
costs 

2 3.1 Economc Analysis Model Descnpbon 

An economc model was developed by Burns and Roe to sunulate the constant dollar annual cost 
associated with servmg future electnc, district heat and process steam loads for the city of 
Bishkek The tune homon for the study program was from 1995 to 2005 to enable the model to 
capture the effects of the proposed capital mvestments and load growth to 2005 The economc 
analysis was extended to 2014 usmg a "frozen load" methodology to enable the capture of end 
effects without obscurmg the analysis with the effects of longer term load growth and resultmg 
capacity expansion requrrements 

The model also exammes the adequacy of production resources to meet future loads For h s  
purpose the criterion assumed is that Installed capacity should be adequate to meet maximum 

annual demand with the largest producbon m t  out of service, provided that m no case the system 
reserve margm at the tme of m m u m  demand be less than 15 percent Tbs same criterion a 
applied to both electric supply and thermal supply Should these criteria not be met, new 



thermallelectnc production facilities are added to satisfy the adequacy of installed capacity 
criteria 

In the recommended program for the rehabllitahon TES-1, Turbme Generator No 11 at mstalled 
m 1998 With tlus mstallation, the electric generatmg capacity is sufficient to satisfy the mstalled 
capacity criterion through the year 2005 Without a s  mstallation, the adequacy of mstalled 
capacity criterion mdicates that, under the most probable electric load forecast, the systems will 
have an electric capacity deficiency m the year 2002 A number of electric supply alternatives 
were considered for servmg tlus need mcludmg mtallmg a steam turbme generator of smla r  
design to TG No 11 at the TES-1 plant, addmg natural gas fired combmed cycle capacity and 
expansion of the electric grid supply Of these alternative, addmg a new steam turbme generator 
smla r  to TG No 11 was found to be the least cost alternative 

Thermal energy resources m the Bishkek Distnct Heatmg system are more than adequate to meet 
projected thermal demand through the year 2005 The local district heatmg system, currently 
isolated the Bishkek District Heatmg System, serves its loads with heat only boller (HOB'S) at the 
Frunze and JAL Plants For the purpose of tlus analysis, 50 Gcallhr natural gas fired heat only 
boilers are assumed to be mtalled when necessary to meet the adequacy of mtalled capacity 
criteria 

The figures of merit used to compare the econormcs associated with rehabilitation plans are the 
Net Present Value (NPV) of annual costs and the Economc Internal Rate of Return (EIRR) The 
annual costs used m the deterrmnation of NPVs and EIRRs mclude capital mvestments, operatmg 
and mamtenance costs, fuel costs, and purchase power costs 

In addition, the economc model is also used to es tmte  partial annual tariffs for electric sales, 
process steam sales and district heat sales For the purpose of tariff projections the model 
mcorporates certam assumphons with regards to allocatmg mvestment costs and annual production 
expenses to electric production, process steam production and district heat production 

The followmg provides an overview of the model methodology Specific assumptions and 
parameters used m the model are presented m Section 2 3 3 and m the economc analysis results 
presented m Appendlx I1 

Investment Costs 

Annual mvestment costs used m the model mclude direct capital costs estlrnated at 1995 pricmg 
levels, real escalation, an allowance of 2 5 percent of direct costs for tecbcal  assistance and 
tralxung, and an allowance of 10 percent of dlrect capital costs for physical contmgency Direct 
costs have been estunated by source mto foreign and local components of material, labor and 
equipment Direct costs, estlrnated at 1995 pricmg levels, were converted to US dollars based 
on currency conversion rates of 4500 Rouble = 1 US dollar and 10 5 Soms = 1 US dollar 



Annual canymg charges associated with future capital mvestment projects have been estunated 
based on capital recovery of loan requirements at a constant dollar cost of capital over periods 
consistent with, but somewhat less than, the expected life of each mvestment The effects of 
mcome taxes, property taxes, VAT taxes, and murance have not been mcluded m the 
determumaon of annual carrymg charges and are, therefore, not mcluded m the estunated partial 
tanffs Loan requirements are d e t e m e d  based on annual mvestment costs (as described above) 
with mterest durmg construction from the capital expenditure date to the date of service of each 
project 

The economc model mcorporates operatmg and mamtenance costs for all electnc and thermal 
generatmg plants and for the process steam and district heatmg distribution systems The O&M 
costs mclude labor costs, material costs and consumable costs whch have been estlmated talung 
lnto considerabon current utdity pracbces and the expected savmgs resultmg from unplementation 
of the rehabllitationlmode~tion projects proposed m this study and m the EAG study 
(Appendix I) 

Fuel and Purchase Power Costs 

Producbon costmg is performed so as to mlnlmlze the total system fuel cost Current electric 
supply resources mclude the TES-1 CHP plant and the electrrc gnd servicmg the City of Bishkek 
Current thermal supplies servmg the Bishkek District Heatmg System mclude the TES-1 CHP 
plant, the TES-1 Heat Only Bollers and the TES-2 Heat Only Bollers Also, a portion of the 
distnct heatmg loads of the City of Bishkek, currently isolated from the Bishkek District Heatmg 
System, are served by a local distnct heatmg system whch is supplied with thermal energy from 
the heat only boller plants at Frunze and JAL In the "Do Notlung" study cases, the local district 
heatmg system remam isolated from the Blshkek Dlstnct Heatmg System, whereas m the District 
Heatmg System rehabilitation study cases the systems are mtegrated Process steam loads are 
served by the TES-1 CHP plant 

Because the TES-1 CHP plant serves electrrc, distrrct heat and process steam loads, a production 
model was developed to sunulate economc dispatch of supply resources takmg mto account 
concurrent electnc, process steam and district heat loads The model uses dally concurrent load 
shapes typical of each month The loadmg of supply resources and the determumtion of hourly 
and annual fuel consumption for the Bishkek District Heat System are estunated usmg the 
followmg protocol 

1 The TES-1 plant is first dispatched to meet hourly district heatmg and process steam 
demand If TES-1 cannot meet the district heat load, the backupfpeakmg heat only boilers 
are then dispatched to meet the balance of demand 

2 Correspondmg to the hourly thermal loads bemg served by the TES-1 umts is a m u m  
electric capabhty If the actual electnc demand IS less than the mmunum electrrc capability, 
distnct heat producoon from the TES-1 CHP Plant is reduced so that the electric production 



meets demand and the produchon from heat only boller is augmented to makeup the balance 
If on the other hand, actual electric demand IS greater than mumum electric capability, the 
model loads the TES-1 m t s  to the nunmum electnc load level and exarmnes the 
mcremental costs associated with servmg the balance of electnc demand from other avllable 
electnc supply sources (1 e , the balance of TES-1 electrlc only capability, the electric grid 
or other future electnc supply resources) and selects the lowest cost combination of supply 
resources to satlsfy hourly electric demand 

3 Based on the hourly dispatch levels for TES-1, the heat only boilers, the grid and where 
applicable, new supply resources, the model calculates total hourly fuel consumption and 
energy supply by supply source and fuel type 

4 Dispatch levels and fuel consumption rates are calculated m thls manner for each hour of a 
typical day for each month The hourly values are summed to mdlcate total typical daily 
product~on and fuel consumption The typical dally values are then multipl~ed by the 
number of typical days m each month to reflect total annual productlon and fuel 
consumphon 

Production loadmg levels and fuel consumption rates for the local dlstrlct heatmg system, whch 
IS currently isolated from the Bishkek District Heatmg System, are deterrmned usmg a hourly 
dlspatch model whch loads the system heat only bollers m order of mlnr~num production cost 
talung mto account boller capacities, boller efficiencies and fuel prlces Typical dally, monthly 
and annual production levels and fuel costs are accumulated m the same manner as described for 
the Blshkek Dlstnct Heatmg System 

The dispatch methodology is considered conservative with respect to projectmg producbon costs 
partrcularly m the "Do Nothmg" cases In these cases produchon costs may underestmate actual 
costs for two reasons Flrst, without rehabflitanon of TES-1, additional electric supply would 
need to be provided by the electric grid The supply of electricity from the g r ~ d  may be llrmted 
(below transmsslon lmts)  by hydroelectric production constraints Secondly, dlstrlct heatlng 
resources are assumed to be optm~cally dispatched In the "Do N o k g "  cases, wlthout district 
heatmg system modemation, such optlmnation could not be acheved Consequently, 
producnon from heat only bollers and total district heat production costs would llkely be greater 
than projected by the model 

Annual Tacff Allocahons 

Annual tanffs for process steam, electnc and district heat productlon are assigned to each account 
based on mcurred cost allocations For most operations and facllitles, the cost allocation process 
is qulte slrnple For example, mvestment cost carrymg charges associated with 
rehabllitatmg/modemmg the dlstrict heatmg hot water distribution system serve only the dlstrlct 
heatmg system, therefore the carrymg charges are totally allocated to the dlstrlct heatlng system 
Smilarly, fuel costs for heat only bollers whch serve the dlstnct heatmg system are totally 
allocated to the district heatmg system 



However, because the TES-1 CHP plant concurrently produces electncity, process steam and 
district heat, consideration needs to be given to the allocation of rnvestrnent cost carrymg charges, 
operatmg and mamtenance costs and fuel costs to each type of production 

For the purpose of a s  study, revenue requlrements associated with the TES-1 CHP plant are 
allocated usmg the followmg methodology 

Carrvzn~ Charges and Operatzn~ and Mazntenance Costs 

The allocation of carrylng charges and operatmg and mamtenance costs to electric, district heat 
and process steam is a somewhat subjective exercise, particularly for a CHP plant as complexly 
configured as TES-1 For the purpose of a s  study, annual carrymg charges and annual operatmg 
and maintenance costs are allocated 75 percent to electric production and 12 5 percent each to 
process steam and district heat production 

One of the mam advantages of combmed heat and power production is that the efficiency of 
production is hgher and production costs are lower than if electricity and thermal energy were 
produced separately m stand-alone facilities The allocation of fuel costs to electric and thermal 
energy production from a CHP plant can be calculated m any one of a number of ways In the 
extremes there are two alternative methodologies 

The first methodology calculates the fuel costs associated with electric production as if it were 
produced m an electric only power plant The difference between the total CHP fuel consumption 
and the electric only power plant fuel consumption is assigned to heat production Thls approach 
is of course equivalent to allocatmg all of the CHP advantage to heat production 

The second methodology calculates the fuel costs associated with thermal producaon as if it were 
produced m a heat only boiler The difference between the total CHP fuel consumption and the 
heat only boller fuel consumption is assigned to electric production Tlus approach is of course 
equivalent to allocating all of the CHP advantage to electric production 

The approach used m a s  study to allocate CHP fuel costs to electric and thermal production is 
a shared savmgs methodology wluch uses the average fuel costs derived from the two extreme 
methodology - and, thus provides a sharmg of the CHP advantage For tlus purpose, the model 
assumes heat only and electric only net generatrng efficiencies of 87 and 30 percent, respectively 
The allocation of the resultrng thermal production fuel costs to process steam and district heat is 
done by dlrect proportlolung 

2.3 2 Description of Study Cases 

The Energy Advisors Group's study (Appendix I) of the Bishkek District Heatmg Distribution 
System exarmned two scenarios for the rehabilitation of the District Heatmg System Burns and 
Roe's study of the TES-1 CHP plant resulted rn a number of Priority 1 recommendations for plant 
rehabilitation To examme the economcs associated with the vanous rehabilitation options, eight 



(8) cases were idenbfied for study Table 2-4 is a matrlx identifymg the study cases exammed 
usmg the economc model TABLE 2-4 

MATRIX OF STUDY CASES 

Case 1, 2, 3 and 4 are the base study cases used to examme the economcs associated with the 
mvestments recommended for the TES-1 CHP Plant and for the Brshkek Distnct Heatmg System 
In these cases, the distnct heatmg loads mclude those customers whch are served by the Bishkek 
Distnct Heatmg System and those customers m the local distnct heatmg system whch could be 
served as a result of the recommended mvestments for rehabditabon/modemzabon and Integration 
of the two systems The affects of future load growth m the local district heatmg system and 
mtegration of an expandmg customer base mto the Bishkek Distnct Heatmg System are not 
mcluded m these cases smce such an mtegrabon would requlre a sigmficant mvestment for distrrct 
heatmg system expansion whch is not bemg considered for fundmg at th~s  tune Nevertheless, 
the Distrrct Heatmg System mvestments recommended would be requlred m advance of additional 
investment for the expansion of the district heatmg system Study Cases la, 2a, 3a and 4a are 
sensitivity cases whch examme the economcs associated with the mvestments recommended for 
the TES-1 CHP Plant and for the Bishkek District Heatmg System together with a future 
mvestment(s) for expansion of the distnct heatmg system 

TES-1 CHP 
Plant Scenario 

No Rehabditabon 

Rehabilitation 

In all study cases the electric load forecast and process stearn forecast are the same 

The followmg briefly describe the study cases 

DISTRICT HEATING SYSTEM SCENARIOS 

Cases 1 and la  - "Do NotEun~ Cases" 

Cases 1 and la  are the "Do Nothmg" cases correspondmg to the base and sensibvity scenarios for 
District Heatmg System expansion In these cases the recommended rehabilitation projects for 
the TES-1 CHP Plant and for the Bishkek District Heatmg System are not mplemented 
Furthermore, the Bishkek District Heatmg System and the local district heatmg system remam 
mdependent Case 1 and la  correspond to EAG's Drstnct Heatmg System Scenarios "Do Nothmg 

Without Expansion 

* B" and "Do Nothmg C, " respectively 

With Expansion 

No 
Rehabditabon 
or Integration 

1 

3 

No 
Rehabditation 
or Integration 

1 a 

3a 

Rehabilitation 
and Integration 

2 

4 

Rehabditation 
and Integration 

2a 

4a 



Cases 2 and 2a - "Distnct heat in^ System Rehabilitation Onlv" 

Cases 2 and 2a are the Distnct Heatmg System rehabllitation only cases correspondmg to the base 
and sensiovity scenarios for district heatmg system expansion In these cases no mvestments m 
the rehabllitation of the TES-1 CHP Plant are made Cases 2 and 2a can be compared to Case 1 
and la  to assess the benefit to be derived from the recommended district heatmg system 
investments without mclusion of the mvestmentslbenefits associated with TES-1 CHP Plant 
rehabilitation In both of these cases the Bishkek District Heatmg System is rehabilitated and 
modemed and the local district heatmg system is mtegrated mto the Bishkek District Heatmg 
System Case 2 exames  rehabilitation/modemation and mtegration without expansion of the 
customer base, whereas, Case 2a is the sensitivity case whlch lncludes the effect of expansion of 
the customer base A description of the recommended district heatmg system lmprovements 
together with budget cost estlrnates are presented m Section 2 1 2 Cases 2 and 2a correspond 
to EAG's District Heatmg Scenarios 1B and lC, respectively 

Cases 3 and 3a - "TES-1 CHP Plant Rehabilitation Onlv" 

Cases 3 and 3a are the TES-1 CHP Plant rehabilitation only cases correspondmg to the base and 
sensitivity scenarios for district heatmg system expansion In these cases no mvestments m the 
rehabilitaoon of the Bishkek Distnct Heatmg System are made Case 3 and 3a can be compared 
to Cases 1 and la  (the "Do N o W g  Cases") to assess the benefits to be derived from the 
recommended TES-1 mvestments without mclusion of the mvestmentslbenefits associated with 
district heatmg system rehabilitations In both of these cases the Bishkek District Heatmg System 
and the local district heatmg system remam isolated A description of the recommended TES-1 
CHP plant lmprovements together with budget cost estlmates are presented m Section 2 1 1 

Cases 4 and 4a - Combined Rehabilitation 

Cases 4 and 4a considers the combmed effects of both TES-1 CHP Plant and District Heating 
System rehabllitation correspondmg to the base and sensitivity scenarios for district heatmg system 
expansion Cases 4 and 4a can be compared to Case 1 and la (the "Do N o h g  Cases") to assess 
the benefit to be denved from mplementmg both the TES-1 CHP Plant and the District Heatmg 
System recommendations 

2 3 3 Model~ng Assumpt~ons and Parameters 

In the recent past, the lack of funds have restricted fuel purchases and llmted TES-1 operation 
Consequently, some district heat loads have been served by resistance heatmg usmg power 
provided by the electric grid servlng the City of Bishkek A key assumption in the analyses of 
the eight study cases described m Section 2 3 2 is that funds wlll be available to procure fuels 
necessary for unrestricted producoon of the TES-1 CHP plant Other key assumptions and model 
inputs are discussed m the followmg paragraphs 

Fconomic/Financial Parameters 

All costs are presented m constant 1995 dollars Dlrect capital costs estlmates were d e t e m e d  
m terms of foreign and local supply of materials, labor and equipment and converted to US dollar 



at 1995 currency conversion rates of 4500 Rouble = 1 US dollar and 10 5 Soms = 1 US dollar 
Annual mvestment costs mclude dlrect capital costs, allowances of 2 5 percent and 10 0 percent 

@ for techcal assistance/tr-g and physical contmgency, respectively, and real escalation from 
1995 to the planned Investment date Loan requrrements and debt service figures used m the 
projechon of p m a l  t ams  were denved assurmng an Interest rate of 12 percent per year for both 
mterest durrng construction and capital recovery calculations 

All net present value determmbons are based on a constant dollar discount rate of 12 percent per 
year 

Fuel and Purchased Power Prices 

Fuel and Purchased Power pnces assumed m the analysis of all study cases are presented rn Table 
2-5 - 

Table 2 5 
Fuel and Purchased Power Prices 

1995 US Dollars 

All he1 pnces presented m Table 2-5 are on Lower Heatlng Value basis All energy prices are 
m constant 1995 dollars and are assumed to remam at these levels throughout the study period 

Real Escalation Rates 

$/Gcal 

8 8 

10 0 

9 4 

- 

The econormc model assumes the followmg real escalation rates m the determmation of future 
costs 

$/Umt 

37 0 

95 0 

77 0 

30 0 

Energy Type 

Coal 

Mazut 

Natural Gas 

Purchase Power 

U~ut  

metric tons 

metnc tons 

1000 cubic meters 

MWh 



Table 2-6 
Real Escalation Rates ( %/year) 

The real escalation rates for Kyrgyz labor and material are also used to estlrnate future O&M costs 
m constant 1995 dollars 

Cost Component 

Western Equipment 

Kyrgyz Labor 

Kyrgyz Material 

The load forecasts for electnc, district heatmg and process steam used m the modelmg of study 
cases are presented m Tables 2-7 to 2-12 

Table 2-7 presents the electric load forecast used m the analysis of all elght study cases The 
forecast mcludes loads anticipated for the City of Bishkek proper as well as expectations for 
transfer out of the city The basis for the forecast is further described m Section 2 2 

1995-2000 

0 0 

16 9 

1 7  

Table 2-8 presents the process steam load forecast used m the analysis of all eight study cases 
The forecast is based on trends for the first 6 months of 1995 whch shows a continuation of the 
decllne m steam sales m 1995 to 400 Tcallyr from 586 Tcallyr m 1994 b-1996, the downward 
trend m sales IS assumed to be reversed - nsmg to 550 Tcallyear m 1997 For the purpose of thls 
study steam sales are assumed to remam at the 1997 level throughout the study period The 
projection of 550 Tcallyear m steam sales m 1997 and beyond represents approximately 40 
percent of that experienced m 1991 

2001-2019 

0 0 

6 6 

0 9 

Tables 2-9, 2-10, 2-11 and 2-12 present the district heatmg system load forecasts used m the 
modelmg of the study cases 



Table 2-7 
Most Probable 

Electric Load Forecast 

Note. 

I!XE 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

Thls electnc load forecast excludes electnc loads associated with operation of pumps servmg the 
Blshkek Distnct Heatmg System Without rehabllitation of the Bishkek District Heatlng System 
(1 e study cases 1, la, 3 and 3a) pumprng power IS estimated at 7 7 kWGcal  of heat producbon 
In cases with distnct heatmg systems rehabllitation (1 e , Case 2, 2a, 4 and 4a), pumpmg power 
is estmated to declrne to 5 6 kWhiGca1 of heat production 

Maxlrnurn Demand 
fwi9 

525 

538 

550 

563 

575 

587 

600 

612 

626 

639 

65 1 

Annual Generation 
f.mw 
1536 

1601 

1657 

1688 

1734 

1781 

1833 

1882 

1916 

1967 

2022 

Annual Sales 
0 
1352 

1409 

1458 

1502 

1543 

1585 

1631 

1675 

1724 

1770 

1820 



Table 2-8 
Process Steam Load Forecast 

- -- e 
, 

Year 

1995 

1996 

1997 

1998 

- - -  1999 

2000 

2001 

2002 

2003 

2004 

2005 

Annual Generation 
(Tcal/yr) 

57 1 

643 

786 

786 

786 

786 

786 

786 

786 

786 

786 

Annual Sales 
(Tcal/yr) 

400 

450 

550 

550 

550 

550 

550 

550 

550 

550 

550 

Maxlmum Demand 
(Gcalfhr) 

130 

147 

179 

179 

179 

179 

179 

179 

179 

179 

179 



Table 2-9 
District Heatmg Load Forecast 

Scenario "Do Nothmg B" 

Year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

Local 

Maximum 
Demand 
(Gcdhr) 

46 

53 

6 1 

7 1 

7 1 

7 1 

7 1 

7 1 

71 

71 

71 

Bishkek 

Maxmum 
Demand 
(Gcdhr 

900 

935 

950 

924 

897 

870 

850 

826 

802 

778 

754 

Dlsmct Heatmg 

Heat 
Generaoon 
(Tcallyr) 

104 

120 

138 

159 

159 

159 

159 

159 

159 

159 

159 

Dlstnct Heatmg 

Heat 
Generation 
(Tcalfyr) 

2667 

2800 

2868 

2856 

2845 

2833 

282 1 

2809 

2798 

2786 

2775 

System 

Dismct 
Heat 
Sales 

( T c ~ Y  r) 

94 

108 

124 

143 

143 

143 

143 

143 

143 

143 

143 

System 

District 
Heat Sales 
(Tcallyr) 

2000 

2100 

2165 

2149 

2134 

21 19 

2103 

2088 

2073 

2058 

2042 



Table 2-10 
District Heatlng Load Forecast 

Scenario "Do Notlung C " 

- 

Year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

Local 

Max~rnurn 
Demand 
(Gcallhr) 

46 

53 

61 

71 

81 

94 

108 

124 

142 

163 

188 

Bishkek 

Maxlmurn 
Demand 
(Gcallhr 

900 

935 

950 

924 

897 

870 

850 

826 

802 

778 

754 

District Heatrng 

Heat 
Generation 
(Tcallyr) 

104 

120 

138 

159 

182 

210 

241 

278 

319 

367 

422 

System 

District 
Heat 
Sales 

(Tcall yr) 

94 

108 

124 

143 

164 

189 

217 

250 

287 

330 

380 

District Heatlng 

Heat 
Generation 
(Tcallyr) 

2667 

2800 

2868 

2856 

2845 

2833 

2821 

2809 

2798 

2786 

2775 

System 

District 
Heat Sales 
(Tcallyr) 

2000 

2100 

2165 

2149 

2134 

21 19 

2103 

2088 

2073 

2058 

2042 



Table 2-11 
District Heatlng Load Forecast 

Scenario 1B 

Year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

Local 

Maxunum 
Demand 
(Gcallhr) 

46 

53 

- 

- 

- 

- 

- 

- 

- 

- 

- 

District Heatlng 

Heat 
Generation 
(Tcallyr) 

104 

120 

- 

- 

- 

- 

- 

- 

- 

- 

- 

System 

District 
Heat Sales 
(Tcalfyr) 

2000 

2100 

2285 

2273 

2230 

2209 

2189 

2168 

2148 

2128 

2108 

Bishkek 

Maxrmum 
Demand 
(Gcallhr 

900 

935 

985 

968 

94 1 

914 

888 

861 

834 

808 

782 

System 

District 
Heat 
Sales 

(Tcal/ yr) 

94 

108 

- 

- 

- 

- 

- 

- 

- 

- 

- 

District Heatmg 

Heat 
Generation 
(Tcallyr) 

2667 

2800 

2901 

2841 

2675 

2567 

2535 

2515 

2495 

2475 

2455 



Table 2-12 
District Heatmg Load Forecast 

Scenario 1C 

Year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

Local District Heatlng System 

Maxlmurn 
Demand 
(Gcallhr) 

46 

53 

- 

- 
- 
- 

- 

- 
- 

- 

- 

Bishkek 

Maxlmum 
Demand 
(Gcallhr 

900 

935 

985 

968 

951 

938 

925 

914 

906 

901 

899 

Heat 
Generation 
(Tcallyr) 

104 

120 

- 

- 
- 

- 

- 

- 

- 

- 

- 

District Heatlng 

Heat 
Generation 
(Tcal/yr) 

2667 

2800 

2901 

2840 

2703 

2626 

2629 

2645 

2667 

2695 

2730 

District 
Heat 
Sales 

(Tcallyr) 

94 

108 

- 

- 

- 
- 

- 

- 

- 
- 

- 

System 

District 
Heat Sales 
(Tcallyr) 

2000 

2100 

2285 

2273 

2253 

2260 

227 1 

2287 

2308 

2336 

2372 



Generatme - Umt Data 

@ Table 2-13 presents generatlug w t  data for the vmous production wts whxh provide electricity, 
distnct heat, and process steam to the City of Bishkek The table rncludes the production urllts 
from the TES-1 CHP plant, TES-1 HOB plant, and the TES-2 HOB plant Table 2-14 
sumnames generatmg data for the wts servlng the local district heatrng systems - i e , the heat 
only bollers at the J A L  and F m e  boller plants 



Table 2-13 
City of Bishkek 

Generating Umt Data 
Bishkek Electric, District Heat, 

and Process Steam System 

Fuel Type 

Coal/MazutlNatural Gas 

CoalIMazutlNatural Gas 

CoalIMazutlNatural Gas 

Coal/Mazut/Natural Gas 

CoalIMazutlNatural Gas 

CoalIMazutlNatural Gas 

CoalIMazutlNatural Gas 

TES-1 
CHP Plant 

TG 1 

TG 2 

TG 3 

TG 4 

TG 5 

TG 6 

TG 7 

(1) End of year 

Production 
Type 

Combrned Heat 
and Power 

CHP 

CHP 

CHP 

CHP 

CHP 

CHP 

CHP 

Rated Capacity 

Electric 

35 

25 

50 

35 

35 

86 

60 

Scheduled'l) 
Retirement 
Year 

1999 

1999 

Post 2005 

Post 2005 

Post 2005 

Post 2005 

Process Steam 
(Gcallhr) 

87 

0 

100 

0 

0 

0 

103 

District Heat 
(Gcallhr) 

35 

49 

51 

97 

97 

103 

61 





Table 2-14 
City of Bishkek 

Local Distr~ct Heatrng System 
Generatlug Umt Data 

(1) End of year 

Fuel Type 

Natural Gas 

Natural Gas 

natural Gas 

Natural Gas 

Natural Gas 

Frunze Plant 

Umt 1 

Umt 2 

Umt 3 

JAL Plant 

Umt 1 

Umt 2 

Production 
Type 

District Heat 
only 

HOB 

HOB 

HOB 

District Heat 
only 

HOB 

HOB 

Rated Capacity 

Electric 
(MW) 

0 

0 

0 

0 

0 

District Heat 
(Gcallhr) 

50 

50 

50 

20 

20 

Process Steam 
(Gcal/hr) 

0 

0 

0 

0 

0 

Scheduled(') 
Retirement 

Year 

2004 

2004 

2004 

Post 2005 

Post 2005 



2 3 4 Summary of Results 

The economc model results associated with the eight study cases analyzed are presented m 
Appendur II For each study case, modelmg results are presented on a serles of spreadsheets 
mcludmg the followmg schedules 

summary of Costs 
Allocabon of Costs 
P m a l  Tarrffs 
Input Data and Assumptions 
Load Forecasts 
LoadlCapacity Balances 
Energy Production/Fuel Consumption 
Generating Resource Characteristics 
Investment Schedules 

In addition, Appendlx IU provides detaded spreadsheets lllustratmg the bulld-up of mvestment 
costs for each study case 

The Net Present Value (NPV) of annual costs for the base study cases, Case 1, 2, 3 and 4, are 
presented m Table 2-15 

Table 2-15 
Summan of NPV For Base Study Cases 

TES-1 CHP ~cenar~o I DMrlct Heatlng System Scenar~o 

No Rehabhtahon or 
Integrat~on 

Rehabrlitation 

Rehab~litat~on and 
Integrabon - 

NPV of Costs (1995 to 2014) 
= $723 8 d h o n  

$tudv Case 2 
NPV of Costs (1995 to 2014) 

= $714 2 d l l o n  

As can be seen from k s  table, the least cost plan is Study Case 4 wkch mcludes rehabilitation 
of both the TES-1 CHP Plant and the Bishkek Distnct Heatlng System The NPV for Study Case 
4 is $682 0 mdlion or $41 8 mdlion less than the "Do Nothmg" case, Case 1 

m 
NPV of Costs (1995 to 2014) 

= $690 9 d l i o n  

The Economlc Internal Rate of Return (EIRR) for the base study cases, Cases 1-4 and for the 
Sensitivity Cases, Cases la-4a, are presented m Tables 2-16 and 2-17, respectively As can be 
seen from these tables, EIRR's are 43 percent for the both of TES-1 CHP rehabilitation only 
cases, Cases 3 and 3a EIRR's for Distnct Heatlng Modemtion and Rehabllitaaon only cases, 
Cases 2 and 2a, are 19 9% and 24 1 %, respectively The EIRR's associated with combmed 

Studv Case 4 
NPV of Costs (1995 to 2014) 

= $682 0 milllon 



investments m both rehabilitation programs are 30 4% and 32 4% for Cases 4 and 4a, 
respectively 

Figure 2-1 is a plot of total annual revenue requirements (carrymg charges and production costs) 
for the base cases, Cases 1,2,3 and 4 As can be seen from h s  plot, Case 4 results m the lowest 
cost plan based on annual revenue requrrements and the net present value of costs through 2014 

A plot of partial tariffs over the period 1995 to 2005 for Study Case 4 compared to Study Case 
1 (1 e , the "Do Nothmg" Case) is presented m Figure 2-2 As can be seen from h s  plot, electric 
tariffs range from 3 06 CIkWh to 3 58 C/kWh for Case 4 to 3 06 C/kWh to 3 96 CIkWh for Case 
1 District heating tariffs range from 13 79 $/Gcal to 15 35 $/Gcal for Case 4 to 13 79 $/Gcal 
to 15 71 $/Gcal for Case 1 

Based on the analyses performed m h s  study it is concluded that Study Case 4, i e , 
rehabilitation, modermzation and expansion of the Bishkek District Heatmg system and 
mplementation of Burns and Roe's Priority 1 recommendation for the TES-1 CHP plant 
rehabilitation, will result m the least cost plan from among the altermoves exammed 

A number of factors are found to contribute to the selection of Study Case 4 as the least cost plan, 
m particular 

Rehabllitation of Bishkek District Heat system pipmg network results m sigruficant reductions 
m thermal losses and extends the economc lifetune of the district heatmg system 

Variable flow operation will reduce power consumption, reduce flow temperatures and 
facllitate load dispatchmg 

Automatic regulation, control and monltormg wlll unprove operation and reduce manpower 
demand 

Substation modemation wlll facilitate variable flow operation, reduce heat consumption at 
enduser level and reduce return temperatures, whch agam will Increase electric power 
production at the CHP plant (10DC lower return temperature will mcrease power product~on 
by 1%) 

Energy meters will facilitate modemafion of the tariff structure 

Integration of the Local District Heatmg System mto the Bishkek District Heatmg System 
enables some thermal loads whch would otherwise be served by heat only boilers, to be 
served by the more efficient TES-1 CHI? plant 

Rehabllitation of Bollers Nos 14 to 20 at the TES-1 CHP plant will reduce fuel consurnpt~on 
as a result of mcreased boiler efficiency 

Installing TES-1 CHP TG #11 will serve to mcrease total system electric capability and 
thereby defer future capacity additions and mvestment costs 



Internal @! of Return Caleulat~on Table 9 -16 
Base Assumptron Cases 

-- 
TES 1 CHP Rehab~l~tat~on 1995 1996 1997 1998 1999 2000 200 1 2002 2003 2004 2005 

Wlth Project (Case 3) NPV thru 2014 
Investment 156 US$M 0 0 0 0 16 6 5 0 0 0 0 0 0 0 0 0 0 9 0 9 0 0 
End effect (7 4) US$M 
O&M 

(25 8) 
170 1 US$M 14 6 16 2 18 0 18 1 19 7 21 4 21 1 22 9 24 9 27 2 29 4 

m m.6 w ht9 642 a.2 m hZL hZ9 h99 Z(LL 2L.l 2.23 Zen 
Total 690 9 US$M 76 5 80 4 101 9 90 4 86 8 89 3 90 1 93 0 96 9 100 6 77 6 

W~thout Project (Case I) 
Investment 12 7 US$M 0 0 0 0 0 0 0 0 0 0 12 6 12 7 0 0 0 9 0 9 0 0 
End effect (6 9) US$M 
O&M 194 5 US$M 14 6 16 2 18 0 20 1 22 4 24 1 26 1 28 1 29 8 32 4 

(23 8) 
35 3 

Fmm s54 !xxM hLe 642 622 hi12 62.4 ZL4 Z;1Z LL8 2211 244 Z59 
Total 723 8 US$M 76 5 80 4 85 3 88 3 91 8 108 1 111 5 99 9 103 6 107 7 87 4 

Net benefit 33 0 US$M 0 0 0 0 (16 6) (2 2) 5 0 18 8 21 4 6 9 6 7 7 1 9 8 

Economic IRR 43 2% 

Dlstnct Heatlng Modernization and Rehab~litat~on 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Wlth Project (Case 2) NPV thm 2014 
Investment 324 US$M 0 0 2 9 14 8 8 9 3 1 12 6 12 7 0 0 0 0 0 0 0 0 
End effect (7 4) US$M 
O&M 185 3 US$M 14 6 16 1 17 5 19 2 21 1 22 6 24 5 26 5 28 1 30 5 33 3 

(25 6) 

E@aY zQL8 !xxM hLe he2 hZ8 hdl hd(l 623 68.5 h89 m Ze5 229 
Total 7142 US$M 76 5 83 2 98 0 94 2 90 3 102 5 105 7 94 4 97 2 101 1 79 7 

I ~ ~ t h o u t  Project (Case 1) 1 Investment 127 US$M 0 0 0 0 0 0 0 0 0 0 12 6 12 7 0 0 0 9 0 9 0 0 
End effect (6 9) US$M 
O&M 194 5 US$M 14 6 16 2 180 20 1 22 4 24 1 26 1 28 1 29 8 32 4 

(23 8) 
35 3 

m 5224 w 64.2 622 h&2 59.4 ZL4 W zL.8 2211 244 Z59 
Total 723 8 US$M 76 5 804 85 3 88 3 91 8 108 1 111 5 99 9 103 6 107 7 87 4 

Net benefit 9 7  US$M 0 0 (2 8) (12 8) (5 9) 1 6  5 6 5 8 5 5 6 4 6 7 7 7 

Economic IRR - -- 19 9% -- -- - --- 
- -- 

TES 1 CHP and D~st r~c t  Heatlng Modern~zat~on/Rehab~l~tat~on 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 ZOOS 

Wlth Project (Case 4) NPV thru 2014 
Investment 35 3 US$M 0 0 2 9 31 4 14 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 
End effect (7 9) US$M 
O&M 1609 US$M 14 6 16 1 17 5 17 2 18 4 20 0 19 6 21 3 23 2 25 3 27 3 

(27 6) 

lhezY 4922 w 6L9 64.2 m 4s.2 429 642 652 m rn ZlZL 
Total 682 0 US$M 76 5 83 2 114 6 96 4 85 5 84 1 84 7 87 6 90 5 940 69 9 

W~thout Project (Case 1) 
Investment 127 US$M 0 0 0 0 0 0 0 0 0 0 12 6 12 7 0 0 0 9 0 9 0 0 / End effect (6 9) US$M 
O&M 194 5 US$M 14 6 16 2 18 0 20 1 22 4 24 1 26 1 28 1 29 8 32 4 35 3 

(23 8) 

I ~ncrsr m4 UsM a.9 c2u 422 682 he4 a.4 a.Z zu3 nLl 244 zL9 

I 723 8 US$M 76 5 80 4 85 3 88 3 91 8 108 1 111 5 99 9 103 6 107 7 87 4 

i Net benefit 41 9 US$M 0 0 (2 8) (29 3) (8 1) 6 3 24 0 26 8 12 3 13 1 13 8 17 5 

Econotgc I-RR - - - 30 4% - - - - - -- - - - - - - - - - -- - - - - - - 

2-66 
& ECONI WK4 11116/95 02 14 PM 
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Comparative Revenue Requirements 
Study Cases 1,2,3  and 4 

* All revenues are In constant 1995 dollars 

ILV  V 

1100 

1000 
CI - 
ii w 9 0 0  

800 

70 0 
Study Year 
e Case 1 
a Case 2 
0 Case j 
a Case 4 
L- 

NPV of Costs 
Prlmary energy expense 
O&M expense 

Subtotal, production costs 
Investments 
Total, Annual Costs 
End-effect Adjustment 
Total, all costs 
- - - - - -- - 

- 

- 

- 

- 

I I I I I I I I I I I 

Case 4 
thru 2005 thru 2014 

386 3 493 7 

1U2 m 
497 9 654 6 

m 352 
533 2 689 9 

m m 
525 3 682 0 -- - - - -- 

US$rnllllon 
US$million 
US$rnllllon 
US$million 
US$mlllion 
US$m~llion -- 

US$rnilllon 
- - - - - - 

2005 
116 8 
1164 

107 9 
107 6 

1995 
76 5 

76 5 
76 5 

76 5 

Case 1 
thru 2005 thru 2014 

407 1 523 4 

U1_1 I942 
538 2 717 9 

E 7  427 
550 9 730 7 

200 1 
98 8 

98 8 
94 4 

94 9 

1996 
80 4 

80 3 
80 4 

80 3 

w 1241 u 
544 1 723 8 . 543 9 -- - - - - - - - - - - - 714 2 - -  524 8 690 9 

- - 

Case 2 
thru 2005 thru 2014 

393 6 503 8 

Ex2 1813 
518 8 689 1 

324 L 4  
551 2 721 5 

2002 
105 2 

105 6 

97 3 

97 8 

Case 3 
thru 2005 thru 2014 

399 3 512 6 

1124 liU 
516 6 682 7 

Lb5 154 
532 2 698 3 

2003 
108 1 

108 4 
100 3 

100 7 

1997 
85 3 

83 8 

85 3 

83 8 

2004 
112 1 

1123 

104 0 

104 1 

1999 
91 8 

92 4 
91 1 

91 9 

1998 
88 3 

88 8 
88 7 

89 2 

2000 
95 5 

95 8 
93 6 

94 3 



Figure 2-2 

Partla1 Tariff* Pro~echons for Study Cases 1 and 4 

* All tar~ffs are m constant 1995 dollars 
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2 4 EVALUATION OF DECENTRALIZED ALTERNATIVES TO DISTRICT HEATING 

Kyrgyzstan has a smglfcant reserve of mdigenous coal (approxmtely 2 blllion tons) m the 
southern and central parts of the country However due to mountameous terram, coal must be 
transported through Uzbelustan and Kazakstan to be brought to the Bishkek Thermal Electric 
Stabon No 1 (TES 1) The coal transportation costs and excise dutles lmposed by neighborlug 
countries are very hgh Kyrgyzstan does not have slgmficant natural gas or 011 (rnazut) reserves, 
and it needs to Import them from Uzbelustan, Turkme~~~stan, Kazakstan, and Russla However, 
Kyrgyzstan has a hgh potential for hydropower development, and 82% of its present electric 
power is supplied by hydroelectric power plants Because of the large unexploited energy 
resources m the form of low cost hydroelectric potential, and because of the deterioration of the 
existmg hot water dlstrict heatmg system and the agmg Bishkek TES 1, the government of 
Kyrgyzstan, the U S Agency for International Development (USAID), and the World Bank asked 
Burns and Roe to evaluate the alternatives to provide electrlc and heat supplles to the population 
of the city of Bishkek Ths  secbon explores two alternatives that could be used to replace the 
agmg TES 1 as a heat source and d~stnct heatlng system m the clty of Blshkek Other alternahves 
whch replaces TES-1 as the heat source are described m Appendlx IV 

Burns and Roe jointly with AEP Energy Services, has studred the two major sources of altername 
heatmg systems, namely the decentrallzed electric and decentrallzed gas heatmg systems In the 
electnc heatmg system, heat and hot water wdl be provided by decentrallzed electrical reslstance 
space heaters and electnc water heaters In addibon, under the electnc heatmg system the exlstlng 
elecmc power supply and electnc distnbubon systems wlil be strengthened to provlde electricity 
to the electric resistance heaters m the bulldmgs In the gas heatmg option, gas bollers will be * located at the mdivldual apartment bu~ldlngs These bollers wlll provlde both space heatmg and 
domesbc hot water for the clty bulldmgs New natural gas lmes wdl need to be constructed and 
some of the exlstmg gas lmes wdl need to be upgraded to provide the natural gas to these locally 
fired gas bollers 

Th~s opbon uses electnc reslstance type heatmg Wlth thls method, each livmg space (apartment) 
would have reslstance type base-board heaters Domestic hot water wdl be provided by mdiv~dual 
electnc hot water heaters m each apartment The current hot water based dlstrict heatmg system 
would be retlred Table 2-18 presents budgetary cost estmtes for the electrlc reslstance heatmg 
option based on a conceptual assessment of electrical transmssion and dlstrlbutlon system 
Improvements needed, mcludmg rewlrmg residential apartment bulldmgs 



TABLE 2-1 8 
Electric Resistance Heatlng Option Cost Data 

The costs per district shown m Table 2-18 were derived uslng the followmg data To 
accommodate the mcreased electrical demand associated with heatmg and hotwater appliances, 
the electric service to each apartment complex must be upgraded, and mdividual clrcuit risers 
must be provided to each apartment A typical apartment bulldmg consists of 54 m t s ,  whch are 
comprised of one, two, and three room apartments In addition, each buildmg has nine floors 
and an average apartment umt has approxmtely 59 2 square meters of livlng space Table 2-19 
shows relevant information needed to estlrnate the electric power requlrements for an average 
apartment buildmg Based upon the coldest day heatmg requirements, it is estimated that each 
apartment buildlng wlll requlre an additional electric demand of approxmtely 549 k W  to prov~de 
for electnc space heatmg and domeshc hot water heatmg requlrements The cost estimates given 
in Table 2-18 are based on the information m Table 2-19 In addition, Table 2-19 shows the 
power requlrements for hot water heatlng are greater than the space heatmg power Ths is typical 
for large apartment buildings 

Cost of Heahng Elements 
and Assocrated Wznng, 

Thousand USD 

$12,285 

$10,320 

$13,400 

$8,310 

$8,310 

$22,515 

$32,835 

$24,035 

$15,415 

$225,000 

$43,000 

$415,425 

Dzstnct Number 

No 1 

No 2 

No 3 

No 4 

No 6 

No 7 

No 8 

No 9 

No 11 

Estzmated Number of 
Buzldzngs per Lhstnct 

275 

23 1 

300 

186 

186 

504 

735 

538 

345 

New 500 kV Transmssion Lmes (4 Lmes, 476 
km Total Length), 5001220 kV Transformers 
(3), and 220-1 10 kV Remforcements 

New 6 & 10 kV Distribution Lmes 

TOTAL 



TABLE 2-19 
Electrical Res~stance Heating Information 

Apartment 
Szze 

One room 

Two Room 

Three 
Room 

Entrances 
(Doorways) 

Quanhty 
zn 
Buzldzng 

Power for 
Hot Water 
Heahng, 

Total 
Square 
meters 

Total 
Power, 
kW 

Number 
of 
Inhabztant 

To meet the mcreased electrical demand, it is necessary to mtall an additional 630 kVA, 
6kVlO 4kV transformer at each apartment buddmg The transformer wdl be electrically 
connected to the existmg utllity system The cost for connectmg tlus new distribution 
transformer, mcludmg the cost of hgh voltage clrcuit attachments is estmated to be $5000 per 
buddmg 

Power for 
Space 
Heahng, 
kW 

TOTALS 

The existmg apartment complex low voltage wlrmg does not have sufficient capacity to handle 
electrical resistance heatmg and hotwater heatmg requirements Therefore, a new low voltage, 
2201380 volt bus wdl be installed for each new 630 kVA transformer at each apartment buildmg 
The estmated cost is $2400 per transformer This bus could be connected and metered at the low 
voltage side of the distnbutron transformer The cost of the total electrical heatmg load for each 
building could be split among the tenants for billmg purposes Each apartment unit would be 
connected electrically through a number of new (2201380 volt) service conductor clrcuits 
separately wlred from the low voltage bus An estmated wlrmg cost per buddmg, a s sumg 54 
w t s ,  SIX mts per floor is $1 1,625 per buildmg 

Each apartment would requlre two heatmg elements with a cost of approxlmately $225 per 
apartment unit In addibon, a domestrc hot water heater wdl be needed for each apartment T h  
will cost approxlmately $250 per apartment w t  Thus, the estmated total cost of electrical 
resistance heatmg and hot water heaters wdl be approxunately $25,650 per buddmg 

268 7 

From the above mentioned cost estimates, the total cost to provide for electrical resistance space 
heatmg and hot water heatmg wdl be approxlmately $44,675 per buildmg Ths  system wdl 

280 3 549 0 



establish a separate low voltage energy system wlred separately from the exlstmg buildmg 
electrical system to serve only the heatmg requirements of each buildrng 

2 4.2 Decentrahed Gas Heahngs 

In this variant, gas fired hot water bollers will be placed at each apartment buildlng These 
boilers will provide both domestic hot water and space heatmg for all the apartments m the 
buildmg In the current heatrng system, hot water radiators are used to provide space heatmg 
Under h s  variant these radiators wlll be kept, along with some of its associated pipmg The cost 
estunates are shown m Table 2-20 

TABLE 2-20 
Decentralized Gas Boiler Cost Data 

(Boilers Located at Apartment Buildings) 

DEstnct Number Estcmuted Number Cost of Bozlers and 
of Buzldtngs Per Assocuzted Equzpment 

Lhstnct Thousand USD 

Upgrade and Installation of Gas 
Transmssion Pipmg 

Rehabilitation of Maln Gas 
Transmssion Lme 

$5,122 

$20,000 

Installation of Gas Distribution 
Pipmg (mcludmg gas malns and flow 
meters) 

TOTALS 

$25,000 

$159,022 



Kyrgyzstan has received natural gas smce 1968, through a gas pipelme network origlnatmg m 
Turkmemstan and Uzbekrstan and termInatmg m Ikzakstan Untd 1993, gas was mostly supplied 
by Turkmemstan (and transitmg m Uzbelustan), smce then, Uzbelustan has taken over the supplies 
(and, reportedly, the mterconnecbon to Turkmemstan has been removed) 

There are two distmct markets for gas with separate supply lmes The northern sector is supplied 
by the mam Gazli-Bukhara-Tashkent-Bishkek-Alrnaty trunklme, whde the southern sector is only 
llnked to the Uzbek system m the Fergana Valley There are about 3,000 km of distribution 
pipelmes supplymg 200 mdustrial consumers and over 300,000 households 

The costs shown m Table 2-20 were denved usmg the followmg data Table 2-19 shows that each 
apartment buddmg needs approxmately 270 kW power for space heatmg and 280 kW of power 
for hot water heatlng Thus, each buddmg wdl have two hot water gas fired boders that wdl 
serve both the space heatmg and hot water needs of the buddmgs In addition, durmg the summer 
months one of the boders could be shut-down because only domestic hotwater WIU be needed 
The cost of these boders and associated gas pipmg is estmated at $17,000 per buddmg 

When the new boders are mstalled, the associated water pipmg system will also need to be 
upgraded The radiators currently bemg used m the apartments wdl contmue to be used m the 
same manner, the radiators wdl need to be disconnected from the current heatmg system and 
connected to the new boders Thu new system wdl be a closed loop system, with the hot water 
travelmg kom the gas boders to the radiators m the buddmg and then back to the boders Thus, 
clrculatmg pumps wdl be needed to pump the hot water throughout the buddmg The cost of 
upgradmg the water piprng and mtallmg new pumps ls $16,000 per buddmg Therefore, the total 
cost per buddmg is estlmated at $33,000 

The costs of upgradmg and mstallmg the natural gas pipelmes must also be mcluded m the total 
costs For more information on the current use of natural gas m Blshkek see Appendx IV Ths  
cost is broken down m the transmssion pipmg and the distribution piplng Upgradmg of the 
current natural gas transmssion lmes wdl cost $5,122,000 In addition, an additional 
$20,000,000 wdl be needed to upgrade the large natural gas transmssion lme that runs from 
Uzbekrstan to Almaty Ths  cost is only to rehabditate the section from Uzbelustan to the pomt 
where the City of Bishkek taps mto the lme Another component of the pipmg costs wdl come 
from the distnbubon pipmg m s  work wdl requlre tappmg mto the mam transmssion lme and 
rumng pipe to the mdividual bulldmgs Ths  is a very labor mtensive process Gas mams and 
flowmeters wdl also be mtalled The total cost of distribution pipmg mtallation is estrmated at 
$25,000,000 



2 4 3 Summary of Decentrallzed Heatxng Opt~ons 

The table below shows the capital costs associated with the two decentrallzed heatmg options 
* 

TABLE 2-21 

Decentralized Heating Option 

The table shows that both these options requlre very large capital expenditures The large cost 
of the resistance heatmg IS derived mamly from the bulk power transrmssion and low voltage 
distribution upgrade requirements 

OPTION 

RESISTANCE HEATING 

APARTMENT GAS BOILERS 

Tables 2-22 to 2-24 show the life cycle cost associated with these two decentrallzed heatmg 
options The life cycle cost is the capital cost plus the present value of all the annual costs of the 
systems over a certam tune span Thls cost represents the amount of money needed today to pay 
for the system over the specified tlrne period In thrs analysis, the tune period is from 1996 to 
2014 

COST, USD 

$415,425,000 

$159,022,000 

The tables show that the life cycle costs for both these options are very large Therefore, when 
the above options are compared to the recommended District Heatlng Rehabilitation Net Present 
Cost (NPC/Life Cycle Cost), it is clear that the decentralued options are not economcal 

DISTRICT HEATING NPC COMPARISON 

II Scenario I cost US$ II 

In addition, the figure for the electrical resistance heatmg opoon does not mclude the cost of new 
electrical generation whlch will be requlred to supply power to make k s  option workable 

BDHE - Life Cycle Cost (1995-2014)" 

Decentrallzed Electrical Resistance Heat (1 995-2014) Life Cycle Cost 

Decentralued Gas Heat (1995-2014) Life Cycle Cost 

$194,080,000 

$1,04 1,000,000 

$383,000,000 

"Recommended District Heatmg Rehabilitation Case 



Table 9 -22 

Resistance Efficiency = 99 00% 
katmg,. Cap~tal Costs = $415,425,000 

I)lscount Rate = 12 00% 

Year Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

DH System Heat - 
8793 
8990 
95 15 
9335 
9248 
9162 
9077 
8993 
8910 
8828 
8828 
8828 
8828 
8828 
8828 
8828 
8828 
8828 
8828 

DH System Heat 
w 

8882 
908 1 
961 1 
9429 
934 1 
9255 
9169 
9084 
9000 
8917 
8917 
8917 
8917 
8917 
8917 
8917 
8917 
8917 
8917 

Power Costs, 
$USDkWh 

$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 
$0 030 

* The 1996 0 & M cost 1s 2% of the Capital Costs, and then Increases 1% annually 

Total Fuel 
c!ls&mm 
$74,015,152 
$75,673,401 
$80,092,593 
$78,577,441 
$77,845,118 
$77,121,212 
$76,405,724 
$75,698,653 
$75,000,000 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 
$74,309,764 

0 & M Costs*, 
%USD 

$8,308,500 
$8,39 1,585 
$8,475,50 1 
$8,560,256 
$8,645,858 
$8,732,3 17 
$8,8 19,640 
$8,907,837 
$8,996,9 15 
$9,086,884 
$9,177,753 
$9,269,530 
$9,362,226 
$9,455,848 
$9,550,407 
$9,645,9 1 1 
$9,742,370 
$9,839,793 
$9,938,191 

Total Annual 
cklmsJm 
$82,323,652 
$84,064,986 
$88,568,093 
$87,137,697 
$86,490,976 
$85,853,529 
$85,225,364 
$84,606,490 
$83,996,9 15 
$83,396,648 
$83,487,5 17 
$83,579,295 
$83,67 1,990 
$83,765,612 
$83,860,17 1 
$83,955,675 
$84,052,134 
$84,149,558 
$84,247,956 

TOTAL 

PV of Annual 
Costs, $USD 
$73,503,260 
$67,0 16,092 
$63,041,019 
$55,377,582 
$49,077,303 
$43,496,070 
$38,55 1,627 
$34,171,142 
$30,290,130 
$26,85 1,489 
$24,000,666 
$2 1,452,723 
$19,175,461 
$17,140,104 
$15,320,940 
$13,694,989 
$12,241,718 
$10,942,774 
$9,78 1,759 

Lve Cycle Cost = (CAPITAL COSTS +TOTAL PV OF ANNUAL COSTS) = $1,040,551,846 



Table 2-23 

Gas Boders Effic~ency* = 75 00% 
( ~ t  ~ p t  BI~P)  Caprtal Costs = $159,022,000 

D~scount Rate = 12 00% 

DH System Heat 
Year Number Outp* TJ 

1 8793 
2 8990 
3 9515 
4 9335 
5 9248 
6 9162 
7 9077 
8 8993 
9 8910 
10 8828 
11 8828 
12 8828 
13 8828 
14 8828 
15 8828 
16 8828 
17 8828 
18 8828 
19 8828 

DH System Heat 
w 
11724 
11987 
12687 
12447 
1233 1 
12216 
12103 
11991 
11880 
11771 
11771 
11771 
11771 
11771 
11771 
11771 
11771 
11771 
11771 

Fuel Costs 
$USD/Gcal 

$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 
$9 40 

Total Fuel 
Costs, $USD 
$26,322,057 
$26,911,781 
$28,483,381 
$27,944,547 
$27,684,110 
$27,426,667 
$27,172,2 17 
$26,920,761 
$26,672,299 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 
$26,426,830 

* Th~s 1s an overall effic~ency, wh~ch lncludes the boder efficiency and the heat losses m the p~plng systems 
** The 1996 0 62 M cost is 2% of the C a p ~ l  Costs, and then mcreases 1 % annually 

0 & M Costs, 
$USD** 

$3,180,440 
$3,2 12,244 
$3,244,367 
$3,276,8 1 1 
$3,309,579 
$3,342,674 
$3,376,101 
$3,409,862 
$3,443,96 1 
$3,478,400 
$3,513,184 
$3,548,3 16 
$3,583,799 
$3,619,637 
$3,655,834 
$3,692,392 
$3,729,316 
$3,766,609 
$3,804,275 

Total Annual 
Costs, $USD 
$29,502,497 
$30,124,025 
$3 1,727,748 
$3 1,22 1,357 
$30,993,689 
$30,769,341 
$30,548,3 18 
$30,330,623 
$30,116,260 
$29,905,230 
$29,940,014 
$29,975,146 
$30,0 10,629 
$30,046,467 
$30,082,664 
$30,119,222 
$30,156,146 
$30,193,439 
$30,23 1,105 

TOTAL 

PV of Annual 
Costs, $USD 
$26,341,5 15 
$24,014,688 
$22,583,184 
$19,841,737 
$17,586,65 1 
$15,588,706 
$13,818,508 
$12,250,030 
$10,860,225 
$9,628,684 
$8,607,039 
$7,693,873 
$6,877,662 
$6,148,103 
$5,495,990 
$4,9 13,098 
$4,392,072 
$3,926,342 
$33 10,036 

I 

Lrfe Cycle Cost = (CAPITAL COSTS +TOTAL PV OF ANNUAL COSTS) = $383,100,143 
- 



D~s t r l c t  H System Cos t  Allocabon 

Calendar Year 

Fuel Expenses 
Methodology # 1 Shared Benefit 

B~shkek TES 1 CHP fuel $000 
B~shkek TES 1 and TES 2 HOBs fuel $000 
Local DH system HOBs fuel $000 
Gr~d electr~c for pumplng power $000 
GTCC fuel for pumplng power $000 

TES 1 CHP %MQ 
Total prlmary energy $000 

Methodology #2 Cogen Benefit to DH 
B~shkek TES 1 CHP fuel $000 
B~shkek TES 1 and TES 2 HOBs fuel $000 
Local DH system HOBs fuel $000 
Gr~d electr~c for pumplng power $000 
GTCC he l  for pumplng power $000 

%MQ 
Total pr~mary energy $000 

O&M Expenses 
B~shkek TES 1 CHP Plant $000 
B~shkek TES 1 and TES 2 HOBs $000 
D~str~ct heat~ng d~str~butlon system $000 - %MQ 
Total O&M $000 

Investments ~n DH System Rehab~l~tahon $000 

Summary of All Costs for DH Serv~ce 

Calendar Year 

Shared Benefit NPV thru 2014 
FuelPnmary Energy Expense 167 286 $000 
O&M Expenses 44 648 $000 
InvestmentExoenses w %MQ 
Total 232 220 $000 

Cogeneration Benefit to DH 
FuelPnmary Energy Expense 
O&M Expenses - 
Total 

Table 2-24.  



Table 2-24 O n ' t )  



5 ENVIRONMENTAL ASSESSMENT FOR TES, BDHE AND ET&D 

,n environmental screemg has deterrmned that h s  project should be classified as a Category 
in terms of its envvonmental Impact Whlle Catagory B projects may have some adverse 

mpacts on the environment, these are usually not sigruficant and they are m most cases 
completely reversible Remedial measures addressmg these mpacts are easlly mcorporated mto 
a project mtigation plan 

Ths  section of the report mcludes 

Description of Impacts Associated with Contmued Operation of the Facllity 
Potential Impacts Anticipated Durmg Implementation of the Project 
Potential Impacts Resultmg from the Operation of the Rehabilitated Facility 
Description of Potential Mibgation Measures 
Recommendations for Future Investment Considerations 
Each subject mcludes the anticipated mpact on av quality, surface and groundwater quality 
and other associated enviromental mpacts 

2 5 1 Impacts from Continued Operation of the Exlst~ng Facility 

This section Identifies envronmental nnpacts whch are occurrmg as a result of the current 
operatmg condibons of TES-1, the District Heatmg, and Transrmssion and Distribution Systems 
and which can reasonably be expected to contmue to exist with or without the proposed 
refurbishment project 

TES-1, a Combmed Heat and Power Plant, is the larger of two power and district heatmg plants 
m Bishkek and is located m the northeast section of the city The plant consists of twenty four 
(24) hgh pressure steam borlers and ten (10) steam turbme-generators All boilers are coal fired 
usmg coal from two sources, Kazakstan rmnes and indigenous Kyrgyz rmnes Natural gas is also 
fired when it can be obtamed, and Mazut is used for start-up of the boilers In recent years the 
quality of the coals burned has dropped simcantly T h s  lower quality coal has an ash content 
as high as 40 to 45%, and results m poor boiler performance as well as an mcrease m alr 
pollution 

Design steam output for 13 of the 24 boilers is 160 tons per hour but these boilers are currently 
producmg approxmately 145 tons per hour The r emamg 11 boilers have a des~gn output of 
220 tons per hour and are currently producmg approxmately 190 tons per hour Ths  reduced 
output is prmarily due to the poor quality coal bemg burned Contmued operation of the plant 
uslng the current grade of coal wlll result m the ongomg mcreased accumulation of ash and 
mcreased av  pollutant ermssions, m order to meet demand for heat and electricity Quantitative 
data comparmg the effects of coal quality was not available at the tune thls plan was prepared 



0 
Im~act  on Air Oualitv 

Current au- pollution control equipment is capable of removmg a portion of the fly ash from the 
flue gas The 13 smaller bollers are each equipped with venturi scrubbmg systems with an 
average particulate collection efficiency of 95 to 96 % The 11 larger bollers are equipped with 
electrostatic precipitators with an average prnculate collection efficiency of 96 to 97% Injection 
of alkali mto the flue gas is reported to reduce SO, emssions by an estmated 20% and NQ 
ermssions by an estmted 15 % over an uncontrolled emssion level The Bishkek Plant presently 
does not have any equipment for measumg SO,, NO,, or CO emssions and therefore emssions 
are calculated based on the composition of coal burned 

The onglnal plant design utrllzed three separate stacks for flue gas dispersion, two (2) 180-meter 
hgh stacks and one (1) 150-meter hgh stack A new, 300-meter hgh stack has been constructed 
to mprove flue gas dispersion Of the 24 boilers, 9 have been connected to the new stack 

Air dispersion screenmg modelmg was performed to estmate the mpact on ground level 
concentrations of pollutants emtted from the plant The model used was the ISCST2, a steady- 
state Gaussian plume model that can be used to assess pollutant concentrations from a variety of 
sources associated with an mdustml source complex One of three scemos  for whch the model 
was run is the current configuration of bollers and stack ductmg For the purpose of predictmg 
worst-case conditions, all bollers are assumed to be under full load and m contmuous operation 
The stack parameters, flue gas data, and pollutant emssions are given m Table 2-25 In general 

@ 
the area withm a radius of 15 km of TES-1, 1s classified as slmple terram only 

The screemg a~ modelmg results mdicate that the stack emssions from TES-1 under the current 
operatmg conditions have the potential for mpact on ground level concentrations whch exceed 
the 1995 World Bank Guidelines 24-hour average for SO, The hghest ground level pollutant 
concentrations or mpacts were predicted to occur approximately 900 to 1,300 meters downwmd 
of the plant stacks The screenmg modelmg results are presented m Table 2-26 and World Bank 
Guldelmes are shown m Table 2-27 All other predichons, except for SO, 24-hour ground level 
concentrations under the origlnal 3 stack design, are withm the World Bank Guidelmes 
However, without current background air pollution concentrations or mformation such as 
contributions from other exlstmg sources of pollution, a full determmtion of the mpacts on air 
quality from contmued operation of TES-1 is not possible at t h s  tune 

There are no known siglllficant mpacts to arr quality resultmg from the present power 
transmssion and distribution and district heatmg systems 

Impact on Surface Water Ouality 

TES-1 u&es two (2) sources of water for operation, river water supplied by two (2) canals via 
pumpmg stations and the city water supply The pumpmg stations have 13 crrculation pumps with 
a total capacity of 117,500 m3/hour, equalmg the capacity of the canals The river water is used 
in turbme condensers, transportmg ash for disposal, fire fightmg, and domestic needs Excess @ water is discharged back to the river via a concrete return canal without treatment The mpact 



of the plant liquid effluent on the river quality could not be assessed as no further information on 
the plant effluent was available at the tlme ths  plan was prepared 

Water from the city water supply is used m the plant for boller makeup water and district heatlng 
supply makeup water The source of the city water supply are groundwater wells The water 
used for boiler and district heatlng makeup is treated onsite to remove hardness and carbon 
dioxide The boller makeup water is further treated to remove rmneral salts and other Impurities 



T 2-25 
TES-1 DISPERSION AN IS CALCULATION DATA . 

I TES-1 Plant Boller Charactemt~cs I 

I Flue Gas to Stack I 

Assumptions SO2 Emsslons are Reduced by 15% by Alkali Injectlon 
No, Emsslons are Reduced by 18 % by Alkali Injectlon 
Particulate Collection Efficiency (Scrubbers and ESPs) is 96% 



TABLE 2-26 
ISCST2 SCREENING MODELING RESULTS 
Maxunum Ground Level Concentrat~ons, ug/m3 

*Case I Origlnal design usmg three (3) separate stacks 
Case I1 Present operation usmg four (4) separate stacks 

Case 111 Proposed future operation uslng a smgle 300-M stack 

*The 24-hour concentrations were estlmated by multiplymg the 1-hour concentration by a factor of 0 4 

**The annual mean concentrations were estlmated by multiplylng the 1-hour concentration by a factor of 0 1 



TABLE 2-27 

1995 WORLD BANK GUIDELINES 
FOR GROUND LEVEL CONCENTRATION 

ug/m3 

Notes (1) 250 ug/m3 not to be exceeded more than 7 tunes per year 
(2) 50 ug/m3 for both PM,, and parhculates 4 5 ug or less m sue 
(3) Also 200 ug/m3 not to be exceeded more than 7 tunes per year 

Averagmg Tlmes 
1 -hour 
24-hour 
Annual Mean 

so2 
- 

250") 
80 

Total Suspended 
Particulate 

- 
- 

80") 

Nox 
400") 

- 

- 



fiver water IS used m large quu&tIes m a slurry system to transport fly ash and bottom ash collected 
from all of the boders to an ash h p s a l  pond The ash hposal area IS approxunately 3 5 lulometers 
north of the plant The ash IS allowed to settle out of the slulce water m the pond, e l m t m g  
v~rtually all of the suspended sohds (suspended sollds average less than 50 mgll) The water IS 

decanted through an overflow plpmg system and Qscharged to an mgatIon canal wlthout further 
treatment The dlscharge water ls sampled and analyzed on a monthly basls for temperature, pH, 
ox~dmbd~ty (COD), dissolved oxygen, b~olog~cal oxygen demand (BOD), total suspended sol~ds , 
hardness, ammoma, mtr~tes, mtrates, chlorides, sulfates, and total petroleum hydrocarbons (TPH) 
The sample analysls results for 1995 are provlded below m Table 2-28 It should be noted however, 
that the results for petroleum hydrocarbons (0) may be an mdlcatlon that t h ~ ~  analys~s IS currently not 
performed Consldemg the quant~ty of lubncatmg olls, fuel od, and other petroleum products used 
at TES-1, lt should be assumed that some level of petroleum contammtIon does exlst m the plant 
effluent 

Sample analysis was recently performed (September 1995) on the discharge water for concentration 
of copper, Iron, mckel, m c ,  cadnuum, and chromum Analysls for lead content was not performed 
The analflcal results mdlcated that concentrabons of the hted metals were below regulatory lmts  
as set by the Mmstry of the Envtronrnent as well as the l m t s  proposed by The World Bank -The 
results of the metals analysls and the Muustry and World Bank standards are provlded m Table 2-29 

Although the analysis of the dlscharge water mdlcates compliance wlth Russ~an, World Bank, and 
USEPA requirements for power plant effluent parameters, the lack of routme analys~s for metals 
mcludmg lead, as well as data for thermal Influence on the receivmg waters, prevents a complete 
assessment of lmpact at t h ~ ~  tune In addlbon, lt should be noted that dumg the pemd of samplmg, 
little if any coal was bemg fired m the plant Conmued tesmg of the Qscharge water for heavy 
metals IS recommended, wlth specla1 emphasls on samples collected d m g  the heatmg season when 
many of the bollers are fired with coal 

There are no known s~gmficant mpacts to surface water quality resultmg from the present power 
transmsslon and dlstrrbubon and dlstrrct heatmg systems 

act on Groundwater Ouallty 

The ash disposal ponds previously used and now closed, as well as the currently used pond are unlmed 
and have no means of secondary contamment As there are no groundwater monltomg wells m the 
area reported to be sampled on a routme bass the mpact from the present method of ash dlsposal on 
local aqulfers cannot be assessed at tlw tune 

There are no known s~gmficant mpacts to groundwater quality resultmg from the present power 
transmsslon and dlsmbutIon and dlstrrct heatmg systems 



TABLE 2-28 

AVERAGE MONTHLY ANALYSIS OF ASH POND DRAINAGE WATER IN 1995 

PARAMETER MEASURED 

Temperature @C) 

PH 
Ox~dizability (COD), mg O,/liter 
Dissolved Oxygen, mg O,/liter 

Biochemical Oxygen Demand, mg 
Odliter 
Total Suspended Solids, mglliter 
Hardness, mg - equivalent/liter 
Ammoma, mg /liter 

Nitrites, mg Ihter 
Nitrates, mg /liter 
Chlorides, mg /liter 

Sulphates, mg Alter 
Petroleum Products, mg /liter 

MAY 

180 
8 4 

2 77 
1171 
1 63 

4083 
3 8  

005  
0 028 
2 6 
201 
85 3 
0 0 

JAN 

7 2 
8 5 

2 09 
1202 
2 40 

403 
3 6 

006 
0 015 
3 9 

220 
98 7 
0 0 

MAR 

107 
8 5 

2 37 
1219 
1 66 

376 
2 7 
013 
0 019 
2 6 
210 
98 0 
0 0 

FEB 

9 0 
8 4 
1 89 
1158 
1 88 

347 
3 4 

014 
0 021 
2 3 
192 
98 7 
0 0 

APR 

167 
8 4 

2 85 
1209 
0 95 

490 
315 
006 
0 023 
2 7 
202 
93 3 
0 0 

JUN 

218 
8 5 

2 55 
1206 
1 17 

3183 
4 1 
011  
0 025 
2 3 
201 
84 7 
0 0 

AUG 

260 
8 3 
1 68 
838 
1 22 

336 
3 7  

0035 
0 035 
2 75 
164 
68 0 
0 0 

JUL 

228 
8 3 
1 93 
915 
2 59 

3575 
3 35 
008 
0 043 
2 7 
176 
88 7 
0 0 

SEP 

240 
8 3 

2 52 
942 
1 83 

3425 
435 
007 
0 026 
2 7 
157 
54 0 
0 0 

Allowable 
Local 

Discharge 
Llmits 

- 
6 5 - 8 5  

- 
P 4  
b 6  

kg775 
- 

b 2 0  
P O  3 
k 7 0  
P 350 

P 500 
P O  15 

Proposed 
World Bank 
Discharge 

Llmits 

3 PC Rise 
6 - 9  

- 
- 
- 

50 
- 
- 
- 
- 
- 
- 
- 



TABLE 2-29 

ANALYTICAL RESULTS FOR METALS OF ASH POND DRAINAGE WATER 
SEPTEMBER 7,1995 

Proposed World Bank 
Discharge L m t s  

0 5 
1 0  
0 5 

0 5 
N/A 
0 5 

Metals Analysis 
Concentration, mglliter 

Copper ( + 2) 
Iron (+3) 
Nickel (+2) 
Zlnc (+2) 
Cadrmum (+2) 
Chromum (+ 3) 

Analytical 
Test Results 

0 05 
0 1 
0 03 

Not Detected 

Not Detected 

0 05 

Allowable Local 
Discharge L m t s  

1 0  
0 5 
0 1 
1 0  

0 01 
0 5 



As an ash disposal pond ls filled to its capacity, a new pond ls utlhed and the old pond ls closed by 
covemg the ash with a layer of sol1 Upon closure, use of the "reclamed" pond is returned to a 
collectwe fanu whch can now use the land for "agnculaual purposes" Although the farm apparently 
owns the property a recent mpecbon of the area showed neither farrmng or grazmg on either the 
reclarmed land or the surrounhg area The w o n  further mdicated that the closure method was 
mufficient for preventmg excessive amounts of ash from blowlng off the c2lsposd area T h  ash 
dustmg has the potenhd q a c t  of exposmg persons hvmg downwmd of the ash dlsposd area to 
ambient ax whch probably exceeds World Bank parbculate concentraQon huts 

The p o t e m  also emts for 1111grabon of ash to local surface water b d e s  as a result of storm water 
run-off Dumg the m y  season the transport of ash m h s  manner could have a si@cant mpact 
on downstream water @ty and may also result m siltahon of streams and nvers 

2 5 2 Poten6al Impacts Ant~cipated Durvlg Implementat~on of the Proposed Refurb~hrnent 
ProJect 

This secQon i d e d e s  the enwonmental q a c t s  whch may result d m  the proposed refurblshment 

@ 
of the -1, the Dlstnct Heatmg, and Transrmssion and Dlstnbuaon Systems 

Release of Asbestos Contamg Matenal to the Envronment D m ?  Refurbishment of TES-1. 

D m g  the course of the TES-1 refurblshment, it ls hkely equipment conbung or d a t e d  with 
asbestos contamng mate~lal (ACM) may need to be removed or m a e d  Removal of ACM whch 
is or whch can readdy become hable, by m e d  personnel and without the use of proper 
procedures and equipment could result m the release of asbestos fibers mto the envrronment The 
abhty of asbestos to pose a senous long-term health hazard q a c t  has been estabhshed 

Release of Asbestos Contamp Matenal to the Enwonment Dumg Refurbishment of the Distnct 
Beabn~ Svstem 

As m the case of TES-1 refurblshment, removal of ACM withoout the use of proper procedures and 
eqcllpment could pose a senous health hazard 



Dlschar~e of 011 Contam? Polychlomted B~phenvl to the Envn-onrnent 

Dumg a recent mspechon of TES-1, ~t was reported that prev~ous analysls of on s~te transformer ods 
have md~cated no polychlormated b~phenyl (PCB) content Addihonal samples have also been 
collected and analyzed by Amencan Elecmc Power Energy Services, Inc Analyhcal results mdlcate 
that very small traces of PCBs were detected m the samples Although the laboratory could not 
quanw the actual concentrahon because the PCBs appeared to be of fore~gn orrgm, they dld report 
that they beheve the concentrahon to be less than 10 rnglkg (ppm) Based on the report from TES-1 
personnel that PCBs were not found m on s~te transformer od, durrng previous samplmg and the 
current report from AEP, no potential unpact from a release of PCBs can be expected 

rng~t~ve  Dustlw Dump Construction 

Equprnent handhg dumg refurblshment at TES-1 and construcbon of a new ash dlsposal pond wlll 
requlre the use of heavy machmery and large earth movmg equlpment Dumg the construction 
pen& use of h s  equlpment could cause the release of fuglhve dust Fug~t~ve dustmg could unpact 
local alr quality by exceedmg the regulatory lmts  for amb~ent alr particulate concentrahon 

2 5 3 Potentd Impacts Resultrng from the Complebon of the Proposed Refurb~hment Project 
and Contmued Operabon of the Facfity 

Thls secbon 1dentd5es the environmental unpacts whch may result from the operahon of the TES-1, 
the Dlsmct Heatmg, and Transrmss~on and Dlstnbubon Systems followmg complehon of the proposed 
refurblshment project 

Seven of the boders at TES-1 wlll be rehabd~tated as part of the proposed Prronty One tasks The 
primary focus of the refurblshment project IS to extend the plant's useful lrfe and Improve plant 
equlpment rehabdlty It IS esbmated that the 7 boders bemg rehblshed could have a potentla1 
mcrease m effic~ency of 2 0% as a comblned effect of the mdlv~dual tasks m the project 

An analys~s of the unpact of rehabhtahon of both the Brshkek CHP plant and the D~stnct Heatmg 
system md~cates s~gmficant energy savmg as a result of these unprovements Projections for fuel 
consumphon for the year 2000 are as follows 



E!Jd Case 1 (No Rehab1 Case 4 (Full Rehab) 

- 
Mazut, Tcal 

Natural Gas, Tcal 468 

Total, Tcal 7993 

Total annual energy produchon (Tal) IS reduced by more than 9% with more than half (5 %) the result 
of reduced coal h g  Srnce both SO, and parhculate emrssions are due to cvoal h g ,  a 5% 
reduchon m annual emssions of both are anhcipated With NO, emssions related to total energy 
produchon as well as fuel type, an even greater reduchon m NO, emrssions IS anhcipated 

Reduchon m Plant Pmculate Emssions 

A reduchon m parhculate emsions would be possible with the replacement of the current parhculate 
collechon equipment The present electrostaoc precipitators have a collechon efficiency between 96 
and 97% resulhng m parhculate coflcentrahon emrssions of 2 64 g/Nm3 when h g  Karaganda coal 
Reduchon to an ermssion concentraoon of 1 32 g/Nm3 could be acheved urlth Installabon of new u t s  
operahng at 98% efficiency However, it would r-e removal efficiency m the range of 99 8 % to 
acheve the parhculate ermssion concentrahon of 150 mg/Nm3 proposed for rebabhtated thermal u t s  
m Russla 

Replacement of these electrostahc precipitators with new Zvgh efficiency u t s  would be extremely 
costly An alternahve to precipitator replacement IS the apphcahon of flue gas con&homg technology 
to unprove fly ash collechon efficiency m the emhng mts T ~ I S  technology u w s  addme mjechon 
(typically SO3) to mod@ the electrical reslshnty of the fly ash The technology IS most effechve when 
apphed to low sulfur coal h g  and IS anhcipated to mcrease efficiency to about 99% ash collection 

The mvestment cost IS estimated at about $600,000 per boder 

Addition of a Flue Gas Emssion Momtomg. Svstem 

Evaluahon of several types of emssion monltormg systems suggests that an m-situ stack monltormg 
system IS the most apphcable technology for use m the NIS Systems of t h ~ ~  type analyze components 
m the flue gas, m-situ, by projechng an Infrared hght source across the stack and meafllrvlg the signal, 
at speclfic wave lengths, at a detector Installed on the far side of the stack 



Advantages of such a system are the fact that a slngle m-situ analyzer can momtor SOz, NOx, COz, 
CO (or 02) and Opacity sunultaneously, without urlthdrawmg a sample of the gas, and that filters may 
be used for dally automaoc calibrahon Instead of calibrahon gases The analyzer mounts on flanges 
mtalled on the stack and requlres only an external power supply and an output cable to bmg the 
signals to the data logglng computer (m the control room) 

Momtomg of flue gas ermssions could be accomphshed wrth a smgle stack momtor If all boders were 
ducted to &charge to the new 300 meter stack Under the present condbons, where several stacks 
are stdl  m use at the plant, two (2) m-situ ermssion momtors would be provided 

Due to the age of the facllity and the lack of boller operabng condihon momtomg equipment, the 
bollers run at a very hgh m to fuel rabo ' I h s  operatmg codbon contributes to a sigdicant energy 
loss m flue gas It is anhcipated that the proposed boller refurbishment wdl reduce the amount of 
excess ar drawn Into the 7 refurbished bollers It IS recommended however, that at mnwnum, each 
of the 7 bollers to be refurbished, should also be equipped mth combusfion analyzers Combushon 
analyzers should enable plant operabng personnel to optmze the Wan rauo on these bollers and 
therefore mprove the overall efficiency of the plant Combustion analyzers should be considered as 
necessary equpment m order to rnaxlrmze the benefits of the mtd capital mvestment 

rovement of Analvtical Ca~abllitv 

The present analflcal capability of the chemcal laboratory at TES-1 IS reported to be h t e d  by its 
lack of modern equpment Considerahon should be given to identrfylng speclfic routme analrncal 
tests whch, if performed by plant personnel would lmpove both efficiency of operahon and reduce 
ermssion of pollutants mto the enviornment Modern analmcal equipment mght mclude Atomc 
Absorpoon and Spectrometry for metals analysis and Chromatography for orgmcs m waste water 
Combushon efficiency momtomg equpment rmght also be provided 

It IS recommended that proper tmmng be provided for any new analwcal equipment The capabhty 
of the lab IS not only necessary to mprove control of pollutant concentraoon m waste &charges, but 
may also be able to unprove plant fuel efficiency by p e r f o m g  mcormng Euel quality analysls 



ioamvlty Content of Ash 

There s currently no momtomg performed to d e t e m e  the levels of rad~oacbvity m the ash dlsposal 
area Due to the presence of naturally occurmg ra&oacbvlty m coal and the residual ash, it ls 

recommended that radoacbvlty be measured and recorded at the ash dlsposal areas and for 
background levels ' h s  mformabon can then be used to deterrmne If and to what extent a problem 
emts, and help ident@ what measures can be taken to reduce the potentd for exposure of personnel 
to ra&oamvity above regulatory h u t s  

TES-1 Adverse Enwonmental Impacts 

It should be noted that based on the current scope of the proposed project, adverse lmpacts identfied 
m Secbon 2 5 1 can be expected to contmue w~th httle or no change 

Rehabhtabon of TES-1 wdl not result m an mcrease m the plants heat output as a result of mcreasrng 
the amount of coal that can be burned W~th no rncrease m potentral coal consumpbon, no lmpact to 
amb~ent an quahty fiom an rncrease m plant an pollutant ermsslom, or mcreased ash producbon ls 
antxipated Therefore, no s~gmficant adverse enwonmental q a c t s  resultmg fiom ax ermsslons are 
anbc~pated as a result of complebon of the proposed Pnonty One refurblshment tasks 

Currently all mamtenance at substabom and beneath emtmg transrmssion hes  s performed manually 
and herbic~des are not used to control vegetabon The nght-of-way for the proposed new transrmssion 
lmes do not pass through populated areas or cnbcal habitats The new lmes wdl only pass through 
agricultural and mountamous areas, where the unpact to vegetabon wdl be rmrumal Therefore, the 
operabon of a new AlaArcha Substabon and subsequent transrmsslon lmes ls not expected to create 
any adverse enwonmental Impacts 

Distnct Heatm~ Adverse Envronmental Impacts 

No negabve lmpacts to the enwonment are anbc~pated as a result of the Pnonty One refurblshment 
tasks proposed for the Dlstnct Heatlng System 



2 5 4 Wbgatmg Measures to be Implemented During Refurbishment of TES-1, the Dlstnct 
Heatmg, and Transrmsslon and Ihstmbubon Systems 

A Master Envu-onmental Management Plan should be developed and Implemented to systematrcally 
reduce the overall Impact to the envu-onment from TES-1, the ash disposal area, and the dismct 
heatmg system Thts plan would not only mcorporate those mvestments identd3ed m t h ~ ~  report but 
would also mclude the prrontuahon for addihonal capital mvestment m plant operation and 
mamtenance, efficiency and rehbhty Improvements, envlronmental mbgatmg measures, momtomg 
plans, ana1yt.d equipment, and t r m g  programs, whch are beyond the scope of t h ~ ~  current project 

The Master Envu-onmental Management Plan would mclude obtamng exlstmg envlronmental 
conditrons on ambient ar quahty m the vicmty of the plant as well as areas downwmd, water quality 
of local surface water bodies whch are subject to Impact by plant operahon, groundwater quality m 
the vicmty of the plant and ash hposal area, and sol contammhon T ~ I S  data would then establish 
the baselme agarnst whch the effecoveness of further mvestments m the plant could be compared 

This sechon discusses mtrgatmg measures whch should be Implemented d m g  the refurbishment 
project to nunmze the specrfic Impacts identd3ed above 

Prior to commencement of any rehablitahon achvihes, a prellrmnary ACM survey should be 
performed on equipment and appurtenances mvolved m the rehabhtahon project Thls survey is 
necessary to ident@ where ACMs are located m the plant and dlstnct heatmg system, what IS the 
physical conhhon of the ACM, estmate the quant~ty of ACM whch wdl be removed and the amount 
of m e  and cost necessary to complete the removal, and prepare for proper d~posal of the ACM The 
ACM survey should be performed by personnel tmmd to recogme ACM, and evaluate its condifion 
The actual removal of the ACM should be performed by personnel tralned m the appropriate work 
prachces for asbestos abatement whch wdl mvolve 

Identd3catron of sources and locahon of ACM to be removed 

The use of respu-atory and protectrve clotlung by workers and mpectors 

Isolatmg the work area where ACMs are to be removed from the surroundmg areas 

Operahon and mamtenance of hgh efficiency particulate au- filtration equipment 

Packagmg ACMs for proper dtsposal as a hazardous waste 

Abatement area mpechons and au- sarnphg to assure compliance with acceptable l m t s  



Rules and regulabons for asbestos abatement have been adopted by many government authonbes and 
such rules wdl be mcorporated mto the construcbon requrements for thIS project Contractors or 
others responsible for the rehabhatlon acbvrtles wdl be r-ed to comply with these regulations 
This wdl ensure that thIS work wdl have no sigmficant Impact on the envronment or population 

PCB Contammbon 

For any od-filled electrrcal equipment that wdl be &carded as part of the project, the od wlll be 
analyzed for PCB content to assure the method of d~~posal ls m accordance with local regulabons 
Typical methods of dlsposal for matenals with no or low levels of PCBs mclude d r a m g  and reuse 
of od as fuel, salvage of equipment for metal recovery, and landfilhg unsalvageable drmed 
equipment Methods of bposal for matenals contamg hlgh levels of PCBs typically mclude 
d r a m g  and destrucbon of od by hgh-temperature mcmerabon, reuse of od after chemcal 
destructwon of PCBs, and decontammbon and landfilhng of drmed equipment at a chemcal waste 
landfill In some cases recovery of metals as scrap followmg decontammabon of the equipment may 
be allowed For any od-filled electrrcal equpment the wdl be serviced (requlrmg contact with or 
removal of the &electnc flud), the od wdl be analyzed for PCBs m order to d e t e m e  appropnate 
handhg procedures However, based on the current test results, no specla1 dqosal requrements or 
handhug pracbces are anbcipated 

For any od-filled electrrcal equipment that wlll be reused Intact and without servicing as descnbed 
above, no PCB analysis wdl be performed as the potent~al for Impact fiom a release of PCBs IS 

expected to be rmnunal 

Any new electncal equpment that is mtalled as a part of the proposed project wlll be fiee of PCB 
contammbon Any &electrrc od that IS used m filhg new or servicmg of exlstmg eqwpment wlll 
also be free of PCB contammation 

Contammated sods may be discovered at any tune d m g  the proposed rehabhtabon of electrrcal 
equpment at TES-1 or electncal substabons Areas that mQcate si@cant quanhbes of od have been 
spdled wdl be cleaned up by removal of vlsible signs of the od The sod wlll be dlsposed of m 
accordance with local regulabons for ollcontammted debm 

The levels of PCBs found through testmg are m&cabve of rnmmal contammbon of the od Such 
mcidental levels are common among transformers that have been m service for many years The 
mtroducbon of trace PCBs usually occur as a result of equpment nmmtenance where hoses, pumps, 
filtemg equpment, etc may have previously been m contact with PCB flu& In the Un~ted States, 
the Envronmental Protecbon Agency @PA) has recogmzed h s  fact and only regulates equipment 
whch contarns greater than 50 ppm PCB The only resttrcbons that the EPA places on od contalnlng 



less than 50 ppm is to prevent its use as a sealant, coatmg, or dust control agent, such as for use m 
road odmg, pesticide or herbicide cmer ,  or rust preventative on pipes Based on the current 
analytrcal results, a complete and formal PCB replacement program does not appear to be necessary 
at h tune It u however recomended that testmg for PCBs contmue to be performed on equipment 
to be Qscarded or serviced subsequent to complehon of the refbrbuhment project 

In order to satisfy envxonmental regulahons for ambient ax pmculate (dust) concentratron and to 
prevent erosion at the drsposal area, it is necessary to mcorporate control measures Ash pdes at the 
ash duposal area may cause potentd mpacts to the environment quality, If it not managed properly 
Without mamtenance of the proper dust control d m g  the operaoon phase, some ash particles may 
be Mted rnto the an by wrnd that may cause an pollution On the other hand, dmng rmy  season the 
fine pmcles of the ash wdl be carned by ramwater run-off 

The envxonment management to mmmze these Impacts should mclude 

Staged site development to mmmze the area of ash exposed without sod and vegetal cover 

Seedmg m the disturbed areas, If it wdl be left exposed more than 30 days 

Sdt fence for erosion control constructed at the cnhcal areas, i e , steeply sloped land 

Wherever possible, the emtmg vegetabon wdl be retamed 

The dramage system designed to handle the ram water run-off 

The ram water run-off velocity kept as low as possible by mmmzrng length and steepness of 
slopes 

Plantmg ground cover vegetahon on closed (filled) sections of the ash disposal site 

Spraymg the reclmed ash pde with water to keep the surface of the pde wet and encourage 
vegetaoon to grow 

Surfaces utrllzed for vehcular traffic should be paved with gravel to prevent errosion of the 
surface and exposure of ash to the enwonment 

Applicahon of these measures to the ash disposal area u expected to control both surface erosron 
and dustmg and elmmate any potentnl adverse Impact on the envxonment 

Jnstrtutronal Capacity Bulldm~ 



The successful mplementabon of an Enwonmental Management Plan wdl result m the conmued 
operabon of the fachty wMe mmtmlzmg adverse enwonmental Impacts l h s  wdl requre a 
comrmtment from the u a t y  ownershp and management to meehng comphce requxements, and 
provide proper t r m g  m envronmental momtormg and awareness of envxonmental goals The 
understandmg, assistance, and cooperabon of the relevant government agencies are also essentml 

Momtomg and Reportm~ Requrements 

The project Construcbon Management Plan m conjuncbon with the Master Envronmental 
Management Plan wdl need to mclude a Momtormg and Reportmg Plan to be m place pnor to, 
durmg, and after complebon of the refurbishment project The Momtomg and Reportmg Plan wdl 
idenm what enwonmental parameters wdl be measured durmg specific phases of the project, 
frequency of momtormg, personnel responsible for p e r f o m g  the momtorug, routme momtormg 
report requlrements and frequency of reportmg, and acbons to be taken, mcludmg who shall be 
notdied, m the event of a non-conformmg occurrence As p e r f o m  specrficahons of mdividual 
project components may be part of the loan condibons, specific World Bank momtormg and 
reportmg requlrements wdl also be mcluded 
Implementabon of the Envxonmental Management Plan should commence m d a t e l y  after loan 
approval Enwonmental considerabons identdied m this report should be followed Schedule and 
rmlestones for all major acbvibes wdl need to be developed 

2 5.5 Recommendahons for Future Investment Comderahons 

@ Complebon of Connecbn~ All Bollers to the 300-Meter Stack 

The second scenano for whch an m bpersion screemg model was run mvolved havmg all 24 
bollers connected to the one 300-meter stack A g m  the model was run based on all 24 boders m 
contmuous operabon at full capacity The predicted Impact from ductmg all bollers to the 300- 
meter stack IS a reducbon m ground level concentrahons of SO,, NO,, and pmculates over the 
present configurabon whch u W s  all 4 stacks Ground level concentrahon of pollutants wdl be 
reduced by approxunately 25 % to 30% by redrectmg the flue gas &charge to the hlgher stack 

Ash Transport System Improvement 

As previously descnbed, the ash transport system presently m use u W s  large w b e s  of water 
m a slurry transport system The sluice water IS ultmately drscharged to an mgation canal with 
no further treatment after the ash has settled fiom the water m a drsposal pond Discharge water 
@ty test results have been reported previously along with recommendabons for adhbonal 
samplmg and testmg, especmlly for heavy metals and olly waste (petroleum hydrocarbons) 
Should tesmg mhcate that Improvement m dlscharge water quahty IS required to acheve the 
dlscharge h t s ,  Improvements to the transport system may be considered 
The large quanbty of sluice water makes it rmpractd to consider either evaporahon or treatment 
of the full &charge and considerahon rmght be gven to recrculatmg the water back to the plant 

e and reusmg the slum water A system IS already m place to pump slulce water to the ash disposal 



pond and cons~derabon could be glven to the utrlmbon of some of the transport system p~pmg to 
return water from the pond to the plant, e~ther by gravlty or by mstalllng water recycle pumps 

Although recyclrng of ash transport water may be poss~ble, ~t IS not poss~ble to operate the system 
as a completely "closed-loop" system Dissolved sol~ds m the water must be controlled to 
nunumze scalmg m the transport p~pmg and th~s can only be accomplished by Qschargmg a 
pornon of the recuculatmg water The dlscharge water would be relabvely hgh m d~ssolved 
sol~cls, mcludmg metals, and would probably requlre treatment pnor to dlscharge A waste water 
treatment facd~ty would be requlred to process the small blowdown from the system 
The presence of ody wastes m the waste water dlscharge could be addressed by prov~dmg a 
"slurnmg" system at the pond water dlscharge to collect od from the surface of the dlscharge 
water Slummed od would be drsposed of by b m g ,  e~ther m the steam bollers or m another 
devtce 

to Ash Dls~osal Site 

Recommended nnprovements to the ash bposal facd~ty have been described prev~ously m Sect~on 
2 5 4 - Landfill Operaborn Add~bonal rmprovements could be made to help further reduce the 
potenbal for fug~bve dustmg from the ash d~sposal area It IS recommended that stslcter srte access 
control measures, such as pemeter fencmg, be mtalled to prevent dlegal durnpmg as well as 
disturbance of surface sods and ash Illegally dumped trash should be removed and surface 
vegetabon reestabl~shed where ~t IS absent Furthermore, establishment of a bamer between the 
ash dlsposal area and local res~dents could help llmt the Impact of mborne dust Thls barner 
could be a natural bamer comprised of selected vanetles of trees, chosen for then growth 
chactembcs I e speed of growth, expected he~ght, longev~ty, and tolerance of unfavorable 
cond~trons 

The present ash dlsposal pond has a remamg capacity of 4 to 6 years based on an average ash 
producbon rate for the past 5 years of 215,500 tonnes per year As part of the expansion of the 
ash d~sposal area, new ponds (cells) could be constructed w~th an Impermeable lmer A h e r  wlll 
prevent water from penetratmg below the pond and reduce the potentml for groundwater 
contamnabon Furthermore, proper closure of all emtmg closed cells w~th an unproved cap and 
revegetated sod cover would further reduce the potential for nnpact on groundwater qual~ty as well 
as lmprove ambient arr quality by reduclng fugltlve dustmg 

Fue Suppress~on Equipment 

Due to the natural release of volatlle gases from the 11gmte coal pdes m the storage area, small 
fues have occurred m the past at the plant It IS recommended that fue hydrants and supplemental 
hoses and reels be mtalled rn the v~cmty of the coal storage areas Suffic~ent hoses should be 
prov~ded to allow for effectwe coverage of the entlre coal pde area 

Wastewater T r m  



As described previously, it IS recommended that routme aualysls of &charge water be performed 
for petroleum conkmunabon and heavy metals m the dscharge water 
In the event that analysis mdicates the presence of petroleum contammtes, a treatment system 
should be mtalled at the plant, conslstmg of at mmlmum, an odwater separator and waste oll 
storage tank As some quanbty of mazut IS already burned at the plant, the accumulated waste oll 
could be burned as well 

A waste water treatment system designed to reduce heavy metal m the &charge water requlres a 
sigmficant capital mvestment and has a substanbal operatmg cost, p d y  associated with the use 
of costly water treatment chemcals For that reason, t h ~ ~  technology is only considered for 
treatment of blowdown from a reclrculatmg sluicmg system Such treatment rmght mclude many 
of the followmg steps pH adjustment to precipitate heavy metals, aerabon, coagulabon and 
polymer addbon, sulfide precipitabon, sedmentabon, Ntrabon and final pH adjustment 



2 6 PROJECT IMPLEMENTATION PLAN 

Thls section deals with the unplementabon schedule for the lmprovements outllned m secbon 2 1 
This schedule IS expected to follow estabhshed World Bank guidelmes The followmg IS an estunate 
of the several stepsitasks mvolved m the lmtd stages of the project Some phases of the project wdl 
requEe a shorter amount of tune for preparabon of the tender documents (1 e NDE equipment, ax 
compressors, etc ), these items wdl be idenMed m the schedules shown m Figures 2-3 to 2-5 

Project Preparahon and Internuhonal Conzpmtzve Bid Process 
Duration = 9 to 12 Months 

Application for renewal of construction pemts - 3 to 6 months (outside plant proper) 

Before construcbon can begm, the Kyrgyz Nabonal Energy Holdlng Company must obtam 
construcbon approval fiom local government authonbes l h s  task LS to be performed m parallel 
with other tasks i d e n ~ e d  below 

Preparabon of all tender documents - 3 months 

The specIficabon documents would provide a detaded defirubon of project scope, responsibllibes 
of all mvolved parhes, prehmmry locabon plan, equipment specIficabons, mated speclficaoons, 
labor specrficabons and guidelmes if any, for the mpply of matenals and labor for project 
unplementabon, guidelmes for installation speclficabon, and commercial terms and conditions 

Preparabon of Request for Quotabon (mcludmg owners review) - 1 month 

Preparabon of request letter and finalize bidders h t  Dehvery of RFQ to potentml vendors 

Preparabon of Bids - 2months 

Tune for potentla1 bidders to review project RFQ and prepare comprehensive, lump-sum bid for 
each bid package 

Evaluabon of Bids - 2 months 

Review and evaluabon of bids received Clanficatlon of techcal and other lssues 

Award Bids - 1 month with contract negotmbons 



Rehubzlzta.&on Packages 

The work to be performed m the rehabhtahon of the d ~ ~ t n c t  heabng system, TES-1, and the elecmcal 
transrmssion & &smbuOon systems wdl be broken down mto speclfic packages Tables 2 -1 to 2-3 
show an overview of the packages, the m-service dates, and the amount of money that wlll be spent 
m each year of the rehabfitahon packages Figures 2-3 to 2-5 show the correspondmg schedule for 
the packages 



Table 2-30 

11 Bishkek Thermal Electric Station Implementation Plan 11 
- - - 

PROJECT DESCRIPTION 

Bozler Re~zlrtat ton 

I 

- - 

SERVICE 
DATE 

PACKAGE 1 

Refurbishment of Boders No 14 to 
20 

SUBTOTAL 

TurbzneGenerator Rehubr ktatron 

PACKAGE 1 

Comrmssio~llng of Umt #11 and 
other TIG items 

PACKAGE 2 

Procurement of NDE equipment 

PACKAGE 3 

Purchase of Turblne No 11 

SUBTOTAL( 

TOTAL 
COST, USD 

- -- - -  -- - 

FORECAST OF CAPITAL EXPENDITURES 

111999 $3,803,000 

$3,803,000 

1999 

NIA 

NIA 

NIA 

NIA 

1998 
. 

111999 

1996 

$1,788,000 

$1,788,000 

$5,720,000 

1997 

$2,015,000 

$2,015,000 

NIA $2,86O,OOO $2,860,000 

111998 $270,000 

NI A 

NIA $270,000 NIA I NIA 

1/1999 $2,275,000 NIA N/A 

1 $8,265,000 1 N/A 1 $5,405,000 1 $2,860,000 1 NIA 

$2,275,000 NIA 



Bishkek Thermal Electric Station Implementatmn Plan 

PROJECT DESCRIPTION 

Imtrurnentaaon & Controls 
ReMz htahon 

PACKAGE 1 

Procurement and mstallabon of 
transmtters, mstrument valves and 
racks, and accessones 

PACKAGE 2 

Procurement and mstallabon of the 
Plant Computer System 

SUBTOTAL 

FORECAST OF CAPITAL EXPENDITURES SERVICE 
DATE 

TOTAL 
COST, USD 

1996 1998 1997 1999 

111999 Nl A $1,554,000 $689,000 NIA $865,000 

111999 $730,000 

$2,28~,000 

NIA 

NIA 

$292,000 

$981,000 

$438,000 

$1,303,000 

NIA 

NIA 



Bishkek Thermal Electric Station Implementation Plan 

PROJECT DESCRIPTION 

Enwronmental and Other Plant 
System ReMzhtmon 

PACKAGE 1 

Procurement and lnstallatron 
supervision of Emssion Momtormg 
Devices 

PACKAGE 2 

Procurement and mstallatron of 
Plant Ax Compressors 

PACKAGE 3 

Procurement and mtaliation of 
Rotary Car Dumpers equipment 

SUBTOTAL 

GRAND TOTAL 

SERVICE 
DATE 

TOTAL 
COST, USD 

FORECAST OF CAPITAL EXPENDITURES 

111998 $1,800,000 

1996 

NIA 

1998 1997 

NI A $1,800,000 

1/1998 

1999 

NIA 

$234,000 Nl A NIA $234,000 

1/1998 

NIA 

$1,340,000 

$3,374,000 

$17,726,000 

NIA 

NIA 

NIA 

NI A 

NIA 

$5,856,000 

N/A 

NIA 

NIA 

$1,340,000 

$3,374,000 

$11,870,000 



Table 2-31 

Bishkek District Heating Enterprise Implementa~on Plan 

PROJECT DESCRIPTION 

?+ping Network Rehubiktahon 

PACKAGE 1 

Delivery of pre-msulated pipe and 
associated matenal 

PACKAGE 2 

Reconstruct~on of UG and A e d  
pipmg under supervision of 
engmeemg consultant 

SUBTOTAL 

Rehubilitahon of Pumping Stahons 

PACKAGE 1 

Installation of frequency converters 
and new pumps by a foreign 
contractor 

SUBTOTAL 

SERVICE 
DATE 

TOTAL 
COST, USD 

FORECAST OF CAPITAL EXPENDITURES 

1999 1996 

711999 $8,910,000 

1997 1998 

$625,000 

711999 

$4,220,000 $2,740,000 

$4,590,000 

$13,S00,000 

$1,325,000 

$322,000 

$947,000 

611997 

$2,175,000 

$6,395,000 

$1,160,000 

$1,160,000 

$1,460,000 

$4,200,000 

$645,000 

$645,000 

$633,000 

$1,958,000 

NIA 

NIA 

$515,000 

$515,000 

NIA 

NI A 



Bishkek District Heating Enterprise Implementation Plan 

PROJECT DESCRIPTION 

Imtallutron of Control and 
Reguluhon System 

PACKAGE 1 

Installation of  compute^ 
SCADA system for automfic 
operabon of DH system 

SUBTOTAL 

Modemzzatlon of Substatom 

PACKAGE 1 

Delivery of foreign equipment 

PACKAGE 2 

Installabon of equipment by local 
contractor 

SUBTOTAL 

GRANDTOTAL 

SERVICE 
DATE 

TOTAL 
COST, USD 

FORECAST OF CAPITAL EXPENDITURES 

61 1 997 

1996 

$790,000 

$790,000 

N/A 

NIA 

1997 

N/A 

NIA 

NIA 

NIA 

611 999 

6/1999 

$790,000 

$790,000 

$8,872,500 

$877,500 

$9,750,000 

$25,200,000 

$863,000 

$85,OOO 

$948,000 

$2,540,000 

1998 1999 

$4,530,500 

$444,000 

$4,974,500 

$12,674,500 

$2,951,000 

$289,000 

$3,240,000 

$7,440,000 

$528,000 

$59,500 

$587,500 

$2,545,500 



Table 2-32 

Transrmssion and Dlstrrbubon h~lementation Plan 
PROJECT DESCRIPTION 1 SERVICE I TOTAL I FORECAST OF CAPITAL EXPENDITURES 

DATE COST, USD 
1996 1997 1998 1999 

A h  Archa & Chuzskaza Substanons 

PACKAGE 1 

ZHUISKAIA 2201 1 10 kV 12/98 $2,272,000 $0 $340,000 $1,705,000 $227,000 

SUBTOTAL $13,065,000 $540,000 $2,500,000 $5,4809000 $4,545,000 

astern Protechon Upgrades & 
Tramfomr Replacernents/Addzhons 

PACKAGE 1 
3RTO ALYSH 110135110 kV 12/98 1 $1,244,000 000 1 $124,000 1 $996,000 1 $124,000 

- - -- -p 

SELECTRO 1 10110 kV 
SELEKCCIONAIA 1 10110 kV 12/97 $1,330,000 $133,000 $1,064,000 $133,000 000 

VOVO TROICKAIA 110/35/10 kV 12/98 $1,916,000 000 $191,000 $1,534,000 $191,000 

SYSTEM PROTECTION 97-98 $3,454,000 $345,000 $865,000 $2,070,000 $174,000 

PACKAGE 2 
- - - 

Metermg Devices & Tools 02-00 $3,200,000 $0 $1,300,000 $1,300,000 $ ~ , ~  

SUBTOTAL $11,621,000 $528,000 $3,921,000 $6,083,000 $1,089,0fM 

GRAND TOTAL $24,686,000 $1,068,000 $6,421,000 $11,563,OOO $5,6349m 
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Project lmpleme n Plan, F~gure 2-5 

1996 1997 1998 1999 
ID Name Q l  1 Q2 1 Q3 1 Q4 Q l  1 a 2  1 Q3 1 Q4 Q l  1 Q2 1 Q3 1 a 4  Q l  1 a 2  1 a 3  1 a 4  a 1  
1 Electr~cal Transrn~ss~on & D~str~but~on Rehab~l~at~on 

2 Preparation of Tender Documents and Bidder Response* 

3 Tender Evaluation & Contract Award* 

* Items 2 and 3 (Tender document preparation and b ~ d  evaluation) apply to all the Items described below unless shown other wise 



Package Descnptlons 

Boder Rehabilitation 

Package No 1 

In Service Date - 111999 
~ngmeemg and Design - 10 months 
Procurement - 8 months 
Construchon, 1997 - 7 months (3 Boilers) 
Construchon, 1998 - 7 months (4 Boilers) 

lhs package mcludes the followmg 

For Boilers No 14 to 20 mlus~ve, 

Boiler Refractory, InsulaOon, Laggmg and Caslng (BRILC) refurbishment/ replacement and 
furnace and convechve pass rooftubes tube penetrahon seals refurblshmg 

Partnl replacement (approxmately 15%) of the furnace tubes (verbcal tubewalls) that have cold 
side corrosion and fires~de erosion 

Furnace and convectwe pass roof superheater tubes parha1 replacement (approxmately 15 %) 
The h l m g  tertmy superheater tube elements and pendent superheater have no major damage, 
thus they WIU not be replaced 

TurbmeIGenerator Rehabilitation 

Package No 1, Comsslon of T/G #I 1 and other T/G ztm 

In Serv~ce Date - 111999 
Engmeemg and Design - 4 months 
Procurement - 10 months 
Construction - 24 months 

lhs package mcludes the following 

Comrmssio~ung of Turbme Umt 11 Comrmss~onlng of tlus unrt wdl enhance plant elecmc 
capaclty and heat supply capabhty Thls turbme IS a modified version of the T-1151125-130 
turbme the manufacture of whlch started m 1989 The mt has two controlled heat extrachon 
and a slrnplIfied regeneratwe feedwater heatmg system, and consists of two cylinders It was 
specifically developed to be used for replacement of old u t s  d m g  rehabilitat~on of exlsmg 



power plants The version (Type 1) whlch IS avadable at the Blshkek plant IS most effechve m 
the heabng regums as it has short last row blades The u t ,  however, must operate with the 
mam steam parameters exlshng at the Blshkek Thermal Stahon With such mhal steam 
parameters ths m t  will add about 90 h4W el-c capacity and up to 175 Gcallh of thermal 
capabhty Tlus IS sufficient capacity to enable the removal of Umts 1 and 2 from service m a 
subsequent upgrade phase 

In order to coxmussion this turbme vatlous addhonal feedwater heahng cycle eqwpment must 
be procured (As it was memoned above, only the turbme itself and the mam condenser have 
been procured by the plant) These items mclude the generator, feedwater heaters, the 
assoc~~ted feedwater pipmg, valves, and pumps, and the associated condensate pipmg , valves, 
and P W S  

Replacement of condenser tubes m Umt 3 condenser 

Replacement of the turbme shaft sealrng system components at the front end of the high pressure 
turbme No 7 Thls wdl substanhality decrease the gland seal steam leakage at the front 
labymth seals of the lugh pressure sechon 

Replacement of the flexlble couphg connechng the HP and comblned IP-LP rotors of Unit 8 
turbme together mth the No 2 beamg to elmmate low frequency vibrahon problems at partial 
loads 

Provide portable vlbrabon momtonng equlpment to be able to systemahdy momtor shaft 
vibrahon at beamgs and to provide for planned replacement of expensive Babbit metal ThIS 
equlpment should also be mhated dumg rotor balancmg 

Package No 2, IVDE Equpment 

In Service Date - 1/1998 
Engmeenng and Design - N/A 
~ocurementhstallahon - 6 months 

T ~ I S  package mcludes the followmg 

The purchase of state-of-the-art NDE equipment Due to the advanced age of t h ~ ~  plant it IS 

essenhal that systemahc momtormg of its many parts be conhnued and expanded usmg modem 
equlpment Use of thls eqwpment m well planned metal control program IS expected to mcrease 
avadabhty and rehabhty srnce unplanned shutdowns can be mmmlzed It IS also expected to 
contribute to safer operabon, slnce with proper metal condhon momtormg potenhal fadures can 
better be predicted and avoided 

e Package No 3, Purchase of T/G #I1 



In Service Date - 111999 
Engrneemg and Design - 4 months 
Procurement/Negobabons - 6 months 
Construcbon - 24 months 

Tim package mcludes the followmg 

Cost of Turblne Generator #11 Currently, thls m t  IS m storage m Blshkek Negotiaoom w d  
be performed with the Russlan budders for final payment of the m t  Once tlus IS complete, the 
commssiomg of the umt can take place (See Package No 1) 

entation & Controls Rehabilitation 

Package No 1, Vanous Plant I & C's 

In Service Date - 111999 
Engmeemg and Design - 6 months 
Procurement - 9 months 
Construchon - 18 months 

Thus package mcludes the follomg 

Upgrade of plant mformabon systems 

Replace exrstmg control room mctctmg devices (meters, recorders, mdicators etc ) with work 
stabom m each of the five central heahng control rooms, each of the two mam control rooms 
and the water treatment control room 

Supply mfrared thermometers for leak detechon (heat spy) These would be used for detectmg 
msslng or detenorahng mlabon  m the hgh temperature pipmg system 

Package No 2, Plant Informahon System 

In Service Date - 111999 
Engmeemg and Design - 5 months 
Procurement - 9 months 
Construchon - 8 months 

Th~s package Includes the followmg 

Add personal computers connected to the mformahon system (See Package No I), m the plant 
directors office, the chef engineers office, and the assistant chef engmeers office 

Add an engmeemg station m the automated system group office 



Envuonrnental and Other Plant Svstems 

@ Package No I ,  Ennromntal Upgrades 

In Service Date - 111998 
EngmeemgProcurement - 6 months 
Construcfion5stallabon - 6 months 

T ~ I S  package mcludes the followmg 

Purchase of an In-situ stack momtor where a transrnltter and receiver mtalled across the stack 
pemt  analysls of the gases passmg through the stack wthout wthdrawmg a sample of the flue 
This devlce wdl momtor SO,, NG, CO,, CO (or Q and opacity smultaneously In addibon, 
filters may be used for dady cahbrafion mtead of cahbrafion gases A system of this type IS 

recommended for the 300 meter stack A second momtor on one of the 180 meter stacks would 
also be requlred If the r e m g  11 boders are not rednected to the new stack 

Modem laboratory ecppment wlll be purchased m order to update the fachties currently used 
by the TES-1 staff Items to be procured mclude a Gas Chromatograph, Atormc Absorpbon 
Spectrophotometer, and other general laboratory measuIlng devlces It IS highly encouraged that 
ths ecppment be located at the site of the State Comttee of Enwonmental Protection, m the 
city of Blshkek The site IS situated close to the plant, thus it IS convement for the plant * personnel In addifion, the equlpment can be used by anyone else m Kyrgyzstan Thus, t h ~ ~  
equlpment could benefit the entwe country 

The Electrostabc Precipitators W P )  wdl be rehabhtated Each boder has two (2) 50% ESPs 
Some have 7 5 meter high plates, whde others have 12 meter plates Each ESP has four fields 
(8 total) These wts wdl be rehabilitated to mcrease the collecbon efficiency 

Package No 2, Aa Cornpressors 

In Service Date - 111998 
EngmeemgProcurernent - 8 months 
Construction - 5 months 

Ths package mcludes the followmg 

Procure and mtall two (2) new rotary screw an- compressors These new compressors wdl 
have a capacity of 100 cubic meterslrmnute each at an an- discharge pressure of 9 kg/cm2, and 
wdl be of the oil free type These wdl enhance plant operafions and the pneumabc transport 
of boiler flyash 



Package No 3, Car Dumpers 

In Service Date - 111998 
Engmeemg and Design - 4 months 
Procuement - 9 months 
Construct~.on - 8 months 

Thls package mcludes the followmg 

Procure and comrmssion a new rotary car dumpmg m e c h m  m a new bddmg adjacent to the 
exlsmg coal dumpmg car bulldmgs The new coal dumpmg car m e c h m  should be designed 
with a capacity to unload 120 ton coal cars 

Two truck weighmg scales wdl also be installed dumg the installation of the new coal car 
dumpmg mechamsm These scales should be used for weighmg coal cars and rnazut (011) tank 
cars 



Biglng Network Rehabllitabon 

Package Nu I ,  Procurement 

In Serwce Date - 711999 
Engmeermg/Procurement - 5 months 

Thts package ~ncludes the followmg 

Dehvery of pre-dated pipe and related mated  mcludmg a specla1 tmmng package enabllng 
local contractors to perform at the requred cpahty 

Package No 2, Instulhon 

In Service Date - 711999 
Construmon - 30 months 

Ths package ~ncludes the followmg 

Rehabhtabon of the aerral and underground pipmg and mulabon Approxmately 12,500 
meters of underground and 7,000 meters of a e d  piplng wdl be replaced Most of the a e d  
pipe wlll be r e d a t e d  usrng mmeral wool with remforced concrete or with a cement 
COmpoSlte 

Package No 1 

In S e m  Date - 611997 
Engmeemg/Prmement - 4 months 
construcbon - 6 months 

Thts package lncludes the follomg 

Installabon of selected pumps with fkquency converters for vanable speed control and a few 
new pumps Tlus wlll allow the &mct heatmg system to operate as a vanable flow system 
mtead of the present fixed flow vanable temperature operabon 

butomatc Control System Installabon 

Package Nu I 



In Service Date - 6/ 1997 
Engmeermg/Procurement - 4 months 
ConstructJon - 5 months 

'I'lus package rncludes the followrng 

Installation of a c o m p u t e d  SCADA system wdl fac&tate the automabc operaoon of the 
vanable flow system The pumps wdl be regulated rn accordance with the demands momtored 
at vmous cnhcal locafions m the network 

Package No 1, Procurement 

In Service Date - 6/1999 
Engrneenng/Procurement - 3 months 

T ~ I S  package rncludes the followrng 

Delivery of equipment and devlces whch wlll transfer heat from the vanable flow dlstr~ct 
heatmg system to the buddmgs These devices wdl rnclude pressure control valves, stramers, 
heat meters, pumps, and other associated control valves 

Package No 2, Instalh&on 

In Service Date - 6/1999 
Construcbon - 18 months 

Th~s package rncludes the followrng 

Installabon of the eqwpment mto approxmately 3200 substabom In addibon, 300 substations 
at commercial and public buddrng wdl be fumshed wth heat meters whch wdl act as a first 
step towards the rntroduction of consumpbon based tariffs 



+4la Archa & Chuisha Substations 

Package No 1 

In Semce Date - 1211999 
Permt & Start Up - 6 months 
Enpeemg & Design - 7 months 
Procurement - 14 months 
Construchon - 8 months 

Thls package mcludes the followrng 

Construcbon of approxmately 20 krn of double clrcut 220 kV overhead transrmssion h e  from 
a new 22011 10 kV substahon (located at the outslurb of southwestern area of Blshkek) to the 
mtersecbon of the Frunzenskam-Bystrovka 220 kV h e  

Installahon of 1-125 MVA, 2201110 kV transformer and associated 220 kV and 110 kV 
switchgear In adhhon approxunately 1 Inn of double clrcut 220 kV h e  wdl be mtalled to 
mtegrate the emtmg Glavma-Bystrovka 220 kV h e  mto the C h w h a  110 kV substabon 

System Protection Upgades & Transformer ReplacementsIAdditIons 

Package No 1, Substahon Upgrades 

In Service Date - 1211998 
Engmeemg & Design - 6 months 
Procurement - 9 months 
Construcbon - 18 months 

This package mludes the followmg 

System protechon upgrades to twelve (12) substahons m the 110 kV Blshkek system, and 
transformer replacement/ad&bons at emtmg substatIom These upgrades occur at Alamdedm, 
Plkovaa Kotelnara, Novo Yuzhma, L e m  Plant, Am, Orto Alysh, Karagachevaia, 
Molodogvardelskaia, Yuzhma, P romysh le~a ,  Energebcheskam, and Novo Zapadnaia 
substat~ons This wdl reduce the fault dubes on the 110 kV h s  and 110 kvllower voltage 
transformers at these substahons that tap off the 110 kV double clrcuit transmsion lme that 
encircles the city of Blshkek The Me of the transformer wdl also be extended due to less 
exposure to faults and reduced fault cleamg tmes 

ReplacementfadhtIon of transformer capacity at Ort Alysh, Selectro, Novo-Troicha and 
Selekwionwua 



Packuge No 2, Metenng Devzces, Tools, and Spare Parts 

In Serv~ce Date - 1/2OOO 
Engmeeemg & Procurement - 4 months 
Installahon - 34 months 

Thls package lncludes the followrng 

Meter devlces, tools, and spare parts wlll be procured for the KNEHC engineers to use rn 
servlcmg and momtomg the electncal transrmsslon and dlstnbut~on facll~t~es 



2 7 OTHER PRIORITY COST 3lBM.S FOR TES 1 

@ Ths secbon con- a summary of Other Pnonty Cost Items Other Pnonty Cost Items are 
considered hghly desn-able because they offer features that enhance the rehbdity and safety of 
operabon These moddicabons may not be essentd, or then- need IS not evldent based on the present 
comhbon of the equpment, however, over a penod of years mspect~ons are hkely to d a t e  that some 
moddicabons are needed Other Cost Items would be considered as addbves to the costs of the items 
m Secbon 2 1 1 

The follomg IS a k t  of the Other Pnonty Cost Items 

Shot c l m g  system replacement for all eleven (1 1) bollers 

Bottom ash and slag removal equipment refurblshmg for all eleven (1 1) boders 

Tubular mheaters complete replacement for all eleven (1 1) boders 

Pulverizer replacement for boders Nos 14 to 24, with two (2) p r e s d ,  doubleended 
tumblmg wall mdls complete with a PA fan for each d, ulzltmd construcbon 

Econormzer tube banks and headers complete replacement for all eleven (1 1) boders 

Low NO, burners (LNB-s) of the double regsster type retrofit, furnace sidewalls, and homontal 
fhng Preference should be grven to m t e d y  Wsecondary ax staged burners, wthout the 
need for uslug bulk furnace ax stagmg (1 e overfire m )  

Local NO, emssion h t  for the year 1993 was 4336 te (Based on 858 telyr NO plus 5280 
telyr N02) 

Local NO, emusion h t  for the year 2005 wdl be 3475 te (Based on 688 telyr NO plus 5235 
telyr NO2) 

Therefore percent NO, reducbon reqmed from 1993 to 2005 IS 2-(347514336) = 0 2 i e 20% 
whch IS well achevable wth LNB-s only 

(Russian formula for NO, IS 0 8N02+0 13 NO) 

Duct systems, dampers, expansionjomts and ductmg structural support system refurblshmg for 
all eleven (1 1) boders 



Jhrbme Generator 

The Umt 3 hgh pressure rotor should be replaced together with the No 2 b e m g  and the 
couplmg connectmg the HP and IP-LP rotors This should mprove reliabrlity of the w t  and 
e l m t e  vibrabon d m g  varymg loads 

S~rmlar replacement of components as noted above plus replacements of the HP-LP secbons of 
Umts 3 through 6 as the plant IS gettmg to a more advanced age, beyond 2005 

Other Plant Svstem and Enmonmental Improvement 

Plant Ash Storage System 

The present ash storage site IS expected to run out of ash storage space m the near future Allocation 
of fimds to purchase more land for storage of ash away from the plant IS requlred Future expansion 
IS planned by construcbon of two more dsposal cells (Site No 12 and 13) These new sites wdl have 
an overall capacity of 1 53 rmllion cubic meters of ash storage and wdl encompass addibonal 17 
hectares of land We recommend funds for the storage site expansion 

The proposed new cells wdl be developed m a manner s d a r  to the emtmg facrlity The selected 
site, on 58 1 hectares adjacent property, IS presently unused by the owner, the collecbve farm The 
s~te does contam a Gas Dlstnbubon Stabon whch must be relocated before the site can be developed 
Srnce the flow of gas to the city can not be mtempted, a new dlstnbubon station wdl be constructed 
some 3 kilometers away and, after it IS placed m operabon, the emtmg stabon WIU be d~smantled and 
removed 

Once the statlon has been removed, embankments wdl be constructed and the s~te prepared After 
gradmg, the site wdl be h e d  with a clay/sand mn&m whch prevents water penetration Into the earth 
below the pond Monltomg of the exlstmg site data shows no evidence of water penetrabon 
(momtomg has apparently been m e d  out at nearby wheat fields culbvated by the collective farm) 

Water entenng the ash pond IS hcharged vla a standpipe The water IS untreated, except for settling 
of the solids The water IS discharged to a c a d  and IS app-n Analysls of the 
discharge water dates from 1989 and adhbonal testmg is recommended The anbcipated 
env~onmental mpact of th~s development is discussed m Secbon 2 5 

Dzstnct Heahng Makeup Wizter System 

The present dismct heatmg makeup water system has a capacity of 2600 cublc meterlhour It is 
msuficient to meet the present distnct domestlc water demand from the city population The new 
requlred make-up water capacity IS 3900 cubic meterhour, specially because the TES-1 plant also 
provides make-up water to TES-2 borler plant and other mmcipal and mdustrral plants connected to 
the district heatmg make-up water system to 3900 cubic metershour 



Plant Insbumentabon and Controh 

@ Calometer for natural gas 

Mazut flow meters for each boder 

Mazut tank level mQcahng system 

0, analyzers 

Portable combushon analyzer (to adjust combushon) lncludmg laptop computer 

Automahc control system of forced draft fan vane posihons to control O2 content of exhaust 
gases 

Steam and feedwater Venturr's 

Drum level control and tnp system 

New thermocouples, RTDs and wells 

Grav1metnc coal flow momtors for each d 

Primary and secondary m flow momtors 

On-he coal analyzers for mosture, ash and calonc valve 

B~shkek Industrial Steam SUDD~V System Improvements 

Followmg Recommendahons are made to q r o v e  the Industml steam system efficiency 

At the present tune, the farthest steam consumer s located 9 kdometers away from the Bshkek 
Plant The total m M  steam consumphon has dropped to less than 25 % of the peak system 
flow of the late eighhes, and a sigmficant number of steam customers have gone out of busmess 
permanently Some of the steam dMnbuhon h e s  have lost 60 to 80% of ther steam customers 
permanently W has resulted m hgh condensahon and heat losses 

Therefore, it ~s recommended to restnct the zone of mddustnal steam supply to a radlus of 
4 5 kdometers fiom the Blshkek plant to reduce condensahon and msulahon heat losses 
l k s  recommendahon wdl result m shutbng off the farthest steam customers such as the 
meat plant, bakery and a brewery, but ther steam consumphon s not that sigdicant They 
wdl have to switch to an alternate source of steam supply Restnchng the zone of steam 
supply wthm 4 5 kdometers from the Bshkek plant wdl result m sigmficant energy savlngs 



It s recommended to remove the old madahon and replace it with new rmneral wool mlation, 
and alurmnum jackelmg with an appropmte black coatmg matexd for the steam and condensate 
h e s  The black coabng ma ted  such as spoded mazut should be used to lscourage theft of the 
alurmnum jacketmg m a t e d  These are the liens between the Blshkek Plant (TES-1) and node 
pomt No 43 on Ibraunova Street 

There are no flowmeters m the mdustml steam supply h s ,  and very few of the customers have 
the flowmeters mtalled at ther premses Therefore, it is recommended to mtall 8 steam 
flowmeters m the steam transmsion lmes It is also recommended to procure 40 flowmeters 
m various slzes (50 mm to 200 mm pipe Qameters) and provide them to the steam consumer 
Thls wdl help m proper accountabrlity of steam consumPoon by customers, and help conserve 
the thermal energy Installahon of permanent flowmeters, and pressure and temperature gauges 
wlll also help m d e m o n  and momtomg of the heat losses and early repms of the leaks and bad 
msulaoon thus conservmg thermal energy 

It s recommended to replace l a g  sechons of the exlstmg 500 rnm diameter lndusmal steam 
supply h e  and a 200 mm diameter condensate return lme between the node pornts No 43 and 
No 64 These two h e s  are approxmately 2 7 lalometers m length (each h e )  These exlstmg 
lmes were burlt m 1968, and develop frequent leaks resultmg m wasted energy 

These Other Pnonty Costs Items are for the TES-1 plant only A descnphon of the associated ET&D 
Other h o n t y  Cost Items can be found m Section 4 Table 2-33 shows a summary of the cost for 
other pnonty items presented m tlus sechon 



Bollers I Refurbrshment of bottom ash a d  slag removal equipment on Boilers No 14 to 24 I 

TABLE 2-33 
Blshkek TES 1 Other Prrorlty Cost Items 

(All Costs are m USD) 

Refurb~shment of a r  and fluegas ductlng system dampers expansion jolnts and ductlng structural supponslhangers on bollers No 14 and 24 

I Purchase and lnstallat~on of 66 low NO burners of the double reglster type (no overfire ar )  on Boilers No 14 to 24 I 

Dlrect Cos& 
$46,678,000 

Cost Item 
Rehabrlitahon of 
BKZ 220-1 10 

I Purchase and lnstallat~on of acoust~c horn low frequency utfrasound sootcleamg equipment for the economizer and tubular auheater staga In the 

convecuve fluegas pass of Bollers No 14 to 24 

Descn~txon 
Purchase and ~nstallatlon of 8 US made sue D 8-F double ended p r e s s u d  ball nulls (to replace the exlstlng 12 hammer mdls) w~th  4 addluonal raw 

coal silos and 8 PCING Mazut swul type burners on Bo~lers No 21 to 24 

I Furnace and convective pass roof superheater tublng femoval/replac~ng (approx 15% of mof tubes per bo~ler) for Bo~lers No 14 and U) I 
I Econonuzer tube bank replacement (two stages) with extended heaung surfam finned tube l d m e  arrangement and Inlet and outlet headers for bo~lers 

No 14to24 

I . Tubular h e a t e r  replacement (four stages) along with inlet and outlet tube plates for hollers No 14 to 24 ! 
TurbmeIGenerator I RVIW HP Rotor and cmpi~ng  on TIG #3 I $850,000 

I 

IflSfrcunentatlon & 
,Controls Upgrades 

I Other Plant Systems 

Industrial Steam 
system 

Upgrades I Purchase and lmtallat~on of fluegas ductlng to connect the last two BZK 220-100 Bollen and seven BZK 160-100 Bo~lers to the new 3@3 meter stack I 
Environmental 

Purchase and lnstallat~on of 0, analyzers mazut flow meters mazut tank level lndlcators calorimeter for natural gas portable combusuon analyzer and a 
O P L ~  coal analyzer for mlslure ash and caloric value 

Expans~on of D~str~ct Heating Water M h u p  System 

Replacement of pipe lnsulat~on 

Installat~on of flow meters 

$2,000,000 

$ 1 , 3 0  

$1,506,000 

Replacement of p~plng section (steam and condensate 

Refurb~shment of the electrostat~c preclpltators on all eleven BZK 220.100 Bo~lers 

Expans~on of the Current Ash Storage System 

TOTAL 

$9,000,000 

$61,334,000 



3 0 Descripbon and Techcal Evaluation of Exlstlng Blshkek Thermal Electric 

0 Statlon (TES) and Bishkek District Heating Enterpnse (BDHE) System 

3 1 TES and BDHE Systems 

3 1 1 Background 

The construction of the Bishkek Thermal Electric Station (TES) began m 1958 The plant is 
designed to supply both electric power and heat for the City of Bishkek The first stage of 
construction consisted of two (2) turbme-generators with a power output of 25 MWe each and 
three (3) steam generators (bollers) with a steam output of 160 tonslhour each 

In 1960, the second phase of the plant construction began whch mcluded mcreasmg the 
electrical capacity of the TES to 200 MWe The thrd stage of construction began m 1962, m 
th~s  stage the electric power output of the station was doubled Due to large scale construction 
of electrical networks m western Kyrghyzstan, the annual mcrease m electrical power demand 
was 15 to 17 % The fourth stage of construction was started m 1969 and was completed m 
1973 The electrical capacity of the TES was Increased to 700 MWe durmg thrs phase of plant 
expansion 

The tlurd and fourth stages of construction malnly dealt with mcreasmg the electrical output of 
the station In the tlurd and fourth stages of construction less attention was given to the heat 
production capacity of the station Ths  created a shortage m providmg heat to new and @ existmg housmg To solve tlus problem the plant turbme-generators were later modified to 
provide more steam for heatlng and less for electricity These achons mcreased the heat 
produchon capacity of the plant by 410 Gcalfhour, whde reducmg the electric capacity by 28 
MWe 

Further growth m heat consumption required a fifth stage of construction whlch began m 
1981 In thrs stage four (4) new bollers were placed mto service They were put mto service 
from 1984 through 1989 In addihon, a new 300 meter hrgh chunney was constructed 
Installation of the fluegas duct systems for transferrmg all of the boiler discharges to the new 
chunney is m progress At the present tune the TES has an electric capacity of 609 W e ,  
and a heat capacity of 1817 Gcallhour There are twenty-four (24) boilers and three (3) 
natural gas fired hot water pealung boilers The total steam output for all the bollers is 4250 
tonslhour The station has ten (10) steam turbme-generators whch produce the 609 MWe 
electric power There are approxunately 1550 people worlung at the TES 

Fuels 

The mam bollers at the TES are coal fired They use coal from two sources These are the 
Karaganda basm from the Kazakhstan mmes (with a design ash content of 31 %) and the 
mdigenous Kyrghyz rmnes (with a design ash content of 21 % Mazut (No 6 oil) is used for 



lmtial startup of the bollers Startlng m 1969 natural gas began to be fired slnce there IS 

usually a seasonal surplus of the gas All of the TES bollers are equ~pped to fire natural gas 
at full load 

In the last 10 to 15 years the qual~ty of the coals belng fired at the statlon has sharply 
decreased At the present tune the ash content of the coal can reach as high as 40 to 45% 
Ths  lower qual~ty of coal results ~n slaggmg of the heatlng surfaces of the bollers, erratic 
thermal performance of the bollers, and an mcrease In alr pollut~on Coal used In the fuel 
mlx has been lncreaslng ~n recent years In the last two years the breakdown of fuel fired at 
the TES was 

Coal 
Natural Gas 
011 

Year 
1993 - - 1994 
46 5% 63 4% 
49 6% 31 7% 
3 9% 4 9% 

Coal contmues to be the prlrnary fuel fired at the plant 

Composition of the coals fired at the plant can be summarued as follows 

Coal Source Karaganda Coal Tash-Kumur Coal 

Carbon 28 2 23 0 

Hydrogen 1 8  1 6  

Nitrogen 0 5 0 4 

Oxygen 3 5 6 0 

Sulfur 0 5 0 4 

Ash 47 5 48 3 

Mo~sture 18 0 20 2 

LHV, kcalfkg 4,223 2,955 

TES Szte Layout 

The TES plant complex cons~sts of the maln buildlng along w~th coal unloadmg facll~t~es and 
coal plles, 011 storage faclht~es, open air electr~cal d~str~but~on gear (35, 110, and 220 kV), 
electrical switchgear umts, water treatment bu~ldmng, and an ash transportat~on and deposrtlng 
bulldmg 



The mam bulldmg has the basic dunensions of 19 2 meters hlgh, 558 meters long, and 30 
meters wide Both the mam boilers and turbme-generators are located m the main buildmg 

Fuel Handlzng Factlztzes 

The mam fuel used at the TES is coal The coal arrives at the plant m railroad cars The 
coal is then weighed and unloaded by two rotary railroad car dumpers and a system of 
conveyors to the open coal piles Alternatively, the coal is transported to hammer type 
crushers via conveyors before it travels to the coal bunkers of the boilers The coal pile has 
a maxlmurn capacity of 420,000 tons Stock pilmg of coal m the coal piles and coal delivery 
to the conveyor feed hoppers is done with bulldozers The unloading of frozen coal is 
accomplished with the use heatmg equipment on the railroad cars and hammer cutter 
equipment Installed over the receivmg bunkers of the rotary car dumpers 

In addition, there are m e  (9) oil tanks on the plant grounds These tanks have a total 
storage capacity of 35,000 m3 Along with the oil tanks, there are oil pumpmg stations and 
two dramng trestles for the railroad cars 

Electncal Components 

Electncal components that are located on the plant grounds mclude the electnc switchgears, 
storage batteries, cornmumcation umt, and an electro-techcal laboratory The electnc 
switchgears control different turbme and boller auxiliaries that are located m the main 
buildmg The switchgears are also connected to the network transmission system (electric 
power grid) The system has operatmg voltages of 220, 110, and 35 lulo volts (kV) 

Water Supply and Reatment 

The water for the TES is supplied by two canals with the help of pumpmg stations The 
canals can deliver a maxlrnum of 33 m3/sec of water The mam pumpmg stations have a 
total of 13 crrculabon pumps with a total capacity of 117,500 m3/hour Delivery of water to 
the turbme condensers is through steel pipes with diameters of 1000, 1400, and 2000 mm 

The water used m the turbme condensers is partially reused for purification and boiler make- 
up, transportmg of solid fuel wastes, fire fightmg, and domestic needs The remamng water 
is discharged back to the canals via concrete pipes 

A water treatment facility is also located on the plant grounds The boiler make-up water is 
treated with mechamcal filters and various other chemicals Water treatment for both the 
power plant and distnct heatmg water is performed at this facility Total output capacity of 
the facility is 3415 tons/hour 



Pollutzon Control and Ash Dzsposal 

Each of the thlrteen BKZ 160-100 boilers is equipped with venturi wet-scrubbmg systems 
wlule each of the eleven BKZ 220-100 boilers is equipped with electrofilters (electrostatic 
precipitators) Average particulate collection efficiency is 95-96% No equipment is 
provided for either SO2 or NO, emission control 

At present, fly ash and bottom ash from all the boilers is collected, and pumped to the ash 
disposal area SIX (6) pumps, each with two (2) discharge pipes, feed a mamfold whch 
duects the flow to any of five (5) ash transfer pipes These pipes carry the ash to the ash 
disposal area where the ash is deposited m a pond The ash settles m the pond and the water 
is decanted and discharged from the pond The ash disposal area consists of a number of 
cells and when the ash deposited in each cell reaches the design level (height), the cell is 
closed and the deposited ash is covered with soil and reclalmed 

The ash disposal area is located 3 5 lulometers north of the plant The plant has an 
agreement with the collective farm wluch apparently owns the property As the land is 
reclalmed it is returned to the collective farm whch may use it for "agricultural purposes" 

The ash disposal area has been developed as series of traditional ash disposal ponds (cells) 
The present site consists of eleven "cells" occupymg a total of 117 1 hectares Earth 
embankments are constructed to contam the disposal pond and a water decantmg (overflow) 
pipmg system is provided 

The ash transfer discharge pipmg is relocated, as requued, to allow the ash to deposit 
umfonnly on the bottom of the pond As ash is accumulated, and the pond beglns to fill 
with solids, the height of the water standpipe is raised Eventually the ash accumulates to 
the design height, nearly the height of the embankment, and a new pond area (cell is opened 
the filled cell is closed by covemg the ash with a layer of soil The closed cells form a 
plateau, surrounded by the embankment Grasses planted m the soil prevent dustlng 

Technzcal Data 

From the imtial operation of the plant on September 14, 1961, the TES has produced more 
than 87 6 billion kW-hours, and delivered more than 90 2 million Gcal of heat to customers 

The followmg data is for the year ending December 1993 

Electricity Production 1895 7 Million kW-hours 
Heat Production 3,386 4 Thousands Gcal 
Maxlmum Electrical Load 430 MWe 



Fuel Consumption 

For Electrical Energy 284 gram I kW-hour 
For Heatmg Energy 178 7 kg I Gcal 

Consumption of Electrical Energy for House Load 

For Production of Electricity 7 88% 
For Production of Heat 3 1 3 kW-hourIGca1 

TES Worlung Capacity at the end of 1993 = 498 MWe 

3 1 2  Blshkek Dlstr~ct Heat~ng System 

The district heatmg system was formed m the early 1960's, when the Bishkek Thermal- 
Electrical Station (TES) was placed mto operation At that tune, the construction and 
operation of the district heatmg system was planned 

In the b e g m g ,  the district heatmg system had a lme operation consistmg of 0 4 km of 
heatmg network pipmg with a 3 3 Gcallhour heat load Before 1962, the steam supply lme 
was used for only the Worsted-Wool factory The utllity had an estunated heatmg capacity 
for 188 buildmg m t s ,  an average of 8 staff, and a yearly heatmg supply of 12,300 Gcal In 
October 1963, the distnct heatmg system was formed, and the utllity company was created 

The first Bishkek heatmg pipelme from the Thermal Electnc Station was constructed by the 
Heatmg 'Electnc' Project Institute (Tashkent City), whch was a branch of the All-Umon 
Institute In response to the city development from 1962 to 1964, 9 5 km of steam lmes (500 
rnm diameter) and 4 3 km of hotwater llnes were connected to supply the western part of the 
city with heat and hot water Later on it was determmed that the general buildlng design 
plan for the city needed more detailed work for the heatmg network supply Therefore m 
1964, the general development plan was revised, for the planned construction period of 1965- 
1970 Completion of th~s  program allowed the supply of energy for the west and south-west 
city districts 

In 1965, the government made the decision to mclude other parts of the city mto the district 
heatmg system It was permitted to shutdown mefficient boilers m the c~ty  Durmg the 
years of the district heatmg development, some 300 various bollers were shutdown The 
Utility now served four city districts with heatlng networks In 1968, the length of the 
heatmg networks was 140 km, mcludmg 25 km of steam lmes, 40 km of transmission lmes, 
and 75 km of distribution lmes 

On September 27, 1968, the district utility was renamed the Utility of Heatmg Networks 
Thls network consisted of two distnct services, repalr services and services of adjustment 



and testing District heatmg system expansion plans were made for the periods of 1971 to 
1982, 1982 to 1995, and up to 2000 and forecasts were made for determmng heating supply 

The district heatmg network hot water temperature is mamtained through a dispatch service 
The repalr of the heating networks is executed by the repalr service, while the operation of 
measurement facilities is conducted by the services of adjustment and testmg The heatmg 
energy mtallation and Inspection of the consumers is made by the Department of Inspection 
and Installations To mprove the efficiency of load management, a computer control system 
was mtroduced in 1989 The Computer Control Room employs 28 people 

The Bishkek district heating system is designed and constructed to meet the city of Bishkek 
needs for space (comfort) heating and domestic hot water The Bishkek district heatmg 
system (DHS) has 400 lulometers of existing piping rangmg m sue from 1000 mm diameter 
main headers to 57 mm branch pipes, and it serves approxmately 60 percent of the current 
population of the city of Bishkek The district hotwater flow rates from the Combined Heat 
and Power (CHP) plant are 17,000 and 4,000 cubic meters per hour respectively for winter 
and summer months The system design and operatmg pressures are 25 atmospheres and 16 
atmospheres respectively The district hotwater supply temperature on a design coldest day 
(-23°C) should be 150°C according to the system design documents This temperature is 
varied based on outdoor (ambient) air temperature 

The system average make-up water flow rate is 4,000 cubic meterslhour The make-up 
storage capacity at the CHP plant is 20,000 cubic meters, and the make-up water is stored in 
3 tanks The hotwater district heatmg system has 15 wmter pumps r u m g  at 1250 m3/hr 
capacity each durmg the winter season, whereas m summer months, it has 4 summer pumps 
r u m g  at 1,000 m3/hr each pump capacity The hotwater system has a total of 17 booster 
pump stations located strategically throughout the city to boost the system pressure The 
hotwater flow rates at these stations vary from 200-500 m3/hr for a small station to 3,000 
m3/hr for a larger station 

In addition to the hotwater distribution, the distnct heating system also provides steam to 
various mdustries at the rate of 300-350 tonslhr for manufacturmg processes The process 
steam to mdustry is supplied at 12 bars pressure and 250°C The steam was supplied to 
approximately 80 different mdustries mcluding food plants, a pharmaceutical company, and a 
wool mill Due to economic slowdown, the industrial steam production has dropped to 25 
percent of the full capacity to less than 100 tonslhr at the present tune 



Condition Assessment of Exlstlng TES and DH System Components and 
Thew Performance Evaluation 

3 2 1  Assessment of Steam Boilers and thew Auxiliaries 

Thermal Pe?formance and Equipment Descnpizons 

(a) BKZ 160-100 Bozlers Descnptlon 

TABLE 3-1 
Thermal Performance DesignlCurrent 

Parameter Umts Design Cur 
rent 

Mam Steam Flowrate tonslhour 160 120-140 

Superheated Steam Pressure kgf/cm2 100 90-100 

Superheated Steam Temperature "C 540 525-540 

Feedwater Temperature to Econormzer "C 215 160-230 

Combustion Alr Temperature to Alrheater "C 30 30-40 

Combustion Alr Temperature lvg Alrheater "C 270 220-250 

Fluegas Temperature leavmg Alrheater "C 135 138-170 

XS Alr m Fluegas at Entry to Conv Pass % 25 30-40 

XS An m Fluegas leavmg Alrheater % 35 42-55 

XS Alr m Fluegas leavmg ID Fan % 40 52-65 

Boiler Efficiency LHV basis % 91 8 83-89 

The m e e n  (13) BKZ 160-100 bo~lers of the TES #1 Bishkek are nearly identical Each 
boiler is of the natural clrculation drum type, with a radiant, balanced draft and dry bottom 
furnace The boller configuration is of the conventional two-pass, with a furnace arch, a 
short hotrzontal convection pass, and a vertical rear-pass The boiler manufacturer was the 
Sibenergomash Boiler Works, Barnaul The boilers were designed for operation m a 
combmed heat and power (CHP) plant, fired with pulverlzed bitmunous coal from the 
Karaganda Kazakstan basrn and 100% of full load natural gas (NG) flrmg Mazut is the 
auxiliary fuel for start-up and combustion stablllzation, havmg 30% of full load heat mput 
capacity The furnace is rectangular, 7104 rnm wide and 6592 mm deep It consists of fully 



water cooled carbon steel tubewalls, 60 mrn OD x 4 mm th~ck tubes on 64 mrn centers The 
furnace along w~th the horuontal and rear convective passes rooftubes are steam cooled, 38 
rnrn OD x 4 rnrn thlck carbon steel tubes on 45 rnrn centers The vert~cal furnace tubewalls 
as well as the horuontal rooftubes have colds~de refractory fill w~th sheetrnetal backmg, an 
mulation layer and a metal caslng The small bore downcomers are embedded In the 
vert~cal furnace wall mulat~on layer 

The furnace along w~th the horuontal short convectlve pass and the top portlon of the rear 
convectlve pass are top supported The lower portlon of the rear convection pass IS bottom 
supported A metall~c expanslon jolnt IS Installed between the top and lower port~ons of the 
rear convectlve pass so as to accommodate thermal expanslon The horuontal short 
convectlve pass sidewalls and floor, the rear convective pass top portion front, rear and 
s~dewalls are refractory br~ck l~ned The lower port~on of the rear convective pass IS of 
metal cased construction 

The furnace IS tangent~ally fired, producmg a s~ngle flame envelop The d~rect fir~ng system 
fuellalr Injectors (burners) are pos~tioned m the furnace s~dewalls, each sidewall has two (2) 
pulverized coallprlmary alr mjectlon ports w~th the secondary alr mject~on ports pos~t~oned 
above and below each coal injector port 

The superheater heatmg surfaces can be d~v~ded mto three(3) parts rad~ant, 
rad~antlconvect~ve and convectlve The rad~ant prmary superheater (SH) conslsts of 
rooftubes together w~th a pendant tube bank formed from the rooftubes and pos~tioned at the 
exlt of the short horuontal convectlve pass The rad~antlconvective secondary pendant SH IS 

s~tuated above the furnace arch The tert~ary pendant SH IS pos~t~oned m-between the 
prmary and secondary pendant tube banks Steamflow IS d~v~ded Into two parallel paths, 
w~th steam crossovers at the first and second spray attemperator stages 

Superheated steam final temperature control IS by spray attemperat~on Drum saturated 
steam is condensed by feedwater from the first stage economuer waterside outlet m co11 type 
condensers, and then Injected mto the spray nozzles of the first and second stage 
attemperators 

The economuer (first and second stage) cons~sts of horuontal fully dralnable tube banks, 
constructed w~th bare tubes, staggered tube arrangement, water upflow, and fluegas m 
downflow Both economuer stages are pos~t~oned m the vert~cal rear convectlve pass 

The tubular a~rheater IS also pos~t~oned m the vert~cal rear convective pass, w~th fluegas m 
tubes In downflow and combust~on alr m upflowlcrossflow The a~rheater has a staggered 
tube arrangement Cold end corrosion protection of the alrheater IS by hot alr rec~rculat~on 
Into the FD fan suctlon s~de  



Heatmg surfaces cleanmg equipment consists of 18 furnace wall blowers, 6 retractable 
sootblowers for the pendant SH tube banks and a shot-clean system for the economizer and 
tubular alrheater tube banks situated rn the rear vertical convective pass 

The Bottom Ash Handlrng System consists of a refractory bnck lmed dry ash hopper 
supported on the basement floor and an ash crusher with drive The Draft Plant consists of 
two forced and two mduced draft (FD & ID) Fans per boder with an electric motor dnve and 
radial Inlet vane control All draft plant fans are radial flow, centnfugal type 

Each boiler is supplied with raw coal from two silos, through two volumetric raw coal 
feeders In addition, each boder has two (2) type MBC-140, medium speed, vertical spmdle, 
flat table/roller mdls Installed The mill design is based on the Loesche (German) make, but 
with only two rolls per flat table Instead of three as m the German mill design The nulls 
operate with subatmospheric pressure and have rntegral stationary centrifugal classifiers with 
a smgle outlet to the radial flow centrifugal type exhauster fan The exhauster fan conveys 
the p m a r y  alrlpulver~zed coal (PAIPC) mucture to a smgle level of the four per furnace 
tangentially fired coal nozzles 

(b) BKZ 220-1 00 Bozlers Descnptzon 
TABLE 3-2 

Thermal Performance DesignfCurrent 
I 

I Parameter Umts Design cur  1 

I Superheated Steam Pressure kgff cm2 100 90-100 1 
@ 

I Superheated Steam Temperature "C 540 520-540 1 

rent 

Mam Steam Flowrate tonslhour 220 190-220 

- 

Feedwater Temperature to Economizer "C 215 160-235 

Cornbushon Au Temperature to Alrheater "C 45 30-45 

Combushon Alr Temperature Ivg Alrheater "C 370 320-350 

Fluegas Temperature leavmg Alrheater "C 140 140-160 

XS An m Fluegas at Entry to Conv Pass % 25 30-40 

XS Alr m Fluegas leavmg Alrheater % 35 40-60 

XS Alr m Fluegas leavmg ID Fan % 45 55-70 

Boiler Efficiency LHV basis % 90 0 85-90 



The eleven (11) BKZ 220-100 bo~lers of TES #1 B~shkek are also nearly ident~cal Each 
bo~ler IS of the natural circulat~on drum type w~th a rad~ant, balanced draft and dry bottom 
furnace The bo~ler configurat~on IS of the convent~onal two-pass w~th a furnace arch, a 
short horrzontal convection pass, and a vert~cal rear-pass The bo~ler manufacturer was the 
S~benergomash Boiler Works, Barnaul The boilers were designed for operation m a 
combmed heat and power (CHP) plant, fired w~th pulverrzed b~tum~nous coal from 
Karaganda Kazakstan as well as ~ndigenous l~gmtes and 100% of full load natural gas (NG) 
firmg Mazut IS the aux~l~ary fuel for start-up and combustion stab~luat~on, hav~ng 30% of 
full load heat Input capaclty The furnace IS rectangular, 9536 mm wide and 6656 mm deep 
It cons~sts of fully water cooled carbon steel tubewalls, 60 rnm OD x 4 mm h c k  tubes on 64 
rnm centers The furnaces horrzontal and rear convectlve passes rooftubes are steam cooled, 
38 mm OD x 4 mm thlck carbon steel tubes on 45 mm centers The vert~cal furnace 
tubewalls as well as the horuontal rooftubes have colds~de refractory fill with sheetmetal 
baclung, an ~nsulat~on layer and a metal caslng The small bore downcomers are embedded 
m the vert~cal furnace wall mulat~on layer 

The furnace along w~th the horrzontal short convectlve pass and the top portlon of the rear 
convectlve pass are top supported The lower portlon of the rear convection pass IS bottom 
supported A metall~c expanslon jolnt IS Installed between the top and lower portlons of the 
rear convectlve pass, so as to accommodate thermal expanslon 

The horrzontal short convectlve pass s~dewalls and floor, the rear convective pass top port~on 
front, rear and sidewalls are refractory br~ck lmed The lower port~on of the rear convectlve 
pass IS refractory brick lmed with a metal casmg 

The furnace is horrzontal wall fired, producmg mult~ flame envelops The d~rect firmg 
system swirl type c~rcular burners are pos~tioned In the furnace s~dewalls, each sidewall 
having three (3) pulverued coal/NG burners with the Mazut guns In the center of the burner 

The superheater heat~ng surfaces can be d~v~ded Into three(3) parts rad~ant, 
rad~antlconvect~ve and convectlve The rad~ant prmary superheater (SH) cons~sts of 
rooftubes, together w~th a pendant tube bank formed from the rooftubes and pos~t~oned at the 
exlt of the short horuontal convectlve pass The rad~ant/convect~ve secondary pendant SH IS 

s~tuated above the furnace arch The tertlary pendant SH is pos~tioned mn-between the 
prlrnary and secondary pendant tube banks Steamflow IS d~v~ded Into two parallel paths, 
w~th steam crossovers at the first and second spray attemperator stages 

Superheated steam final temperature control IS by spray attemperatlon Drum saturated 
steam IS condensed by feedwater from the first stage economizer waters~de outlet m co11 type 
condensers and then Injected Into the spray nozzles of the first and second stage 
attemperators 



The economlzer (first and second stage) consists of horizontal, fully dramble tube banks 
constructed with bare tubes, staggered tube arrangement, water upflow, and fluegas m 
downflow Both econommzer stages are positioned m the vertical rear convective pass 

The tubular alrheater is also positioned m the vertical rear convective pass, with fluegas m 
tubes m downflow and combustion alr m upflow/crossflow The alrheater has a staggered 
tube arrangement Cold end corrosion protection of the alrheater is by hot air recirculation 
mto the FD fan suction side 

Heatmg surfaces c l e m g  equipment consists of 18 furnace wall blowers, 6 retractable 
sootblowers for the pendant SH tube banks and a shot-clean system for the economlzer and 
tubular alrheater tube banks situated in the rear vertical convective pass 

The Bottom Ash Handlmg System consists of a refractory bnck lmed dry ash hopper 
supported on the furnace tube wall together with a water lrnpounded bottom supported 
hopper that provides the seal to prevent unmeasured alr mgress mto the lower furnace A 
screw type conveyor (electrrc motor dnver) conveys wet ash to an ash crusher with drive 

The Draft Plant consists of two forced and two mduced draft (FD &ID) Fans per boiler with 
an electrrc motor dnve and radial Inlet vane control All draft plant fans are radial flow, 
centnfugal type 

Each boller is supplied with raw coal from three (3) sllos, through (3) three volumetric raw 
coal feeders In addition, each boiler has three (3) type MMT or MMA hgh speed hammer 
mllls mtalled The d l  design is slrnllar to the Deutsche Babcock GS or HS type The 
mills operate with positive pressure and have Integral stationary centnfugal classifiers with 
two outlets each to the swlrl burners positioned m the furnace sidewalls Each boiler has 
two (2) "hot" PA fans supplied from the tubular AH alr side outlet ducts The fans are 
radial flow, centnfugal type with electric motor drive, radial vane control and discharge mto 
a hot PA busmam from whch take-off ducts supply the three (3) hammer mlls Cold 
tempemg alr to each hammer mill is supplied from the FD fan discharge ducts 

(c) BKZ 160-100 Bozlers Assessment 

All thirteen (13) bollers have been m operation for more than 105 hours and the first SIX (6) 
boilers have been m operaaon for more than 2 x lo5 hours 

Thlck Walled Pressure Parts 

SteamIWater Drums Normal Non-Destructive Exammation (NDE) practice 
is to check for low-cycle fatigue on the drum Inside diameter (ID) The 
mpection sites for these exammations are the accessible longitudml and glrth 
welds, large bore nozzle junctions (e g downcomer and feedwater) and 
manway door counterbores NDE methods commonly used are visual, 



magnetic particle (wet fluorescent) and shearwave ultrasomc The metallurgy 
laboratory of the TES does regular checks So far, no crack type fallures have 
been reported 

Attem~erators Spray attemperators operate by addlng high purity water 
through spray nozzles mto the superheated steam Integral p~peline The 
spraywater then vaporizes and mures with the superheated steam, thus coolmg 
~t and controlling the superheated steam temperature Due to the large 
temperature d~fference between the spraywater and superheated steam (up to 
250 "C) , the spray nozzle heads and pipeline thermal h e r s  recelve a large 
thermal shock each tme the attemperator IS used Over the course of extended 
operat~ng penods, the effect of the accumulated thermal shocks are substant~al, 
causmg attemperator fallures due to thermal fatigue Each year spray water 
attemperators fallures are one of the three (3) mam causes of major extended 
forced outages m the US electr~c util~ty Industry Such forced outages can be 
dramat~cally reduced by employing a regularly scheduled Inspection / 
replacement program for spray attemperators Agam, the metallurgy lab 
personnel carry out regular checks of the attemperators Pipmg cracks have 
not been found, and other components are repalred as part of the routme 
mamtenance 

Finishing Superheater Outlet Headers and Boiler Stop Valves NDE 
methods to be used to detect low cycle fatlgue damage of the high temperature 
headers and valves are visual (Bore hole endoscopy with video recording, also 
all access~ble and exposed external header surfaces lncludmg tube socket- 
welds) and magnetic partlcle (wet fluorescent) These exarnlnations should be 
performed on selected tube socket welds ~n addrt~on to girth and longltudlnal 
welds (unless the header is fabr~cated from seamless p~pe) External surfaces 
radiography, for the detection of cracks and the Inspection or repalr welds, can 
also be used Imt~ally, creeplife usage checlung IS by surface repl~cation 
Whle the metallurgy lab could carry out some vlsual checks for the detect~on 
of low cycle fatigue damage, the creepl~fe usage checkmg should be done by 
an external orgamzatlon 

Econormzer Inlet Headers These low temperature headers recelve feedwater 
for preheating m the economizer tube banks The headers are subjected to a 
large number of severe thermal shocks durmg cycling operations (such as 
bollers of a combmed heatlpower plant) These shocks occur durmg startup 
follow~ng an ovemght or week-end shutdown The water in the econormzer 
inlet header IS approxmately at the saturation temperature of the steamlwater 
drum It IS then mterm~ttently mured w~th feedwater, which normally ranges 
from between 38 and 150 "C This addltlon of cold feedwater to the inlet 
header can cause large temperature d~fferent~als between the ID and OD of the 
header Created each tune feedwater enters, such temperature differentials 



eventually cause thermal fatigue craclung m the header and/or the tube stubs 
The TES metallurgy lab has not checked any of the economizer mlet headers 
due to a lack of equipment availability m Kyrgyzstan As a m m u m ,  one 
header should have been mpected by bore hole endoscopy (1 e fiber optic 
visual), smce h s  is the only practical method The examination sites should 
have been the header ID ligaments fields as well as along the header bores and 
tube stubs Results of such an exammation could have been mdicative of past 
plant operating practices durmg off-lme and durmg start ups 

Other Furnace Waterwall and Su~erheater Headers No reportedlknown 
low cycle fatigue failures 

Boller Internal and Clrculatlon Svstem R ~ m g  No reportedlknown low 
cycle fatigue failures 

Other Parts and Svstems 

Furnace Tublng The tubmg's external cold side low temperature corrosion 
damage is understood to be due to the breakdown, over large surface areas, of 
the furnace metal casmg, mlat ion,  metal backmg plates and refractory fill on 
the tube shaded side Flreside external surface corrosion has also been 
reported, thls is malnly due to the detenoratmg coal quality, Increased 
tubewall slag type deposits, and Insufficient operation of the furnace wall 
blowers 

Suaerheater Tublng The furnace and convective pass roof tubmg's external 
cold side low temperature corrosion is postulated to be due to the same reason 
as for the furnace wall tubes, i e breakdown of tube casmg and 
refractory/mulation A fifteen (15) percent roof tube replacement of each 
boiler is estlrnated to be necessary The fmshmg tertiary superheater tube 
elements of the first sur (6) boilers, with an operatmg penod of more than 2 x 
105 hours, are assumed to have consumed thelr full creeplife and will need to 
be replaced 

Econormzer Tube Bank U ~ p a d e  The existmg econormzer tube banks 
consist of plam tubes m a staggered tube arrangement The tubes are 32 rnm 
OD x 4 rnrn h c k ,  and spacmg across/with the gas flow is 75/50 mm Clearly 
tube spacmg is considered madequate, especially m the light of the inadequate 
shot type c l e m g  equipment Burns and Roe wlll propose replacement tube 
banks of the extended heatmg surface (finned tubes) type, with an m lme tube 
arrangement The type of extended heatmg surface shall be suitable for 
pulverized hgh ash content coal fired boilers and for the existmg shot type 
cleamg equipment 



Tubular Man hrheater Tube banks U~made The existmg mam airheater 
tube banks are 40 mrn OD x 4 mm h c k  tubes They are in a staggered tube 
arrangement m counterflow with the fluegas m the tubes m down flow, and alr 
over the tubes m crossflow The tube spacing across the combustion alrflow is 
34/33 5 mm and 45 mm with the alrflow Tube diameters as well as the tube 
spacmg across the a~rflow are considered inadequate for fluegas from 
pulverued coal fmng and for the installed shot type heatmg surface cleamng 
equipment Burns and Roe helped propose replacement tube banks with 
outside tube diameters, tube thicknesses and tube spacmg to western vendors' 
standards The followmg specification should be used in the upgrade of the 
airheater tubes The m m u m  tube OD should be 51 mm, The mlnunum 
tube spacmg across the airflow should be 51 mm, The mlrumum tube spacmg 
with airflow should be 66 7 mm 

Fmng - Svstem . (Pulveruer Coal Silo, Feeder, Pulveruer , Exhauster Fan and 
Burners) The silos have a square cross section with an epoxy resm coatmg, a 
tapered cucular cross section bottom funnel, with a 60" angle to the 
horuontal, an outlet opemng of 800 mm diameter and a sloping raw coal 
conduit to volumetric raw coal feeder The plant personnel have reported raw 
coal hang-ups and rat-holmg m the silos along with mechamcal problems with 
the volumetric type feeders The medium speed. vertical spindle. flat table / 
two (2) Rolls Der table mills are the maior bottleneck to the restoring of full 
steaming. caDacity of the boilers for the following reasons (a) The boilers 
have no standby pulverizers, both mills are requlred to operate at full load (b) 
Each pulveruer has only two (2) rolls mtead of three (3) rolls as for the 
(origmal) Loesche Mill design (c) Lack of adjustment flexibility for the roll 
tenslorung springs (d) Mill grmdmg capacity is Insufficient for the low grade 
coal now fired (e) Mill drymg capacity is mufficient for the low grade 
coal, i e too low classifier exit PA/PC mature temperature results m conduit 
blockages and Insufficient exhaust fan performance (f) Insufficient mill 
housmg alr tightness resultmg m large quantities of unmeasured ambient air 
Ingress whlch further aggravates the deficient exhaust fan performance (g) 
lack of mill spare parts (h) Inferior mill layout resultmg m difficulty of mill 
repaus due to lack of easy accessibility (1) Exhaust fan mechamcal 
problems, i e hlgh wear rates of mpellers and housmg 0) Uncontrollable 
coal spillages together with the pyrites rejection 

The Installed single flame envelop, tangential fuellalr rnjection nozzles have 
been modified by TES personnel The modified system is designed to produce 
three (3) concentric flring clrcles with bulk alr stagmg Tlus system is 
somewhat smilar in prmciple to the ABB-Combustion Engmeermg Low NOx 
Concentric Flrmg System The fuellau mjection nozzles of the BKZ 160-100 
boilers are non-tiltmg and no yaw adjustment of the secondary air injection 
nozzles is provided for The burner system has no ignitors and no flame 



scanners, igmtion is by natural gas mam fuel mjectors, flame scanrung is 
visual only through flame observation ports No mechamcal (e g mjection 
nozzles erosion, hgh  temperature metal oxidahon) problems were reported 

Heatrnp Surfaces Cleanlne Eaui~ment It is understood that the mtalled 
furnace wall blowers and retractable sootlances for the superheater pendant 
elements are operational Due to the substantially mcreased ash content of the 
coal presently fired however, they are unllkely to provide satisfactory degrees 
of heatmg surface cleanness Burns and Roe considers a practical solution to 
th~s  operatmg problem to be an Improvement of coal quality, not an mcreased 
number of sootblowers (wall or retractable) Installed Increasmg the frequency 
of sootblowmg cycles per each shft may become another solution when the 
full load steam output capacity of the boiler has been restored Accordmg to 
the TES operatmg staff, the rear convective pass shot cleanmg systems of all 
boilers are moperative Mamtamg the economizer and tubular alrheater with 
clean heatmg surfaces is an Important operatmg requirement The ellrmnation 
of the existmg shotclean system and the retrofittmg of retractable or rotatmg 
stationary sootlances is not feasible due to lack of space availability (except for 
the top econormzer tube bank) 

Boiler Refractom, Insulatron. Lagpng. Casln~ (BRILC) and Tube 
Penetratron Seals A major operatmg problem of the bollers is the mcreased 
mgress of unmeasured ambient (false) alr, whch is due to the deteriorated 
condition of BRILC, roof tubes tube penetration seals, and the bottom ash 
hopper seals l k s  ambient alr m-leakage mcreases fluegas velocities and 
reduces boiler efficiency (it mcreases pressure parts erosion wear, 
combushbles loss, furnace radiation losses, and furnace tubes cold side low 
temperature corrosion attacks) Thus, it should be rmnunlzed on all boilers 

Bottom Ash & Slap Removal Eaui~ment The refractory l m g  of the dry 
ash hoppers requires refurbishmg It is understood that the ash crushers / 
dnvers lack spare parts The ash hopper hydraulic (water trough) seals need 
to be refurbished so as to elmlnate the false alr mgress mto the furnace 

Draft Plant The forced draft (FD) and mduced draft (ID) fans mechmcal 
components and electnc motor dnves are m a reasonably good condition, only 
routme mamtenance is requlred The ID fans housmg mulation should 
however be refurbished The ID fans flow capacity llrmtation should be 
ellmmated once the ambient unmeasured alr mgress mto the furnace/boiler has 
been rmnunlzed In addition, the ID fans houslng low temperature corrosion, 
erosion wear requlres routme maintenance 

Am and Flue~as Duct Svstems, Dam~ers, Ex~ansron Joints and Structural 
S u ~ ~ o r t s  Low temperature corrosion attack and flyash erosion wear are the 



operating problems of the fluegas ductmg There are no mdications from the 
TES operating staff of major problems with the expansion joints, dampers, or 
duct systems structural supports Thermal insulation of the fluegas and hot 
combustion air duct systems are m need of refurbishmg The hot combustion 
alr recirculation duct system (for tubular alrheater cold end low temperature 
corrosion protection) is operative and should be refurbished so that it can 
automatically mamtam the airheater cold end m m u m  metal temperature 

(d) BKZ 220-1 00 Bozlers Assessment 

All eleven (11) boilers have been m operation for less than 105 hours Usually, all of the 
boilers are m standby and only operate durmg the wmter heating season The boiler 
replacement/refurbishment effort will be limited to the eleven (1 1) BKZ 220-110 boilers 

Thlck Walled Pressure Parts 

SteamiWater Drums Normal Non-Destructive Examination (NDE) practice 
is to check for low-cycle fatigue on the drum mide diameter (ID) The 
mpection sites for these examinations are the accessible longitudinal and glrth 
welds, large bore nozzle junctions (e g downcomer and feedwater) and 
manway door counterbores NDE methods commonly used are visual, 
magnetic particle (wet fluorescent) and shearwave ultrasomc The metallurgy 
laboratory of the TES does regular checks So far, no crack type failures have 
been reported 

Attemperators Spray attemperators operate by addmg hgh punty water 
through spray nozzles mto the superheated steam mtegral pipelme The 
spraywater then vaporizes and mutes with the superheated steam, thus coolmg 
it and controllmg the superheated steam temperature Due to the large 
temperature difference between the spraywater and superheated steam (up to 
250 "C) , the spray nozzle heads and pipelme thermal lmers receive a large 
thermal shock each tlrne the attemperator is used Over the course of extended 
operating periods, the effect of the accumulated thermal shocks are substantial, 
causmg attemperator failures due to thermal fatigue Each year spray water 
attemperators failures are one of the three (3) mam causes of major extended 
forced outages m the US electric utility mdustry Such forced outages can be 
dramatically reduced by employmg a regularly scheduled Inspection / 
replacement program for spray attemperators Agam, the metallurgy lab 
personnel carry out regular checks of the attemperators Pipmg cracks have 
not been found, and other components are repalred as part of the routme 
mamtenance 

Finishmp Superheater Outlet Headers and Bo~ler S t o ~  Valves NDE 
methods to be used to detect low cycle fatigue damage of the high temperature 
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headers and valves are visual (Bore hole endoscopy with video recordmg, also 
all accessible and exposed external header surfaces mcludmg tube socket- 
welds) and magnetic pmcle  (wet fluorescent) These exarmnations should be 
performed on selected tube socket welds m addlaon to glrth and longitudinal 
welds (unless the header is fabricated from seamless pipe) External surfaces 
radiography, for the detection of cracks and the Inspection or repalr welds, can 
also be used Imtially, creeplife usage checlung is by surface replication 
W e  the metallurgy lab could carry out some visual checks for the detection 
of low cycle fatigue damage, the creeplife usage checlung should be done by 
an external organnation 

Econormzer Inlet Headers These low temperature headers receive feedwater 
for preheatmg m the economuer tube banks The headers are subjected to a 
large number of severe thermal shocks dumg cyclmg operations (such as 
bollers of a combmed heatlpower plant) These shocks occur durlng startup 
followmg an ovemght or week-end shutdown The water m the economuer 
mlet header is approxlrnately at the saturation temperature of the s tedwater  
drum It is then mtemttently m e d  with feedwater, whlch normally ranges 
from between 38 and 150 "C Thls addition of cold feedwater to the Inlet 
header can cause large temperature differentials between the ID and OD of the 
header Created each tune feedwater enters, such temperature differentials 
eventually cause thermal fatigue crackmg m the header and/or the tube stubs 
The TES metallurgy lab has not checked any of the econormzer Inlet headers 
due to a lack of equipment availability m Kyrgyzstan As a m m u m ,  one 
header should have been Inspected by bore hole endoscopy (1 e fiber optic 
visual), smce this is the only practical method The exarmnation sites should 
have been the header ID ligaments fields as well as along the header bores and 
tube stubs Results of such an exammahon could have been mdicative of past 
plant operatmg practices durmg off-lme and durmg start ups In our cost 
estlrnates we wlll allow for the replacement of the complete economuer tube 
banks mcludlng mlet and outlet headers of all eleven (11) bollers 

Other Furnace Waterwall and Su~erheater Headers No reportedlknown 
low cycle fatigue fallures 

Bo~ler Integral and Clrculatlon Svstem R ~ m g  No reportedlknown low 
cycle fatigue fallures 

Other Parts and Svstems 

Furnace Tubmg The tubmg's external cold side low temperature corrosion 
damage is understood to be due to the breakdown, over large surface areas, of 
the furnace metal casmg, mulation, metal baclung plates and refractory fill on 
the tube shaded side Flreside external surface corrosion has also been 



reported, thls is mainly due to the deteriorating coal quality, increased 
tubewall slag type deposits, and insufficient operation of the furnace wall 
blowers In our cost estmates we will provide an allowance for the 
replacement of fifteen (15) percent of the furnace tubing for seven (7) boilers 
The last four (4) boiler furnaces have membrane tubewall construction and are 
m a relatively satisfactory state of repalr 

Superheater Tubing The furnace and convective pass roof tubing's external 
cold side low temperature corrosion is postulated to be due to the same reason 
as for the furnace wall tubes, a e breakdown of tube casing and 
lagging/msulation We will make an allowance m our umt cost estmates for a 
fifteen (15) percent roof tube replacement for seven (7) boilers The last four 
(4) furnaces have membrane wall roof construction, and are in a satisfactory 
state of repair We postulate that the fimshing tertiary superheater tube 
elements and the pendant secondary superheater have no major damage, thus 
they do not need to be replaced at this tune 

Economizer Tube Bank U~prade The existing economlzer tube banks 
consist of plam tubes in a staggered tube arrangement The tubes are 32 mm 
OD x 4 mm thick, and spacing across/with the gas flow is 75/50 mrn Clearly 
tube spacing is considered madequate, especially m the light of the meffective 
shot type cleamng equipment Burns and Roe will propose replacement tube 
banks of the extended heating surface (finned tubes) type, with an m lme tube 
arrangement The type of extended heatlng surface shall be suitable for 
pulverlzed hgh ash content coal fired boilers and for the existmg shot type 
cleamng equipment Our cost estmates wlll mclude an allowance for a 
complete economlzer replacement (mcludmg mlet/outlet headers) for all eleven 
(1 1) boilers 

Tubular Main Airheater Tube banks Upmade The existmg main airheater 
tube banks are 40 mm OD x 4 rnrn thick tubes They are in a staggered tube 
arrangement in counterflow with the fluegas m the tubes m down flow, and air 
over the tubes in crossflow The tube spacmg across the combustion au-flow is 
34/33 5 mm and 45 mm with the airflow Tube diameters as well as the tube 
spacing across the au-flow are considered Inadequate for fluegas from 
pulverlzed coal firmg and for the Installed shot type heatlng surface cleanmg 
equipment Burns and Roe will propose replacement tube banks with outside 
tube diameters, tube tl-ucknesses and tube spaclng to western vendors' 
standards The following specification shall be used m the upgrade of the 
axheater tubes The m m u m  tube OD shall be 51 mm, The m l m u m  tube 
spacing across the airflow shall be 51 mm, The minlrnum tube spacmg with 
au-flow shall be 66 7 mm We will mclude a cost allowance for a complete 
replacement of all tube banks for all eleven (11) boilers 



Fwmp - Svstem (Pulverner Coal Sdo, Feeder, Pulvemer, Prmary Alr Fan 
and Burners) The silos have a square cross section with an epoxy resm 
coatmg, a tapered crcular cross section bottom funnel, with a 60" angle to the 
horuontal, and a slopmg raw coal conduit to volumetric raw coal feeder The 
plant personnel have reported raw coal hang-ups and rat-holmg m the sdos 
along with mechmcal problems with the volumetric type feeders The hgh 
speed, horlzontal shaft, Hammer mills are the malor bottleneck to the restoring 
of full steaming caDacitv of the boilers for the followmg reasons (a) The 
boilers have no standby pulveruers, all three (3) mdls are requlred to operate 
at full load (b) Mill grmdmg capacity is mufficient for the low grade coals 
now fired (c) Mill drymg capacity is Insufficient for the low grade coal, 
i e too low classifier exit PAIPC murture temperature results m conduit 
blockages and mufficient PA fan performance (d) Insufficient mill housmg 
alr tightness resultmg m large quantities of unmeasured hot prmary alr leakage 
to the atmosphere whch further aggravates the deficient PA fan performance 
(e) Lack of mrll spare parts (f) Inferior mill layout resultmg m difficulty of 
mill repalrs due to lack of easy accessibility (g) High wear rates of the mill 
hammers, only 700 operatmg hours The hammers are made of a hgh  alloy 
steel and thus they are falrly expensive (h) Seal alr fan volume flow and 
pressures are Inadequate with resultant further hot PA leakages to the 
atmosphere 

The mtalled firrng system is of the multi flame envelop type, with a total of 
SIX (6) per boller horlzontal swrl type burners positioned m the furnace 
sidewalls The burners are not low NOx type The burner system has no 
igmtors and no flame scanners, igmtion is by natural gas mam fuel mjectors, 
flame scanmng is visual only through flame observation ports No mechmcal 
(e g coal nozzles erosion, hgh  temperature metal oxidation) problems were 
reported 

Heat~ng Surfaces Cleaning: Eam~ment It is understood that the Installed 
furnace wall blowers and retractable sootlances for the superheater pendant 
elements are operational Due to the substantially mcreased ash content of the 
coal presently fired however, they are unllkely to provide satisfactory degrees 
of heating surface cleanness Burns and Roe considers a practical solution to 
thls operatmg problem to be an improvement of coal quality, not an mcreased 
number of sootblowers (wall or retractable) Increasmg the frequency of 
sootblowmg cycles per each shft may become another solution when the full 
load steam output capacity of the boiler has been restored Accordmg to the 
TES operatmg staff, the rear convective pass shot cleamng systems of all 
boilers are moperative Malntalnlng the econormzer and tubular alrheater with 
clean heatmg surfaces is an mportant operatmg requlrement The elmmation 
of the existmg shotclean system and the retrofittmg of retractable or rotatmg 



statlonary sootlances IS not feaslble due to lack of space avallablllty (except for 
the top econormzer tube bank) 
Boller Refractory, Insulation, Laggpg, Caslnp (BRILC) and Tube 
Penetration Seals A major operatmg problem of the first seven (7) bollers IS 

the mcreased mgress of unmeasured arnblent (false) an, whch IS due to the 
deterlorated condltlon of BRILC, roof tubes tube penetratlon seals, and the 
bottom ash hopper seals Thls amblent alr m-leakage mcreases fluegas 
velocities and reduces boller efficiency ( ~ t  Increases pressure parts eroslon 
wear, combust~bles loss, furnace radlatlon losses, and furnace tubes cold slde 
low temperature corroslon attacks) Thus, lt must be mlmlzed on all seven 
(7) bollers In our cost estmates we wlll make an allowance for the complete 
refurbishment of the BRILC and reparlng of the tube penetratlon seals as 
requlred 

Bottom Ash & Slap Removal Eaui~ment The refractory llmng of the dry 
ash hoppers requres refurblshmg It IS also understood that the ash crushers / 
drlvers lack spare parts The screw conveyor must also be refurblshed, and 
lacks spare parts 

Draft Plant The forced draft (FD) and mduced draft (ID) fans mechamcal 
components and electnc motor drlves are m a reasonably good cond~tion, only 
routlne rnalntenance IS requlred The ID fans housmg mulatlon should 
however be refurblshed The ID fans flow capaclty lmltatlon should be 
elmlnated once the arnblent unmeasured alr mgress mto the furnace/boller has 
been mmunlzed In addltlon, the ID fans housmg low temperature corroslon, 
eroslon wear requres routme mamtenance 

0 

h r  and Fluepas Duct Svstems, Dam~ers, Ex~anslon Jolnts and Structural 
S u ~ ~ o r t s  Low temperature corroslon attack and flyash eroslon wear are the 
maln operating problems of the fluegas ductlng There are no indlcatlons from 
the TES operatmg staff of major problems wlth the expansion jolts, dampers, 
or duct systems structural supports Thermal mulatlon of the fluegas and hot 
combustion alr duct systems are m need of refurblshmg The hot combustion 
alr reclrculatlon duct system (for tubular alrheater cold end low temperature 
corroslon protection) IS operative and should be refurblshed so that lt can 
automatrcally mamtam the alrheater cold end m l m u m  metal temperature 



3 2.2 Assessment of Steam Turbmes/Generators and them A&arres 

Thermal Performance Desrgn/Current and Eguzpment Descnplzons 

(a) Turbznes Unzts I and 2 Descnptzon 

The Umts 1 and 2 steam turbmes are the oldest umts operatmg at the Bishkek power plant 
Origmlly they were both nomml25 MW non-reheat condensmg umts Umt 1 was a type 
PT-25-90/10 whch provided both mdustrial steam and district heat, and Umt 2 a type T-25- 
90 machme whch only provides district heat Each turbme is of a smgle cylmder design and 
consists of hgh pressure (HP), mtermediate pressure (IP), and low pressure (LP) sections 
The rotors of the steam turbme and the electric generator are connected with a semi-flexible 
couplmg The turbogenerator set has SIX (6) bearmgs a combmed journal and thrust 
bearmg and five journal bearmgs for the turbme-generator-exciter tram 

Mam steam from the steam generators is supplied to the steam chest through a stop valve 
The design mam steam pressure and temperature are 90 kg/cm2 (gauge) and 535"C, 
respectively The steam from the steam chest flows to the turbme nozzle boxes through 5 
control valves and four Inlet pipes There is also an overload valve on top of the turbme 
whch was designed to be used to pass steam from the control stage chamber to the 5th stage 
when the steam rate to the turbme had to be mcreased above a certam value (155 todh for 
Umt 1 and 123 todh for Umt 2) This valve is opened smultaneously with the fifth valve 
A cross sectional drawmg of the Umt 1 steam turbme is shown m Figure 3-1 

Control of steam pressure for the mdustnal steam and distnct heatmg extractions is 
accomplished with the adjustment of control diaphragms (grid valves) 

The design thermal performance data for the Umts 1 and 2 steam turbmes are shown m 
Table 3-3 As can be seen from the data presented, the Umt 1 steam turbme was modified 
and uprated to 35 MW (from 25 MW) l b s  reconstruction was performed m 1967 and 
mvolved the mcrease of the steam path to accept a hgher flow rate from 155 t/h to 245 tlh, 
rebladmg of the 16 HP stages, changmg the gnd valve for the mdustnal steam supply 
control, and the mcrease of the control valve diameters from 70 mm to 80 mm 

The condensmg equipment consists of two-pass surface condensers of the type K-2-2000-1 
Coolmg water supply was designed to be separately admitted to each half of the condenser 
tube bank, whch allowed the on-lme cleanmg of the condensers 





Table 3-3 

@ THERMAL DESIGN PERFORMANCE DATA FOR UNITS 1 AND 2 

Turblne Type 

Power ratmg, kW 

Mam steam pressure, kg/cm2 (g) 

Mam steam temperature, "C 

Number of extractions 

F m l  feedwater temperature, "C 

Turbine exhaust pressure, kg/cm2 abs 

Nomlnal Industrial steam extraction 
Flow, t/h 
Pressure, kg/cm2 (g) 
Temperature "C 

Nomlnal DH steam extraction 
Flow, t/h 
Pressure, kg/cm2(g) 

Design mam steam flow rate at 
nommal extraction values, t/h 

Max~mum Industrial extraction, t/h 

Maxunum DH steam extraction, t/h 

Maxunum steam flow rates through 
HP section, t/h 
IP section, t/h 
LP section, t/h 

Maxunum pressure at 
Industrial extraction, kg/cm2 
DH extraction, kg/cm2 

Steam rate at normnal extraction, kg/kWh 

UNIT 1 

PT-35-90/10 

35,000 

90 

535 

4 + 2R 

218 

0 035 

UNIT 2 

T-25-90 

25,000 

90 

535 

5 + 1R 

223 

0 035 



It should be noted, that the condensers for Umts 1 and 2 were modified in order to operate m 
a lower vacuum (hlgher backpressure) reglrne, and no clrculatlng water flow m the tubes 
Instead of clrculatlng water the condensers of Umts 1 and 2 use district heatmg water 
makeup for coolmg, while heatmg up the makeup water in series The cold makeup water 
(city water) from the water treatment plant first goes through the Umt 1 condenser where it 
is heated by about 6"C, then it is routed through the Umt 2 condenser Here the temperature 
of h s  water is further increased by about 6-8"C, and then the makeup water is dlrected to 
the vacuum deaerators servmg the district heatmg system After deaeration and further 
heatlng in closed heat exchangers the warm make-up is pumped to the return header of the 
district heatmg system 

Because the Umts 1 and 2 turbmes have virtually no heat rejection into the envlronment, they 
can operate very efficiently However, the electric output is reduced (as is the case with all 
other umts) due to the inability of the steam generator to produce the design turbine main 
steam parameters The actual operatmg performance of Umts 1 and 2 (based on an entlre 
year of operation - Year 1993) is shown m Table 3-4 

The distnct heatmg heat exchangers associated with the Umt 1 and Umt 2 turbmes are DHlA 
and DHlB respectively In addition, durmg colder weather and correspondmg higher heat 
load conditions, the district heatmg water can be further heated by a peakmg district heatmg 
heat exchanger (PDH1) Heatmg steam for thls exchanger is provided from the mdustrial 
steam extraction of Umt 1 The schematic arrangement of the Umt 1 turbme 
steamlfeedwater cycle is shown m Figure 3-2 Slrnilar schematic for the Umt 2 turbme cycle 
is shown m Figure 3-3 

Both Umts 1 and 2 use the same type of generator They use Type TBC-30, whlch is rated 
for 30 MWE with a voltage of 6 3 kV The electnc power from both generators is 
transmitted through 6 kV transmission lines All the electric power needs of the station are 
fed from thls 6 kV lme 





FIGURE 3-3 
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TABLE 3-4 

ACTUAL ANNUAL OPERATING PERFORMANCE OF UNITS 1 AND 2 
(Based on 1993 data) 

Generated Electrical Energy, 1000 kwh 

Average Electnc Load, MW 

Average Thermal Load, Gcallh 

Average Industrial Load, Gcallh 

District Heatmg Load, Gcallh 

Useful Heat Recovery m Condenser, Gcallh 

Hours of OperatiodReserve, hours 

Electrical Energy Generated m the Heatmg Mode, 
1000 kwh 

Capacity Factors - Electrical/Thermal, % 

Number of Starts 

UNIT 1 

118,732 

19 4 

48 2 

17 2 

0 6 

30 4 

610911 11 1 

118,732 

38 7/27 6 

10 

UNIT 2 

145,869 

19 2 

33 2 

Inlet Steam Pressure, kg/cm2 (gage) 83 2 83 2 

Industrial Extraction Pressure, kg/cm2 (gage) 12 6 - 

DH Extraction Pressure, kg/cm2 (gage) 1 15 1 42 

Turbme Backpressure, kg/cm2 (abs) 0 0527 0 0476 

Mam Steam Temperature, "C 532 533 

Average Alr Inleakage to Condenser, kg/h 12 2 11 2 

Flnal Feedwater Temperature, "C 207 5 200 1 

Turbme Gross Heat Consumption, kcallkwh 945 1061 

(b) Turbines Unzts 3, 7 and 8 Descnptlon 

Though generally of slmilar arrangement turbme 3 and turbmes 7 and 8 have different power 
and thermal ratmgs Umt 3 is also the oldest of these umts Umt 3 is a Type PT-50/90/13 
turbme with a nomrnal electric output of 50 MW, whereas Umts 7 and 8 currently have a 
nomlnal electric output ratmg of 60 MW All these turbmes provide both mdustrial steam 
and district heat A cross sectional drawmg of h s  type of turbme is shown m Figure 3-3A 





The above turbmes were manufactured by UTZ and were placed into service m 1963, 1970 
and 1972, respectively The turbme is a smgle shaft two-casmg design with an HP cylmder 

@ and a combmation IP-LP cyllnder The HP section has a rotor with 15 stages mcludmg one 
control stage The combmed IP-LP section consists of a total of 13 stages mcludmg two 
control stages Industrial steam is extracted at the end of the HP section, and its pressure is 
controlled by control valves located at the Inlet of the combmed IP-LP turbme The district 
heatmg extraction is controlled by a variable orifice diaphragm (grid valve) whch is located 
at the Inlet of the LP section of the combmed IP-LP house The rotors of the HP section and 
the IP section are one-piece forged, whereas the rotor of the LP section consists of 4 fixed 
discs The rotors of the HP section and the combmed IP-LP section are connected by a 
flexible spmg couplmg The LP rotor and the electric generator are connected with a rigid 
couplmg The complete turboset has 8 bearmgs mcludmg a combmed thrust-journal bearing 
The blades of the last stage (28th stage) of Umt 3 were shortened m 1973 and the umt was 
modified to use district heatmg return water for condenser coolmg, whde retalrung the 
capability of thls umt to operate with clrculatmg water coolmg also 

Smilar modifications were done to Umts 7 and 8 at later dates They can both be operated 
either usmg clrculatmg water or district heatmg return water for condenser coolmg Durmg 
operation with district heatmg return water coolmg the condenser, the vacuum is deteriorated 
mgher back pressure) However, under thls operatmg mode the turbmes can operate at hgh 
fuel utilization efficiency because there is virtually no heat loss to the environment The 
design thermal performance data for the Umt 3, 7 and 8 steam turbmes are shown m Table 
3-5 

@ The condensmg equipment consists of two pass surface condensers of the type 50-KCS-4B 
with a total tube surface area of 3000 m2 Design coolmg water flow is 8000 m3/h 
Provision was made to clean one half of the condenser durmg operation The regenerative 
feedwater system of these umts consists of 4 Low Pressure (LP) heaters, a deaerator and 3 
High Pressure (HP) heaters The district heatmg condensers associated with Turbme 3 are 
DH2A and DH2B If further heatmg is requlred it can be accomplished m pealung heater 
PDH2 connected m series with the above district heatmg condensers Heatmg steam for 
PDH2 is provided from the mdustrial steam extraction of Umt #3 

Smdar distnct heatmg arrangements are provided for Umt 7 and Umt 8 turbmes For Umt 
7 the regular district heatmg condensers are DH5A and DH5B with pealung heater PDH3, 
and for Umt 8 the normal district heatmg condensers are DH6A and DH6B with pealung 
heater PDH4 Schematic diagrams of the Umt 3, 7 and 8 turbmes are shown m Figures 3-4, 
3-5 and 3-6, respectively Actual operatmg performance of Umts 3, 7 and 8 based on the 
1993 annual operatmg data is shown m Table 3-6 



TABLE 3-5 

THERMAL DESIGN PERFORMANCE DATA FOR UNITS 3,7 AND 8 

Nomml Electric Power Output, 
Design, MW 
Current, MW 

UNIT 3 

Thermal Output 
Design, Gcallh 
Current, Gcallh 

Turbme TypeIModel 
Design 
Current 

I I I 

UNIT 7 UNIT 8 

- - 

Main Steam Inlet Pressure, 
kglcm2(g) 

Mam Steam Inlet Temperature, "C 

Mam Steam Flow, t/h 

Nomlnal Industrial Steam 
Extraction, t/h 

90 

Max Possible Ind Steam 
Extraction, t/h 

Industrial Steam Extr 
Pressure ,kg/cm2 

DH Extraction Steam Flow t/h 

Nomml DH Heat Load, Gcallh 

535 

337 

140 

DH Extraction Steam 
Pressure, kg/cm2(a) 

Condenser Pressure, kg/cm2(a) 

90 

230 

10-16 

100 

5 1 

Generator Nomml Ratmg, MW 

Method of Generator Cooling 

RPM 

90 

535 

402 

165 

0 7-2 5 

0 035 

535 

402 

165 

260 

10-16 

115 

61 

60 

Water 

3000 

260 

10-16 

115 

61 

0 7-2 5 

0 035 

0 7-2 5 

0 035 

60 

Water 

3000 

60 

Water 

3000 



Umt 3 has a generator of the Type TB-60-2, whch is rated for 60 MWE w~th a voltage of 
10 5 kV Electnc power from the generator IS transmitted through the block OPY-110 kV @ #1 Tius transmssion block 1s composed of SIX overhead lmes Umts 7 and 8 have the Type 
TBF-60-2 generator Tius generator has a capacity of 60 MWE, with a voltage of 10 5 kV 
Umt 7 transmtts ~ t s  electnc power through the block OPY-110 kV #1, whle Umt 8 uses 
block OPY-220 kV The block OPY-220 kV consists of two overhead transmission lmes 

(c) Turbznes Unzts 6, 9 and 10 Descnptzon 

These umts are the ones with the greatest outputs currently operatmg at the Bishkek Power 
Stat~on All have double flow exhausts each with md~vidual condensers None of the umts 
have mdustr~al steam extraction, but they all currently have the largest d~strict heatmg supply 
capability Umt 6 was placed mto operation m 1966 as a conventional condensmg umt (Type 
K-100-90) However, m 1969 distr~ct heatmg extractions were placed m servlce to prov~de 
heatmg steam at 0 7-2 5 atmospheres In th~s mod~fied state distr~ct heatmg steam IS taken 
from the turbme crossover pipe The steam pressure can be controlled w~th  butterfly valves 
mtalled m the crossover downstream of the take-off pomt Umts 9 and 10 have slrnilar 
d~strict heatmg connechons Umt 9 and Umt 10 were placed mto operation m 1975 and 
1977, respectively As heatmg steam IS extracted from these turblnes thelr onglnal electric 
n o m l  ratmg has been reduced to 86 MW Thermal des~gn performance data for these 
u~llts are shown m Table 3-7 The cross sect~onal drawmg of the onglnal K-100-90 turbme 
is shown m Figure 3-3B 

These steam turbmes are smgle shaft, non-reheat umts with separate HP and LP sections, 
wluch are connected by two parallel crossover pipes The HP sect~on has 20 stages 
(mcludmg the control stage), the LP sectlon has 5 double stages The HP rotor is a one- 
plece forged des~gn, the LP rotor consists of fixed discs The two rotors are connected w~th 
semi-flex~ble couplmgs The LP rotor and the generator are connected w~th rig~d couplmg 
There are a total of 8 beamgs supportmg the rotor of the turboset As is the case with the 
other turbmes described above, each unit is equipped with a t u m g  gear to rotate the shaft at 
3-4 RPM to prov~de umform warm-up and cooldown 

Mam steam from the boilers is routed to the stop valves and steam chest From this pomt 
the steam flows to the hgh pressure turbme mlet through 4 plpes each equ~pped w~th  a 
regulatmg valve The steam leavmg the HP sectlon flows to the LP section vla two 
crossover pipes 
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TABLE 3-6 

ACTUAL ANNUAL OPERATING PERFORMANCE OF UNITS 3 .7  AND 8 
(Based on 1993 Data) 

Generated Electric Energy, 1000 kwh 

Average Electric Load, MW 

Average Thermal Load, Gcallh 

Average Industrial Load, Gcal/h 

District Heatmg Load, Gcallh 

Useful Heat Recovery m Condenser, 
Gcallh 

Hours of OperationlReserve, hours 

Electrical Energy Generated m the 
Heatlng Mode, 1000 kwh 

Capacity Factors - Electncal/Thermal, % 

Number of Starts 

Inlet Steam Pressure,kg/cm2 (gage) 

Industrial Extraction Pressure, kg/cm2 
(gage) 

DH Extraction Pressure, kg/cm (gage) 

Turbme Backpressure, kg/cm2 (abs) 

Mam Steam Temperature, "C 

Average Air Inleakage to Condenser, 
kg/h 

Fmal Feedwater Temperature, "C 

Turblne Gross Heat Consumption, 
kcallkwh 

UNIT 3 

187053 

36 2 

78 0 

27 9 

30 2 

19 9 

5 16213451 

153883 

42 7/30 4 

4 

84 1 

12 8 

1 48 

0 2036 

534 

17 4 

223 9 

1228 

UNIT 7 

245022 

37 6 

106 5 

77 0 

8 3 

21 2 

65261 1278 

207136 

46 6/48 4 

3 

84 8 

12 04 

1 55 

0 1398 

533 

44 9 

220 5 

1270 

UNIT 8 

202498 

40 4 

97 2 

60 0 

17 7 

19 2 

306811212 

161215 

38 5/34 3 

11 

86 4 

13 07 

1 58 

0 1906 

533 

41 9 

225 4 

1287 



Table 3-7 

THERMAL DESIGN PERFORMANCE DATA FOR UNITS 6 . 9  AND 10 

Nominal Electric Power Output, 
Design, MW 
Current, MW 

Thermal Output 
Design, Gcallh 
Current, Gcallh 

Turbine TypeIModel 
Design 
Current 

Maln Steam Inlet Pressure,kg/cm2(g) 

Maln Steam Inlet Temperature, "C 

Main Steam Flow, t/h 

Nominal Industrial Steam Extraction, t/h 

Max Possible Ind Steam Extraction, t/h 

Industrial Steam Extr Pressure, kg/cm2 

DH Extraction Steam Flow, t/h 

Nominal DH Heat Load, Gcallh 

DH Extraction Steam Pressure, kg/cm2(a) 

Condenser Pressure, kg/cm2(a) 

Generator Nomlnal Ratmg , MW 

Method of Generator Cooling 

RPM 

UNIT 6  

- 

200 

102 6  

0 7-2 5 

0 035 

100 

Water 

3000 

UNIT 9  

- 

200 

102 6  

0 7-2 5 

0 035 

100 

Water 

3000 

UNIT 10 

- 

200 

103 

0 7-2 5 

0 035 

120 

Water 

3000 



Table 3-8 

ACTUAL ANNUAL OPERATING PERFORMANCE OF UNITS 6 . 9  AND 10 
(Based on 1993 data) 

Generated Electncal Energy, 1000 
kwh 

Average Electric Load, MW 

Average Thermal Load, Gcallh 

Average Industrial Load, Gcallh 

Distnct Heatlng Load, Gcallh 

Useful Heat Recovery m Condenser, 
Gcal/h 

Hours of Operation/Reserve, hours 

UNIT 6 UNIT 9 

66,988 280,060 

Electtrcal Energy Generated m the 0 100,288 
Heatmg Mode, lo00 kWh 

Capacity Factors - 8 910 37 2/25 1 
ElectncallThermal, % 

Number of Starts 1 6 

Inlet Steam Pressure, kg/cm2 (gage) 85 7 84 1 

Industrial Extraction Pressure, kg/cm2 - - 
(gage) 

DH Extracbon Pressure, kg/cm2 - 1 47 
(gage) 

Turbme Backpressure, kg/cm2 (abs) 0 041 0044 

UNIT 10 

365,966 

Mam Steam Temperature, "C 533 53 1 533 

Average An Inleakage to Condenser, 16 8 19 1 64 2 
kglh 

Flnal Feedwater Temperature, "C 193 9 220 1 218 8 

Turbme Gross Heat Consumption, 2404 2054 2036 
kcallkwh 



District heating steam from the crossover pipes can be supplied from Umt 6 to three (3) 
district heatmg condensers connected in parallel (heaters DH4, DH4A and DH4B) Slmilar 
arrangements exist for Umt 9 (with district heatmg condensers DH7A, DH7B and DH7C) 
and for Umt 10 (with district heatmg condensers DH8, DH8A and DH8B, respectively) 

The regenerative feedwater heatmg system for these umts consists of five (5) LP heaters, a 
deaerator and three (3) HP heaters, in addition to condensate and feedwater pumps Dram 
from the district heatmg condensers is returned to the regenerative feed heatmg system The 
schematic arrangement of the steam/feedwater cycle for Umts 6, 9 and 10 are shown m 
Figures 3-7, 3-8, and 3-9, respectively 

The condensmg equipment for each Umt is of type 100 KCS-4B whch are two (each 3000 
m2) surface condensers Total coolmg water flow requlred for the origml design was 
16,000 m3/h The source of coolmg water for these umts is only circulating water from the 
mtake canal In the future, consideration will be given to lmplementmg modification for the 
Umt 9 condenser to use it for heating district heatmg return water No such modifications 
are planned for Umts 6 and 10 

The actual operatmg performance of UIuts 6, 9 and 10, based on the 1993 year data, is 
shown m Table 3-8 The above table seems to mdicate the Umt 6 turbme was mostly used 
in the condensing regme (durmg summer tme) and for only short period durmg the 1993 
year The lower operatmg hours shown for these umts indicates the preference for umts 
described earlier which have generally better specific heat consumption (heat rate) than umts 
6, 9 and 10 

All three Umts use the same type generator TBF-100-2 This generator has a capacity of 
100 MW,, with a voltage of 10 5 kV Umt 6 generator is connected to the OPY-110 kV #1 
transmission block Umts 9 and 10 are connected to the OPY-220 kV transmission block 

(d) Turbznes Unzts 4 and 5 Descnptlon 

The Umt 4 and 5 steam turbmes were origmlly placed in operation in 1963 and 1965, 
respectively At the tlrne of their installation they were straight condensmg umts of the same 
type (K-100-90) as those described above (Umts 6, 9, and 10) In 1968 Umt 4 was 
reconstructed to provide heating steam extraction at 0 7-2 5 atmosphere The above umts 
experienced severe last stage blades erosion during thelr operation and eventually Umt 4 was 
agam reconstructed mto a back-pressure turbine configuration m 1993 In thrs reconstructed 
configuration the low pressure bladmg has been removed, and the condenser disassembled 
Currently, the Umt 4 LP housing is still m place and the LP rotor shaft is passmg through 
this housing to drive the electric generator The current type designation for this umt is 
R-35-90 and the new design back-pressure is 2 3-2 7 ata The steam consumption capability 
of the original HP turbme section was retained, and thus electric outputs above the nommal 
are possible 



FIGURE 3-7 

Turbine Generator Umt 6. T-86-9012 3 (K-100-9012 3) 
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TABLE 3-9 

THERMAL DESIGN PERFORMANCE DATA FOR UNITS 4 AND 5 

Nomml Electric Power Output, 

Design, MW 

Current, MW 

Thermal Output 

Design, Gcallh 

Current, Gcal/h 

Turbine Type/Model 

Design 

Current 

Main Steam Inlet Pressure, kg/cm2(g) 

Main Steam Inlet Temperature, "C 

Nominal Main Steam Flow, t/h 

Nomml Industrial Steam Extraction, t/h 

Max Possible Ind Steam Extraction, t/h 

Industrial Steam Extr Pressure, kg/cm2 

DH Extraction Steam Flow, t/h 

Nominal DH Heat Load, Gcal/h 

DH Extraction Steam Pressure, kg/cm2(a) 

Condenser Pressure, kg/cm2(a) 

Generator Nominal ratmg , MW 

Method of Generator Coollng 

RPM 

unlt 4 

- 

184 

97 

2 3 

- 

100 

Water 

3000 

- 

100 

Water 

3000 



TABLE 3-10 

ACTUAL ANNUAL OPERATING PERFORMANCE OF UNITS 

Generated Electncal Energy, 1000 kwh 

Average Electric Load, MW 

Average Thermal Load, Gcallh 

Average Industrial Load, Gcallh 

District Heatmg Load, Gcallh 

Useful Heatmg Recovery m Condenser, Gcallh 

Hours of OperatiodReserve, hours 

Electncal Energy Generated m the Heatmg 
Mode, 1000 kWh 

Capacity Factors - ElectrIcal/Themal, % 

Number of Starts 

Inlet Steam Pressure, kg/cm2 (gage) 

Industrial Extraction Pressure, kg/cm2 (gage) 

DH Extraction Pressure, kg/cm2 (gage) 

Turbme Backpressure, kg/cm2 (abs) 

Mam Steam Temperature, "C 

Average Alr Inleakage to Condenser, kg/h 

Flnal Feedwater Temperature, "C 

Turbme Gross Heat Consumption, kcallkwh 

Unlt 4* Unlt 5 

461,850 283,559 

67 4 36 3 

32 99 6 

*I992 data 



Umt 5 was smilarly reconstructed into the back-pressure mode followmg the erosion of last 
0 

stage blades and the LP housmg and the condenser were completely removed Thls 
modification to 2 3-2 7 atmosphere back-pressure operation occurred one year earlier (m 
1992) compared to Umt 4 The official designation for thls umt currently is R-35-9012 3 
The 35 MW output can be obtamed when the mam steam flow is about 200 tonslhour 
However, m actual operation the flow rate can mcrease to about the same value as for Umt 
4, with a corresponding electric output mcrease The thermal design performance data for 
Umts 4 and 5 are shown m Table 3-9 

The regenerative feedwater system for Umt 4, followmg the above modifications, consists of 
two hgh pressure heaters, feed pumps, and a deaerator The district heatmg steam from the 
turbine exhaust can supply heat to district heatmg condensers DH3, DH3A and DH3B The 
regenerative feedwater heating system for Umt 5 consists of the same components as for Umt 
4 The steam from the exhaust end of the turbme can be supplied to District Heatmg 
makeup water heaters 1, 1A and 1B The turblne exhaust header mterties to the steam 
supply lines of district water heatmg (DH) condenser groups 3, 4 (normally supplied by 
turbmes 4 and 6) and 5 (normally supplied by turbme 7) The turbme exhaust header is also 
interconnected with the header providmg steam to the LP deaerator system The schematic 
arrangement of the stearn/feedwater cycle for Umts 4 and 5 are shown m Figures 3-10 and 
3- 1 1, respectively 

The actual operating data available for the above umts for 1993 mdicates that Umt 4 was not 
operated Thls was obviously due to the actual modification work Table 3-10 shows 
operatmg performance for Umt 5 based on the 1993 year The available data for Umt 4 is 
also shown m th~s  table however it is based on the 1992 year operation 

From reviewmg the data for all operatmg umts m 1993 it can be seen that Umt 5 was 
operated for the most hours of any m t  Th~s  is obviously due to the fact that virtually no 
heat loss exists (no condenser) to the envlronrnent because of the back-pressure type 
modification Implemented for Umt 5, and because of the economic dispatch method followed 
at Bishkek 

Both umts 4 and 5 use the generator of type TBF-100-2 Thls generator has a capacity of 
120 MW, with a voltage of 10 5 kV Umts 4 and 5 also both use the OPY-110 kV #1 
Transmission block 





FIGURE 3-11 

Turbine Generator Umt 5 R-35-90 (K- 100-90) 
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(d) Turbzne Unzt I I  Descnptzon 

Durlng the plant vls~t ~t was learned that a new steam turblne has been procured and IS m 
storage durmg the last two years Th~s  turbme was obtalned as a planned replacement for 
some of the older d~str~ct  heatlng umts The turblne IS a type T-1151125-130 model w~th  two 
controlled heat extractlorn for dlstrlct heatmg and for lndustr~al steam supply The umt 
comes w~th a snnpl~fied regeneratlve feedwater heatlng clrcult whlch allows the umt to be 
Installed In exlstlng power statlons Th~s  cycle IS smple compared to the other models of the 
same des~gnat~on because one low pressure heater and one hgh pressure heater are removed 
from the regeneratlve feedwater heatlng clrcult The schemat~c arrangement of the 
steamtfeedwater cycle of thls umt IS shown m Flgure 3-12 

Thls smpl~fied steam turblne can be fumshed m three d~fferent configurations (Type 1, 2 or 
3) depending on the number and length of the last stage blades The turblne m storage at the 
B~shkek Power Plant IS a Type 1 and has 550 mm long last stage blades Thls turbme IS 

most effectlve m the heatlng regnnes of operation, where good economics are poss~ble 
because of small losses at the low pressure stages durmg maxnnurn heat loads In add~t~on 
tlus urut has a condenser w~th bullt-m tube bundles whch can be used to heat d~strict heatlng 
water retumng from the dlstrlct heatlng network Th~s  Type 1 turbme IS recommended to 
replace old 25-50 MW turbmes w~th lnn~ted condenser steam flows 

When the mdustrial steam extraction IS used the electric power and heatmg load are 
decreased by about 9 MWe and 35 Gcallh, respectively The turbme can also operate w~th  
lun~ted steam extraction flow to the hgh pressure heaters Ths  allows the Increase of 
electrical and heatmg loads 

The steam turbme IS a slngle shaft machmne, and conslsts of a hlgh pressure and a combmed 
~ntermed~ate pressure-low pressure cyllnder with a slngle steam exhaust The h~gh pressure 
cyllnder has a counterflow arrangement w~th respect to the mntermed~atellow pressure 
cyllnder The rotor has mne stages mcludmg the control stage The IPILP sectlon conslsts 
of three parts cast steam Inlet part, a welded m~ddle sectlon, and a welded exhaust part 

The T-1151125-130 turbmne's control system IS electro-hydraul~c Compared to the old 
hydraul~c systems the new system provides a wider range of automatic controls and mcreases 
the precision of mamtenance of the controller parameters 

Depending on the worklng mode of the turblne the control system can mamtam w~thm 
needed l m ~ t s  

- Frequency of rotor revolut~ons 
- Electrrc load (power) of the turbme 



- District heating water temperature m one of the heatmg stages 
- Distnct heatmg makeup water temperature at the outlet of the condenser's 

built-m tube bundle 

The turbme is equipped with the protection systems and signal systems, and also with the 
remote control systems whlch are used m turbme operaQon 

The turblne T-1151125-130 has techcal  and economical parameters on the same level as 
other modern heatmg turbmes 

It should be noted that as the model number mdicates th~s  turbine was designed to operate 
with mtial steam pressures of 130 kg/cm2 The pressure m the mam steam headers m the 
Bishkek plant, however, is only 90 kg/cm2 Nevertheless the turbme can operate with mam 
steam pressure of 90 kg/cm2 and mam steam temperatures between 500 and 535"C, but the 
steam flow and power output will be reduced by about 20% compared to the origlnal design 

The thermal design performance data for thls turbme are shown m Table 3-11 Expected 
operatmg data with reduced mam steam parameters are shown m Table 3-12 

TABLE 3- 1 1 
THERMAL DESIGN PARAMETERS OF TURBINE 11 

Nominal Electnc Power Output, MW 115 
Normnal Thermal Output, Gcal/h 180 
Turbme Type T-115/125-130-1 
Mam Steam Inlet Pressure, kg/cm2(g) 130 
Mam Steam Inlet Temperature, "C 555 
Normnal Mam Steam Flow, t/h 490 
Maxlmum Mam Steam Flow, t/h 500 
Industrial Extraction flow, t/h 70 
Industrial Extraction pressure, kg/cm2 12 3-18 3 
District Heatmg Extraction, Pressures 

Upper, kg/cm2(a) 0 6-2 5 
Lower, kg/cm2(a) 0 5-2 0 

Electrical Output m Pure condensmg Mode of 
Operation, MW 80 

Last stage blade length, rnm 550 
Condenser Coolmg Water Temperature, "C 20-27 
Coolmg Water flow, m3/h 8000 
Coolmg Surface of Condenser, m2 3 100 
Length of turbme, mm 14455 



TABLE 3-12 

EXPECTED OPERATING DATA FOR UNIT 11 

Main Steam Pressure,kg/cm2 (g) 
Mam Steam Temperature, "C 
Nominal Electrical Output, MW 
Nominal Thermal Output, Gcallh 
Nominal Steam flow, t/h 
Maxrmum Electrical Output in the Pure Condensing 

Regme, MW 
Steam flow m Pure Condensmg Regme, t/h 
Maxmum Electrical Input at Nomml thermal Output 

but HP heater out of service, MW 
Maxmum Thermal Output with HP heater out of 

service, Gcallh 
Maxlrnum condenser pressure, kg/cm2(a) 
Condenser coolmg water temperature, "C 
F m l  feedwater temperature, "C 
Cross Turbme Heat Rate m Pure Condensing Mode, 

kcallkwh 

(e) Turbznes Unzts 1 and 2 Assessment 

The umts 1 and 2 steam turbines are the oldest umts operating at the Bishkek Power Plant 
By the end of 1994, Umt 1 has accumulated in excess of 236,000 operating hours Smilarly 
components of Umt 2 were over their design operating life, thls umt has accumulated over 
239,000 hours of operation to date 

The Umt 1 turbme experienced the most problems of all turbmes Cracks were found m the 
surface of the turbme shell The Inspection of metal conditions for these umts were 
performed m 1980, 1985 and 1990 The cracks found were repalred by grmdmg out defects 
The major overhaul on the steam turbines are scheduled for every five years, with 
intermediate repairs scheduled for every three years However, the turbine rotor is only 
examined during major overhauls Overhauls should take about 33 days, but m reality the 
umts are actually down 65 days In 1980, changes to the regulatmg stage and to stages 2, 3, 
4, 5 and 6 had to be made due to wear In the followmg years, one of the control valves 
and the turbme steam inlet lines were replaced, due to wear In 1985, replacement of the 
tube banks of the high pressure and low pressure feedwater heaters were mplemented In 
1989, the umt had an emergency shutdown due to the break of all 152 blades of the 24th 



@ stage Thrs caused deformation of the 24th stage diaphragm The lmpmgement of the 
broken blades on the condenser mternals caused excessive damage mcludmg condenser tube 
breakage The condenser tubes were replaced and the blades of the 24th stage (last stage) 
were cut off 

The Umt 1 condenser operates with deteriorated vacuum, and is used for heatmg district 
heatmg make-up water Inside the condenser tubes Because of h s ,  the umt operates falrly 
efficiently as far as fuel utillzation is concerned despite the loss m capability due to a shorter 
expansion lme Thrs is further exacerbated by the reduction of mam steam conditions 
(pressure, temperature) due to the mability of the boilers to produce sufficient steam (Actual 
average mam steam pressure m 1993 shows about 7 5% lower value, but plant personnel 
mdicated some extreme low values to 60 kg/cm2 mam steam pressure) In addition, due to 
the depletion of Zmc from the condenser tubes (Latun, a copper and zlnc alloy) with the 
make-up water clrculatmg m the condenser, the condenser often fails 

m l e  Umt 1 can operate with good fuel utillzation efficiency when m service, its reliability 
is bad, and requlres a lot of attention and mamtenance Thls umt also experienced a lot of 
problems with its hydraulic control system m the past Most of the steam flow path 
components and regulatmg valves are m a worn-out stage The umt experienced 10 
shutdowns m 1993 alone 

@ Umt 2 has accumulated even more hours of operation than Umt 1 It IS now operated m the 
region of detenorated vacuum, as its condenser is also used to heat district heatmg makeup 
water It's 1993 record Indicates somewhat better utillzation factors (electrical and distnct 
heatmg capacity factors) than Umt 1 However, its overall reliability is not good due to the 
excessive wear of its components mcludmg steam leads to the nozzle boxes and degradation 
of regulatmg valves The plant is trymg to mamtam the equipment to thelr best ability and 
capital repalrs and mamtenance are done accordmg to schedules The last capital repalr and 
metal control exammations of turbme mternals were done m 1990 

Umts 1 and 2 turbmes should be removed from service as soon as possible after the 
commissioning of Umt 11 

The electric generators on Umts 1 and 2 have had no major operatmg problems, and are m 
satisfactory worlung condition 

03 Turbznes Unzts 3, 7 and 8 Assessment 

Umt NO 3 is also relafively old, havmg accumulated m excess of 219,000 operatmg hours 
Thrs umt suffered last stage blade erosion m the past and the last stage (28th stage) was 
replaced Tlus umt has also lost some of its origlnal output capability smce the retrofit of its 



condenser for dual purpose Durrng the wrnter heatrng season, the umt IS operatrng m the 
regune of deteriorated vacuum The condenser IS used to heat drstrrct heatrng return water 
(temperature 50-55°C) by about 57°C When the condenser was modrfied for thrs purpose 
rt was reinforced by the lnstallatron of rrbs for additronal strength, and the last stage blades 
of the turbme were shortened to 150 mrn to avoid therr further breakdown Durrng summer 
season however, there IS no return water from the town, and crrculatrng water IS used for 
condenser coolrng 

Thrs umt whrle operated satrsfactorrly durrng the srte vrsrt had lots of problems prevrously 
(replaced hrgh pressure rotor, replaced hgh pressure heater, replaced mam steam leads to 
turbrne regulatmg valves, replaced steam crossover pipes) The four regulatrng valves have 
been replaced rn 1990 by new modern ones However, currently the conditron of the hrgh 
pressure rotor IS not good and requlres replacement, accordrng to the metal control 
laboratory the rotor has some broken blades The condenser also must be retubed The 
metal of the turbme is checked at every 5 years (the last tune m 1992) The umt also has a 
recurrmg problem with the rotor vrbratron especrally at bearrng No 2 at varrable loads The 
construction and wear of the flexible couplmg connectmg the HP and IP-LP rotors 
contributes to this problem The umt IS rn need for replrcatron type creep testlng of the hgh 
pressure hgh temperature components 

Both Umts 7 and 8 have accumulated over 162,000 operatmg hours Both umts have been 
converted to operate m the regune of detenorated vacuum (m 1987 and 1981, respectrvely) 
The blades of the last stage (stage 28) were shortened to 150 mm length In 1986 there was 
an emergency shutdown due to a mam oil pump farlure The valve mountmg hardware on 
the high pressure cylmder was replaced on both umts Sunrlarly, all the four regulatmg 
valves of the hrgh pressure cylmder rnlet were replaced on both umts with modemzed ones 

Durmg the caprtal repalr of Umt 8 rn 1979 after opemng up the turbme cylrnder, it was 
found that the prevrous repalrs at all stages have developed cracks around half of the 
crrcumference of the stage wrth a cut depth of almost 1 mrn Thrs caused a saggrng of the 
rotor The maln steam lead bends were also replaced at Umt 8 The hgh pressure 
feedwater heaters were also replaced at each umt rn 1989 and 1990 for Umts 7 and 8, 
respectrvely Plant personnel rndicated the most recent problem wrth Umt 7 IS the hrgh gland 
seal steam leakage at the front labyrrnth seals of the hrgh pressure section Umt 8 has low 
frequency vrbratron rn bearrngs 1, 2 and 3 durrng operatron wrth less than 50% of nameplate 
capacity Th~s  IS caused by the wear of the sprmg couplmg connectrng the HP and combrned 
IP-LP rotors 

All three of these units are operatmg wrth an average cycle efficiency m the range of 65% to 
70% (based on 1993 data) and with capacrty factors in the range of 38 to 47% Umt 8 has 
the worst hrstory of plant shutdowns wrth 11 startups durrng the year 1993 



There has been no major operatmg problems with the electnc generator for Umt 3 Umts 7 
and 8 have had problems with plugged tubes m the Gas Coolers of the electric generators 
In addibon, the brushes, rotor rmgs, and exciter collectors are worn due to hgh coal dust 
content m the Machme Room 

(g) Turbznes Unzts 6, 9 and I 0  Assessment 

Umt 6 has accumulated about 194,000 hours of operation l k s  turbme was converted to 
provide district heatmg steam m 1969, three years after its mtial operation Durmg the last 
14 years, the followmg repalrs and mamtenance had taken place replacement of the mam 
steam lead bends, changes of the last stage bladmg, replacement of the membrane seals, 
replacement of the mountmg hardware of the stop valve and regulatmg valves, and 
replacement of the four regulatmg valves with modemed ones In 1989 the turbme had an 
emergency shutdown The blades of the 13th and 14th stages were broken, they had to be 
replaced The hgh pressure heaters were also replaced The umt was m satisfactory 
condition durmg the plant visit However, due to its advanced age tlus umt is m need of 
more frequent NDE and testmg to prevent unplanned shutdowns m the future 

The Umt 9 and 10 steam turblnes are the newest umts at the Bishkek Power Plant Thelr 
cumulative operatmg tunes are about 137,000 and 11 1,000 hours, respectively These umts 
were also reconstructed to provide distnct heatmg extraction at 0 7-2 5 atmospheric pressure 

I) The generator rotor m both n t s  were replaced m 1986 and 1982, respectively The mam 
steam pipe bends m the steam leads were also replaced with parts of mcreased margm of 
safety All four regulatmg valves of the hlgh pressure cylmder admission were also replaced 
with modemed ones m 1991 Both of these umts are m good condition and operate 
reliably 

No major operatmg problems have been seen with the electnc generators of Umts 6 and 10 
In Umt 9, there have been some problems with plugged tubes m the Gas Coolers of the 
electric generators The hgh amount of coal dust m the Machme Room has also been llnked 
with deterioration of generator components 

(h) Turbznes Unlts 4 and 5 Assessment 

These wts have both been converted to back-pressure umts by removmg or malung 
meffective the respective LP sections and condensers The remalnlng parts (HP sections) 
have accumulated total operatmg hours of 210,000 and 182,000 hours for Umts 4 and 5, 
respectively 

In 1978 the Umt 4 turblne underwent emergency repalrs The problem was caused by water 
mduction mto the HP section from the then existmg LP feedwater heater No 4 due to 



breakage of SIX tubes As a result of th~s  ~nc~dent the rotor was deflected by about 0 43 mrn 
The rotor was repalred by dress~ng In 1983 the maln steam leads of the turb~ne were 
replaced, whle In 1986 the last stage blades requ~red replacement The HP feedwater 
heaters were also replaced dur~ng h s  year 

In 1991 the last stage blades were shortened to 150 mm due to excessive last stage blade 
eroslon, and the four governor valves were also replaced by modemed ones F~nally In 
1993, the entlre umt was converted mto backpressure operat~on, by the d~sassembly of the 
LP cyl~nder ~nternals and the condenser Thus further problems w~th  the LP blade erosion 
are avo~ded However, the lower part of the h~gh pressure caslng has developed cracks, 
which have been repalred by weld~ng Tlus turb~ne sectlon has accumulated excessive 

operating hours and IS in need of frequent ~nspect~on and NDE to ensure trouble free 
operatlon unt~l ~t can be replaced A new startup 011 pump also had to be Installed due to the 
wear out of the or~gmal one 

Umt 5 was also converted to backpressure operat~on slm~larly to Umt 4 Pr~or to th~s,  h s  
umt also exper~enced severe last stage blade eroslon problems In add~tion, about four years 
after its lmt~al startup, there was a fire mvolvmg thls umt causmg some damage to the 
turb~ne Ths  umt was refurb~shed m accordance w~th the wr~tten order of the Mmstry of 
Energy m 1969 The tube bundles of the h~gh pressure feedwater heaters were replaced In 
1987 The four governor valves on the h~gh pressure cylmder were also replaced w~th 
modemed ones m 1991 

The gas coolers on the electric generators have been experlencmg tube pluggages Many 
tubes have been cleaned and replaced Also, the h~gh amount of coal dust In the Mach~ne 
Room has caused the deter~orat~on of generator components 

( I )  Other Turblne Cycle Related Components Assessment 

As noted above the condensers of some umts have been converted to operate w~th d~str~ct 
heat~ng water make-up or d~str~ct heat~ng return water as the cool~ng water m the condenser 
tubes The varlous umts w~th condensers and thelr coollng med~um source are l~sted below 

Umt 1 
Umt 2 
Umt 3 
Umt 4 
Umt 5 
Umt 6 
umt 7 
Umt 8 

DH make-up water 
DH make-up water 
DH return or circulat~ng water 
N/A (back pressure umt) 
N/A (back pressure u~ut) 
Clrculatmg water 
DH return or c~rculatmg water 
DH return or c~rculating water 



Umt 9 Clrculatrng water 
Umt 10 Clrculatmg water 

The onglnal physical parameters for the condensers operating with clrculatmg water are 
shown m Table 3-13 



Table 3- 13 CONDENSER PARAMETERS 
(Clrculabng Water Coohng) 

TG-6, 9, 10 
100 KCS-46 

3000x2 

0 035 

1 0  

16000 

3-6 

2x2 

5800x2 

6650 

251 1 

69x2 

95 5x2 

Parameter 

Coohg Surface, m2 

Pressure in the Steam 
Space kgf/cm2 

P" of Coollng Water 
kgf/cm2 

Cooling Water Flow 
Rate, mlhr 

Hydrostabc 
Resistance (MWC) 

Number of Water 
Flows 

Number of Tubes 

Tube Length, mm 

Tube Diameter, mm 

Weight without 
water, Tons 

Weight of Condenser 
with Water in Water 
Area, Tons 

TG-1,2 
K-2-2000- 1 

2000 

0 03 

4 5 

5000 

2-8 

2 

4420 

6050 

2411 

31 5 

48 5 

TF-3, 7,8 
500KCS-45 

3000 

0 06 

3 5 

8000 

3-6 

2 

5800 

6650 

251 1 

54 6 

74 6 



Whenever dlstrlct heatmg heat mput IS derlved from the mam condenser, the correspondmg 
units are usually operatmg m the regune of deterlorated vacuum Umt 3 IS normally 
operatmg wlth dlstrlct heatmg water m the condenser durmg hgh heat load condltlons 
(wmter) whle durmg summer lt may operate wlth clrculatmg water The condenser tubes at 
the TES-1 power plant are made of a metal called Latun (L-68) whch IS a 32% Zn, 68% Cu 
alloy Wlule the clrculatmg water quallty and the dlstnct heatmg water quallty IS relatlvely 
good, operation of the condensers wlth coolmg water temperatures at or above 40°C (104°F) 
causes a depletion of Zmc of the tube matenal Tlus bicarbonate caused problem requlres 
penodlc replacements (8-18 years) of the condenser tube bundle l h s  condltlon mostly 
affects Umts 3, 7 and 8, as the make-up water temperature IS colder than the dlstr~ct heatlng 
water return temperature However the plant was expementmg wlth replacement of Umt 2 
condenser tubes wlth another materlal called MNJ (Cu-NI-Fe alloy wlth about 92% Cu) wtth 
satisfactory results The Zn-depletion problems could be solved by retubmg the condensers 
wlth stamless steel rnatenal, however th~s  may be expensive, and lt IS not absolutely 
necessary Actual operatmg pressures of the Umt 1, 2,3, 7 and 8 condensers operatmg m 
the reglme of deterlorated vacuum, based on 1993 data are shown m Table 3-14 

Parameter 

Welght of Condenser 
wlth Water m Water 
Steam Area, Ton 

Coolmg Water Temp 
RegularIMax, "C 

Actual operatmg data on condenser alr Inleakages mdlcates that m some cases the deslgn alr 
Inleakage IS exceeded by a factor of 2-3 tlmes Based on 1994 plant data this happened m 
Umts 3, 7, 8, and 10 It IS therefore recommended that a formal alr mleakage preventlon 
program be unplemented as the above units wlll see an Increased number of operatmg hours 
wlth the retirement of Umts 1 and 2 m the near future 

TG-1,2 
K-2-2000- 1 

83 

20133 

TF-3, 7,8 
50OKCS-45 

159 6 

20133' 

TG-6, 9, 10 
100 KCS-46 

159 6x2 

20133 



TABLE 3-14 
CONDENSER PRESSURES FOR UNITS 

OPERATING IN THE REGIME OF DETERIORATED VACUUM 

Pressures are kg/cm2 absolute 

MONTH 

Jan 
Feb 
Mar 

A P ~  
May 
June 

July 
Aug 
sept 

Oct 
Nov 
Dec 

Many of the feedwater heaters in the regenerative feedwater heating tram of the various 
turbines have been replaced durmg the tune of turbme mamtenance Turblne mamtenance 
usually occurs as follows 

Small repairs 
Intermediate repairs 
Capital repairs 

UNITS 

each year 
every three years 

every five years 

Many tunes the maintenance periods are inadvertently extended due to the lack of spare parts 
and/or money Accordmg to discussions with plant mamtenance personnel the condition of 
feedwater heaters are generally good Also plant personnel mdicated that feedwater heaters 
were designed with sufficient margln so that 28% maxunum plugging is allowed on the tube 
bundles 

T-8 

0 1282 
0 1789 
0 2337 

0 2647 
0 1475 

There are 19 steam generator feed pumps with capacity of 270 m3/hr each, and 180 
atmosphere discharge head Each pump is driven by a 2 MW electric motor Pump parts 
have been replaced during previous maintenance The pump unpellers are made of stamless 

T-7 

0 2049 
0 1804 
0 2268 

0 0609 
0 0608 
0 0671 

0 1629 
0 1476 
0 1464 

T-1 

0 0514 
0 0583 
0 0614 

0 0393 

0 0566 
0 0672 
0 0519 

0 0594 
0 0442 
0 0372 

T-2 

0 0324 
0 0408 
0 0625 

0 0613 
0 0553 

0 0438 
0 0349 

0 0506 
0 0503 
0 0445 

T-3 

0 2436 
0 2555 
0 2249 

0 1613 
0 1627 



0 steel matenal, and pump efficiencres almost d~dn't change dumg the last 8 years The 
pumps are m satisfactory cond~tion 

It IS therefore recommended that the feedwater heaters, condenser, and pumps and valves be 
reparredfmamtamed as part of the plant's normal (standard) mamtenance program 

Because of the large number of steam generators and turbmes the plant's "header type" rnam 
steam system requlres a systematic momtormg program m order to prevent acc~dents as the 
plant is gettmg older and older The plant has mt~ated a momtormg program,based rnalnly 
on ultrasomc checlung the wall ihcknesses of elbows and plpe segments based on the number 
of hours of operation of the plpes (boller rnam steam leads, turbme rnam steam plpes and the 
connectmg jumpers and headers) connectmg the vanous steam generators and steam turblnes 
There are a large number of components (stra~ght plpe segments and elbows) m each p~pmg 
system For mtance the rnam steam pipmg (sue 4273 x 20) dellvermg steam from steam 
generators No 4 and 5 to turbme-generator No 3 contalns 36 elbows and 6 tees i h s  does not 
mclude the elbows and tees m the smaller (4133 x 10) sue aux11iar-y steam header m the 
v~cmty of i h s  u t  There are certam "allowable operatmg hours" (called park resource) 
establ~shed by regulat~ons whch were appl~cable for power plant components m the former 
Sov~et Umon based on therr operatmg cond~tions (pressure and temperature) 

Many of the p~pmg components have reached or are near therr ass~gned operatmg hours and 
thus may requlre replacement, or an add~t~onal extenslon of park resource Such extenslon m 
many cases can be jusbfied, but requrres the checkmg and assessment of the condlt~on of the 
metals Whde checlung of wall thickness by ultrasomc testmg IS appl~cable,espec~ally at the 
elbows, the m~crostructure of the steel should also be checked for creep degradat~on smce 
these p~pmg components operate at hgh  temperature (and pressure) Such testmg by usmg 
the repl~cat~on techque was recommended durmg the plant vls~t These tests and 
mpectlons are usually performed by outs~de laborator~es (such as the Ekatermburg or the 
Tashkent laboratones) as the plant does not so far has the equipment to perform such tests 
However, pnce quotes obtamed by the TES plant mdicated that these tests are expensive 
because of the large number of components Nevertheless, ~t IS strongly recommended that 
the condit~on of the rnam steam p~pmg components, espec~ally those dellvermg steam to 
Umts 1 through 6, be assessed to estabhsh a baselme from whch any further degradat~on can 
be measured and momtored so as to prevent acc~dents 

6) Nun-Destructzve Examzmtzon and Metal Control of Cntzcal Plant Components Assessment 

As menboned above the large number of equipment (24 steam generators, 10 steam turblnes 
and the connectmg pipmg system) represent an extremely large number of crltlcal 
components (those whch operate under hgh-temperature and hgh pressure condit~ons) The 
life of these components is llrn~ted by operatmg modes and var~ous mechamsms such as 



startups, shutdowns, load changes, temperature transients,lugh and low cycle fatigue and 
creep In addition,erosion, corrosion and other mechamsms also affect the operating life of 
tubes, pipes and heat exchangers 

The most unportant parts, the conditions of which must be momtored are the duck walled 
pressure parts of boilers (superheater headers, the boiler drum, desuperheaters, etc ), 
turbmes (HP shell, IP shell, nozzle block, steam chest, valves, etc ) as well as the mam 
steam pipmg components The purpose of the momtoring is to avoid or mlIllmlze unplanned 
shutdowns due to equipment failure, to avoid potential accidents, and to be able to plan 
maintenance activities most effectively 

The origlnal lifetlrne planned for the TES-1 system component was about 100,000 hours 
However, as the equipment aged newer and newer allowable operatmg lives were certified by 
regulatory authorities in the former Soviet umon countries Some examples of the allowable 
(or extended) lives which are currently in effect at the TES-1 plant are as follows 

Comuonent Park Resource (hours) 

Steam Generator Headers 
Steam turbmes shells 

Stop and Control Valves 
Steam Pipes 
Mam Steam Pipmg 
$273 x 22 mm straight 
4273 x 22 mm elbow 
$273 x 20 mm straight 
4273 x 20 mm elbow 
4133 x 10 mm straight 
4133 x 10 mm elbow 

The plant has conducted inspection and testmg of various components, and metal control 
periods usually comcide with the capital repalr and mamtenance of the mam plant equipment 
The various metal control periods and the correspondmg accumulated operating hours from 
1980 for the oldest steam generators (1 through 6) are shown in Table 3-15 A sunilar 
tabulation for the oldest steam turbines (Umts 1 through 6) is shown m Table 3-16 The 
plant's metal laboratory also started to develop a log for all the thousands of components of 
the main steam pipmg system Thew tabulation of data mdicates that a large portion of these 
piping components has reached or are close to reachmg the allowable park resource 
and,therefore, they must be checked for potential molecular or physical degradation Thls 
requires an mcreasing amount of tlme and resources as the plant is getting older 



TABLE 3-15 
METAL CONTROL PERIODS FOR STEAM GENERATORS 1 THROUGH 6 

6 

102,000 

120,000 

140,500 

167,000 

186,000 

186,634 

Year/ Steam 
Generator 

No 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Total 
accumulated 

(End of 
1994) 

4 

114,500 

133,400 

160,000 

163,000 

179,000 

187,137 

5 

106,000 

125,000 

144,000 

185,000 

189,516 

1 

119,000 

137,000 

164,000 

198,000 

202,557 

2 

119,000 

140,500 

167,000 

188,000 

193,340 

3 

118,500 

139,000 

158,000 

179,000 

187,858 



TABLE 3-16 
METAL CONTROL PERIODS FOR THE UNITS 1 THROUGH 6 STEAM TURBINES 

Plant records mdicated the defects found on the Umt 1 through 6 steam turblnes shown m 
Table 3-17 All these defects have been repaired by the methods mdicated m the last column 
of the table It is not unusual to find cracks m high pressure-hgh temperature components in 
older power plants, but their existence requires a more rlgorous traclung and monitoring as 
the plant is gettmg older, and/or as the critical components undergo additional thermal 
transients which may occur m the load following mode m a d~strict heating plant 
Momtoring of metal conditions and conducting NDE Inspections can detect molecular 
changes in these components before macro-cracks occur 

5 

108,000 

144,100 

173,000 

185,500 

6 

123,500 

163 400 

192,000 

193,400 

3 

137,000 

173,000 

205,000 

219,500 

2 

133,000 

171,000 

21 1,300 

239,300 

Yeadsteam 
Turbine No 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Total 
accumulated 

(End of 
1994) 

4 

133,000 

169,400 

207,000 

219,500 

1 

140,000 

179,500 

21 1,500 

236,100 



TABLE 3-17 
DEFECTS FOUND ON UNITS 1 THROUGH 6 TURBINES 

Repair Method 

Grmd and pollsh 

Weld and grmd 

Grmd 
Grmd weld pollsh 

Weld and grmd 

Grmd and pollsh 

Weld grmd pollsh 

Grmd and pollsh 

Weld grmd pollsh 

Grmd polish 

Weld grmd pollsh 

Grmd pollsh 

Grmd polish 

Grmd pollsh 

Weld grmd pollsh 

Grmd and pollsh 

Grmd and pollsh 

Grmd and pollsh 

Grmd weld pollsh 

Grmd and pol~sh 

Grmd and pollsh 

Turbme 
No 

TG 1 

TG-2 

TG-3 

TG-3 
(Cont d) 

TG-4 

Year of Metal 
Control 

1990 

1990 

1992 

1986 

1991 

Defect 

Surface Crack 

Surface Crack 

Surface Cracks 

Surface Cracks 

Surface Cracks 

Crack 

Crack 

Surface Crack 

Surface Crack 

Surface Crack 

Surface Cracks 

Surface Cracks 

Surface Cracks 

Cracks 

Surface Cracks 

Surface Cracks 

Surface Crack 

Surface Crack 

Cracks and 
Cav~ty 

Surface Cracks 

Surface Cracks 

Number 

2 
2 

1 

3 

1 

2 

1 

4 

1 

8 

2 

2 

1 

2 

Location 

Outs~de of Control Valves 

Ins~de of HP cylmder 

Inner Surface of HP cylmder 
Inner Surface of HP cyllnder 

Outside surface of stop valve 

Outside surface of stop valve 

Control valve #1 

Control valve #1 

Outside surface of HP cylmder 

Outside surface of HP cylmder 

Inner surface of HP cylmder 

Outside surface of Control Valve 
#I  

Outside surface of Control Valve 

Outs~de surface of Stop Valve 

Frame and Cover of HP cylmder 

Inside surface of HP cylmder 
frame 

Outside surface of HP cylmder 
cover 

Inside Surface of HP cylmder 
cover 

Outside of Control Valve #1 

Outside Surface of Control 
Valve #2 

Outs~de Surface of Control 
Valves #3 and #4 

Outs~de of Stop Valve 



Turbme 
No 

TG 5 

Nondestructive inspections of components of fossil plants are usually conducted because they 
result in significant economic benefits to the utility These benefits can result from one or 
more of the followmg outcomes 

TG-6 

- reduced forced outages 
- avoided catastrophic failures 
- increased life 
- planned replacements 
- reduced mamtenance costs 

Year of Metal 
Control 

1986 

1991 

The type of economic benefit derived from an inspection depends on the component Boiler 
tube mpections reduce forced outages and therefore result m a large economic payoff 
Turbine bore mpections detect discontmuities whose sue is then used to determine if the 
shaft life can be extended beyond its design life The results of condenser inspections are 
used to plan replacements of tubes The optmum tme of replacement is usually not the 
design life but depends on the amount of pittmglflaws m the tubes Thus, as previously 
mentioned, the philosophy and types of benefits derived from inspections depends on the 
component, and proper selection and application of the nondestructive testing (NDT) method 
is key to such an economic payoff 

1993 

Utilities are performing equipment mamtenance prunarily in response to failure or accordmg 
to a tune schedule However, when repairs can be made earlier, they are usually smpler 
and require less downtlme or if the equipment is known to be m good condition, scheduled 
maintenance can be omitted 

Defect 

Cracks 

Surface Cracks 

Surface Crack 

Surface Crack 

Surface Cracks 

- -  

Surface Crack 

Cracks 

Sudace 7 I Outside surface of Gate Vahe I Grmd polish I 

Number 

4 

1 

1 

2 

2 

4 

Locat~on 

Gate Valves 

Outs~de of Control Valve #3 

Control Valve #4 

HP Cylmder cover 

HP cylmder frame 

Repalr Method 

Weld grmd pollsh 

Grmd pollsh 

Grmd pollsh 

Grmd pollsh 

Grmd pollsh 

HP cylmder frame 

Control Valve #4 

Grmd polish 

Grlnd ~ol i sh  



@ 
Pred~ctlve methods enable utll~t~es to mcrease the efficiency of thelr mamtenance actlv~t~es 
Pred~ctlve mamtenance (PDM) IS a program that mcludes equlpment lustory, momtormg, 
analys~s, schedulmg,and documentat~on It also coordinates mamtenance resources w~th  
operations The results target equlpment mamtenance that could compromise performance or 
safety, prevent excessive mpectlons and repalrs, and has m u m  Impact on power and 
thermal energy product~on 

The mpectlon of plant equlpment encompasses the momtormg and testmg of many 
components Some of the types of mspechons that are expected m the TES-1 power plant 
w~ll  mclude those llsted m Table 3-18 

In order to accompl~sh all testmg that are required, and to do ~t m an effic~ent way,rt IS 

necessary that the plant laboratory be equ~pped w~th modern western testmg equlpment It IS 

recommended that the followmg equlpment be procured by the plant 

Ultrasomc flaw detectors 
Ultrasonic thickness gages 
Magnetoscope 
Spectrum analyzer 
Portable microscope 

Electronm~croscope for Metallurgy 
Hardness testers 
Boroscope 
V~deoscope 
Eddy current lnspectlon devlces 
Thermograpluc Inspect~on Equ~pment 
Rad~ograpluc Equ~pment 
Equ~pment for Repl~cat~on Method Reallzat~on 

Table 3-18 

Boller Headers, Drums 
Detect~on of L~gament Craclung 
Creep testmg 

Boller Tube Inspect~ons 
Ultrasonic Detecaon of Corros~on Damage and Cracks 



Ultrasomc and Eddy-Current Measurement of ID Scale 
Thlckness 
Ultrasonic Thickness Scamng 
Inspection of Disslrnilar Metal Welds 
Leak Detecbon 

Turbine Insuections 

Boroscopic Inspection of Turbine Shafts 
Ultrasomc Inspection of Disk Keyway 
Ultrasomc, Eddy-Current, and Magnetic Particle Inspection of Disk Steeple Cracking 
Eddy-Current Inspection of Blade Roots 
Magnetic Particle and Eddy-Current Inspection of Blades 
Magnetic Particle Inspection of Rotor Body and Nozzles 
Ultrasomc Inspection of Study Bolts and Tenons 
Ultrasomc and Eddy-Current Inspection of Retamng Rmgs 
Replication for Detection of Creep Cavitation 

Steam Piving; Ins~ections 

Ultrasomc and magnetic Particle Inspection of Steam Lmes 
Replication for Detection of Creep Cavitation 

Condenser and Feedwater Heater Insuections 

Eddy-Current Inspection of Nonferromagnetic Tubmg 
Ultrasomc Wall Thlckness Measurement of Heater and Condenser Tubmg, and Inlet 
Nozzles 

Utilization of the above equipment is expected to greatly mcrease the efficiency of operation 
of the metal laboratory m momtormg and controllmg the condition of the crltical components 
and other equipment m the TES-1 plant 

3 2 3 Materlal and Energy Balances for the CHP Plant and DH System 

(a) Thermal Cycle of the Exzstmg Plant 

There were no heat balance diagrams available for the various turbmes operating at the TES- 
1 plant In addition, due to the actual plant modifications performed on the various turbmes, 
many of them are not operating at thelr origlnal design conditions Some of the maln 
parameters (such as turbme main steam flow) are not measured at the plant The 



development of an actual heat balance for the enwe plant is a very complex task because of 
the large number of steam generators, turbmes of different design, mam distnct heatmg heat 
exchangers, peakmg distnct heatmg heat exchangers, pressure reducmg valves, mdusmal 
steam supply and hot water pealung boilers as well as the regenerabve feedwater heatmg 
trams associated with the mdividual steam turbmes Nevertheless, the plant is monitomg 
most of the parameters whch enable the plant to calculate the energy mput and thermal and 
electncal output so that plant efficiency or specific fuel utdmbon can be de t emed  Bums 
and Roe has obtamed a set of operahng data for each month of the 1993 year The data 
obtamed for the vmous components (steam generators and turbines) mcludes average boiler 
steam flows, heat mput to the steam cycle, operatmg hours for the steam generators, steam 
temperature and steam pressures, turbme operatmg and standby hours, thermal output from 
the steam turbmes for distslct heabng and for mdustnal needs, as well as the heat pickup for 
distnct heatmg water cxculatmg in the condenser of some of the distnct heatmg turbmes 
whch operate m the regime of detenorated vacuum and final feedwater temperatures 
associated with the feedwater heabng cycles of the steam turbines In addifion, the total 
electncal energy generated, the average electnc output, and the turblne gross heat rate (or 
rather the specific fuel utdmhon) are also provided for each of the operatmg turbmes 

In order to d e t e m e  the mass balance it was decided that the steam flows leavmg the steam 
generators wdl be compared to the steam flows that enter the steam turbmes However, as 
noted above steam flows entemg the steam turbmes were not provided Tlus therefore led 
to a senes of heat balance calculabons for the operatmg steam turbmes, u&mg the avadable 
data to determme steam flows For the purposes of calculabons the operatmg data avadable 
for the month of January 1993 were selected, because the review of the twelve monthly 
operatmg condibons indicated the maximum heat inputs and outputs m h s  month 

Both the avadable boder steam flows and the calculated turbme steam flows were inserted in 
h s  figure together with the actual mam steam parameters and vmous thermal and electncal 
outputs It is important to note that the numencal values shown on th~s schematic are 
average figures With the excepbon of Unit 4 and 6 the steam turbmes were conbnuously 
operated dmng this coldest month (for 744 hours) However, the steam flows shown for the 
steam generators are average for the bme they actually operated These hours and steam 
flows are shown m Table 3-19 



Boiler No 

TABLE 3-19 
Steam Generator O~eratmg; Steam Flows 

Average Steam Flow Overatinn Hours 
(T/h) (hours) 

Total Steam Generation 
(tons) 



Based on tlus, the average steam flow of all steam generators for the same 744 hours of 
@ turbme operation is 

Total Average Boiler Steam Flow = 1429492 = 1921 ton/h 
744 

On the other hand, the actual average steam flows for the various turbmes obtained from the 
mdividual heat balance calculations are as follows 

Steam Turbine No 

Unlt 1 
Unlt 2 
unlt 3 
unlt 4 
Unlt 5 
Unlt 6 
Unlt 7 
Umt 8 
Unlt 9 
Unlt 10 

Total 

Throttle Steam Flow 
(tlh) 

Therefore, the total of the calculated flows for the steam turbmes and the total average steam 
flows of the steam generators are withm 2 9%, and the difference may be attributed to 
leakages and occasional operation of the pressure reduclng stations to provide steam for the 
mdustrial steam header The calculations of the steam flows mto the turbme took Into effect 
the actual enthalpies whch are based on the deteriorated mam steam parameters achevable m 
actual operation 

In order to determme the steam turbme cycle (or gross) efficiency, the total heat transferred 
by the steam generators to the stedfeedwater cycle must be known These heat outputs of 
the mdividual steam generators are shown m Table 3-20 Based on tlus table the average 
total heat transferred to the stedfeedwater cycle is 

Lookmg at the numerical values of outputs shown m the schematic diagram we can 
summarize that total energy outputs as follows 



TABLE 3-20 

Heat Output of the Steam Generators 
(January 1993) 

Stm Gen No Average Heat Output Operatma Hours 
(Gcall h) (hours) 

Electrical Output 328 8 MW 
District Heatlng Output 498 3 Gcallh 
Industr~al Heat Output 188 Gcallh 

- 

616 

555 

744 

Total 

Total Heat to Cycle 
(Gcal) 



Thus the total thermal output of the turbmes is 686 3 Gcallh and therefore the gross overall 

a cycle efficiency can be deterrmned as 

Gross Turbme Cycle Efficiency = Electric Output and Heat Output 
Heat Input to Steam Cycle 

- 7 gross Turb - 328800 x 860 + 686 3 x lo6 
1180 x lo6 

7 gross Turb = 82% 

Utdlzmg the above figures it is also possible to d e t e m e  the average specific heat utdlzation 
of the steam cycle that is changeable to the generation of electnc power 

Heat Chargeable to Power (HCP) = (1180 - 686 3) x lo6 
328,800 

HCP = 1501 kcallkwh 

It should be noted that the above figure takes mto account heat losses between the steam 
generators and the steam turbmes However, the above numbers do not take mto account 
boiler efficiencies and auxiliary power consumptions Also, the schematic diagram shows @ heat outputs for the exlstmg hot water boilers, whch are also not mcluded m the above 
calcula~ons of the steam turbme cycle 

(6) Rehabzhtated Cycle 

In the existmg cycle the efficiencies of the steam generators were relatively low, about 85 to 
87 percent, and the design mam steam flow could not be generated due to the degraded 
quality of coal available at the plant dumg the past several years Tlus coal also caused 
problems at the mdls as it was described above Plant personnel mdicated that the reduced 
thermal and electrical output capability of the plant is basically caused by the condition and 
operation of the steam generators and not by the turbmes When the steam generator steam 
producmg capabdity is restored, mcreased output from the turbme plant is possible, as the 
mam steam parameters (pressure, temperatures) will agam be at turbme design conditions 

When the new Umt 11 turbme is installed the electrical output capabdity of the plant wdl 
Increase by about 90 MW and the heat supply capability wdl mcrease by 155 Gcalfh The 
origlnal design electric outputs and the restored output capabdities of the vmous steam 
turbmes followmg the addition of the Umt 11 turbme together with thermal output 
capabdities are shown m Table 3-21 



TABLE 3-21 

TURBINE GENERATOR OUTPUT CAPABILITIES 

Nomlnal Origlnal 
Output (Des~gn) 

MW 

25 

25 

50 

100 

100 

100 

60 

60 

110 

110 

115 

Total 

Restored Electric 
Capabrl~ty , 

MW 

N o m l  Heat 
output, 
Gcallh 

Nommal DH 
Load, 
Gcallh 

Nomlnal Ind 
Load, 
Gcallh 

Marn Steam 
Flow, 

t/h 

umt #1 

umt #2 

Umt #3 

Umt #4 

Umt #5 

Umt #6 

Umt #7 

Umt #8 

Umt #9 

Umt #10 

U~llt #11 



This table mdicates that the total steam flow requlred by the steam turbmes under nomlnal 
conditions m the restored plant wlll be 3555 todh Such steam flow capability must exist m * the steam generators of the refurbished plant It is planned to refurbish the eleven BKZ 220- 
100 steam generators to thelr ongmal design condition This will thus have a combmed 
output capability of 2420 t/h Loolung at the schematic diagram of the plant and assummg 
none of the 160 t/h boilers are restored to thelr full steam flow capabilities, but assummg 
Bollers 3 and 10 can produce at least 87 and 115 t/h steam flow respectively, the total 
average (January) steam flows obtamable from these boilers is 1328 t/h Thus the total 
steam flow from all bollers with the above assumptions wlll be 3748 t/h, whch is greater 
than the maxlrnurn flow of 3555 t/h requlred by the steam turbmes It should be noted that 
tlus is a conservative estmate smce even if Umts 3 and 10 were not producmg any steam,the 
steam flows would be withm less than 0 3% tolerance Furthermore, the steam flows of the 
"160 todh" bollers shown on the schematic diagram are average steam flows for the month 
and are not the max~rnum flows that they are able to generate 

In addifion, due to therr advanced age, the steam turbmes No 1 and No 2 wlll be removed 
from service before the year 2000 At that tune the total steam flow requlrement of the 
steam turbmes will be reduced to 3165 t/h, and the steam boilers will easily be able to meet 
the needs of the steam turbmes 

Various scenarios for the different phases of plant rehabilitation have been developed 
together with correspondmg thermal output, electncal output and steam cycle heat mput 
figures These are utillzed and further descnbed m the economic evaluation section of tlus 

m 
3 2 4 Assessment of h r  Pollut~on Control System 

(a) Overvzew 

Emissions of particulates, sulfur dioxide (SO,) and mtrogen oxides (NO3 and the unpact of 
these emssions on ambient alr quality are of concern to the TES Dust collection equipment 
is provided to remove a portion of the fly ash from the flue gas before discharge and mmor 
reductions m SO, and NO, emissions are achleved by mjection of alkali mto the flue gas 
The origlnal plant design utdlzed three (3) 180 meter hgh stacks to acheve dispersion of the 
flue gas A new, 300 meter stack has been constructed for the purpose of unproved flue gas 
dispersion and m e  (9) of the 24 bollers have already been ducted to the new stack 

(b) Estzmted Flue Gas Emzsszons 

When flrmg coal of the composition described m Paragraph 3 1 1, the calculated 
uncontrolled emissions of SO, and particulates are as follows 



Coal Source Kararranda Coal Tash-Kumar Coal 

SO, Em~ss~on, g/GJ (mg/Nm3) 540 (1545) 605 (1731) 

Based on these rates, SO, emlsslons from the BKZ-160-100 bollers would be expected to be 
on the order of 240 to 270 kg/hr when operatmg at MCR Wlule uncontrolled SO, emlsslons 
would not be cons~dered excessive, part~culate emlsslons clearly requlre effectlve controls 

NO, emlsslons from bollers are more d~fficult to estunate Ernlss~ons can not be estunated 
from fuel analysls alone, slnce boiler and fimg system des~gn and dlstr~but~on of combust~on 
alr and fuel play a major role In NOx product~on The NO, emlsslons from the each of the 
BKZ 160-100, tangent~ally fired bollers, are estunated at 700 mg/Nm3 (250 g/GJ) 

Based on these emlsslon rates, SO, emlsslons from the BKZ-220-100 bollers would be 
expected to be some 40% greater (336 to 380 kg/hr) when operatmg at MCR NO, 
emlsslons from the BKZ 220-100, wall fired bollers, would be expected to be somewhat 
lugher than for the tangent~ally fired bo~lers (850 mg/Nm3 or 300 g/GJ) 

Each of the M e e n  BKZ 160-100 bollers IS equ~pped w~th venturl wet-scrubbmng systems 
w~th part~culate collect~on effic~enc~es of 95-96% There are no major operat~ng problems, 
only routme mamtenance requlrements 

Test data collected m 1994 for the BKZ-160-100 boilers, when firmg a coal w~th an ash 
content of 36 5% gave the followmg results 

kdhr 
Ash m Flue Gas to Wet Scrubber 9,650 
Ash m Flue Gas from Wet Scrubber 378 9 
Wet Scrubber Ash Collect~on Effic~ency, % 96 1 

No mod~ficat~ons or unprovements are planned for this equipment 

Each of the eleven BKZ 220-100 bollers IS equ~pped wlth two (2) 50% electrostat~c 
preclpltators for part~culate collect~on Each preclpltator has four fields (8 total) but the 
precipitators are not ident~cal The older umts are equ~pped w~th plates 7 5 meters In he~ght 
while the newer umts utllrze 12 meter plates In addlt~on, the newer umts incorporate 
provlslon for rappmg each field Independently while the older units rap two (2) fields at a 
tune Test data collected m 1994, when firmg a coal with an ash content of 31 4 % gave the 
following results 



kdhr 
Ash m Flue Gas to ESP 10,111 
Ash m Flue Gas from ESP 312 8 
ESP Ash Collect~on Effic~ency, % 96 9 

For th~s  test, the estmated particulate emlsslons, based on gas flow from the ESP 1s about 
700 mg/m3 

These preclpltators were scheduled for rehabll~tat~on but work has been delayed due to lack 
of fundmg TES would demol~sh the exlstmg preclpltators and replace them w~th new umts 
w~th a somewhat hlgher part~culate collect~on effic~ency (up to 98%) It should be noted that 
the estmated part~culate concentratlon em~tted from these umts 1s 2 64 grams/Nm3 when 
f m g  Karaganda coal assurnmg the ESP IS operatmg at an effic~ency of 96% (1 32 
grarnslNm3 for 98 % effic~ency), whereas an ash removal effic~ency m the range of 99 8 % 
would be requlred to achleve the particulate emlsslon concentratlon of 150 mg/Nm3, 
proposed for rehabll~tated thermal umts m Russ~a 

The effic~ency of the precipitators could be probably be mproved further by utlllzmg an 
advanced (Western) des~gn (mcreased plate height) but not to 99 8% 

(d) Reductzon of SO, Emzsszons 

Some attempt 1s made at reducmg SO, emssions by mjectmg allcall boller drum blowdown 
mto the boller It was estimated that this resulted m a 20% reduct~on m SO, ermsslons when @ compared to the uncontrolled emlsslon level 

(e) Reductzon of NO, Emzsszons 

Refurb~shment of the BKZ 220-100 bollers wlll mclude the replacement of the burners w~th 
Low NO, burners In addlt~on, the mjectlon of alkal~ boller drum blowdown mto the boller 
1s clamed to reduce NO, emlsslons by some 15-16 % 

fl Increaszng Stack Hezghr 

Increasmg the stack discharge elevat~on wlll prov~de for lmproved flue gas d~spers~on and 
lower ground level concentratlons of pollutants As pomted out above, flue gas ductwork has 
been partially mod~fied and nine (9) BKZ 220-100 bollers (15, 16, 18-24) are presently 
connected to the new 300 meter stack The stack has provlslon for acceptmg flue gas from 
all 24 bo~lers and TES would llke to complete the program of redlrectmg the flue gas from 
the two (2) remalrung BKZ 220-100 bollers and the thtteen (13) BKZ 220-100 bo~lers to the 
hlgher stack 



(g) Emzsslon Monltonng Equipment 

At present the plant operatmg staff has no device(s) for measurmg, momtormg or reportmg 
the level of pollutants m the flue gases discharged mto the envlronrnent In keepmg with the 
plan to duct all boiler flue gas to a common stack, it has been suggested that this stack be 
equipped wrth an emission momtormg system (CEMS) Th~s  smgle analyzer would measure 
and record opacity (measure of dust emssron) and SO2, NO, and CO, emissions 
C o m b w g  these measurements wrth measurement of flue gas flow in the stack wrll result in 
the capabrlity of reporting mass emissions (discharge) of these pollutants to the atmosphere 
The CEMS can also be utillzed to momtor the envrronrnental performance of the plant 
Increases in opacity or NO,, for example, would Indicate that one or more of the boilers 
requlres an adjustment m operatmg conditions or some mamtenance If all boilers are not 
ducted to a common stack, two (2) CEMS can be mtalled 

(h) Ash Dlsposal 

Fly ash and bottom ash from all the boilers is collected, and pumped to the ash disposal area 
The ash transfer pipes requrre substantial mamtenance Deposits on the mide pipe wall 
buildup and llmit flow Pipe sections are removed for cleamng on a routine basis When 
examination Indicates sigmficant erosron has occurred, the section IS replaced Thls cleamng 
operation is essentrally a contmuous process The number of transfer pipes provided permits 
one to be out of service for cleamng and one on standby while still mamtalmng capability to 
transfer all of the ash produced Ash transfer pumps also requlre marntenance and pumps 
are rebuilt as requlred Thrs maintenance is carried out by the plant maintenance staff 

Informatron provided by TES mdicates that 2,681,600 cubic meters of ash have been 
deposited m the ash disposal area through 1994 Although the "design" ash production rate 
is 400,000 cubic meters per year, the ash deposition rate has averaged about 215,500 tonnes 
per year for the last 5 years 

The following table gives mformation on the ash drsposal sites for TES #1 

Year Ash Output Amount Sold to Stored at Site Cumulative 
Consumers* Storage at End 

of Year 



0 
1994 222 9 1 0  

NOTE All ash quantities are m thousand cubic meters 

*For cement and brick malung 

The present site has a r emamg capacity of only 4-6 years and plans have been developed to 
expand the disposal area Construction of two new disposal ponds, numbers 12 and 13, will 
provide for ash disposal for an additional 10 years of operation 

As described previously, water entermg the ash pond is discharged via a standpipe The 
water is untreated, except for settllng of the solids The water is discharged to a canal and is 
apparently used for Irrigation Analysis of the discharge water was provided, on a monthly 
basis, for the calendar year 1989 The water is low m suspended solids, chlorides and 
sulfates but heavy metals analysis was not mcluded The pH of the water ranges from 8 4 to 
10 9, with an average pH of 9 0 Apparently the discharge quality is acceptable to the local 
authorities and TES believes the water is quite pure 

3 2 5 Assessment of Coal Handllng System 

Bishkek TES plant consumes coal that is transported by railroad m 60 ton capacity railroad 
cars Cars are weighed before unloading usmg model 1959 TS-200B scale made m Odessa 
by "Tochmash" Company Unloadmg of rail cars is accomplished by means of a rotary car 
dumper There are two car dumpers, each capable of dumpmg 25 railroad cars per hour 
Durmg the wmter tune coal cars are defrosted m a heated buildmg whch can provide 
defrostmg of up to 12 cars smultaneously Defrosted coal is fed mto coal crushers model 
No DFM-7 for crushmg 

The coal is transported from the coal dumpmg car area by belt feeders to belt conveyors 
Nos 5 and 17 The width of the feeder belts and conveyor belts are 1600 mm and 1400 mm 
respecbvely Lengths of the conveyor belts Nos 5 and 17 are 102 meters each 

From conveyor belt No 5, the coal is transported to the "Reserve" storage plle through 
conveyors Nos 19, 20 and 21 and through overlappmg jomts Nos 9, 11 and 12, or 
transported to conveyor No 6 for feedmg mto conveyors Nos 7A, 7B, SAY 8B, 9A, 9B, 
3A, 3B, 10A and 10B and boller burners overlappmg jomts Nos 2, 3, 4 and 8 

Conveyor No 17 is also connected with the "Reserve" storage through conveyors Nos 19, 
20 and 21 and also connected to the boiler bunkers through conveyors Nos 18, 6, 7A, 7B, 
8A, 8B, 9A, 9B, 3A, 3B, 10A and 10B Conveyors Nos 11 and 13 receive coal from 
conveyors Nos 8A and 8B through overlappmg jomts No 4, and transports it to the 
"Reserve" ("Western") storage Coal from the "Reserve" storage is transported to the boiler 



bunker by conveyors Nos 22, 23, 24, 25, 8A, 8B, 9A, 9B, 3A, 3B, 10A, and 10B and 
through overlapprng jomts Nos 13, 15, 3 and 8 

Coal from "Everyday use" ("Eastern") storage is transported to the boiler bunker by 
conveyors Nos 16, 7A, 7B, 8A, 8B, 9A, 9B, 10A and 10B, and from "Reserve" 
("Western") storage by conveyors Nos 14, 8A, 8B, 9A, 9B, 3A, 3B, 10A and 10B 

The followmg table lists widths and lengths of various conveyor belts 

Conveyor # Belt Width 
(mm) 

1000 
1400 
1200 
1200 
1200 
1200 
1400 
1400 
1200 
1200 
1400 
1200 
1400 
1400 
1400 
1400 
1200 
1200 
1200 
1200 

Belt Length 
(m) 

150 
26 5 
98 
63 
160 
380 
112 
155 
130 
46 5 
102 
155 
27 
120 
115 
275 
180 
190 
124 
85 

The estimated coal storage capacities of various coal storage areas are as follows 

Reserve Coal Storage Pile 370,000 Tons 
"Everyday use" ("eastern") coal storage pile 30,000 Tons 
"Reserve" ("western") coal storage pile 50,000 Tons 

Bulldozers feed coal Into the prlmary conveyor bunkers There are 8 bulldozers with T-130 
tractors, 1 bulldozer with a T-180 tractor, and 4 bulldozers with a T-330 tractor for coal 
handlmg at the plant site 

Diesel locomotives are used to move the coal cars, push cars Into coal dumpers, and return 
empty cars to the railroad There are a total of 5 diesel locomotives 



Mazn Problems zn the Operahon of Coal Handlzng System * The coal car dumpmg mechamsms are worn out to the lmit, and the lack of spare parts are 
the mam problems with the coal handlmg system (manufacturmg of a s  type of equipment 
has been stopped) The existmg coal car dumpers do not have enough load carrymg 
capacity The car dumpers were designed for 60 ton capacity cars and are bemg used for 90 
ton and 120 ton capacity railroad cars The second problem is unsatisfactory delivery of 
spare parts for diesel locomotives and bulldozers because of broken ties with vendors due to 
breakup of the former soviet umon 

The existlng TES belt conveyors are equipped with 9 hangmg and 2 shaft type magnetic 
separators There is no separation of ball shaped and non-magnetic scrap For coal feed 
metermg a scale manufactured by "Tochmash" m Odessa City is used at the present tune 
Conveyors 9A,B are equipped with scales, but there are no scales for car weighmg rn the 
coal dumpmg mechamsm area 

3 2 6 Assessment of Other Plant Systems 

Discussions were held with the Bishkek TES plant personnel regardmg any operational 
problems with other plant systems Based on these discussions and Burns and Roe's further 
evaluaoon, the systems described below are identified as havmg operational difficulties 
and/ or capacity shortages 

@ 
(a) Plant Compressed Azr System 

The Bishkek plant compressed alr system provides plant Instrument arr and service alr 
requirements The mtrument alr is dned m a x  dryers to remove the moisture before it can 
be used by the plant Instruments and control system 

The plant service alr system is used for pneumatic transport of fly ash m addition to other 
service applications Oil free alr is requlred for transportmg the hot boiler fly ash to 
mlmmlze the fire hazard and potential explosion m the ash transport system The Bishkek 
Power Plant presently has four (4) reciprocatrng (piston) type compressors with a capacity of 
30 cubic meters/mute The compressors model number is VP-3018 and therr discharge 
pressure is 8 kgs/cm2 

Two of the plant existmg four compressors are broken down, and the spare parts for repalr 
are not available l h s  is because the compressor model is very old, and the manufacturer 
no longer manufacturers a s  particular products 

The plant requlres to mtall two (2) rotary screw type alr compressors of the oil free design 
with a capacity of 100 cubic meterslmmute each at an alr discharge pressure of 9 kgs/cm2 
l h s  rncreased compressed alr capacity would enhance the plant operations and pneumatic 
transport capability of boller fly ash 



(b) Dzstnct Heatzng Makeup Water System 

The Bishkek TES plant has its own makeup water demmerallzer systems for the plant steam 
boilers, and to meet the district heating makeup water requirements The total capacity of 
steam boiler makeup water system is 780 cubic meterslhour 

The makeup water for the dlstrict heating system is supplied from a city water source The 
present district heating system makeup water rate is 2600 cubic meterlhr 

The water analysis for the makeup water is as follows 

Hardness 
Alkalmty 
Calcium 
Magnesium 
Sodium 
Sulfates 
Chlorides 
Nitrates 
Silica 
Iron 
Total Solids 

- 3 9 mg-equivalent/l 
- 3 25mg-equivalent/l 
- 3 0 mg-equivalentll 
- 0 9 mg-equivalentll 
- 19 mg/l 
- 41 mgll 
- 12 mg/l 
- 11 4 mg/l 
- 15 mg/l 
- 0 68 mg/l 
- 315 mg/l 

The makeup water purification system consists of three blocks of equipment, that is block 
number I, I1 and IV Each block of equipment consists of weak acid cation umts, 
decarbonators and decarbonized water pumps The makeup water processing rate for blocks 
I, 11, and IV are 450 to 600 m3/hr, 600 to 900 m3/hr, and 1260 m3/hr respectively The 
district heating makeup water system removes hardness associated with alkalimty and carbon 
dioxide from the makeup water 

3 2 7  Assessment of Plant Instruments and Controls (I&C) 

Process Control Descr~pt~on 

Control systems for both the BKZ-160- 100 and BKZ-220-100 boilers are slrnilar m design 
and function 

(a) Load Control 

These umts use a conventional mechamcal turbine governor with a centrifugal speeder gear 
to vary the load setpomt The accuracy of the device is about 4% The boiler pressure 
controllers are used to vary the fuel flow rate to the boiler The pulverized coal fuel 1s 
stored m an intermediate hopper and the transport medium from mlll to hopper and from 



hopper to burner is alr from the a x  heater There is no oxygen dilution for the transport alr, 
but they have never had any explosions m the fuel preparation system 

The f m g  system burners are positioned m the furnace sidewalls, and each sidewall has two 
pulverized coal/pr~mary alr mjection ports with the secondary alr mjection ports positioned 
above and below each port Coal must be delivered m equal amounts to each burner, even 
under low loads Coal flow is controlled by volumetric feeder speed 

All bollers are equipped to fire natural gas at full load smce there is a seasonal natural gas 
surplus No method is used to deterrmne gas heatmg value beyond laboratory analysis 
Smce there is no automatic flame momtormg system, the flame is momtored visually and 
when off-normal, the prrmary alr is adjusted to acheve complete combustion 

Because the coal caloric content is so low and ash content so hgh, mazut is sometimes co- 
fired with the coal m order to meet the boilers steam demand There are no mtruments 
Installed to de terme mazut flow to the boilers, nor are there mtruments mtalled to 
measure mazut tank level 

Combustion control of the boilers is provided manually by the operators accordmg to 
established procedures and are based upon adjustment and testmg Excess alr, the mam 
mdlcator of performance, is momtored by measumg the oxygen content of the flue gas after 
the superheater Oxygen content is displayed on the boiler control board Additional 
mdicators of excess alr are alr-side resistance of the alr heaters and alr pressure after the 
forced draft fan Vacuum m the upper section of the furnace is also used as a combustion @ performance mdicator There is an automatic combustion control system m place, but it is 
not used because it is unreliable 

(b) Azr Flow Control 

Ths  is purely a manual function carried out by varymg the position of the forced draft fan 
radial mlet vanes remotely from the control room An 0, mdicatmg system fed from an 
oxygen analyzer assists the umt operator m settmg the correct combustion a x  flow rate 
Each of the two 50% forced draft fans are electric motor dnven, centrifugal type with radial 
flow Station personnel expressed mterest m automatmg thls function The origlnal oxygen 
analyzers are extractive type and consequently slow actmg Some boilers have fast response 
oxygen analyzers 

(c) Furnace Pressure Control 

There is no automatic control of furnace pressure The position of the mduced draft fan 
radial mlet vanes is vaned remotely from the control room to adjust the value of the furnace 
pressure Normal vacuum is 3-5 rnm Hg 



The two mduced draft fan loads must be balanced to prevent cholung of the burner flame 
The balancing of the fans IS measured by the two Induced draft fan ammeters, and by the 
vacuum meters upstream of the fans The two 50% Induced draft fans are electr~c motor 
driven, constant speed, centrifugal type, rad~al flow 

(d) Steam Temperature Control 

Steam flow 1s div~ded mto two parallel paths, w~th steam crossovers at the first and second 
spray attemperator stages There IS an attemperatron system m the parallel steam paths to 
the first and second stage desuperheaters usmg spray water attemperatron valves each w~th ~ t s  
own ded~cated controller The spray water source IS steam taken from the drum whch IS 

then condensed m a heat exchanger where the coolmg medlum IS the feed water flow just 
before entry to the drum Apart from the fact that mcreased attemperatlon wlll not lrnpalr 
cycle effic~ency, the system lends itself to good controllabll~ty because there IS Inherent self 
regulat~on for changes m llve steam flow D~fficult~es are sometunes exper~enced m 
mamtamng the full value of llve steam temperature Ths  IS due to the valves leakmg and 
hence not mamtammng thelr control range Partla1 closmg of a ser~al manual valve IS the 
usual stopgap solut~on Superheater outlet temperature and a derivative of superheater Inlet 
temperature are compared to the setpomt to form the control dev~at~on 

(e) Bozler Drum Level Control System 

Four feedwater valves control drum level The first and smallest valve (AV-02) IS used for 
filling the drum and for lgmtion Drum level IS controlled manually The second valve 
(AV-50) 1s used durmg heatup and uses smgle element control (drum level) m a closed loop 
system The thrd valve (AV-100), used durmg low load operation and the fourth valve (AV- 

a 
150), used d u n g  high and full load operation employ a three element control scheme 
(feedwater flow, steam flow and drum level) The regulatmg valves have d~fferent~al 
pressure 1m1t of 16-30 kg/cm2 

fl Bozler Interlock and Protectzon System 

A baslc mterlock system uslng electrical relays IS m existence Protect~on IS effected vla 
electrical relays for the followmg conditions hlgh and low drum level, hgh and low steam 
temperature, both forced draft fans not In servlce, both mduced draft fans not m servlce, no 
prunary air fan m servlce, low fuel gas pressure, low mazut pressure, and alr heaters off on 
umts w~th heaters The drum level tr~ppmg system sometunes causes false bo~ler trlps due to 
~ t s  poor hydrostatic system 

(g) Burner Management System 

There IS no mdlvidual protection fitted to burners and no burner flame scanners are fitted 
The flame momtorlng is visual only through the flame observation ports 



(h) Bozler Blowdown 

0 Boller blowdown is accomplished m two ways, contmuous and Intermittent Intermittent 
blowdown is performed manually under adml~llstrative control However, continuous 
blowdown is regulated at 0 3 to 0 5 % of steam flow by an electromc controller The 
controller momtors steam flow, blowdown flow and cyclone pressure These readings are 
used to posibon the blowdown control valve 

(1) Stack Emzsslons Monztonng 

There are no NO,, SO, or CO measurements on these umts, however the umts do have 
opacity momtormg Due to the mcreasingly strmgent requlrements bemg promulgated by the 
City of Bishkek a complete contmuous emissions momtormg system will be requlred m the 
future The existmg opacity momtonng system does not work well, and is not relied upon 

Smce all bollers discharge thelr flue gases mto a smgle 300-meter stack, it is difficult to 
identify gases from mdividual boilers Without the ability to momtor flue gas emissions 
from each boiler, it is further mpossible for plant mamtenance staff to determme whch 
boilers are operatmg efficiently, and whch may need repalr or adjustment 

0) Turbzne Control System 

The onglnal mechamcal governors are still m operation For both the 60 MW and 110 MW 

I) umts there are four mam g o v e m g  valves and one stop valve Since these are not reheat 
umts, there are no mtercept valves The mtermediate pressure (IP) stage of the 110 MW 
umts steam flow is controlled by valves whch control steam flow to the district heatmg 
system There is no IP stage on the 60 MW umts 

(k) Turbme Interlock and Protectzon System 

Interlocks of a basic nature are fitted Protection applies to the followmg conditions 
excessive movement at thrust bearmg, low steam temperature, low lubricatmg oil pressure, 
hgh water level m HP feedheaters, no boller feed pump m service, generator electrical 
faults, and low hydrogen seal oil pressure and a loss of vacuum All of the above protection 
and mterlocks are effected via electncal relays Overspeed protection is provided via 
overspeed rmgs and the hydraulic fluid system The turblne is protected agalnst water 
mgress from the feedwater heaters by fast-acting non-return valves and isolatmg valves m the 
bleed steam lmes whch are activated electrically by electrical sensors on the feedwater 
heaters There is no stress momtormg on the turbme but casmg temperatures at various 
pomts are measured and recorded T u m g  gear is provided whch turns the rotor at 3 to 4 
revolutions per m u t e  The t u m g  gear electric motor is rated at 20 KW 



(1) Turbzne Supewzsory System 

The followmg supervisory measurements are made on the turbines thrust bearlng position, 
eccentricity, vertical and horizontal vibration at all bearmgs, casmg expansion, relative 
expansion, bearmg oil outlet temperature and turbme speed by a digital electromc system 

(m) Feedheatzng Controls 

The condenser hotwell level and the levels m the feedheaters are controlled usmg automatic 
regulators All of the actuators are electrically operated All heaters and the condenser are 
equipped with water level gage glasses Each extraction pomt is equipped with a check valve 
to prevent water ingress These valves are equipped with hydraulic accelerators to Improve 
the valve operating trme 

(n) Plant Alarm System 

Th~s  is the origlnal system whch still operates m a satisfactory manner The system is not 
prioritized hence many alarms can appear for a smgle cascadmg failure A standard, slmple 
ISA sequence is used for display and control of the lamps and the horn 

(0) Control Ozl System 

The turbme control oil system employs a shaft driven mam oil pump and startmg, reserve 
and emergency oil pumps The oil reservoir IS momtored locally by a gage glass and 
remotely m the control room by an electromc mdlcator 

@) Local Panels 

Each local turbine panel contalns pressure gages for mam steam and each extraction steam 
pressure as well as control oil and lubrication 011 pressure The local generator panels 
contam gages for generator frequency, hydrogen pressure and generator coolmg 

(q) Local Feedpump Control and Instrumentatzon 

Each feedpump has local indication of suction, discharge and balancmg chamber pressure as 
well as oil cooler mlet and outlet pressure In addition, feedpump flow is displayed Pump 
suction and balancmg chamber water temperature, bearmg oil discharge and oil cooler mlet 
and outlet temperatures and pump motor frame and temperatures are also displayed 
Controls for feedpump ON-OFF control, lubricating oil pump ON-OFF control, and 
feedwater flow control valve and pump emergency trip are also located locally There are 
also local mdicating lamps for the clrcuit breaker and power panel availability A local 
annunciator signals the following 



Loss of beamg oil pressure 
Loss of pump discharge pressure 
High pump balancmg pressure 
Low oil tank level 
High beamg temperature 
Loss of pump power 
Flow control valve misaligned 

A summary of these alarms appears m the control room as "FEP TROUBLE" 

(r) Ash Removal System 

The wet ash scrubbers (scrubbers with venturi tubes) are equipped with the followmg 
devices 

Scrubber - Manometer (differential pressure gage) for water 
pressure readmg 

Venturi Tubes - Manometer for nozzle pressure readmg 
- Flowmeter for venturi tube water use 
- Resistance thermometer to read flue gas temperature after 

the scrubbers 

The electrostatic filters are equipped with a lulovolt meter and a milllammeter for each @ device 

For the wet ash removal system, each of the slag pumps, wash pumps, ventun tube pumps 
and water fittmg pumps are equipped with ammeters The channels each have a hgh level 
alarm and the water lmes have manometers 

The lulovolt and milliammeters for the ESP's do not appear to be worlung properly and 
should be replaced when the ESPs are replaced or refurbished 

(s) Informatzon Systems 

There is a prototype computer system on whch programmmg work is still belng camed out 
The eventual alm is to record and display some operating data and also provide the operator 
with processed mformation It measures and displays temperature pressure and flow for 
some of the malns to the distnct heatmg system It is currently located m Control Room 
Number 1 

However, m general there is a great lack of management mformation systems, management 
plantllng systems, event recordmg systems, and good operator mformation systems Good 
mformation systems can help management make decisions closer to optlmal, predict 



malntenance needs and reduce assoc~ated costs, mprove operating efficiency, and mprove 
plant avallabil~ty Good event recordmg systems enable the management team to identify the 
root cause of problems and thereby prov~de the first step m ellmlnatlng them Good operator 
lnformat~on can alert the operators to any trends and help them to take corrective actlon 
sooner It can also make them more aware of thelr role m ach~evmg optmum operatmg 
condit~ons Add~t~onally, when unprovements are made to the plant through process 
changes, w~thout a good lnformat~on system there is no means of measurmg unproved 
effic~ency Expend~ture m thls area will brlng good returns on Investment prov~ded that the 
plant management embraces ~t fully The prototype computer system should be expanded to 
mclude more plant systems and Include d~splays m management offices 

(t) Operatzon and Mazntenance 

The nature of thls equlpment IS such that ~t requlres considerable ongolng mamtenance to 
keep ~t operat~onal 

(u) Equzpment Condztzon 

The origlnal equlpment IS long since obsolete In the short term careful mamtenance should 
prevent the C&I equlpment from degrading the overall avallab~lity and rel~abil~ty of the 
plant However, with the poss~blllty In the Euture of more load followmg and two sh~ftmng, 
and the lack of spares, thls equlpment is Inadequate 

The following list descr~bes varlous types of Instrumentation failures, exper~enced at B~shkek 
TES whch could lead to major equlpment fallure 

1 Coal mill bearlngs often fall because of the poor temperature momtormg system 

2 There is a constant unbalance between feedwater flow measurement and bo~ler steam 
flow measurement because of poor monltormg equlpment 

3 The mazut tank level ~ndicat~on system does not accurately lndicate tank level due to 
low senslt~vlty manometers (d~fferentral pressure gauges) and an obsolete tank float 
system 

4 The bo~ler steam drum water level protection system causes false boiler trlps, and 
could result m a non-tnp when one is requlred because of the poor performance of the 
hydrostat~c level lnd~cat~on system 

5 Various techcal  and economic (such as effic~ency) calculat~ons are d~fficult to 
perform because of ~naccurate measurement of steam and water parameters (flow, 
temperature, etc ) and also because there IS no equipment to measure fuel qual~ty or 
quantlty 



6 Emergency and off-normal conditions are difficult to analyze because of unclear 
parameter recordmg, recorders stop recordmg periodically, and the recorder tlmmg 
works are unsynchronlzed 

7 Inaccurate water level momtormg causes water carryover mto the superheater and 
turbme 

8 Inaccurate boiler au: flow measurements causes mcomplete combustion of fuel and 
hlgh plant emssions level 

(v) Control Rooms 

There are five control rooms from which the boilers and turbmes are momtored and 
controlled There are two additional control rooms wluch each house a mam control panel 
In addition, there is a control panel m the water treatment area 

The boilerlturbme control rooms operate without many of the mtruments normally found m 
western plants due to lack of fundmg System components most m need of momtormg are 
boilers, turbmes, and heat exchangers These represent Important areas of improvement for 
thls facility, even though Investment m adequate momtomg wlll requlre more money than is 
available w i t h  the plant's operatmg budget 

(w) T h e m 1  Insulatzon 

The boiler furnaces tubewall laggmg has detenorated as has the aarriflue gas duct system 
Visual examination has mdicated that other plant systems also have detenorated mulation 
A portable optical temperature detector would be a useful device m locatmg and determmmg 
missmg or deterioratmg insulation 



(x) Steam and Water Sampling System 

The following Table lists the momtored process points, the species measured and the 
frequency of sarnpllng 

This program is considered adequate 

Frequency of 
Tests 

One time 
dunng 10 day 
penod 

Once a day 

Once a day 

Once every 
ten days 

3 times a day 

3 times a day 

3 times a day 

3 times a day 

3 times a day 

Once every 
10 days 

3 times a day 

Once a day 

Once every 
10 days 

Source 

Turbme generator condensate, heating 
system water, hot water boilers chemcally 
dissalted water deaerator, feed water 
deaerator 

Heatmg system water, hot water boilers 

Turbine generator condensate, boiler water, 
salt compartment 

Lower level tanks, dram tanks, heatmg 
system water, hot water boilers, turbme 
generator condensate, boiler feed water 

Heatmg system water, boiler water, salt 
compartment, boiler feed water, hot water 
heaters 

Turbme-generator condensate, hot water 
heaters, heat~ng system water, boiler feed 
water 

Superheated vapor, saturated vapor, turbme- 
generator condensate, boiler feed water, 
chemcally dlssalted water deaerator, hot 
water heaters, heat gnd 

Superheated vapor, saturated vapor, boiler 
feed water, boiler water, pure compartment 
and salt compartment 

Boiler water pure compartment, salt 
compartment 

Turbine-generator condensate, boiler feed 
water 

Boiler feed water 

Feed water deaerators, boiler feed water 

Boller feed water, heatlng system water 

Symbol 

02 

co2 
mglliter 

Fe 

OH 
co3 
HCO, 

Ca+, 
Md+2 

PH 

S10, 

PO, 

Cu 

NH3 

N2H4 

Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Testmg Agent 

Oxygen 

Carbon dioxide 

Salt content 

Iron 

Alkal~nity 

Hardness 

pH indication 

Sllica 

Phosphate 

Copper 

Ammo~lla 

Hydrazine 

Oils 



Process Control Assessment 

The process momtomg and control technology employed at the Bishkek TES is, by 
mternational standards, outdated Investment m modern systems is essential for any plant 
whch is to be rehabilitated for life extension 

In general it was found that the systems m use m the power station are obsolete Although 
the number of control loops is adequate, several of these loops were out of service, 
supervisory and protection systems are m~n~mal, and there is a marked lack of event 
recordmg and operator mformation systems 

There is little opportmty to mamtam the present system due to lack of spares and further 
deterioration will take place Manometers are repalred by replacement of worn out parts 
such as gears, tubes and sectors Old types of manometers are no longer manufactured so 
that spare parts are unavailable Resistance thermometers are subject to wires brealung and 
short clrcuits m the coils Smce they cannot be repalred, they must be replaced Although 
recently the combusbon momtormg system was upgraded to mclude modern oxygen 
analyzers, such modemation has not taken place on a consistent basis due to lack of 
fundmg 

Smce the first stages of construchon took place m 1958 through 1960 until the most recent 
addition of four new boilers m 1981, there has been no general upgrade of plant mtruments 
and controls Visual examination of the control room mtruments especially m the 1960 
vlntage control rooms, mdicates that many mdicatmg Instruments are out of service Those 
that are m service are performmg poorly, that is mdicators are out of their mtial accuracy 
band, and strip charts recorders oscillate so much from worn geamg that they trace broad 
lmes observmg the data These results are evident despite the care given by the plant staff 

In the newer control rooms, 1981 vmtage, the same overall control and measurement 
phlosophy is evident even though the devices are much newer In these control rooms there 
is less evidence of missmg, nonfunctionmg or malfunctiolllng devices However, laclung the 
ability to provide replacements or repair the existmg devices, they will soon approach the 
condition of the older control rooms 

Modern western power plant control rooms are charactenzed by a lack of discrete mdicatmg 
devices such as meters, recorders and status lights Information on plant conditions is 
presented to the operator on large color cathode ray tubes (CRT's) These CRT's receive 
thelr process mformation from mput/output (110) cabmets located on the plant floor near to 
the process they are momtomg and controllmg Operator mtructions to the system is 
through keyboards or touch screen CRT's A data hghway cable is used to connect the 110 
cabinets to the CRT 

In addibon to performmg all the controlling functions of the plant, all of the mdicatmg, 
recordmg, a l a n n g ,  as well as the other functions concemg data acquisition and data 



processmg are also mcluded Convent~onal annunclators, l~ghts, analog indicators and 
recorders, digital mdicators, prmters and CRT d~splays may be ut~llzed as well 

Slnce thls equipment is digital and electromc, it 1s extremely stable and long llved, requwing 
minunal retumng or malntenance Various schemes whch guard agarnst catastrophc fallure 
are employed The control systems used at the Blshkek TES, although uslng obsolete 
technology, that is discrete control loops for each function, cont~nue to perform their prlmary 
functions and the plant operators are m general satisfied w~th thelr performance 

The monltormg systems however are unreliable and frequently fail Furthermore, the 
existlng mtrumentatlon does not lend itself, even when ~t is worlung, to remote momtormg 
so that plant status and performance and operator performance can be momtored remotely 
The energy office, the dlstrict heatlng office, each central heatmg panel, both mam control 
panels and the plant director and h ~ s  assistants need data from plant operations T h ~ s  data is 
currently hand copled and delivered periodically to each destmation, a slow and error prone 
process 

Placrng a computer with CRT display in each location and connectmg the computers to each 
other vla coaxial cable w~ll  create a network through whch plant data, entermg the network 
at any pomt, is mediately accessible at all CRT's Connecting to d~stant locations such as 
the energy office and district heating office would be made through modem Thls type of a 
system is slmilar to a DCS (D~stributed Control System), however, it performs no control 
functions as a DCS does 

Process mputs to the system enter through controllers (110) sometlrnes called mult~plexers, 
which signals are then fed to a host computer located m mam control room number 1 Slnce 
the signals currently ex~st in each of the e~ght control rooms, the controllers would be placed 
centrally m the control rooms 

The field transmitters for process var~ables such as pressure, temperature, flow and level 
should be replaced since they sometlrnes perform erratically The exlstmg transmitters use 0- 
5 rnADC, which means there is no live zero, and they are more nolse suscept~ble 

The system should also be outfitted wlth a network prmter for hard copies of system 
variables and programming, and a file server to store the network programs Several 
network repeaters are requlred from distant plant locations such as the water treatment area 
and the englneermg offices Special coaxial cable is required to make the network 
connections and connect the controllers to the computer This use of specla1 cables is offset 
by the reduction in general cablmg whlch one would normally expect from the addition of 
extra computer terminals 

This type of system lends itself to performmg add~tional tasks which the older discrete analog 
system either does not perform, or requwes extra equipment to perform These are 



- S c a m g  each pomt at it's deslred periodicity 

- Instrument failure tests such as loss of signal 

- Correctmg thermocouple values for cold junction temperature 

- Convertmg process readmgs to engmeermg umts usmg lmear, square root or 
other conversions 

- Thermocouple open clrcuit tests 

- Instrument range reasonability tests 

- Low and hgh lmit alarms 

The existmg prototype computer system generates bar graphs of flow, temperature and 
pressure m the hot water m a m  leavmg the plant as well as steam flow on a percentage basis 
for steam leavmg bollers 18, 19 and 20 It also measures steam pressure for boiler number 
23 These are smple horizontal bar-graph displays, but could be reprogrammed to have a 
trend display, and by usmg multicolored displays, one trend can be distinguished from 
another Such a system would requlre multi-page CRT displays for Bishkek TES because 
there are 24 boilers and 10 turbmes to be displayed, with a future eleventh turbme 

There are currently 3,029 analog signals and 545 digital signals whch lend themselves to 
display on the data loggmg and display system Considering the eleventh turbme we should 
allow for an additional 40 analog signals, and an additional 10 digital signals This would 
requlre 3,069 analog signals, and 555 digital signals If we allow 20 percent spare capacity 
for future growth, whch would mclude the new coal pulver~ers, duct burners and shot 
c l e m g  system, then the system slze will be 3,375 analog channels and 610 digital channels 

A portable optical temperature detector would be a useful device for detectmg missmg or 
deterioratmg mulation m the hgh temperature pipmg systems It is a non contact device 
through whch temperature at the surface of a remote plpe may be observed by sightmg 
through the lens of the device 

Smce natural gas may be fired when there is a seasonal surplus, means should be provided to 
determine the heatmg value of the gas Thls is presently done periodically by laboratory 
analysis which, although accurate, is tlme consummg On lme calormetry should be 
performed 

When mazut is bemg fired, means should be provided to determme consumption by each 
boiler, and a method for determlnlng reserves m each tank is necessary Flow to the bo~lers 
is best deterrmned by a non-contact type meter such as a coriolis meter Tank level can be 
determmed through ultrasomc or capacitance type gauges Both of the above methods are 



used to prevent pluggmg of the mtruments wlth heavy 011 Thls w~ll  allev~ate the problems 
w~th mcorrect tank level measurement 

The effic~ency of the bollers can be unproved by firlng them on low excess alr Insuffic~ent 
alr wlll cause incomplete combust~on and waste fuel, whereas a large amount of excess alr 
wlll cool the furnace and result in loss of steam generation Placement of I-sltu oxygen 
analyzers of the hgh temperature z~rcomum-ox~de type can be used to find the optmum 
excess arr settmg, usually above four percent 0, Those bo~lers w~thout modern oxygen 
momtorlng cells should be upgraded 

A useful tool for tumg bo~ler operations IS the portable combust~on analyzer By lnsertlng a 
probe mto the boller gas exhaust path, readmg can be taken for stack temperature, oxygen, 
rutrogen ox~des, carbon monox~de, sulfur d~ox~de, combust~bles and smoke Placlng a 
continuous emlsslons momtorlng system m the smokestack wlll only determme gross 
emlsslons from the plant, not from each boller However, the portable combust~on analyzer 
can be used to determme each boller's performance and even bo~ler effic~ency Th~s  method 
can be used to Isolate, tune or repalr faulty boilers 

Durmg steady state operat~on of a bo~ler there IS a contmuous varratlon in fuel heatmg 
content, combust~on alr dens~ty and molsture, and consequently combust~on temperature 
Durlng translent operatlons the s~tuation worsens, as steam flow vanes, arr and fuel flow also 
vary Var~at~ons m the above parameters effect the requrred arr flow through the forced draft 
fans Currently, the forced draft fan alr flow IS set perrod~cally and manually by the bo~ler 
operator by adjustmg the fans vanes On U S power station bollers, the fan vanes are 
adjusted cont~nuously and automat~cally m response to the flue gas oxygen contents Ths  
method elmlnates some of the above variables from the operatlons control and glves the 
control system very fast response thereby mprovlng boller operatlons The U S method 
should be Introduced on the Blshkek bo~lers 

Currently coal flow to the coal mllls 1s measured and controlled volumetr~cally, that IS by 
controlling coal feeder speed Ths  method does not allow for vo~ds m the coal flow, or for 
erratlc operation of the feeders A better method would be to measure the flow 
gravmetncally, that IS by measurmg the we~ght on the feeders Th~s  would ensure a more 
umform flow of coal to the mllls 

Coal is currently analyzed by taklng samples from the conveyors perrod~cally, then mlxed 
and a laboratory analys~s 1s performed Ths  method takes several days to do a complete 
analys~s In order to accelerate th~s process, on-lme coal analyzers are avarlable whch can 
glve molsture content, ash content and calor~c value These on-lmne analyzers should be 
appl~ed at B~shkek 



3.2 8 Assessment of DH System and Pump~ng Statlon 

@ The mput for th~s  section (hotwater district heatmg system) was provided by the European 
Comrnumty Energy Advisory Group 

Of Bishkek's population of about 700,000 approximately , 60 % of the inhabitants are 
dependent on heat and hot tap water supply from the distnct heatmg system The district 
heatmg network is supplied with heat from two larger production facilities TESl and TES2 

The heat is distributed malnly as hot water, however, about 30% of the total heat supply is 
supplied as steam for mdustnal purposes 

The system m Bishkek has the special peculiarity m contrast to western systems that is 
designed as an open system Thls means the consumers are normally dlrectly connected to 
the district heatmg network and further, the hot utilization water is taken drrectly from the 
distnct heatmg system Thus, the hot tap water is identical with the water m the district 
heatmg pipes 

Accordmg to the perspective plans, the mam part of the city should be supplied by either 
TESl or TES2 Due to lack of fiance for purchasmg gas TES2 is at the moment not m 
operahon As a consequence some part of the network is supplied by the mdustrial plant 
Frunze However, the largest part of the heat demand is covered by the combmed heat and 
power plant TES 1 

Apart from the mam network, a large number of local heat systems are present m Bishkek 
These local heat systems are typically consistmg of a Heat Only Boiler (HOB) supplymg a 
local district heatmg system The present supply strategy is based on the constant flow 
pmciple where the flow m the distnct heatmg system is close to constant and the heat supply 
is adjusted by changmg the supply temperature 

If heat is needed m the network the supply temperature is mcreased correspondmgly Due to 
the constant flow system, the consumers wlll experience the mcreased heat supply with a 
certam tune lag dependmg on the velocity of the DH-water and the distance from the heat 
supply source The tune lag will typically last from a few mmutes for the nearest consumers 
to a number of hours for the most distant consumers In some cases, the heat will reach the 
most distant consumers after the heat demand has actually ceased meamg an excess 
temperature at the consumers As the consumers are normally left with poor heat regulation 
possibilities, thls means the only way to regulate the mdoor temperature will be by opemg 
wmdows leadmg to a hgh energy loss 

(a) Mazn Charactenstzcs of the Hotwater Dzstnct Heatzng Network 

The crrculation of the water m the distnct heatmg system is done by constant flow pumps 
located at the supply sources The system is designed with a number of pumps used all 



w~nter and a number of pumps used durmg the summer for the hot water supply A number 
of pumps are located m the distrlct heatmg system as booster pumps or to overcome the large 
d~fferences m ground level between the mam network and certam consumer groups 

The network IS characterlzed by a large number of rlng connections which means a relatively 
high supply securtty However, durlng the summer the total network supply IS cut for about 
1 month due to the repair works 

The secondary network is composed of about 255 md~vidual networks each connected 
dlrectly to the maln network, "Connect~on pomts" Bulldlngs and lndustr~al consumers are 
connected to the secondary network through the so called "Thermal pomts" of whch there 
exlst about 3,200 The dwellings are normally connected through a "hydro elevator" whch 
IS a hydraul~cally open connection (about 3,100) The mdustr~al consumers are normally 
connected through heat exchangers, whlch Isolate the Internal d~str~but~on system 
hydraul~cally from the d~str~ct heatmg system 

The dlstrlct heatlng network (DH-network) for transm~ss~on of heat and hot water to the 
consumers conslsts of pipes rangmg from DNlSO (nommal d~ameter 150 mm) to DN1000, 
whereas the d~str~but~on network cons~sts of smaller dlmens~on prpes The overall length of 
the network is about 331 krn double pipe comprising 157 km's of transm~ss~on pipellne and 
174 km of dlstr~bution p~pelmes 

The general cond~t~on of the plpes IS rather poor For some plpe constructions the l~fetrme IS 

reduced due to aD 
- Steel plpes corrode from the outside due to hgh humidity ~n the ducts and due 

to wet mulation 

- Lealung water from holes ~n the plpe system, whlch are not d~scovered and 
repalred, accelerates the outs~de corrosion 

- Ram and sewage water lealung through cracks m the concrete elements adds to 
the corrosion process 

Steel plpes corrode from the m ~ d e  as well due to 

- Oxygen and chloride m the water 

- High conduct~v~ty 

- There IS sludge, magnetite etc which may coat the plpes and mtroduce a 
corrosive process startmg from cracks m the "coatmg" 



- Possible poor quality of steel used m manufacture will accelerate the corrosion 
process 

There is a problem with soaked mulation wluch leads to hgh heat losses i e , the metal 
casmg of the pipes is removed by the Inhabitants leavlng the insulation unprotected on the 
pipes The consequences is hgher heat losses and reduced lifetune of the remalnlng 
mulation A slmple way to stop the stealmg of metal casmg would be to cover it with a 
coat of mazut 

(t7) Booster Pump Statzons 

Apart from the pumps mtalled at the plants, a number of booster pump stations are located 
m the network There are prmcipally two types of booster pump stations 

1) Normal booster pump station where the pressure is boosted m the return or the 
supply pipe There are no booster pump stations for lncreaslng the supply as 
well as the return pressure 

2) Booster pump stations with pumps boostmg the pressure due to variation m 
elevation (High level booster) 

The hgh level booster pump stations are equipped with automatic control valves for 
regulatmg the pressure m the return pipe down As mentioned, the flow is constant durmg 
the year and the pumps are fixed flow pumps The typical booster station have only one or @ two modes of operation, both with constant flow Introduction of variable speed dnve pumps 
at the booster pump stations could be relevant if the flow concept is changed 

(c) Mazn Valves 

Underground concrete chambers are constructed at branch pomts where the local network 
branches from the mam network The chambers at the mam polnts contam sectionmg 
valves malung it possible to divide the network mto sections if the network must be supplied 
from an alternate heat source 

(d) Substations 

Substations are the locations at the consumers where the district heat is supplied It is also 
known as Thermal Pomt 

In the Bishkek DH-systems the most common types of substations are 

Dlrect connection through Hydro-elevator 

Heat exchanger with temperature regulation 



The Hydro-elevators are the general type rn dwellrng houses for heat control through hot 
water, whereas the heat exchangers are for mdustr~es m general for the exchange of steam to 
hot water, or steam used m the mdustnes 

The DH system IS equ~pped w~th fixed pumps m the Bo~ler plants and the pumplng stat~ons 
However, the frequency adapt~on of the pump configurat~on to follow the hot tap water 
consumptlon, glves the substat~ons d~fferent supply cond~t~ons durmg the heatlng season, 
even to the same heat requvement 

Each Substat~on IS des~gned for a spec~fic flow and pressure loss The networks are carefully 
calculated accordmg to the heat demand for each substat~ons The surplus d~fference 
pressure rn each Substat~on IS removed by a d~aphragm located m the hydro-elevator 

Thls means that the outlme des~gn, based on constant flow cond~t~ons for the substat~ons, and 
the network capabll~ty for adapt~on to heat and water demand, IS not met as assumed, 
because of the Influence of the hot tap water consumptlon and the frequent changes m pump 
configurat~on 

(e) Insulation 

When enterlng a substat~on, one wlll normally notlce the hgh room temperature Ths  1s due 
to poor or even lack of lnsulat~on at some of the plpes and on all components Th~s  means 
that heat loss ~f unavo~dable and can be reduced by small means 

V)  Present Installations 

The heatmg systems 1x1 the houses are only operated durlng the heatlng season (from October 
15 to Apnl 15) w~th a constant water flow 

(g) Heat Losses 

The heat losses from the drstrlct heatlng system can be dlvlded Into 

- Heat losses from the underground network rncludmg plpes, valves, chambers 

- Heat losses from the aerial network lncludmg plpes, valves, chambers 

- Heat losses from other ~nstallat~ons I e , substat~ons, pump statlons etc 

(h) Dlstnct Heatzng System Instruments and Controls 

A m m a l  number of mtruments and automatic controls are ava~lable m the d~str~ct  heatmg 
system Those that are ava~lable are qulte old, e~ther needlng repalr or re-cal~brat~on 
W~thout mtruments whch funct~on properly to monltor and record such essent~al var~ables 



as flow rate, temperature, and pressure, it IS difficult to accurately detemne balance 
measurements and conduct effective energy-efficiency analyses, on whch overall plant @ performance should be based 

Authority resides withm the distribution system to determme the amount of heat that the 
district heatmg system requlres at any one tlme A central dispatcher momtors the system 
and the outside alr temperature The dispatcher determmes the outdoor temperature, and 
then based on a temperature chart, determmes what the distnct heat supply temperature 
should be The district heatmg system is deslgned to supply 150°C, but m reality only 
supplies a maxunwn of about 130°C (about 120°C wlthout the power plant peaker boilers 
operatmg) The dispatcher notifies the power plant and the boiler plant operators what 
temperature they are to produce, and they are requlred to follow those directions 

Control Systems 

The mam problem withm the end-users is the lack of temperature control Few buildmgs 
have any control device, and most are overheated for a s l g ~ i c a n t  pornon of each year The 
plpmg design used m each bulldmg is standard, wlth a venturi device blendmg water to 
provide a reduced water temperature to the burldmg Smce tlus device is mcapable of 
changmg with the season or outdoor temperature, it is dependent on the entermg supply 
temperature to provide the correct amount of heat In theory when water is blended or 
rmxed, the heat to the buildmg will be adequate but not excessive But tlus system is not 
very effective, and many bulldmgs can be observed with theu wmdows open, whde the 
heatmg system is operatmg Opemng wmdows serves as a control device, but obviously is 
not very effective, and causes additional heat to be expended 

Several control techques can be used to Improve or replace h s  system and provide proper 
control to the burldmg The best method lnvolves addmg temperature control to each 
termma1 heatmg devlce or to each heated room This provides good control, and allows each 
room to be controlled to a specific setpomt As the outdoor temperature changes or the 
effects of the sun vary throughout the day, the control device wrll adjust the water 
temperature to malntam the room temperature The mam drawbacks to ~s method are 

1 A great number of control devices (temperature control valves) would have to 
be added, and the cost would be hgh 

2 Addmg valves to each device would be very disruptive, smce each room would 
have to be entered, and the pipmg changed by addmg the valve Thls would 
also requlre a long installation perlod 



3 Dependmg on the plplng arrangement used, add~t~onal bypass plplng sectlons 
may also have to be added to some systems, so that the new controllers do not 
adversely affect other areas of the bulldmg 

Another way to correct the sltuatlon would be to add a temperature controller to the maln 
plplng system This can be accompl~shed by e~ther replacmg the venturl dev~ce, or addlng a 
parallel plplng loop contalmng a control valve The control valve could basically accomplish 
the same goal as the venturl, mnmg d~str~ct heatmg water and return water However, h s  
dev~ce could be configured so as to respond to outdoor temperature directly, and to adjust the 
flow of d~stnct heatlng water and return water to change the supply water temperature 
Wlule thls system IS much better than the exist~ng Inducing venturl, ~t st111 provides only one 
polnt of control w~thm the bu~ldlng Therefore, every room m the fac~l~ty wlll have the same 
temperature water delivered to ~t Thls is obv~ously not as good as havlng every heatmg 
device under control, but ~t IS much less expensive, and the majorlty of the energy savmgs IS 

st111 reallzed If the sun happens to be shlrung on one s~de of a partrcular bulldmg, ~t is 
poss~ble that part of the bulldmg m~ght overheat, and the tenants or res~dents m~ght open 
thelr wmdows 

3 2 9 Assessment of Industrial Steam Supply System 

The B~shkek Industr~al Steam Supply network conslsts of approxunately 57 lulometers of 
p~pellnes and suppl~es the process steam to var~ous mdustr~es In B~shkek It has 
approxlmately 38 lulometers of aboveground plpes, and 19 llometers of underground plpes 
The peak steam load for the system was 350 tonslhour durmg the sovlet era, but at the 
present tune the steam load has dropped to less than 100 tonslhour The llst of current 
lndustr~al customers IS mcluded In Table 3-22 The average mdustr~al steam flow rate 
history from the B~shkek plant from year 1985 through 1994 IS shown m Table 3-23 The 
steam export from the TES plant IS l~sted by month 

The process steam pressures and temperatures at the boundary of TES plant are sometlrnes as 
high as 10 8 bars and 309"C, but by the tlme the steam reaches the farthest customer m the 
system, the steam temperature drops to as low as 162°C Durmg June 1994, the dlstrlct 
heatlng office conducted some tests on the distrlct steam supply system The test data and 
results are shown In Table 3-24 The findmgs from the test data are as follows 

(1) The steam pressures, temperatures and flow rates were measured at var~ous 
node polnts ~n the system It was observed that steam cond~tions ~n most of 
the llnes were wet although the steam left the plant m the superheated 
cond~t~on 

(2) The losses exceeded the normal standards because of s~gnlficant drop off m the 
steam demand due to mdustry shutdown There was a lot more condensat~on 
of the steam 



(3) The mcreased condensat~on also resulted due to very hgh heat losses because 
of agmg, wear and destruction of steam llnes insulation 

(4) The excessive length of steam lmes from the Bishkek plant also mcreased heat 
losses and condensation 

(5) Wide fluctuations m steam demand due to economic slowdown durmg the 
week from the active customers resulted m mcreased losses 



TABLE 3-22 

List of Industrial Steam Consumers for January 1995 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Steam Use, 
(tonsimonth) 

3555 

1210 

1180 

2598 

185 

786 

1992 

168 

1561 

325 

20 

1507 

25 1 

33 

2227 4 

315 

289 

2126 

107 

120 

1194 

Name of Facility 

Kyglzautomach 

Bishkek Sut 

Bishkeknan 

Zll 

Meat Factory 

A r ~ a  

VID-2 

Bgati - Umversity 

Trolley Beuarau 

Hard Liquor Factory 

Zamal 

KK Factory 

BPK-4 

Dolplun ZPB 

DGC 

Matemty Home-2 

Tash-Temlr 

Electrotechc 

Noudst GPBO 

LOK Zirgal 

Tatty 

Pressure, 
(kg/cm2) 

8 

8 

10 

6 

6 3 

8 2 

6 1 

2 

3 7 

5 2 
- 

4 

6 2 

5 5 

3 7 

2 5 

5 6 

7 

7 

6 

6 

5 5 

Temperature 
9 ("c) 

190 

220 

200 

170 

161 

863 

159 

120 

140 

153 
- 

143 

160 

123 

130 

125 

153 

168 

168 

180 

170 

160 



Temperature 
9 ("c) 

160 

123 

123 

210 

210 

160 

150 

160 

230 

150 

170 

170 

150 

170 

170 

158 

158 

158 

158 

158 

Pressure, 
(kg/cm2) 

5 5 

5 5 

5 5 

7 

7 

6 5 

5 

6 5 

7 

4 

6 

6 

4 

6 

6 

5 

5 

5 

5 

5 

Steam Use, 
(tonslmonth) 

190 

88 

2 4 

4733 

852 

205 

743 

90 

36809 

184 

274 

1426 

17391322 

1901 

30 

143 

9 

67 

20 

714 

No 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

3 3 

34 

35 

36 

37 

38 

39 

40 

41 

Name of Fac~l~ty 

BPK-2 

Salam 

Coop-Vesna 

KKSK 

ZBI ESI 

Maykampa 

Ilbrrg 

Emerek 

Tepliclny 

Insight 

Viar 

Kyrgyzshampagne 

ZKK Zil 

Infection Hospital 

Vlar 

RK KPSS 

Aunzup 

Store 

Bakaleya 

RKB 



TABLE 3-23 

Steam Supply From the Power Plant Slnce 1985 
Average Steam Flow Rate (tonslhour) 

Month/ 
Year 

January 

February 

March 

Aprll 

May 

June 

July 

August 

September 

October 

November 

December 

Averages 

Year 

Summer 

Wlnter 

1985 

183 2 

223 1 

217 2 

139 6 

155 1 

1609 

177 4 

161 7 

162 0 

170 6 

210 4 

236 0 

18310 

15945 

206 75 

Percent 

Growth 

7187% 

8467% 

73 90% 

73 88% 

5800% 

63 15% 

72 76% 

62 30% 

5511% 

4745% 

4629% 

6449% 

65 97% 

64 58% 

69 70% 

1986 

222 5 

240 4 

210 1 

158 7 

141 6 

1402 

154 7 

132 9 

150 5 

166 0 

175 3 

203 4 

17469 

146 43 

2U2 95 

1993 to 94 

Growth 

757 

358 

4 9  8 

40 3 

543 

38 1 

27 1 

35 1 

4 9 2  

792 

978 

5295 

53 13 

-40 68 

59 82 

1987 

222 9 

228 7 

232 3 

205 0 

174 6 

179 3 

182 0 

169 0 

163 0 

202 0 

229 5 

228 5 

20140 

178 82 

223 98 

1988 

220 9 

244 3 

206 8 

161 5 

151 6 

147 9 

152 0 

151 0 

164 0 

175 0 

206 5 

225 8 

18394 

154 67 

213 22 

1989 

231 0 

244 3 

223 1 

186 6 

173 8 

153 8 

161 2 

167 2 

167 6 

I94 2 

242 4 

233 2 

19820 

168 37 

228 03 

1990 

245 0 

255 3 

241 0 

238 3 

172 7 

170 0 

181 7 

174 8 

189 8 

230 3 

270 6 

289 8 

22161 

187 88 

255 33 

1993 

269 1 

233 6 

190 8 

154 3 

129 3 

103 4 

995 

93 1 

109 6 

150 7 

182 1 

158 2 

156 14 

114 87 

197 42 

1994 

193 4 

197 8 

141 

114 0 

75 0 

65 3 

72 4 

58 0 

604 

71 5 

843 

103 01 

74 18 

137 60 

1991 

298 2 

284 5 

249 6 

204 0 

180 0 

151 5 

162 6 

180 9 

197 0 

223 0 

263 0 

294 4 

22406 

179 33 

268 78 

1992 

240 1 

263 1 

247 

198 4 

208 8 

183 0 

134 0 

136 0 

151 9 

173 5 

198 0 

261 7 

19963 

168 68 

230 57 





Serial # Contract Name of Customer Point of Consumption of Total steam supply from Heat losses Quanhty of Steam and 
# connec tlon Steam node GcaUh condensed condensate 

from steam, tonsh quantities 
transmission 
Line G C ~ V ~  tonsm ~ d h  tons~h tonsh BDHS Custome BDHS Custome For customer 

(Node#) r r G d h  

15 

16 

17 

18 

19 

20 

21 

22 

23 

- 

3 16 

419 

862 

327 

305 

866 

492 

336 

JBI-1 (Gorky, 1) 

Furniture factory (Kulatova) 

M~lk  products warehouse 
(Kulatove 1) 

BPK4 (Shryabina-Jukeeva 
Pudovkma) 

Inturust hotel (Erlundlk) 

DOP-3 (Tolstoy 3b) 

Geological adminlstratlon 
(Dzerjhmskogo, 3) 

Republ~c hospital (Togolok 
Moldo, 1) 

Children infection hospital 
laundry 

Shampa~gn factory (Mira ave, 
48) 

(SK-V-5) 

NO-43 u 
(SK-V-21) 

NO-43 u 
(SK-V-21) 

NO 43 u 
(SK-VI-2) 

NO-45 

NO-45 

NO-47 

NO-58 

NO-59 

NO-59 

300 

0 28 

1 12 

0 03 

260 

001  

370 

5 30 

1 63 

018 

0 22 

0 49 

0 50 

0 15 

0 10 

170 

0 47 

1 60 

20 40 

263 

001  

370 

0 99 

065  

0 10 

170 

3 13 

087 

0 11 

180 

0 36 

000  

000 

000  

000  

009  

0 04 

0 02 

0 04 

002  

008  

000  

005  

0 0 6  

1 24 

0 76 

000  

000  

000  

000  

0 1 8  

0 08 

0 04 

0 09 

004  

0 17 

001 

010  

013  

2 58 

0 26 

0 26 

160 

0 54 

0 32 

0 11 

1 80 

0 65 

4 27 
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3 3 Compar~son of the B~shkek Energy System wth Other Smlar Systems ~n 
the Kyrghyz Republlc 

3 3 1 Asessment of the C~ty of Osh TES and Dlstr~ct Heat~ng System 

(a) Background and Plant Descnptlon 

The Osh TES and distrrct heatmg system began commercial operation m 1965-1969 The 
station is composed of five boilers and two turbme-generators Boilers No 1 to 3 are type 
BKZ-120-100 steam boilers and were manufactured by the Barnaul Boiler Company The 
last two boilers are hot water boilers, and are type PTVM-100 and KVGM-100 The model 
numbers for the turbmes and generators are PT-25-90/10/1 2, PR-25-90/10/0 9, and TVS-30 
respectively The table below shows the operating tune for these units as of January 1, 
1995 

The mam design fuel for the station was Kyrghyz domestic natural gas Mazut was designed 
as a secondary fuel The station stopped bumng natural gas m 1973 because the Kyrghyz 
Republic had exhausted its natural supply Presently, mazut #40 & #I00 is the only fuel that 
is used at the station The mazut bemg fired has a LHV of 9610 kcallkg 



a 
The BKZ-120-100 boilers are natural circulation, drum type with a radiant balance draft 
furnace The furnace has a shallow refractory lmed bottom part The boiler configuration is 
of the conventional two-pass type with a close-coupled convection vertical rear pass The 
boilers were designed to be fired with both natural gas and/or mazut The furnace is 
rectangular with the dunensions of 6336 mm wide and 4160 mm deep If has fully cooled 
carbon steel tubewalls whch are 60 mm OD x 4 mm h c k ,  and are on 64 mm centers The 
furnace and convective pass rooftubes are steam cooled with 38 mm OD x 4 mm h c k ,  and 
are on 45 mm centers The vertical furnace tubewalls as well as the hornontal rooftubes 
have a coldside refractory fill, an lnsulation layer, and a metal casmg The small bore 
downcomers are embedded m the vertical furnace tubewall lnsulation layer The boiler is top 
supported with the boiler drum bottom supported from the top roofraft The vertical wall are 
also refractory bnck lmed 

The furnace is front wall fired with three horizontal rows of four burners Ths  gives a total 
of twelve burners whch produce multi flame envelopes The burners are circular swrl type, 
with dual fuel (NG and mazut) firmg capability The superheater heatmg surfaces can be 
divided mto radiant and convective parts The radiant prunary superheater (SH) consists of a 
hornontal, fully drainable tubebank, positioned m the upper furnace The convective 
secondary and the f i s h g  superheaters are also hor~ontal, fully drainable tubebanks, 
positioned m the vertical rear pass The superheated steam final temperature control is 
performed by spray attemperabon Saturated steam from the drum is condensed by 
feedwater from the first stage economlzer water outlet m coil type condensers, and then 
mjected mto spraywater nozzles of the first and second stage attemperators 

The economlzer (three stages) consists of hor~ontal, fully dralnable tubebanks constructed 
with bare tubes m a staggered arrangement with water m upflow and fluegas m downflow 
All the econormzer stages are positioned m the vertical rear convection pass The tubular 
airheater is posiboned at the bottom of the vertical rear convective pass and is bottom 
supported at the ground elevation, with flyash hoppers underneath each pass It has three 
fluegas passes with the gas m the tubes, two passes with gas m downflow, one pass with gas 
m upflow, and combustion a r  m the three passes is m crossflow over the tubes The 
airheater has a staggered tube arrangement Cold end corrosion protection of the tubes on 
the final gas-pass is by hot air recirculation mto the FD fan suction side The differential 
thermal expansion of the boiler (downward) and the tubular airheater tubebanks (upward) is 
compensated for by a metal expansion jolnt, positioned at the exit of the vertical rear 
convective pass The heatmg surfaces cleanmg equipment consists of two shot-clean 
systems, one for the economlzer tubebanks and the final fluegas pass of the tubular arheater, 
the other for the first and second fluegas passes of the tubular airheater 

The draft plant consists of a slngle FD and ID fan for each boiler, with electric motor drive, 
and an Inlet radial vane control A gas recirculation fan for final steam temperature control 



with mazut firrng is installed on each boiler, with fluegas taken from the economizer gas side 
a 

between the first and second stage and injected through the furnace front wall above the top 
horizontal burner row All the draft plant as well as gas recirculation fans are radial flow 
centrifugal type 



3 3 2 Assessment of Steam Bollers and Thew Aumharles 

The followmg is the thermal performance of the BKZ 120-100 boilers with mazut f m g  

All three steam boilers have been m operation for an average of 150,000 hours, as of 
January 1, 1995 Thls large amount of operation tlrne has caused problems to occur The 
following is an assessment of the boilers at the station 

Parameter 

Mam Steam Flowrate 

Superheated Steam Pressure 

Superheated Steam Temperature 

Feedwater Temperature to Economizer 

Combustion Au Temperature to Alrheater 

Fluegas Temperature Leavmg Alrheater 

Boiler Efficiency (LHV Basis) 

Boiler Design Pressure 

Thtck Walled Pressure Parts 

SteamIWater Drums The Kyrghyzenergoremont Orgamzation routmely does 
ND testmg usmg magnetic particle and ultrasomc as well as visual 
examinations Presently no crack type fallures have been reported 

Un~ts 

tons/hour 

atmg 

"C 

"C 

"C 

"C 

% 

atmg 

S ~ r a v  Attem~erators Some desuperheater piplng has been replaced due to 
low frequency cyclic thermal stress variations and fatigue damage 

Design Value 

120 

100 

540 

215 

70 

150 

91 9 

108 

Fmshin9; Su~erheater Headers, Boiler S t o ~  & Safetv Valves Presently, 
m a 1  creep or fatigue damage has been found Some headers, safety 
valves, and boiler stopvalves have been replaced 

Economizer Inlet Headers Currently, no fatigue type damage has been 
reported 



Thzn Walled Pressure Parts 

Su~erheater Tubebanks High temperature corrosion attack as well as fatigue 
and creep type damage has been detected Replacement of several complete 
tubebanks was necessary 

Economizer Tubebanks Complete replacement is required on Boiler NQ 1 
Also, heavy damage due to gas side low temperature corrosion attacks have 
necessitated replacement of many tubes of all economlzer stages for all three 
boilers Thls pressure part component is one of the major causes of boiler 
shutdowns 

Tubular Airheater Tubebanks Heavy damage due to cold-end section low 
temperature corrosion attack and tube blockages (acid dew point corrosion) has 
been detected Tube blockages as well as low temperature corrosion damage 
has affected the intermediate tubebank also This boiler component is another 
major cause of boiler shutdowns 

nnng System 

Several of the swlrl burners on Boiler No 1 & 3, have been modified for dual fuel firmg 
capability The retro-fit was not successful, smce the new burners have flame pulsation 
operating problems 

Heatzng Suqaces Cleanzng Equzpment [shot cleanznd 

The shot return conveying system has been converted from a vacuum type to a pressurized 
one From this change the cleamng effectiveness has become unsatisfactory The system 
cannot prevent fouling type tube deposits on the superheater and economlzer tubebanks in the 
convective pass, as well as blockages of the alrheater tubebanks As a result, fluegas side 
draftlosses have increased and this, together with the unmeasured ambient air ingress mto the 
furnacelboiler, deleteriously affects ID fan performance 

Bozler Refractoq, Insuldzon, Laggzng, Caszng (BRILC) 

The original BRILC is deteriorating fast, due to long operatmg periods and the many 
pressure part replacement activities that required patchwork type repalrslreplacements 
Repair 1 replacement efforts are continuous, but due to the poor quality of materials and lack 
of skilled maintenance personnel, the unmeasured ambient alr mgress into the furnacelboiler 
is mcreasing with tlrne The BRILC deterioration is also resulting in cold side, low 
temperature corrosion attack on the furnace wall tubes 



m 
Parhculate Collectcon, SOX, NO, Emzsszon Control Equzpment 

No equipment mtalled on any of the three boilers 

Combustcon Azr/fZuegas Ductcng Systems and Draft Phnt 

Low temperature corrosion attack is the mam operatmg problem As previously mentioned, 
ID fan performance is affected by the mcreased fluegas side draftloss over the convective 
heatmg surfaces as well as by the unmeasured ambient alr ingress mto the 
furnace/boiler/fluegas duct system 

Instruments & Controls 

Hot combustion alr recirculation mto the FD fan suction for mamtamng an elevated alr 
temperature at the cold end of the tubular alrheater is to be made fully automatic I&C 
equipment is requlred to malntam the correct furnace draft, the correct combustion alr excess 
0, for efficient mazut firmg, to momtor boiler fluegas outlet alr pollutant emissions, to 
control mazut flrmg rate as a function of load demand, and to monitor superheater metal 
temperatures 

3 3 3 Assessment of Steam Turblne Generators and them Auxlllarles 

@ There are two (2) steam turbme generators (each rated at 25 MWJ m operation at the OSH 
TES Plant 

Both turbmes have a smgle cylmder whlch consists of a hlgh pressure (HP), mtermediate 
pressure (IP), and a low pressure (LP) section The steam from the steam generators is 
supplied to the steam chest through a stop valve The design mam steam pressure and 
temperature for these umts are 90 kg/cm2g and 535°C respectively These umts are the same 
type as Umts 1 and 2 at the Bishkek TES 1 

The origmal mtalled electrical capacity of the station was 50 MW, Currently, the station 
can produce a maxmurn of 43 MWE , thls is a 14% decrease m the design output The 
decrease m electrical output is due to the hlgh sulphur content m the mazut and the decreased 
steammg capacity of the boilers The electric power is transmitted from the plant vra 110 kV 
transmission lmes The power is then distributed through 6 kV, 35 kV, and 110 kV 
distribution lmes 

Both turbine generators at the Osh TES plant have been m operation m access of 149,000 
hours Because the steam bollers, turbmes and hlgh pressure steam pipmg are close to 
reachmg the end of its useful life, the TES plant should Institute a systematic equipment 
condition momtormg program to prevent accidents and to ensure safe operation of the plant 



The momtormg program should include ultrasomc and dry penetrant testlng to monltor the 
wall thickness and crack propagation of critical high pressure components including main 
steam pipmg elbows 

The most Important parts the conditions of which must be momtored are the thick walled 
pressure parts of boilers (superheater headers, the boiler drum, desuperheaters, etc ), 
turbmes HP shell, IP shell, nozzle block,steam chest, valves, etc ) as well as the main steam 
piping components The purpose of the momtormg is to avoid or mimlze  unplanned 
shutdowns due to equipment failure, to avoid potential accidents, and to be able to plan 
maintenance activities most effectively Predictive maintenance program (PDM) should also 
be instituted Ths  program includes equipment history, momtoring, analysis, scheduling, 
and documentation It also coordinates maintenance resources with operations The results 
target equipment mamtenance that could compromise performance or safety, prevent, 
excessive inspections and repairs, and has m i m u m  Impact on power and thermal energy 
production 

In order to accomplish all testing that is required, and to do it m an efficient way, it is 
necessary that the plant laboratory be equipped with modem western testing equipment It is 
recommended that the following equipment be procured by the plant 

Ultrasomc flaw detectors 
Ultrasonic thickness gages 
Magnetoscope 
Spectrum analyzer 
Portable microscope 
Hardness testers 
Boroscope 
Eddy current Inspection devices 
Thermographc Inspection Equipment 
Radiographic Equipment 
Equipment for Replication Method Realization 

3 3 4 Assessment of Osh D~str~ct Heatlng System 

The thermal output of the OSH TES station has not changed from its origmal installed 
capacity The current thermal output is 350 7 Gcallh, whch lncludes 150 7 Gcallh from 
turbme exhaust extractions Industrial steam customers are supplied steam at a pressure of 8 
kg/m2 and a temperature range of 250 to 300 "C The district heating system uses hot water 
and operates on a open loop The district heating hotwater system operates with a pressure 
of 8 kg/m2 and a temperature range of 150°C The district heatmg and industrial steam 
pipmg has a total length of 29 3 km The mdustrial steam lmes acount for 5 km of this total, 
and range in diameter from 219 to 426 mrn The other 24 3 km are distnct heatmg lines 



e 
with diameters from 328 to 712 mm The table below provides the diameters and length of 
the hot water lmes 

Other district heatmg components mclude 

Three mam district heatlng heaters, PSV-500-3-23 

One pealung heater, PSV-500-14-23 

Two vacuum deaerators, DSV-800 

Three condensate pumps 

SIX district heatmg pumps 

In 1985, the USSR Muustry of Energy had approved a plant expansion to be Implemented by 
1995 Th~s  expansion was needed due to an rncrease of the Osh city residential area whlch 
resulted m an mcrease m the heat demand It was decided to Install three steam boilers of 
the type E-160-14 (natural circulation, 160 tonslh steam output, 14 atmg final steam 
pressure) for Increased plant thermal output This would have mcreased the total heat output 
of the plant by 1 8 Million Gcal per year Construction of these boders was started The 
boiler house structure mam frame has been erected and the chunney foundation has been 
Installed In addition, some components of the boders are on the site However, further 
construction has stopped due to lack of financial support from the Kyrgyz government 



4.0 ELECTRICAL TRANSMISSION AND DISTRIBUTION SYSTEMS 

@ 4.1 Introduction 

Th~s secbon presents the results and findmgs from a study conducted to 1) evaluate the 
condibon of the exlstmg transrmssion and Qstnbubon system m Kyrgyzstan and 2) develop plans 
to improve the performance and rehabhty of the transrmssion and distnbubon system for a ten 
year p l m g  homon The transrmssion and Qstnbubon system consists of numerous pieces 
of electncal equipment and apparatus that are planned and designed to work together to provide 
rehble service to consumers The approved scope of the study mvolved assessments of the 
condibon of the fachbes servmg the city of Bishkek and a rural area that was viewed to be 
representatwe of other areas of the country The results of the study of the City and rural area 
provided the basis to extrapolate the findmgs to other parts of Kyrgyzstan 

The econormes of Kyrgyzstan and neighbomg countnes are m a state of transibon brought about 
by the collapse of the former Sovlet Umon Disrupbons m fuel supply, mdustnal plant closures, 
populabon rmgrabon and other changes have created a difficult environment m whch to plan 
improvements to the electncal transrmssion and distnbuhon system Many remforcement plans 
exlst that preceded the changes now takmg place m Kyrgyzstan and surroundmg regions The 
basic assumpbons underlymg plans mvolvmg extra-lugh voltage (220 kV and 500 kV) 
transrmssion fachbes have changed smce many plans for Kyrgyzstan and other countnes were 
developed without regard to nabonal pnonbes or boundmes The basic assumpbons underlymg 
plans mvolvlng lower voltage (1 10 kV and 35 kV) transrmssion systems and kstnbubon fackbes 
(6 kV or 10 kV) have also changed as the mtensity of loads at exlstmg manufactumg plants, @ residenbal areas and other fachbes dnvlng electncal demand evolve m the new economc 
enwonment 

The operabon, mamtenance and plammg of electnc power systems is a contmuous process 
Thls report presents the results of a study that rehed on mformahon that reflects the most recent 
operabon of h s  complex system In addibon, forecasts of the future demand were developed 
to assess the future performance of the system m view of the dramabc changes occurmg m the 
economy whch matenally affect the operation and performance of the power system The 
transrmssion mvestment program extracted from thls study consists of hgh pnonty 
improvements that are needed based on actual performance and the most current forecasts of 
future demands 

The forecasts of electncal demand provide the basis to d e t e m e  the adequacy or madequacy 
of the exlstmg power system fachbes to meet the expected demand Unhke generabon planrung 
whch depends on the forecasts of energy consumpbon and load charactensbcs over different 
load cycles, 1 e , penods of tune, transrmssion system planrung depends more on the forecasts 
of peak, i e , maxlmum demand, and the state of the generabon and transrmssion system, 1 e , 
fachbes that are m or out of s e m  regardless of cause of the outage Usually p l m g  cntena 
are estabhshed to judge the adequacy or madequacy of the expected transrmsslon system 
performance Such cntena would mclude loadmg cntena for transrmssion lmes and 
transformers under different operatmg condibons, thresholds of high or low substabon voltages 
that are judged to be acceptable or unacceptable and so forth Ideally the transrmssion system 



1s planned to provide margms to accommodate outages of transmssion and/or generabon 
fachbes These are not normal or ideal bmes The power system m Kyrgyzstan has suffered 
from a lack of spare parts, mtenance, capital and fuel supphes It is mstrucbve to review the 
actual pattems of energy consumpbon and the maxlmum demands, before discussing the 
condibon and operabon of the fachbes compnsmg the Kyrgyzstan power system 

4.2 Electnc Power Demand and Energy Forecasts 

Dumg the 1990s, there have been dramabc changes m the economy and the electrical 
requuements of the Kyrgyz Repubhc The break-up of the former Sovlet Umon had a 
monumental effect on the economy of Kyrgyzstan and all other newly mdependent countnes m 
this region The changmg econonuc base m turn affects the electnc requuements of all 
consumers m the repubhc There have been rapid changes m mdustnal producbon and electnc 
energy consumpbon Residential use of electncity for heatmg and coobg  has substan~ally 
mcreased thereby also affectmg the electnc requuements and pattems of consumpbon 

These changes wdl contmue to strongly mfluence the electncity requuements of the Kyrgyz 
Repubhc The unsettled nature of the economy and the rapidly changmg electncity consumpbon 
patterns render forecasts of electnc consumpbon and economc growth uncertam The followmg 
wdl discuss the economy, populabon, electnc energy consumpbon and peak demand for the 
Kyrgyz Repubhc 

4.2.1 Economy 

Employment Trends 1985-1994 

The transibon from a command economy to a market economy has been and wdl contmue to 
be a pmful process for the Kyrgyz Repubhc and other CIS countnes Industnes, whch are no 
longer subs idd  and protected by the Soviet Umon, must be able to survive m a more 
cornpetitwe market place The short-term effect has been dramabc job losses m the mdustnal 
sector, with other sectors of the economy being affected to a lesser degree 

As seen on Exh~bit 4 2 1 1, manufacturing employment has deched precipitously smce the 
Kyrgyz Repubhc declared its mdependence from the former Soviet Umon Between 1991 and 
1994, manufacturing employment deched from 332,800 workers to 24 1,200 workers, or an 
average annual rate of declme of 10 percent The manufacturing sector has been affected by 
Inadequate supphes, reduced markets and defense related plant closures (part~cularly withln the 
Bishkek area) For example, the c l o h g  and footwear mdustnes, whch account for about one- 
fourth of the manufactumg employment, have been severely affected by madequate mternal 
demand and compebbon from foreign producers In addibon, producbon m these mdustnes is 
affected by raw matenal supply problems, whch arose due to economc bes with CIS countnes 
bemg loosened as a result of the break-up of the Soviet Umon Payments for these goods and 
supphes are also bemg affected by currency exchange problems 
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"Other m a t e d  producbon" employment mcludes agriculture, forestry, transport, 
cornmumcabon, construcbon, trade and other types of acbvity mcluded m the matenal 
producbon sphere As seen on Exhlbit 4 2 12 ,  smce 1991 other matenal producbon 
employment has expenend years with mcreasmg employment and years of decreasmg 
employment, mth tlus pattern bemg largely dnven by changes m the agricultural sector 
Between 1991 and 1994, other matenal producbon employment showed a shght mcrease from 
973,000 m 1991 to 978,400 m 1994 or an average annual rate of mcrease of less than 1 percent 
The agrrculture porbon of tlus employment groupmg performed better than other sectors, mth 
it mcreasmg by more than 60,000 workers d m g  h s  penod Other sectors, such as * construcbon, have performed poorly d m g  tlus bme frame It would be expected that the 
number of construcbon projects would decrease without the resources of the Soviet Umon 
backmg them 
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"Non-matenal employment" mcludes health, athlebcs and social security, educabon, culture and 
art, science and science services, and other types of non-mated employment As depicted on 

@ 
Exh~bit 4 2 1 3, non-matenal employment has deched sharply smce 1992 as the Soviet Umon's 



subsidies for these largely social programs have ended Between 1991 and 1994, non-matenal 
producbon employment deched from 462,300 workers m 1991 to 425,800 workers m 1994, 
whlch reflects an average annual rate of deche of 3 percent The recent employment decreases 
m h s  sector are a sharp contrast to the steady mcreases experienced from 1985 through the 
break-up of the Soviet Uruon The Kyrgyz Repubhc does not have the resources to fully 
mmtam social programs without subsidnabon from the Soviet Umon 
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Total employment reflects the summabon of the three major categories discussed above As 
would be expected (See Exh~bit 4 2 1 4), there have been sharp decreases m total employment 
m the Kyrgyz Repubhc smce the declarabon of its Independence from the former Soviet Umon 
m 1991 Between 1991 and 1994, total employment decreased from 1,754,600 workers m 1991 
to 1,645,400 workers m 1994, whch represents an average annual rate of declme of 2 percent 
As menboned above, the transihon to a market economy has not been padess, with more than 
100,000 jobs or 6% of 1991 employment havmg been displaced There could be addibonal job 
losses as attempts are made to bulld a more efficient economic system 
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Employment Forecast 1995-2000 

@ There are several factors, m addibon to the break-up of the Soviet Urnon, that have slowed 
economc growth m the Kyrgyz Repubhc Some of the followmg factors may be mdlrectly bed 
to the break-up (1) matmal shortages and decreased demand for h s h e d  products have had 
adverse effects pnmanly on the mdustnal sector, (2) the techcal eqwpment used m producbon 
is obsolete and worn out, (3) hgh mflabon rates affect every facet of the economy and senously 
dampen mvestrnent acbmty, (4) there are lags m the enforcement of an acbve mdustnal pohcy 
and ehmmabon of non-profitable and meffecbve acbvitm, (5) engineers and other techcal 
experts have left the country, (6) there has been msufficient progress towards pnvatmbon, and 
finally (7) the current lack of compebbveness m some producbon of goods and services 

The government of the Kyrgyz Repubhc has developed plans m order to revitahe the country's 
economy There are essenbally two stages of economc and socd development planned They 
mvolve (1) macroeconomc stabihbon d m g  the 1994 through 1996 penod and (2) balanced 
economc development d m g  the 1997 through 2000 p l m g  penod 

Several pohcies have been idenbfied with implementabon strategies for the penod of 
macroeconomc stabhzabon There are plans to use budgetmg and tax pohcies to encourage 
development The agncultural mdustry, as well as other sectors of the economy, wdl become 
more market onented as pnces are allowed to more reflect a compebbve market 

Increased development is expected to posibvely affect foreign trade and payment balances 
There will be attempts to make mvestments m the Kyrgyz Repubhc more attracbve to foreign @ mvestors Plans to reform property ownershp wdl be developed to encourage mvestment m 
local projects With regard to pnvatuabon plans, the short-run and longer-run plans call for 
greater encouragement of small and medium s d  busmesses A mtal goal for the economy is 
to s t a b h  the rate of mflabon at an acceptable level, whch wdl benefit the standard of hvmg 
for the residents and promde some economc stabhty for local busmesses 

D m g  the second stage, the goals are more long-term m nature There 1s a d e s ~ e  to have a 
restrucmg of the economy so there wdl be stable economc growth m all sectors of the 
economy The government hopes to have a zero trade deficit by the turn of the century The 
expectabons are that by 2000, the economy wdl be mbrant enough to mse the standard of h w g  
for the general populabon 

The goals set forth for the remtalmbon of the Kyrgyz Repubhc are generally worthwlule They 
may be somewhat ambihous to acheve, however, m a relabvely short penod of bme There 
is some discussion of the Kyrgyz Repubhc becomg self-sufficient for many of its basic 
requirements Such a goal is understandable It may be more desmble for the Kyrgyz Repubhc 
and other CIS countnes to manage and take advantage of whatever comparabve advantage each 
country has m producmg goods For example, the Kyrgyz Repubhc, whch has a comparabve 
advantage (currently a surplus) m the generabon of electncity, should generate electncity not 
only to meet its mternal needs, but also to sell to neighbonng (debtor) countnes Lkewise, a 
neighbomg country may have a comparabve advantage m producmg other goods that it can 
trade wlth the Kyrgyz Repubhc Due m part to the fact that the Repubhc is land-locked, it 



would be expected that the pnmary tradmg partners for the Kyrgyz Repubhc WIU be other CIS 
countnes, wth some possib&bes for mcreased trade with Palustan, Indla and Chma 

The plans for expandmg the agncultural and mdustnal sectors are mtertwmed, as much of the 
planned mdustnal expansion wdl requue mcreased agrrcultural expansion For example, the 
planned expansion of cigarette producbon will rely on mcreased producbon of locally grown 
tobacco The tobacco mdustry will supply local needs and 1s expected to also become an export 
good Other agncultural producbon is expected to be expanded to meet local needs of 
manufactured products, such as, sugar beets for sugar, and other crops to produce vegetable od 

The clothmg and footwear mdustnes have been adversely affected by madequate supphes of raw 
matmals In response to thls, there are plans to expand the cotton f a m g  and budd fur and 
leather factom dumg the 1994 through 1996 penod There are also plans to expand mto the 
woolen and sdk mdustnes, whch would requue acquisibon of slulls associated with sdk worm 
culbvabon 

Industnal development is bemg explored m the area of electro-mechatllcal and electromc 
mdustnes There is a desue to enter mto the producbon of poly- and mono-crystal shcon 
Along those h e s  there are plans to construct and commssion a mcro-cucuit plant Other areas 
of development to be considered mclude the producbon of electromc devices for energy, 
commumcabons, machme bulldmg, agriculture and other branches of mdustry 

In the fuel, energy and mmmg mdustnes, there are plans for expansion of these sectors The 
government has plans for mcreased hydro energy producbon with the complebon of hydro power 
plants, whlch may produce enough power to serve not only the needs of the Kyrgyz Repubhc, 
but also allow for exports to neighbomg countnes There is also a desue to expand coal m m g  
and find oil reserves m order to be self-sufficient m energy producbon The Repubhc will, 
however, contmue to be a net energy importer for the foreseeable future Foreign mvestors have 
expressed interest and made commtments to develop the mmes for the producbon of gold, tm 
and u m u m  

With all of these programs taken mto considerabon, the forecast developed for Bums and Roe 
(See Exhibit 4 2 1 5) mdicates that manufactumg employment will nse from 241,200 workers 
m 1994 to 310,000 workers m 2000, whch reflects an average annual growth rate of over 4 
percent per year It should be noted that thls forecast suggested the 1994 employment would 
slnk to 204,000 workers, whch would result m a much hlgher growth rate m the forecast 
These forecasts are ambibous and depend on sigmficant foreign mvestment, whlch may not be 
forthcomng 



Exlubit 4 2 1 5 
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Other plans are expected to mfluence other ma ted  producbon employment As menboned 
above, there are plans to expand producbon m the agncultural mdustry, mcludmg cotton, 
tobacco, sugar beets, od b a g  plants, and other vegetables and fruits The sheep and cattle 
mdustnes are important as they provlde meat, along with wool and leather for mdustnal uses 
The agncultural mdustry has the largest share of h s  sector's employment and wdl play a vital 
role m the future development of the Kyrgyz Repubhc 

The construcbon mdustry will depend largely on the amount of financmg that can be attamed 
to construct new plants m the Repubhc Another area of potenbal development is tounst trade, (I) wluch would take advantage of the scemc beauty m ths region M o u n t .  chmbmg, skmg, 
whtewater rafbng, huntmg and fishmg are just a few of the leisure acbvibes rrpe for 
development to attract foreigners to the natural wonders avadable m h s  rugged country With 
respect to mcreased tounst trade, it must be evaluated whether there are adequate mcenbves for 
tounsts to travel to the country and whether the travel mfrastructure and accommodabons are 
adequate 

As depicted m -bit 4 2 1 6, the forecast projects that other matenal employment wdl deche 
at an average annual rate of 6 percent over the 1994 through 2000 forecast penod The 
agncultural sector is projected to see employment growth dumg ths penod, as producbon 1s 
expanded to meet the needs of expanded manufactwg acbwty and to better meet the lnternal 
needs of the populace Lkewse, the construcbon mdustry is expected to see some recovery, 
as buddmg acbvity mcreases m response to an expected mcrease m mdustnal acbvity The other 
producbve employment, whch mcludes trade and other commercial acbvity, is projected to 
decrease dramabcally dumg ths penod, whch seems somewhat counter-mtuihve As the 
country moves more towards a market dnven economy, it would be expected that trade and 
servlce employment would also mcrease In addibon, the projected mcreases m manufactumg 
and agncultural acbvity would also spur more acbvity m the commercial sectors 
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No drarnabc changes m the non-matenal employment sector are expected Government 
employment is expected to decrease as it becomes more efficient and loses responsibhbes 
through pnvatmbon ltubabves throughout the country The health needs wdl contmue to be 
met, with httle change m employment expected Educabon, especially at the undergraduate and 
graduate level, WIU be emphasized to ensure there is adequate techcal capablllty for the country 
to move forward In addibon, the greater need for techcally trmed mdiwduals 1s Influenced 
by the emgrabon of such people after the break-up of the Soviet Umon As shown on Exlubit 
4 2 1 7, non-mated employment is expected to deche slowly over the forecast perrod 
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T a h g  all of the factors mto considerabon, total employment is projected to decrease slowly 
over the forecast penod (See -bit 4 2 1 8) It 1s appropnate to expect some stabhzabon of 
employment over the forecast penod However, the total employment forecast may be somewhat 
conservabve, with some growth m total employment over th~s perrod also a distmct possibility 
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Populahon Trends 1985-1995 

On January 1, 1995 populabon for the Kyrgyz Repubhc was 4,483,400, with 1,574,500 (or 35 
percent) bemg urban residents and 2,908,900 hvmg m rural areas Between 1980 and 1990, 
populabon Increased at an average annual rate of 2 percent The rate of populabon growth 
slowed to about one-half of a percent per year between 1990 and 1995, as there was sigmficant 
out-rmgrabon after the Repubhc declared Independence These changes are shown on Exh~bit a 4 2 2 1  
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The Northern region of the Kyrgyz Repubhc had a populahon of 2,241,300 on January 1, 1995 
The Northern region mcludes Bishkek city, Chu, Issyk-Kul, Naryn, and Talas oblasts Urban 
residents account for approximately 44 percent of populabon m these districts As shown on 
Exh~bit 4 2 2 2, between 1990 and 1995, populabon deched by nearly 60,000 people, with h s  

a area expenencmg out-rmgrabon m the wake of the break-up of the Soviet Umon 



The Southern region, whlch is comprised of the Osh and Jalal Abad oblasts, had a populabon 
of 2,242,100 on January 1, 1995 m s  region is less urbanized than the Northern region, with 
only 26 percents of the people bemg classified as urban dwellers As depicted on Exhibit 
4 2 2 3, ths  region had a populabon mcrease of approximately 180,000 between 1990 and 1995 
In contrast to the Northern region, there has not been significant out-rmgrabon from the 
Southern region 
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On January 1, 1995, Bishkek city and Chu oblast had populabons of 599,500 and 750,600, 
respecbvely Bishkek is very urbmzed, with over 99 percent of the populabon bemg classified 
as urban By contrast, the Chu oblast had only 24 percent of its populabon hsted as urban 
dwellers However, the two hstrrcts have expenenced s i d a r  populabon dechnes smce 1990, 
with both distrrcts' populabon dechng  at an average annual rate of 1 percent per year Both 
districts have expenenced sigmficant out-rmgrabon dumg ths penod Graphcal depicixons of 
the changes expenenced by Bishkek and Chu Qstncts are provided m Exhrbits 4 2 2 4 and 
4 2 2 5, respecbvely 
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KYRGYZ REPUBLIC CHU DISTRICT 
POPULATION 
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KYRGYZ REPUBLIC BISHKEK DISTRICT 
POPULATION 

Populatwn Forecast 1995-2000 
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The populabon forecast developed for Burns and Roe and presented m Exh~bit 4 2 2 6 projects 
that populabon wdl deche  slowly over the forecast penod, as out-mgrahon and deaths out pace 
buths and m-mgrabon It should be noted that th~s forecast may be somewhat conservabve, 
slnce actual populabon esbmates for 1995 are lugher than projected m the forecast 
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KYRGYZ REPUBLIC 
HISTORICAL AND FORECAST POPULATION 
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As shown on Exhlbit 4 2 2 7, populabon m the Northern region is projected to declme to 
1,935,000 people by the year 2000 However, it may not deche as rapidly as th~s projecbon 
portrays, because the forecast for 1995 overstated the deche m populabon m these districts 
The Southern region is projected to mcrease to 2,305,000 by the year 2000 (See Exhibit 
4 2 2 8), with h s  bemg a somewhat conservabve forecast as populabon grew faster than 
expected m 1995 
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KYRGYZ REPUBLIC - SOUTHERN DISTRICTS 
ACTUAL AND FORECAST POPULATION 

V] 
2 350 - 

YEAR 

Exlubits 4 2 2 9 and 4 2 2 10 provide the populabon forecasts for the Bishkek and Chu &stncts, 
respecbvely Bishkek's populabon is projected to de-clme to 461,000 by the 2000, wide Chu's 
populabon is forecast to drop to 597,000 over the same penod These forecasts appear to 
portray too great of a declme m hght of the 1995 experience, whch showed populabon levehg 
off somewhat m these districts 
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Exhlblt 4 2 2 10 
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4 2.3 Electnc Energy Consumpt~on 

Electnc Energy Consumphon Trends 1973-1 994 

Residenbal or populabon electnc energy consumpbon, whch is depicted m Exh~bit 4 2 3 1, has 
grown rapidly slnce 1973 Between 1973 and 1990, energy consumpbon by households 
mcreased at an average annual rate of 6 9 percent Over the 1991 through 1994 penod, the 
average annual growth rate of consumpbon mcreased to 29 5 percent, with accelerabon m rates 
of consumpbon bemg attributed to the mcreased usage of electricity as a source for home heatmg 
and coolang Many of the urban residents have typically rehed on hot water for heatmg, but 
thls consumpbon pattern is changmg rapidly There has also been mcreased electnficabon m 
the rural areas of the country l k s  mcreased consumpbon by the residenbal sector wdl have 
a very distmct effect on the seasonal demands for the Kyrgyz Repubhc and the electnc 
distnbubon compames w i t h  it To better appreciate the rapid growth m residenbal electnc 
energy consumpbon, consider that m 1990 it was the smallest consummg sector and compnsed 
14 5% of total electnc energy consumpbon m the repubhc By 1994, it was the largest 
consummg sector and compnsed 40 3% of total consumpbon 
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Exhibit 4 2 3 2 shows the hstorical electric energy consumption pattern for those parts of the 
economy mcluded m other sectors, such as government facilities, schools, banks and so forth 
herem defined as "other" or "commercial" accounts Between 1973 and 1990, electric 
consumption m this category mcreased at an average annual rate of 5 3 percent Between 1991 
and 1994, however, the consumption declmed at an average annual rate of 1 7 percent per year, 
whch reflects the effects of the economc upheaval that is bemg experienced durlng the transition 
period towards a market driven economy 

The electnc energy consumption by the agricultural sector m the Kyrgyz Republlc for the years 
1973 through 1994 are depicted on Exhibit 4 2 3 3 Between 1973 and 1990, electric energy 
consumption increased at an average annual rate of 9 3 percent, with mdustries in this sector 
playmg a vital role m the Kyrgyz economy When the economy slowed durmg the lnltial stages 
of the period of transition to a market economy, the electric energy consumption by the 
agricultural sector decreased at an average annual rate of 8 4 percent 
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energy consumpbon by the mdustnal sector for the perrod 1973 through 1994 is 
E d b i t  4 2 3 4 Between 1973 and 1990, mdustnal electnc energy consumphon 
an average annual rate of 3 6 percent The mdusmal producbon dumg tlus penod 

controlled by the Soviet Uruon and some mefficient plants were allowed to operate The 
local mefficient mdustnes lost then federal government subsidies when Kyrgyzstan declared its 
mdependence from the Soviet Umon In addihon, the currency exchange problems and 
dimshed need for defense related plants, as well as other factors descnbed above, all 
combmed to adversely affect the mdustnal sector Between 1991 and 1994, mdustnal electnc 
energy consumpbon decreased at an average annual rate of 16 7 percent Sharp drops m 
consumpbon were expenenced m the d t a q  machme bulldmg and electro-technology machme 
bulldmg mdustnes whch saw electnc energy consumpbon decrease by 41 percent and 35 
percent, respecbvely, between 1990 and 1992 
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As shown on Exhibit 4 2 3 5, the total elecmc energy consumpbon m the Kyrgyz Repubhc 
mcreased at an average annual rate of 5 3 percent between 1973 and 1990 As previously 
discussed, sustamed growth m electnc energy consumpbon dumg the 1973 to 1990 penod was 
expenenced m all sectors of the economy Dumg the transibon penocl since mdependence 
(1991 to 1994), growth m total consumpbon decreased at a rate of 1 2 percent per year, with 
large decreases m the mdustnd and agricultural sectors more than offsettmg the substanual gams 
expenenced m the residenbal sector 
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Electric Energy Consumphon Forecast 1995-2005 

The origlnal forecast of residential electric energy consumptron developed for Burns and Roe, was 
reduced to reflect slower growth for the first slmonths of 1995 The growth m residential electric 
energy consumption is expected to slow to 2 1 percent per year, which is much slower than 
experienced durmg the 1991 through 1994 period There are forecasted Increases in residential 
consumption in spite of a projected decrease in population over the same forecast period The 
forecast reduction m the rate of rncrease m consumption reflect lrnprovements in district heating @ systems and mcreased availability of fuels 

Exhibit 4 2 3 6 

Depicted on Exhrbit 4 2 3 7 is the forecast of commercial electric energy consumption in the 
Kyrgyz Republic During the 1995 through 2005 forecast period, commercial electric energy 
consumption is projected to increase at an average annual rate of 4 4 percent This forecasted 
growth is stronger than was experienced during the lmtial years of the transition period to a 
market economy, but weaker than the historical rate experienced prior to Independence This 
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may be a conservative forecast, if the industrial and agricultural sectors of the economy expand 
as projected 

Exhibit 4 2 3 7 

The forecast of agricultural electric energy consumption is provided on Exhlbit 4 2 3 8 
Agricultural electric energy consumption is projected to Increase at an average annual rate of 4 4 
percent, which reflects a rebound from the recent decllnes experienced in this sector 
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Shown on Exhibit 4 2 3 9 is the forecast of industrial electric energy consumption which was 
prepared for Burns and Roe During the 1995 through 2005 period, industrial consumption is 
projected to increase at an average annual rate of 2 5 percent However, there is slow growth 
expected in the near term, followed by a more robust expansion after the turn of the century The 
forecast provides a defmtive reversal of fortunes for th~s  sector of the economy The industrial 
forecast may be optlrnistic, as the industrial expansion requires many factors to fall Into place 
including a great deal of foreign investment 
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Exhlblt 4 2 3 9 
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The total electnc energy consumpbon forecast developed for Burns and Roe is shown on Exh~bit 
4 2 3 10 Between 1995 and 2005, total consumpbon is projected to grow at an average annual 
rate of 2 3 percent 

Exhlblt 4 2 3 10 
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A tabular presentabon of hstoncal and forecast electnc energy consumpbon is provided on 
Exlubit 4 2 3 11 

Reasonableness of the Consumpfron Forecast 

As a way to evaluate the forecast of electnc energy wnsumpbon, an altername set of forecasts 
developed by Harza Engmeering Company (Harm) was attamed and compared with the forecast 
developed for Burns and Roe The compmsons of electnc energy consumpbon forecasts by 
sector are provided on Exlubit 4 2 3 12 



Exh~bit 4 2 3 I 1  
Energy (Mllllons of KWH) Consumption by Sector 

for the Kyrgyz Republ~c 1973 2006 

Growth Growth Growth Growth 
Year Residentla1 Rate Commerc~al Rate Agricultural Rate lndustr~al Rate Total 

Growth 
Rate 

Actual 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Forecast 
1995 3 500 
1996 3 650 
1997 3 700 
1998 3 800 
1999 3 875 
2000 3 950 
2001 4 000 
2002 4 050 
2003 4 132 
2004 4 215 
2005 4 300 

Average Annual Growth Rate 
1973 94 10 9 
1973 90 6 9 
1991 94 29 5 
1995 2005 2 1 

Data Sources H a m  Eng~neering Company Evaluation of the HydmelecMc Development Program of Kyrgyzstan November 1993 and data collected and forecast for 
Bums and Roe Company 



Exhiblt 4 2 3 12 
Kyrgyz Republlc 

Comparison of Historical and Forecast Energy Consumption 

Harza Harza Harza 
Year Hlstorlcal Low Moderate Hlgh 

Residential Electric Energy Consumption* 
Actual 

1980 499 
1985 783 

Igg0 1994 3.1 b S 
Forecast 

1995 2 920 3 900 2 970 
2000 4 300 5 200 5 730 

Commercial Electrlc Energy Consumpt~on 
Actual 

1980 753 
1985 878 
1990 1 137 
1994 1,114 

Forecast 
1995 1 200 1 350 1 370 
2000 1 390 1 700 1 750 

Agricultural Electric Energy Consumpt~on 
Actual 

1980 1 045 
1985 1 591 
1990 1 913 
1994 1,526 

Forecast 
1995 1 400 I 680 1 870 
2000 1 800 2 250 2 750 

lndustr~al Electric Energy Consumpt~on 
Actual 

1980 2 632 
1985 2 960 
1990 3 482 
1994 2,031 

Forecast 
1995 1 800 2 220 3 350 
2000 2 100 2 600 4 400 

Bums 
& Roe 

Total Electric Energy Consumption 
Actual 

1980 4 929 
1985 6212 
1990 7 643 
1994 7,830 

Forecast 
1995 7 320 9 150 10 070 7 800 
2000 9 590 11 750 15 000 9 000 

Data Sources Harza Engrneerlng Company Evaluation of the Hydroelectric 
Development Program of Kyrgyzstan" November 1993 and Data 
Collected and Forecast for Burns and Roe Company 

Note T h e  apparent inconsistency of Hana's 1995 residential moderate forecast 
belng greater than Harza's 1995 residential high forecast is as ~t was 
printed In Harza's Final Report 



The residential electric energy consumption forecast developed for Burns and Roe projects a level 
of consumption of 3,950 mllion kWH in the year 2000 The Harza low, moderate and high 
forecasts for the same year are 4,300 mllion kWH, 5,200 mllion kWH and 5,730 mllion kWH, 
respectively The Burns and Roe forecast, which was developed after the Harza forecast was 
reported, is below Harza's low forecast 

The Burns and Roe commercial electric energy consumption forecast expects consumption to be 
1,375 million kWH in the year 2000 Harza's low, moderate and high forecasts for 2000 are 
1,390 million kWH, 1,680 million kWH and 1,750 million kWH, respectively As with the 
residential sector, the commercial forecast is below the low forecast developed by Harza 

Burns and Roe's agricultural electric energy consumption forecast for the year 2000 is 1,375 
million kWH The low, moderate and high forecasts developed by Harza for the agricultural 
sector are 1,800 mllion kWH, 2,250 mllion kWH and 2,750 mllion kWH, respectively Slrmlar 
to the residential and commercial sectors, the Burns and Roe forecast falls below Harza's low 
forecast 

The industrial electric energy consumption forecast developed for Burns and Roe projects 
consumption to be 2,300 million kWH in the year 2000 Harza's low, moderate and high 
forecasts project industrial consumption in 2000 to be 2,100 million kWH, 2,600 million kWH 
and 4,400 rmllion kWH, respectively Contrary to the other sectors, the Burns and Roe forecast 
falls between Harza's low and moderate forecasts 

Burns and Roe's total electric energy consumption forecast projects that consumption will be 
9,000 million kWH in the year 2000 The Harza forecast for the year 2000 expects total 
consumption for the low, moderate and hgh scenarios will be 9,590 rmllion kWH, 11,750 million 
kWH and 15,000 rmllion kWH, respectively As would be expected, the total forecast is below 
Harza's low forecast Ths  pattern suggests the Burns and Roe forecast is not overly optunistic, 
in fact, it may be considered very conservative However, another factor should also be 
considered Ths  forecast could reflect a softemng of the outlook for the Kyrgyz Republic during 
the interval between development of the two sets of forecasts, 1 e , the economic and energy 
outlook could have worsened during the intervemng tune period 

4 2 4 Peak Demand 

Peak Demand Trends 1989-1995 

The Kyrgyz power system is historically a wlnter p e a h g  system The shftmg patterns of energy 
consumption, unavailability of fossil fuels for power plant and heat only boilers, and unreliability 
of district heatlng systems have resulted m driving the winter maxlrnum demands to levels much 
greater than summer demands The diversity between the wlnter peak and summer peak demand 
m 1994 approached a factor of two Ths from past experience (prior to 1991) when the diversity 
between wmter and summer peak loads was m the range of 25 to 35 percent is expected to reverse 
itself if fuel becomes available and facilities are rehabilitated 



The transrmssion system m Kyrgyzstan is most heavlly stressed m the wmter perrod due to the 
substanbally larger loads expenenced m wmter The followmg secbons present peak load data 
expenenced m the Repubhc and the regional transmssion companies m the penod January 1, 
1989 to May 3 1, 1995 It is ready apparent from thls data that the loadmgs on the transmssion 
and distnbubon system have sigmficantly mcreased m the wmter months For this reason, the 
power flow stuhes conducted to slmulate and evaluate the expected performance of the 
transmssion system m Kyrgyzstan modeled projected wmter peak condibons for wmters 
1997/98, 2000/01 and 2005/06 

-bit 4 2 4 1 presents a companson of average monthly peak demands for the Kyrgyz 
Repubhc for the 1989 through 1991 and January 1993 through May 1995 p e d s  These two 
penods were selected m order to see what monthly changes have occurred smce the Kyrgyz 
Repubhc's mdependence from the Sowet Umon Dumg ttus perrod two trends have emerged, 
the wmter months are havlng much hgher peaks, whde the summer months are expenencmg 
somewhat lower peaks Tlus pattern of change reflects the mcreased utdmbon of electzlcity for 
heatmg and cookmg by households and the decreased demand by mdustrial consumers These 
data also provide evidence that the load is wmter cnbcal and becommg more so over brne 

E h b i t  4 2 4 1 
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The foregomg chart demonstrates graphcally the mcrease m wmter peak demands for the entne 
Repubhc S i d a r  graphs for each of the regional transrmssion compatues, and for the Northern 
and Southern regions are provided m Appendm A A renew of those graphs wfl reveal a 
s i d a r  trend has emerged m every regional company Smce the Bishkek and Chu Compatues 
were the pmcipal focus of the detaded transmssion study, the graphs for those areas are 
described below 

Average monthly peak demands for the Bishkek Electnc Network for the years 1989 through 
1991 and the penod January 1993 through May 1995 are shown on E h b i t  4 2 4 2 Tlus area 
has not seen mcreases m peak demand m the wlnter months as sharp as was hscussed above 
The summer months e h b i t  a sharper decrease m peak demand Tlus pattern reflects the 
mdustnal losses m ttus area, p ~ c u l & l y  m defense related producbon It should be noted that 

a 



peak demands for the Bishkek Electrrc Network are not comcident with the peak demand for the 
country as a whole 

Exhlblt 4 2 4 2 

Exhibit 4 2 4 3 depicts average monthly peak demands for the Chu Electrrc Company for the 
years 1989 through 1991 and the penod January 1993 through May 1995 Th~s region too has 
experienced the g m s  m wmter months seen m other regions Dumg the summer months there 
has been less loss m load than was expenenced m Bishkek Electrrc Network These patterns 
of change are for the same reasons discussed above As with the Bishkek Electnc Network, the 
peak demand for the Chu Electrrc Company are not comcident with the peak demand for the 
Repubhc as a whole 
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The recent trend of greatly mcreased wlnter demands, ambutable to the problems of madequate 
fuel supply, unrehabhty of distrrct heatmg systems and mcreased use of electrrcity for heatmg 
and coohg  is further demonstrated by ex-g the maxlmum demands expenenced m 
January The month of January was selected simply to represent a typical wlnter month 
Similar trends can be estabhshed for the months of December, February and March 



The Kyrgyz Repubhc's January peak demand for the years 1989 through 1995 are presented on 
Exhlbit 4 2 4 4 In January 1995, the peak demand for the country as a whole was 2,280 MW * Between 1991 and 1995, the January peak demand grew at an average annual rate of 7 7 
percent, wth h s  growth bemg largely due to mcreased resldenid usage, whch more than 
offset &mushed mdustnal usage 

Exhlblt 4 2 4 4 
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January peak demands for the Bishkek Electnc Network for the years 1989 through 1995 are 
shown on Exlubit 4 2 4 5 In January 1995, the peak demand for the Bishkek Electnc Network 
was 390 MW Between 1991 and 1995, January peak demands grew at an average annual rate 
of 3 7 percent ' h s  rate of growth is less than one-half of that e x p e n d  by the country as 
a whole and reflects the drag of decreased mdustnal consumpbon m h s  area Electnc heatmg 
is rapidly replacmg hot water heat m Bishkek and provlded more than enough growth to offset 
the mdustnal losses 

Exhlblt 4 2 4 5 

January peak demands for the Chu Electnc Company for the years 1989 through 1995 are shown 
on Exlubit 4 2 4 6 The Chu Electnc Company's peak demand m January 1995 was 377 MW 
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Between 1991 and 1995, January peak demand grew at an average annual rate of 4 8 percent, 
whch is slower than the whole country, but faster than the Bishkek Electric Network As with 
the Bishkek Electrrc Network, this relabvely slower rate of growth reflects the effects of 
 shed mdustnal producbon m the region 

e 

The declme m summer loads is more vaned among the regional electnc compames whch is 
reflecbve of the degree of mdustnalmbon of those areas Rural areas prommently having a 
hgh concentrabon of agricultural and populabon loads have not expenenced as large a drop m 
demand as Bishkek whch had a large lndustnal base The followmg exarmnes the trend m 
summer loads expenenced m the Repubhc and the Bishkek and Chu Compatues for the 1989- 
1995 penod The summer month of August was selected simply to Illustrate th~s  experience 

A sirmlar pattern can be discerned from a review of other summer months 

KYRGYZ REPUBLIC CHU DISTRICT 
JANUARY PEAK DEMAND 

Exh~bit 4 2 4 7 depicts August peak demand for the Kyrgyz Repubhc for the years 1989 through 
1994 In August 1994, the Repubhc's peak demand was 1,072 MW Between 1991 and 1994, 
the August peak demand decreased at an average annual rate of 4 3 percent, whch reflects 
decreased mdustnal demand for electrrc service 
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Exlubit 4 2 4 8 shows the August peak demands for the Bishkek Electnc Network for the penod 
1989 through 1994 The peak demand for Bishkek Electslc Network m August 1994 was 108 
MW August peak demand decreased at an average annual rate of 16 7 percent, whch, as 
menboned above, reflects reducbons m lndustnal productron m the city 

August peak demands for the Chu Electnc Company for the years 1989 through 1994 are 
depicted on Exlubit 4 2 4 9 In August 1994, the Chu Electslc Company's peak demand was 
243 MW August peak demand decreased at a rate of 2 7 percent per year over the 1991 
through 1994 penod Thls rate of deche  is much slower than for the Bishkek Electnc Network 
and suggests that the Chu area has not been as adversely affected by mdushlal contracbons 
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Appendlx A prowdes, m tabular form, monthly peak demands for the Kyrgyz Repubhc, 
Northern and Southern regions, and all Qstnbubon compmes for the penod January 1989 
through May 1995 Addibonally, Appendlx A contams graphs of the monthly peak demand for 
each region It should be noted the Northern and Southern regional demands are comcident with 
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the maximum demand in the Republic The individual company demands are non-coincident, 
therefore, the sum of the regional company demands may not add to the regional subtotals 
appearing in the tables 

The pattern of change in monthly demands discussed above has Important mplications for 
expected future growth and for planrung transmission and distribution facilities Based on the 
energy consumption forecast and patterns of growth experienced over recent years, it appears that 
wmter peak demand is becommg more critical and that residential consumers will have a greater 
effect on the W n g  and rnagrutude of wmter loads Therefore, facility planmg studies will need 
to be directed towards areas with concentration of residential consumers, rather than where 
industry is located Facilities can be planned and developed as new manufacturing plants are 
constructed until the growth of the winter peak subsides It appears the overriding concern for 
system planners will be desiglung a system that can meet the rapidly increasing residential load 

Wznter Peak Demand Forecasts 

The wmter peak demand forecast for the Kyrgyz Republic is shown on Exlubit 4 2 4 10, with the 
peak demand for the winter season reflecting the maxmum electric demand for the months of 
January and February of the current year and December of the preceding year Between the 
wmter of 1988189 and the wmter of 1994195, peak demand grew at an average annual rate of 6 5 
percent, with this rate of growth reflectmg the increased usage of electricity by the residential 
sector m the wmter months m the republic The trend forecast projects that winter peak demand 
will grow at an average annual rate of 3 8 percent between the winters of 1994195 and 2004105, 
with the expansion of residential electricity usage growing at a slower pace The trend forecast 
reflects an analysis of the trend m growth of wmter peak demand over the past seven winters and 
does not incorporate other factors that may influence peak demand growth, such as, weather 
extremes, economic growth, population changes, consumer choice changes, and government 
energy use policies An analysis for the wmter season is presented because, as discussed above, 
this is the critical season for planners of transmission and distribution facilities 

Exhlblt 4 2 4 10 
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The wmter peak demand forecast for the Bishkek area of the Kyrgyz Repubhc is presented on 
Exhibit 4 2 4 11 Between the wmter of 1988/89 and the wmter of 1994/95, peak demand grew 
at an average annual rate of 4 8 percent, whch is slower than the rate experienced by the 
repubhc and reflects mdustrral produchon losses m ths region The trend forecast projects that 
wmter peak demand wdl grow at an average annual rate of 3 1 percent between the wmters of 
1994/95 and 2004/05 

KYRGYZ REPUBLIC BISHKEK REGION 
WINTER PEAK DEMAND 

600 

550 

2 5 0 0  
4: 
5 4 5 0  

&oo 

350 

300 

YEAR 

Depicted on Exh~bit 4 2 4 12 is the m t e r  peak demand forecast for the Chu area of the Kyrgyz 
Repubhc Wmter peak demand grew at an average annual rate of 2 9 percent between the 
wmters of 1988/89 and 1994/95 The trend forecast projects that between the wmter of 1994/95 
and the wmter of 2004/05, wlnter peak demand WLU grow at an average annual rate of 3 1 
percent, whlch reflects the more recent trends m the growth of wmter peak demand m thls 
region 
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4 3 

The 

Description of Kyrgyzstan Power Supply System 

geography of Kyrgyzstan has resulted in the development of a bulk power supply system 
comprised of two parts The Northern Kyrgyzstan bulk power supply system provldes electric 
service to the northern regions of Chu, Issyk-Kul, Naryn, Kemin, Talas (partial) and the capital 
city of Bishkek The Southern bulk energy system provides electric service to the Osh and Jalal 
Abad regions 

As described more fully m the next section, the Installed generatmg capacity m the Northern area 
totals approximately 667 MW, which is concentrated in the 558 MW (609 MW nameplate) 
Bishkek TES 1 thermal plant The fuel supply problems experienced at that plant have severely 
lmited the operation and electrical output from the plant The increase in raw fuel prices, fuel 
transportation costs and the inability of the Kyrgyz National Energy Holdmg Company to recover 
such costs from consumers has greatly reduced the heat energy and electric energy production 
from this combined heat and power plant To illustrate thls point, the electricity production at the 
Bishkek TES 1 plant has declined from a level of 3 96 TWH in 1990 to a level of 1 05 TWH in 
1994 The max~murn dependable capacity at the plant durmg periods of maxunurn demand is now 
on the order of 250 to 280 MW because of the temporary fuel shortages 

The reduced availability of generation at the Bishkek TES 1 plant and the rapid mcrease m electric 
loads in the Northern region has resulted in an increased reliance of the Northern region on the 
transmission system The maxmum demand in the Northern region was 1254 MW in winter 
1992, 1393 MW m wmter 1993, and 1471 MW m wmter 1994 The growrng unbalance between 
Installed (and operable) generatmg capacity m the north and peak demands is placing great stress 
on the 500, 220 and 110 kV transmission system The following chart illustrates the growing 
imbalance between Northern demands and installed generating capacity 

NORTHERN DEMAND AND SUPPLY BALANCE 
WINTERS 1002 l o03  AND is04 
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The transmission system provides the means to balance generation and demand m the north The 
500 kV and 220 kV transmission system is relied upon to transfer power and energy from the 
hydroelectric plants remotely located m the southern part of the country 



The sigmficance of the Bishkek TES 1 plant m meetmg the Northern region loads, based on 1994 
wmter demand, is illustrated m the followmg chart, assummg operation at full output of 558 MW 
and reduced output of approximately 280 MW 

NORTHERN DEMAND AND SUPPLY BALANCE 
e r r e m  o r  RCDUCCD a l a n * e r  P U N T  OUTPUT 

The foregoing chart clearly demonstrates the increased burden on the transmission system 
resultmg from reduced operation of the Bishkek TES 1 plant As discussed in later sections, the 
recent trends m load growth and reduced operation of the Bishkek plant are unsustalnable because 
of limitations in the capacity of the internal and regional transmssion system Already many 
northern 220 kV, 110 kV and lower voltage transmission facilities are overloaded in the winter 
season The hlgh loadmgs on the transmssion system have mcreased both the active and reactive 
power transmssion losses Very low voltages, seventy to eighty percent of nominal, have been 
experienced at 110 kV substations in many Northern areas The resolution of the fuel supply 
problems and rehabiliation of the TES-1 district heating systems will help relieve the problems 
on the T&D systems 

The transmission system m the south of the Republic 1s not well mtegrated with the Northern 
region transmssion system In fact, the mam transmssion systems of the Southern and Northern 
regions are only directly connected by the Toktogul-Frunzenskaia 500 kV line The two 
transmssion systems are also indirectly interconnected by the 500 kV loop through neighboring 
countries 

The situation in the Southern region of Kyrgyzstan, from a demand and supply balance 
perspective, is not as severe as the Northern region More than eighty percent (2,920 MW) of 
the Republic's generation is Installed m the south The maxlmum load m the Southern region was 
707 MW m winter 1992, 780 MW in winter 1993 and 854 MW in winter 1994 The rapidly 
mcreasmg loads in the southern part of the country are, however, mcreasmg the stress on the local 
110 kV and lower voltage transmission facilities 

The recent loading patterns experienced m Kyrgyzstan are greatly stressing the power supply 
system of the Republic The disruption of fuel supply, increased consumer demands, and other 
factors are seriously straining the ability of the existing power system to satisfy all of the 
demands This is due, in large part, because the power supply system in Kyrgyzstan was not 
originally planned to be operated m this fashlon 

The followmg sections descr~be, in more detail, the power supply facilities of the Kyrgyz 
Republic Consistent with the scope of thls study, specific plans for reinforcing the transmission 



systems of the Kalmn area of the Chu Electric Company and the City of Bishkek are presented 
Furthermore, the findings from the detailed simulation studies of the Kalinln and Bishkek 
transmission systems are used to estlmate the needs in other areas of the Republic 

The generation resources of Kyrgyzstan total some 3557 MW Hydroelectric power plants 
comprise 83% (2949 MW) of the total installed generating capacity and thermal power plants 
comprise 17 % (608 MW) In 1993, the hydroelectric plants produced 8897 GWH or 8 1 % of the 
total 10,987 GWH generated in the Kyrgyz Republic The thermal power plants produced the 
balance of 2090 GWH 

The principal generation resources of the Kyrgyz Republic are summarized in the Table 4 3 1 1 

Table 4 3 1 1 

Kyrgyzstan Generation Resources 
Total Republic and Region 

Capacity Percent of 
Power Plants (MW) Total 

NmthmnKy~gyzstan 
Bishkek thermal electric 558 
Alamedin hydroelectric 30 
Atbashi hydroelectric 40 
Bystrovka hydroelectric 4 

Subtotal North 637 

--an 
Osh thermal electric 50 
Toktogul hydroelectric 1200 
Kurpsa~ hydroelectric 800 
Uch-Kurgan hydroelectric 180 
Shamaldysai hydroelectric 240 
Tash Kurnyr hydroelectric 451) 

Subtotal South 2920 82 1 

TOTAL REPUBLIC 3557 100 0 

4 3 2 EHV and H~gh Voltage Transmlsslon System 

The main source of power supply to the Northern area of Kyrgyzstan is the Frunzenskaia 
5001220 kV substation, which is connected to the main hydroelectric complexes m the Southern 



area by the 500 kV h e  from Toktogul The bulk power supply to the load centers m the North 
1s pronded by a network of 220 kV and 110 kV transmssion h e s  The local loads are served 
at vanous locabons through 110/35/6-10 kV substabons and from a network of 35 kV 
transmssion ha and 35/6-10 kV substabons 

The power supply system m Southern Kyrgyzstan is shaped by the terntonal configurabon of 
the Osh region The Osh region borders the Ferghana valley m the north, east and south The 
Kyrgyz 500, 220 and 110 kV transmssion fachbes m this area are bghtly mterconnected with 
fachbes m Uzbelastan and the Southern Kyrgyzstan power system operabons are strongly 
mfluenced by the operabon of the Tadjhstan and Uzbelastan power systems The Kyrgyz 
energy system m h s  area is supphed by three 220/110/10 5 kV substabons, namely 
Okhabrsha substabon wth two 125 MVA transformers, Uzlovaa substabon with two 
125 MVA transformers and the Ala substabon with one 125 MVA transformer 

The Uzlovaa substabon is connected to the Latchm (formerly L e m s h a )  substabon m 
Uzbelastan by a double cncuit 220 kV h e  and the Ala substabon is connected to the Stepnaa 
substabon m Uzbelastan also by a double cncwt 220 kV transmssion h e  The Latchm 
substahon m Uzbelastan is a major fachty m h s  region smce it is part of the Central Asian 
500 kV loop and the temmal for eight 220 kV transmssion h e s  Two 501 MVA 
autotransformers, comprised of 167 MVA smgle-phase uruts, are mstalled at the La tch  
sub stahon 

The abundant hydroelectric plants m Southern Kyrgyzstan provide the mam source of power 
supply to that region The 1,200 MW (4-300 MW mts) Toktogul hydro plant 1s connected to 
the transmssion gnd by two 500 kV overhead transmssion h e s  One 500 kV transmssion h e  
from Toktogul is routed north to the Frunzensha substabon m the Northern region of 
Kyrgyzstan and the other is routed south to the Latchm substabon m Uzbehstan The 800 MW 
(4-200 MW umts) Kurpw hydro plant is ~0Mected to the local transrmssion gnd at 220 and 
110 kV The 180 MW (4-45 MW umts) Uch Kurgan hydro plant is connected to the 
transmssion gnd at 110 kV The 240 M W  Sharnaldyw and the 450 MW Tash Kumyr hydro 
plants are located m close proxlmty to one another and connected to the 220 kV transmssion 
grid 

The bulk power supply to the compact load centers m the Osh area are provided by a network 
of 110 kV and 220 kV transmssion hnes The local load centers are served at vmous locabons 
through 110/35/6-10 kV substabons and from a network of 35 kV transmssion h e s  and 
3 5 6  10 kV substattons 

4 3.3 Interconnections with Nembomg Countlles 

The Kyrgyzstan electnc power system operates as part of the Integrated system of five Central 
Asian Repubhcs Tadjllustan, Turkmerustan, Uzbelastan, Kyrgyzstan, and five regions of 
Southern u s t a n  The power systems are 111terco~e~ted through transmssion hnes operated 
at 500 kV and lower voltages The backbone of #IS system 1s a 500 kV nng consistmg of 
Frunzens~a-Toktogul-Latchm-Tashkent-Cent-Dzhambul-Frunzensha TheFrunzensha 
and Toktogul substations are located m the Kyrgyz Repubhc The m a n  dispatch center for the 



Central Asian Power gnd is located m Tashkent, Uzbelastan Other central control and dispatch 
centers are located m the Repubhcs, mcludmg Kyrgyzstan whch has its central control center 
located m Bishkek 

The Kyrgyzstan 500 kV transmssion system is connected m the north to the Kazakhstan system 
by 500 kV transmssion lmes from the Frunzensh substabon to the Dzhambul and Alma-Ata 
substabons The Kyrgyzstan 500 kV transmssion system is connected m the south to the 
Uzbelastan system by a 500 kV mterconnecbon from the Toktogul hydroelectric power plant to 
the Latclun substabon m Uzbelustan 

4.4 Transmission System Planning Study 

Transmssion plannmg studies for the power system m Kyrgyzstan were tradibonally performed 
by the Energosetproekt Insbtute office m Tashkent, Uzbelastan The Kyrgyz Nabonal Energy 
Holdmg Company now matams a network model, mcludmg impedance and other charactensuc 
data, needed to perform simulabon studies of the 220 and 500 kV transmssion system m 
Kyrgyzstan The Control Servlce Department w i t h  the KNEHC uses this model to conduct 
power flow simulabon studies to analyze the operabon of the mtemal bulk transmssion system 
and to provide for the mterconnected operabon w i t h  the Central Asian Gnd System 

The Kyrgyz Nabonal Energy Holdmg Company does not have a network model that would 
provlde for the accurate assessment of the 110 kV and lower voltage transmssion systems The 
power flow model used by the Control Service Department is not suitable for 110 kV and lower 
voltage p l m g  studies smce the model does not exphcitly model 110 kV and lower voltage 
systems The transmssion system is equivahed and loads are lumped and modelled at the 
110 kV or 220 kV busses The charactensbc data to develop a detatled network model, 
mcludmg full representabon of the subtransmssion system and lower voltage transformers is 
available at the KNEHC m reports and paper form, however, no electromc database exlsts 

The use of mathemabcal models of the power system to perform plantllng and engmeermg 
studies is essenttal to develop least cost development plans For transmssion system p l m g  
studies, the performance of the power system is simulated with such models through the use of 
computers The abhty of the KNEHC to perform such studies is very hrmted because of the 
absence of computers, pnnters and modem simulabon software It is reported that the KNEHC 
mihated an effort to assemble a database whlch would be requued to perform accurate 
transmssion p l m g  studies of the 110 kV and lower voltage transmssion systems Thts 
Irubauve was never completed The KNEHC can not perform simulabon studies and analyses 
of the 110 kV and lower voltage transmssion system mdependent of the Energosetproekt 
Inshtute 

The Energosetproekt Insbtute used to perform such analyses for free pnor to the dissolubon of 
the Soviet Umon Smce the breakup, however, the Insbtute has transformed itself to a for-fee 
service orgatuzabon Therefore, the KNEHC must now pay for detded system p l a m g  stuhes 
conducted by the Insutute Vutually all of the planning studies conducted pnor to the 
mdependence of the Kyrgyz Republic are based on economc assumpbons, load growth forecasts 



and operatmg data that are not reflecbve of the sigmficant changes that have occurred as already 

The need for the development of power flow models that would be suitable to perform analyses 
of the lower voltage transmssion system was r e c o g d  early m the study The KNEHC team, 
under the duectson of AEP Energy S e ~ c e s ,  Inc staff, assembled the raw data that was needed 
to accurately model the two areas that were the principal focus of ths study, namely Bishkek 
Electnc Network and the Ibhn area of the Chu Electnc Company The organmbon of the 
model data was a sigmficant undertalung smce the load, transmssion h e ,  transformer, 
generatmg umt and other data had to be manually assembled Furthermore, the Kyrgyz and 
Russian power system software rely on physical umts The AEP Energy Services, Inc team 
provided forms and mstrucbons to convert the physical umt data mto the per w t  system whch 
is suitable for use with the PSS/E simulabon software 

A power flow model of the Bishkek Electnc Network system and the IWmn area of the Chu 
Electnc Company was developed usmg the PSS/E power system software program The power 
flow model was designed to exphcitly represent the 1 lO/lower voltage transformers and 35 kV 
transmssion h e s  The loads were modelled at the 6 or 10 kV busses so that loadmg and 
voltages could be observed on the low side of the subtransmssion transformers The mbal 
calculahons were vddated by Kyrgyz p l m g  and operahons engineermg staff The model 
developed for the Bishkek Electnc Network and the Ibhn area of the Chu Electnc Company 
provided the basis for the development of the transmssion remforcement plans The jomt effort 
to undertake the model development also provided a tmnmg exercise and mtroduced and 
fanuhanzed the Kyrgyz system planners with a modem power system simulatron program used 

It is recommended that the KNEHC bulld on ths expenence by a c q m g  such software through 
mternal funds or by grants so that a database for the entue Nabonal system can be developed 
Thls wdl then enable the KNEHC to perform detaded power system p l m g  studies on a 
regional and nabonal basis so that opbmum plans that reflect the new reahbes can be developed 
The power system p l m g  process is a contmuous process and the KNEHC should strengthen 
its support of ths funcbon A detaded model of the mternal power system would provide the 
tool to conduct the full range of transmssion system p l m g  studres There is an immediate 
need to conduct a reacbve power opbrmzabon and voltage control study The Kyrgyz power 
system, and others of Russian design, have very few shunt capacitors Voltage regulabon 1s 
prowded through on-load tap changers and synchronous condensers A ngorous study of the 
Kyrgyz power system utdmng modem power system software wdl iden* short term 
improvements that are very effecbve The Kyrgyz and Russian power system planners are, 
however, very resistant to the mtroducbon of shunt capacitors, whch is equipment routmely 
used m other power systems Contmued mteracbons among Kyrgyz and Amencan power 
engmeers, coupled wth contmued mformabon exchanges wdl overcome the resistance 
attnbutable to the lack of fanuhanty wth the apphcatron of shunt capacitors 



4 5 Clty of Blshkek Transmisslon and Dlstributlon System 
Transmrsszon System 

The mcreased loads m the Bishkek area and the fuel supply problems associated with the Bishkek 
TES 1 combined heat and power plant have caused the transmission and distr~bution systems of 
the Bishkek Electric Network to be heavily loaded for the past several winters Unless the inter- 
related problems of Inadequate fuel supply and poor TES-1 plant and BDHE system performance 
is reversed the operating problems on the transmission and distribution systems are expected to 
not only continue but worsen in the foreseeable future 

A transrmssion plamng study was conducted to assess the situation in the City in order to develop 
plans for reinforcing the present transmission system Forecasts of the loads expected for a ten 
year planmng horlzon were developed A power flow model suitable for analyses of current and 
future conditions was also developed The model represented the transmission facilities in the 
City of Bishkek and the surrounding areas 

The follow~ng sections provide an overview of the Bishkek Electric Network, including a 
discussion of the present operational problems and the plans developed to reinforce the system so 
as to improve the performance of the system to meet both present and projected increases in 
consumer loads 

Drstrzbuhon System 

The City of Bishkek Distribution System is an electrical power system consisting of 6-10 kV 
underground cables as slmlarly found m other clties of Kyrgyzstan, such as Tokmak, Osh, Jalal- 
Abad and Karakol Thls system is designed to distribute electrical energy throughout the city, 
particularly to urban housing and industry As part of the Kyrgyz National Energy Holding 
Company, the City's present and future energy consumption patterns must be estunated in order 
to formulate needed improvements to keep this form of energy available in Bishkek and help 
alleviate heating energy demands in the future 

4 5 1 Descrlptlon of Exlstlng Transmisslon and Distribution Facllitles 
Transmzsszon System 

The Bishkek Electric Network is divided into two operatmg units The Eastern unit conslsts of 
Octyabrysky and Swerdlowsky districts and the Western umt consists of Leninsky and 
Pervomainsky districts As shown on Figure D-1 (Appendix D), the main sources of power 
supply are the 588 MW Bishkek TES 1 combined heat and power plant and the Glavnaia 
22011 10110 kV substation The Bishkek transrmssion grid consists of 119 km of 110 kV overhead 
transmission lines configured m a loop around the city center The 35 kV transmission lines total 
some 71 km 

For transmission plamng studies, the City can be divided into six areas as follows Northern 
Area, Central Area, Southern Area, Southwestern Area, Western Industrial Area, and Eastern 



Industrial Area Table 4 5 1 1 hsts the substabons m these areas and provides a summary of 
thelr operatmg voltages and transformer capacities There are seventeen 110135 kV substabons 
wth a total of twenty-eight 110i35 kV transformers, mcludmg four customer owned 
transformers, wth a total Installed capacity of 739 5 MVA In addibon, there are four 
11016-10 kV substabons, excludmg the Bishkek TES 1 plant, with a total mstalled transformer 
capacity of 80 MVA Figure D-5 is a one-he dagram iUustratmg the substabon configurabons 
for the City's transrmssion system 

Dtstnbutwn System 

The Distnbubon System consists of approximately 28 transrmssion/subtransmssion stabons, wth 
110135i6-10 kV transformers rangmg from 6 3 to 40 MVA These transformers connect to 6 
or 10 kV busses whch contam 5 to 10 cncuit exlts per transformer Each clrcuit is rad~al m 
design and hmted m ampacity by conductor cross-secbonal dlameter Typical clrcuit ampacibes 
range from 100 to 630 amperes, dependmg upon conductor slze These cncuts connect to step- 
down transformers rated from 60 kVA to 630 kVA and provide servmg voltages of 2301380 
volts, three-phase These voltages are connected to customers through overhead secondary lmes 
or underground cables to apartments and buddmgs 

4.5.2 Assessment of Physlcal Conhtion of Transrmsslon and Dstnbutlon Facllitles 

Tmnsmrssron System 

An assessment of the physical condibon of transmssion facdlbes was performed to d e t e w e  
the operabond capabdlbes of the Bishkek Electnc Network Comprehensive survey forms were 
prepared to collect both general and site specific mformabon for each of the substations Due 
to the IImted success of the surveys m ob-g the essentd data needed for assessmg the 
System's condibon, personal observabons, site wslts, and visual mspecbons were heavlly rehed 
upon to develop recommendabons 

The recommendabons mcluded m the assessment have been &wded mto three pnonty groups 
Bgh pnonty items mclude those issues associated vvlth personnel safety and system rehabdlty 
Medium pnonty items mclude those issues associated with the efficient operabon of the 
distnbubon system and reducbon of losses Low pnonty items mclude long-range procedures 
for equpment replacement and new facdlbes The dews  of the assessment are provided m 
Appendlx E of thls report 

Lhstnbutwn System 

The City of Bishkek Distnbubon System was estabhshed some 30 to 40 years ago and appears 
to be neamg the end of its useful hfe Inspecbons of secbons of the exlstmg cable system 
revealed a slgruficant porhon of the 6-10 kV lmes and cables are m need of repan 



Table 4 5 1 1 

Bishkek Electnc Network 
Tmmssion Station Transformer Capaclty 

Northern Area Voltage Capacity Voltage Capacity Voltage W=@ 

Sevema 

Hydro Stahon 1 

Hydro Station 2 

Hydro Station 3 

Hydro Stahon 4 

Hydro Statlon 5 

Hydro Statlon 6 

Selectro (Customer) 

M a s h a  

Nur (Chu) 

OP 

Lennontova 

Karagachevma 

Molodogvardei&ua 

Teplichnma 

Central Area 

Penko-Dzhutovma 

Centrahua 1 

Centralnaa 2 

Centralnma 4 

Centralma 6 

Lem's Plant 1 

Lenln's Plant 2 

Yuhma  

Southern Area 

Vodokanal 

Izdatelstvo 

GPP 

Auu 
Novo-Vostocha 

Vostochnma 



Table 4 5 1 1 
(Contmued) 
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Northern Area Voltage apac1tY Voltage CapacltY Voltage CamI' 

Southwestern Area 

Selekcionnrua 

Peak Boder 

N o v o - Y e a  

western 
Industrial Area 

MRZ 
Selmash 1 

Selmash 2 

Setun 
Zapadnaa 
Kyzyl-Asker 

Eastern 
Industrral Area 

DSK 

Electrovakuma 

Energostmi 

Avtomash 

Avtosborochmua 

Lebedmovka 

LGES 

Centrahua 5 
Alamedm 

Promyshlennrua 
Energehchesktua 

Bishkek TES 1 



Withm the City of Bishkek, the underground cable system is operated at 6 or 10 kV The 
present cable system is a steel banded jacket type system ongmally designed for 10 kV 
operabon Many cable secbons are operated at 6 kV whch explams the designabon 6-10 kV 
The three conductor, three-phase cable system has been m service between 20 to 40 years 
dependmg on locabon w i h  the City For the most part, 350 k c d  (177 mm2) equivalent 
conductor is used whlch has been repeatedly sphced m order to mamtam operabons A week 
of mspectmg cable sphcmg revealed that a number of cucuits were left "out of service" because 
of hfficulbes m locatmg cable faults Thls leads to overloadmg other fachbes untd repaus can 
be accomphshed Inspecbon of the transformer houses m whch cables termmate also reveals 
a lack of spare parts for proper mamtenance Penodic mspecbon, cleamng and repau is 
necessary to mamtam proper operabon Inspecbon of one cable repau locahon revealed h s  
parhcular cable had been repaued (sphced) thrty (30) bmes from faults present upon the system 
With long relaying bmes and a um-grounded system design, temporary overvoltages due to faults 
can cause cable fadures Under actual operatmg condibons, cucuits have remmed "out of 
servlce" for long brne penods because of the lack of proper sphcmg materials, hfficulty m 
locatmg fadures, lack of fault locabon equipment, and lack of transportabon and commumcabon 
equipment necessary for efficient crew performance 

Use of new replacement 10 kV cable has not been implemented because of a lack of fundmg and 
also the lack of 10 kV cable avadabhty It is reported that only one (1) lalometer of 10 kV 
cable has been avadable for repaus or replacement smce 1985 Hence, repau of exlstlng cable 
by sphcmg has been the major techque for restomg system operabon With attenbon pad to 
proper m g ,  new tool and equipment purchasmg, with regards to cable repus, the City 
could improve on the repm brne needed to restore semce Cable secbons or segments with 
more than two fadures withm one year should be replaced with new 15 kV or 25 kV concentnc- 
neutral type cable designs W i h  the USA, the econonucal replacement of a faded cable can 
usually be jusbfied after two fdures per cable secbon or segment 

The City of Bishkek system is operated by personnel f&ar with underground cable systems 
Fadures of 6-10 kV cables occur almost dady The most pressmg issue is improved mamtenance 
methods and tmnmg to cope with ths old cable system Current methods to repan cable faults 
mdicate a need to update and m o d e m  cable sphcmg techmques The matenal, tools, 
techmques, and equipment used by hemen reflect the need to be replaced with more modern 
apparatus and t m m g  m newer sphcmg techmques Typically, a cable falure may occur at a 
previous faulted locabon whch was repaued some brne earher Sphce falures upon fdures 
tend to reoccur simply because the proper tools and equipment are not avalable to ensure a 
lastmg repau 

A second concern deals with the condibon of transformer locabons whch provide step-down bus 
arrangements A concerted effort to clean and repau broken equipment could improve the 
operabonal aspects of the system Proper mamtenance to exlstmg fachbes lacks support and 
could requue mcreasing expenditures if contmued to be neglected 



4.5 3 Assessment of Operation of Transrmssion and Dstnbutlon Fachties - Current 

Bzshkek Electnc Network Hzstoncul Load Data 

Table 4 5 3 1 shows the electnc energy consumpbon by sector m the Bishkek Electnc Network 
over the past five years Industry consumpbon over h s  bme penod has decreased at an average 
annual rate of 18 4%, or to approximately one-half of 1990 levels The energy usage of the 
commercial sector has also fallen dumg the past five years Agnculture usage has shghtly 
mcreased smce 1990, however the agnculture sector comprises a very small porhon of Bishkek 
Electnc Network energy consumpbon The largest gam over the past 5 years has been m the 
residenbal sector, at an average annual rate of 6 8% Thls mcrease m the residenbal sector 
mdicates an mcreased level of electrrficabon through the u b b o n  of more electnc apphances 
and, to some extent, electnc resistance heatmg 

Table 4 5 3 1 

Bishkek Electnc Network 
Electnc Energy Consumpbon 

1990- 1994 

Average 
Energy Consumpbon (&on kwh) Annual 

Growth 

Sector 1990 199 1 1992 1993 1994 (%I 

Industry 926 5 861 5 692 5 595 3 471 4 -18 4 
Agriculture 8 8 8 8 11 8 12 1 9 4 17 
Commercial 203 9 208 6 219 8 213 6 176 5 -3 7 
Reudenbal 215 5 224 9 251 2 252 7 280 0 6 8 

TOTAL 1354 7 1303 8 1175 3 1073 7 937 3 -9 6 

The past three m t e r  maxlmum loads of the Bishkek Electnc Network are shown m Table 
4 5 3 2 Thls table mdicates the peak demand grew by 11 % from the 1992/1993 to the 
199411995 wmter perrod, showmg that even though energy usage was decreasmg (Table 4 5 3 1) 
the peak demand was mcreasmg Thls is caused by the ~ncreased utdmbon of electrical 
apphances and the gromg usage of electnc resistance heatmg by the residenbal sector Electnc 
resistance heatmg has mcreased due to the poor performance of the Bishkek Thermal and 
Electnc Stabon and Distnct Heatmg system over the past few years 



Table 4 5 3 2 

Bishkek Electnc Network 
Wmter Maxmum Loads* 

Seasonal Demand 

Wmter Penod Maximum Date 

199211993 405 MW December 12, 1992 
19931 1994 418 MW December 10, 1993 
19941 1995 449 MW January 25, 1995 

*Includes transrmsslon and Qstnbuhon losses 

Table 4 5 3 3 dustrates the hstoncal Bishkek Electric Network substabon transformer loadmg 
dumg the wmter penods from 1989 to 1994 Simtlar trends that were observed m Table 
4 5 3 1 can also be nobced m Table 4 5 3 3 Wstoncal loadmg of transformers whch serve 
predominantly mdustnal load, such as the Energehcheskam 110/35/6 kV substabon, show a 
reduchon from wlnter 1989 to 1994 of approximately 50% In contrast, the loadmg on the 
Kostromsha 110135/10 kV transformer, whch serves residenhal load, has mcreased steadlly 
smce 1989 

Brshkek Tmnsmzsswn Facdztzes 

Currently there are two major sources of power supply to the Clty of Bishkek One of these 
sources is the Bishkek Thermal and Electnc Stahon 1 (TES 1) plant where coal, mazut, or 
natural gas may be used to provide steam to the Qstnct heatmg system as well as electnc power 
for the City of Bishkek The other mam source of power supply is the Glavnaa 22011 10110 kV 
substatton There are two 125 MVA transformers at the Glavnaa substaQon whch provide 
power to the 110 kV mg around Bishkek There are 21 substabons connected to the 110 kV 
rmg, of which 17 substahons are mtegrated mto the 35 kV network, wfule 4 substabons 
transform the voltage dlrectly to the distnbuhon level (6 or 10 kV) without connechon at 35 kV 

Because of the hrmted number of major supply pomts for the City of Bishkek, the Bishkek TES 
and Glavnaa substahon are cnbcal to system performance There are other transrmssion 
fachbes that can negabvely affect the Bishkek network, espec~ally if out of service d u g  wmter 
peak condihons These fachbes mclude the two Frunzenskrua 5001220 kV transformers, the 
Kara Balta-Glavnam 220 kV transrmssion h e ,  and the Frunzenslaa-Bystrovka 220 kV 
transrmss~on h e  



Table 4 5 3 3 

Bishkek Electnc Network 
Substation Transformer Lmdmg 

Wmter 1989-1994 
Page 1 of 6 

Measured 
-g 
(Amps) 

Measured 
wing 
(Amps) 

Transformer 
Deslgnahon Stahon Name Voltage 

(kv) 

f. 
I Kyzyl-Asker 
C- 
w 



Stahon Name Voltage 
(kv) 

DSK 3516 

MRZ 3516 

Transformer 
- m m  

Bishkek Electnc Network 
Substatloll Trallsfwmet Loadmg 

Win- 1989-1994 
Page 2 of 6 

1989-1990 1990-1991 1991-1992 

Current Mearmred Loadmgl Measured h u h g l  Measured Loadmgt 
-tY h g  Ml3 Ratmi -ti? Rahg M g  Ratmi 
WVA) ( A m p s )  (Amps) (96) (m) ( 9 6 )  (Amps) (96) 



Stabon Name Voltage 
(kv) 

Transformer 
Deslgnahon 

LGS 

Hydroelectnc 1 
Hydroelectnc 2 
Ilyalttwla 1114 1 

Hydroelecrnc 4 

Hydtoelectnc 5 
Hyhlec tnc  6 

Blshkek Electnc Network 
Substahon Transformer Lmdmg 

Winter 1989-1994 
Page 3 of 6 

Current Mearmred Loadu~gl Measured Lmdmgl M e 4  Loadmgl 

KYRGYZ I 2  



Stahon Name Voltage 
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Blshkek Electnc Network 
Substab011 Transformer Load~~~g 
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Page 4 of 6 
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Stahon Name Voltage 
(kv) 

Transformer 
-ma 

Severnata 

Hydrotlactnc 1 

Hydroelectnc 2 
I lyclttmlatr~r. 3 

Hydroelectnc 4 
Hydmelectnc 5 
Hydmelectnc 6 

B~shLek Elerctnc Network 
Substahon Transformer h d m g  

Wmter 1989-1994 
Page 6 of 6 

1992-1993 1993-1994 1994-1 995 
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a Bzshkek Dzstnbutzon Faczlztzes 

The City of Bishkek has underground distribution cables operatmg at 6 or 10 kV For existing 
clrcuits, the apparent design loadings based upon cable ampacity are 

200A = 2 0 MVA 3 4 MVA 

300A = 3 0 MVA 5 2 MVA 

400A = 4 0 MVA 6 9 MVA 

630A = 6 5 MVA 10 MVA 

Review of the existmg loadmg on the distribubon clrcuits indicates that overloading of facilities, 
under normal conditions, is unllkely A listing of the loadings, by feeder and by substation, for 
the wmter 1993194 and summer 1994, is presented in Appendix F 

4 5 4 Assessment of Operation of Transmlsslon and Dlstrlbubon Fac~lltles -- 
Future Con&t~ons 

Bzshkek Area Load Forecast 

The forecast of the loads for the City of Bishkek was predicated on two assumptions regardmg 
the future evolution of the Bishkek area electric demands One forecast reflects the assumption 
that residential use of electricity for heating will increase rapidly as fuel shortages and other 
difficuloes l m t  the availability and producoon of steam at the Bishkek TES for use m the district 
heatmg system The other load forecast reflects good performance at the Bishkek TES, thereby 
providing enough energy to the district heating system and less substitution of electric heat by 
residential customers 

Table 4 5 4 1 provides a summary of the load forecast for three p l a m g  horlzons Winter 
1997/1998, 2000/2001 and 2005/2006 The detailed disaggregation of these forecasts is provided 
in Appendix B The disaggregated loads, i e , loads expected at individual substations, were 
modeled m the power flow base cases developed for the different p l a m g  periods As described 
later, the high growth forecast is clearly unsustainable since transmission facilities could not be 
planned, constructed, or financed to meet such a rapid expansion The forecast reflectmg a return 
to more normal operatmg conditions, 1 e , resolution of fuel supply lmtations, rehabilitation and 
mprovement of Bishkek TES-1 and the district heatmg system formed the basis for the 
transmission and distribution expansion plan 



Table 4 5 4 1 

City of Bishkek 
Wmter Peak Load Forecast* 

Load Forecast (MW) 

Wmter Period Expected Maxlmum Difference 

*Excludes transmssion losses 

Average Annual Growth 
Expected Load Growth3 4% 
Maxlmum Load Growth7 1 % 

Tmnsmzsmn System Pet3connance - 1997 Erpected Peak Load Condzizons e 
By 1997 the expected wmter peak load for the City of Bishkek is forecast to be 469 MW, 
excludmg transmssion losses estimated at 43 MW Power flow analyses for tlus load level 
mdicate that a number of fachhes wdl be overloaded under base condibons, 1 e , all fachbes 
m service The fact that simulabon studies of expected 1997 wlnter condibons reveal 
transrmssion fachbes are overloaded with all fachhes m-service is consistent wth recent 
operatmg experience and is to be expected when loads are mcreasmg Normally transrmssion 
systems, by design, are loaded to levels whch provide operatmg marglns to accommodate 
contmgencies, 1 e , the outage of one or more transmssion h e s ,  changes m generabon dispatch, 
loss of a transformer and so forth The western operatmg pracbce is to provlde for margln to 
accommodate the outage of the smgle most cnhcal fachty, the so-called n-1 contmgency 
operatmg pracbce Because httle margm or flexlbhty of operabon exlsts m the Bishkek system, 
the outage of transmssion fachhes m the city, especially the Glavnaa transformer or secbons 
of the 110 kV transmssion loop, will result m more severely depressed voltages and greater 
overloads than already observed m actual operabons and the simulabon studies 

Table 4 5 4 2 shows the fachbes that are expected to be overloaded and the amount by whch 
they are overloaded 



Table 4 5 4 2 

Bishkek Area Overloaded Fachbes 
1997 Wmter Expected Peak ConQbons 

Actual Adrmssible Percent of 
Loadmg Loadmg Admssible 

Fachty (MVA) (MVA) (%I 

Tephchnzua 1 101351 10 kV 
Transformer 
Novo-Vostochnaa 11013516 kV 
Transformer #1 
Novo-Vostochnaa 1 1013516 kV 
Transformer #2 
Selectro 3510 4 kV Transformer 
Selectro 35110 kV Transformer 
Selekccionma 1 101 10 kV 
Transformer 
Karagachevaa 1 10/35/ 10 kV 

0 
Transformer #2 
Hydro Statson 1 3516 kV Transformer 
Hydro Stabon 4 3516 kV Transformer 
Hydro Stabon 3-Hydro Stabon 2 
35 kV 
Hydro Stabon 2-Hydro Stabon 1 
35 kV 
Novo-Zapadnaa 1 1013516 kV 
Transformer #1 
DSK 3516 kV Transformer #1 

Table 4 5 4 2 shows that eleven transformers wdl be overloaded under thls scenario, up to as 
much as 170% of then admssible (nameplate) ratmg Five of the eleven overloaded 
transformers are of the 110 kVl35 kV1distnbubon (6 or 10 kV) vanety Th~s vanety of 
transformer serves two purposes m the Kyrgyz electnc power system The first purpose is to 
provide power sources for the 35 kV network from the 110 kV network The second purpose 
is to provide a source to the Qstnbubon system emanatmg from the substabon without havmg 
separate 35 kVIdistnbut~on transformers The overloads on these five transformers are caused 
by a cornbmabon of havmg to provide power to both the subtransrmssion (35 kV) and 
distnbubon (6 or 10 kV) systems The other SIX overloaded transformers are of the 35 kV1 



distnbubon vanety The overloads on these SIX transformers are stnctly caused by power 
requuements of the distnbutaon system 

In order to reheve the overloaded Tephchnaa 1 101351 10 kV transformer, a second 1 101351 10 kV 
transformer should be mstalled at the substabon The Novo-Vostochnma 11013516 kV 
transformer overloads can be alleviated by addmg a second 110135110 kV transformer at the 
Orto-Alysh substabon and to tap the Orto-Alysh 35 kV stabon Into the Vodokanal-Dzhal h e  
The Selectro 3510 4 kV transformer 1s scheduled for retnement and replacement with a 351 10 kV 
transformer to reheve the Selectro transformer overloads The addibon of a second 110110 kV 
transformer at Selekccionnaa wdl reheve the transformer overload at that substabon To reheve 
the overloads on the Karagachevata 110/35/10 kV transformer and the Hydro Stabon 1 and 4 
transformers, it is recommended to construct a new 11013516 kV substabon near Hydro Statron 
3, and to replace the Hydro Stabon 1 and 4 3516 kV transformers as they are approxlmately 60 
years old 

In addibon to the overloaded transformers, one 35 kV cu-cut (two segments) -- Hydro Stabon 
1 - Hydro Stabon 2 - Hydro Stabon 3 -- is also overloaded Thu cu-cult can be reconductored 
usmg a larger wu-e s m  to alleviate the overload Two other overloads, the Novo-Zapadnaa 
11013516 kV transformer and DSK 3516 kV transformer, can be reheved by balancmg the 
distnbubon load better at the substabon 

Other overloads were Qscovered m the early stages of analyses, but were found to be caused 
by reacbve power requuements (MVAr), as opposed to acbve power requlrements 0 The 
overloads that were due to reacbve power requlrements can be allevlilted by the addibon of 
reacbve power supphes, specifically capacitors, to the power system The need for reacbve 
power support was found to exlst at the Bystrovka, Glavnam, Karagachevaa, Kyzyl-Asker, 
Molodogvardeisha, and Orto-Alysh substabons The overloads caused by reacbve power 
requuements were excluded from Table 4 5 4 2 Secbon 4 6 1 wdl descnbe m detad the 
recommendabons needed to reheve the overloaded fachbes 

It is also expected that up to four new substabons wdl be needed to supply new load areas by 
this bme penod These substabons lnclude Centralnaa III 3516 kV, Kok-Dzar 110135/10 kV, 
Kyrgyzsha 110110 kV, and Orok 110135110 kV 

Tmnsmtsmn System Pe?fonnance - 2000 &pected Peak Load Condltrons 

For the 200012001 Wmter peak penod, the expected peak load 1s 549 MW, excludmg 
transmssion losses esbmated at 55 MW Under ths load forecast scenario, only three faclhbes 
were found to be overloaded as shown m Table 4 5 4 3 m s  analysis assumes the overloads 
idenbfied for 1997 conditaons are allevlilted accordmg to recommendabons for the 1997 tame 
penod Only new overloads that result from the mcrease m load between 1997 and 2000 are 
shown m Table 4 5 4 3 



Table 4 5 4 3 

Bishkek Area Overloaded Fachbes 
2000 Wmter Expected Peak Condibons 

Actual Admssible Percent of 
L0adll.e Loadmg Admssible 

Fachty (MVA) W A) 

Novo-Zapadnm 11013516 kV 42 1 31 5 134 
Transformer # 1 
Kyzyl-Asker 110135/6 kV 30 5 20 0 153 
Transformer #1 
Molodogvardeislma 110135/ 10 kV 29 4 16 0 184 
Transformer 

The three overloaded fachbes under tlus scenano are all 110/35/distnbut1on kV transformers 
As described m the 1997 performance secbon, the overloads on these transformers are due to 
the combmabon of prowdmg power to both the subtransrmssion and distnbubon systems The 
overloaded Novo-Zapadnu 11013516 kV transformer can be allewated by addmg a second 
110/35110 kV transformer at Kostromskam The second transformer at Kostromskam wdl supply 
some of the load area currently served by the Novo-Zapadnaa transformer, alleviating the 
overload on thls transformer The Kyzyl-Asker 110135/6 kV transformer can be replaced by 
a 40 MVA transformer to reheve the overload Improving the power factor at nearby mdustnal 
sltes wdl also help to reduce the loadmg on the Kyzyl-Asker transformer At 
Molodogvardeisha, a second 110135110 kV transformer is needed to help supply load m the 
area 

By the 2000 bme period, addibonal substabons that could be needed to serve new load areas 
mclude ABZ 110110 kV, Asanba 3516 kV, Chm 110110 kV, Gagarma 110/10 kV, Manas-Ata 
110135110 kV, Parkovaa 110135110 kV, Rassvet 110135110 kV, and Saadaeva 35/10 kV 

Transmnswn System PeMonnance - 2005 Bpected Peak Load Condztrons 

The expected peak load d w g  the 200512006 is forecast to be 613 MW The hst of overloaded 
fachbes for this scenano can be found m Table 4 5 4 4 Th~s analysis assumes the overloads 
idenbfied for 2000 condibons are alleviated accordmg to recommendabons for the 2000 bme 
penod Only new overloads that result from the mcrease m load between 2000 and 2005 are 
shown m Table 4 5 4 4 



Table 4 5 4 4 

Bishkek Area Overloaded Fachbes 
2005 Wmter Expected Peak Condibons 

Actual Admssible Percent of 
Loadmg Loadmg Admssible 

Fachty (MV A) (MV A) (%I 

Frunzensha-Ala Archa 220 kV 313 1 270 0 116 
Zapadnaa 35/6 kV Transformer #1 17 8 10 0 178 
Bishkek TES - Penko-Dzhutovam 39 7 21 5 185 
35 kV 
Penko-Dzhutovam - Centralma VI 26 0 14 5 179 
35 kV 
Centralnam VI 35/6 kV Transformer 10 8 10 0 108 
#1 
Centralnaa VI 3516 kV Transformer 11 3 10 0 113 
#2 
LGS-Nur 35 kV 21 7 18 2 119 

From the above table, it can be seen that the Frunzensha-Ala Archa 220 kV h e  is overloaded 
to 116% of its admssible rabng Tlus is of great concern as the Frunzensha - Ala Archa 
cucuit is one of the mam supply h e s  to Bishkek and Northern Kyrgyzstan The overload of 
h s  220 kV cucmt mdicates that an addibonal EHV source is needed m Northern Kyrgyzstan 
One opbon proposed by the Kyrgyz is the construcbon of the Frunzensha-Kern 500 kV 
cucmt to alleviate the overload and also support the Northeastem pornon of the Repubhc There 
are concerns, however, about how h s  new h e  would affect the stabhty hnuh of the Central 
Asian 500 kV m g  and the abhty to fully u k  the mvestment requlred for h s  opbon 

The mtroducbon of a new source of supply to the Northern region is a major project Ongmal 
plans, conceived m conjuncbon urlth the Kambarata hydroelectrrc project, envisioned the 
development of 500 kV transmssion hes from the exlstmg Frunzensha substabon to Kemm 
substabon (located at the western edge of Lake Issyk Kul m close proxlnuty to the Bystrovka 
substabon), and a 500 kV h e  from the Kambarata plant also to Kemm substabon Thls 500 kV 
transmssion remforc-ement program would provide a 500 kV loop withm Kyrgyzstan The 
scope, cost, bmmg and opbmum configurabon of h s  500 kV development plan must be re- 
evaluated m view of the bmmg of development of the Kambarata plant and the present operabon 
of the power system m Kyrgyzstan and neighbomg Repubhcs Planmng studies mdicate only 
approximately 250 MW is avadable from the Central Aaan Rmg to support a Frunzenskam- 
Kemm 500 kV h e  without development of the Kambarata plant Detaded power flow and 
power system stabhty studies, uthzmg appropnate models of the Kyrgyz and neighbomg 



Repubhc's power systems, would need to be conducted to evaluate the performance of 

@ 
alternabves to remforce the bulk power supply to the Northern region of Kyrgyzstan Such 
stu&es are beyond the scope of this study 

The Zapadnata 3516 kV transformer overload can be reheved by addmg addibonal transformer 
capacity at the substabon The Centralnaa VI 35/6 kV transformers and 35 kV h e  secbons 
connectmg the Bishkek TES, Penko-Dzhutovaa, and Centralnaa VI also appear as overloaded 
m the simulabon studies, as much as 185% overloaded Thls mdicates that an addibonal 
110i35 kV supply pomt is needed to reduce the burden of carrylng large amounts of power over 
long &stances on the 35 kV network The Penko-Dzhutovata 110/35110 kV substabon would 
reheve these overloads Lastly, the LGS-Nur 35 kV overload could be corrected by 
reconductomg the cxcuit usmg a larger w e  sne to mcrease capacity 

Four adhbonal substabons are expected to be needed by 2005 to serve new load areas These 
substabons mclude Electrodv~gatel35110 kV, Konhtersha 110110 kV, Tunguch 35/10 kV, and 
Uchkun 110/35/10 kV 

Tmnsmzssu)n System Pegonnance - 1997, 2000, and 2005 Maxunum Peak Load 
Condttrons 

Under the maxlmum peak load condibons, the forecasted load for the City of Bishkek 1s 658, 
889, and 1135 MW for the 1997, 2000, and 2005 wmter periods, respecbvely The maxlmum 
peak load forecast assumes vvldespread electnc resistance heatmg condibons m conjuncbon with 
poor performance by the Bishkek TES The maxunum peak load for the 1997 wmter penod is 
approxlmately that of the expected peak load for the 2005 wmter period Therefore, overloads 
seen for the 1997, 2000, and 2005 expected peak load condibons would all occur by the 1997 
bme perrod usmg the mmmum peak load scenarro All system remforcements needed through 
2005 would have to be advanced to be m service by 1997 By the year 2000 with mmmum 
peak load condibons, addibonal bulk power sources to the City of Bishkek would be needed to 
handle the mcreased load Power flow models for the year 2000 mdicated the potenhal for 
power system mstabhty at &IS load level due to the lack of adequate power supply m the 
Bishkek area By 2005, a well-supported 500 kV source would be needed m the Bishkek area 
to support the maxlmum peak load forecast Such a source could only be provided if other 
major remforcements to the Northern regron were also provided as already noted previously 

There is simply not enough bme to plan and construct enough power system fachbes to be 
capable of supportmg the maxlmum peak load forecasts The recommendabons are to operate 
the Bishkek TES as producbvely as possible dumg the wmter to provide enough energy to the 
distnct heatmg system, and also to discourage the use of electric resistance heatmg by residents 
as the power system wdl be unable to handle loads mcreasmg at such a rapid rate 

Dzstnbutmn System Per;fonnance 

Inspecbon of forecasted normal loadmg appears to mhcate that overloadmg of fachhes as shown 
on "City of Bishkek Area" Table 4 5 4 5 wdl not occur through the year 2005 Hence, exlstmg 
faclllbes have ample capacity to handle the normal loadlng forecasted through 2005 However, 



0
 

0
 

O
O
O
O
Y
I
 
0
 

O
O
O
V
r
 

3
H
 

G
 

#
 

0
,zm

*
5

0
, 

m
 

C
I 

'2. 
2

0
,
=

0
,
 
z
2
 



Eshmated W g  (MVA) Estimated Ctrcmt M n g  (MVA) 

Sus 1997 2000 2005 Number Clrcuts 1997 2000 2005 

Station # MVA Max Nor Max Nor Max Nor 6 and 10 kV Max Nor Max Nor Max Nor 

Centralnrua N 
Centralnrua VI 
DSK 

Electrovacummam 

MRZ 
Sevema 

1 0 4  kV 
1 0 4  kV 
9-6 kV 

4-10 kV 
Future 

8-10 kV 
3-10 kV 

6-10 kV 



detenorabon of the 10 kV network, dlrect bmed cable system wdl requue replacement of 
troublesome conductors Based upon a scenano of replacement of segments of cables, dependmg 
upon the number of fadures per segment, one could expect complete cable replacement by the 
year 2005 

For the mmmum loadmg forecast scenano, underground crrcwt capacity is ample through the 
year 2005 The 10 kV cable system would need to be replaced as menboned above, probably 
with 25 kV rated cable The annuahzed growth rate 1s apprommately 7 1% for maxlmum 
load.mg with the majonty of load mcrease due to electrical heatmg requuements as the city is 
movlng from a centralmd system to a de-centrahd (mdividual customer) basis There are 
spare cxcuit posibons v v l h  each stabon 

Inspecbon of the forecasted normal loadrng reveals that for the Molodogvardeiskam and 
Selekccionnzua cxcuits, whch are of overhead construcbon and operatmg at 10 kV, growth 
patterns wdl not cause excessive loadmg on emstmg cucuits through the year 2005 

For the mmmum loadrng scenano, addibon of overhead cucuits to the exlstmg 10 kV bus at 
each statton would allow for the mmmum loadmg forecasted through the year 1997 Cucuit 
load balancmg between crrcuits may be reqwed to assist m reducmg cucuit demand Spare 
cucuit posibons apparently exlst at the stabons In order to handle the mmmum growth 
through the year 2005, reconductomg of exlstmg cucuts and addlng addibonal transformer 
capacity would be necessary Reconductomg with 95 mm2 conductors to the major load centers 
would allow for 5 5 MVA capabhty per crrcuit through the year 2005 

4.6 Proposed Clty of Blshkek Transrmsslon and Dlstrnbutlon System Reinforcement 
Program 

The proposed transmssion and distnbubon system remforcements for the City of Bishkek 
idenbfied m future power system studies described m Secbon 4 5 4 are o u b e d  m the followrng 
three secbons The first, secbon 4 6 1, wdl give a descnpbon of each remforcement, followed 
by a cost esbmate of the remforcement m secbon 4 6 2 Secbon 4 6 3 wdl assign a pnonty 
level to each remforcement 

4.6.1 Description of Proposed Reinforcement Program 

Tmnsmzsswn System 

Table 4 6 1 1 shows the remforcements necessary for the 1997, 2000, and 2005 bme penods 



Table 4 6 1 1 

Bishkek Area Proposed Remforcement Program 

1997 - 
Ala-Archa 2201110 kV Substahon 

Chulsha 2201110 kV Substation 

Orto-Alysh 110/35/10 kV Transformer #2 

Selectro 35110 kV Transformer 

Selekccioma 110110 kV Transformer #2 
Atlll 110 kV Swtchgear 
Alamedm 110 kV Swtchgear 
Energdchesha 110 kV Swtchgear 
Karagachevrua 110 kV Swtchgear 
Kostromsha 110 kV Swrtchgear 
Lemn's Plant 110 kV Swtchgear 
Molodogvardeiha 110 kV Swtchgear 
Novo-Vostochma 110 kV Swtchgear 
Novo-Ywhua 110 kV Swtchgear 
Novo-Zapadma 110 kV Swtchgear 

@ Pdcovaa K o t e h a  110 kV Swtchgear 
Promyshlema 110 kV Swtchgear 
Y w h u a  110 kV Swtchgear 
Frunzensha-Ala Archa #2* 

G l a w a  110 kV, 100 MVAr Capacitor 
Karagachevaa 35 kV, 25 MVAr Capacitor 
Kyzyl-Asker 35 kV, 25 MVAr Capacitor 
Molodogvardeiskata 35 kV, 25 MVAr Capacitor 
Orto-Alysh 35 kV, 25 MVAr Capacitor 
Hydro Stahon 3 11013516 kV Substahon 
Hydro Stahon 1 35/6 kV Transformer 

Hydro Stahon 4 3516 kV Transformer 

Hydro Station 1-Hydro Stahon 3 35 kV Clrcut 

C e n t h a  IlI 3516 kV Substahon 
Kok-Dzar 110135110 kV Substation 
Kyrgyzsha 110110 kV Substahon 
Orok 110/35/10 kV Substahon 
Tephchnaa 110135/10 kV Transformer #2 

Needed to provlde an addrtional bulk power 
source to Bishkek 
Needed to reheve Kant-Ivanovka 110 kV 
overloads 
Needed to reheve overloads on Novo- 
Vostochma 11013516 kV transformem 
Needed to replace exlstmg overloaded 
3510 4 kV transformer 
Needed to serve mcreased load 
Needed to lmprove local rehabhty 
Needed to Mprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to Mprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to Improve local rehabhty 
Needed to lmprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to lmprove local rehabhty 
Needed to reheve Frunzensb-Ala Archa #1 
220 kV overloads 
Needed to lmprove voltage profile 
Needed to Improve voltage profile 
Needed to lmprove voltage profile 
Needed to lmprove voltage profile 
Needed to lmprove voltage profile 
Addrhonal supply pomt needed m the area 
Needed to replace exlstmg overloaded 
transformer 
Needed to replace exlstmg overloaded 
transformer 
Needed to reconductor exlstmg overloaded 
clrcult 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to service mcreased load 

T o  be operated lruhally at 220 kV but deslgned and constructed for 500 kV operation Th~s  is the first step 

a m a to later extend the h e ,  through new 500 kV construction, to Kemm substation or alternate Northern 
reglon location 



2000 - 
Kostromskrua 110/35/10 kV Transformer #2 

Kyzyl-Asker 40 MVA, 110/35/6 kV Transformer #1 

Frunzenskrua-Ala Archa-Kern 500 kV Cmult or 
Alternative Plan 
Molodogvardeiskaia 110/35/10 kV Transformer #2 
ABZ 110/10 kV Substation 
Asanba 3516 kV Substation 
Chui 1 10/10 kV Substation 
Gagarina 110/10 kV Substation 
Mat~s-Ata 110/35/10 kV Substation 
Parkovala 110/35/10 kV Substation 
Rassvet 110/35/10 kV Substation 
Saadaeva 35/10 kV Substation 

2005 - 
Zapadma 3516 kV Transformer 
Penko-Dzhutovaa 110/35/ 10 kV Substation 
LGS-Nur 35 kV Cmut 
Electrodvlgatel 35/10 kV Substabon 
Kon&temkrua 110/10 kV Substahon 
Tunguch 35/10 kV Substat~on 
Uchkun 1 10/35/10 kV Substation 

Needed to reheve overloads on Novo- 
Zapadmua 110/35/6 kV transformer 
Needed to replace exlstlng overloaded 
20 MVA transformer 
Needed to serve mcreased load and for voltage 
support (second step m staged development) 
Needed to serve ~ncreased load 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 

Additional supply pomt needed m the area 
Needed to mnductor exishag overload 
cmult 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 

Tmnsmzsswn System - 1997 Wznter 

Many new fachbes are requlred by the 1997 bme penod to meet the growmg load demand A 
new 2201110 kV substabon is urgently needed to be constructed at Ala Archa It is proposed 
that this substabon would be tapped off the exlstmg Frunzensha-Bystrovka 220 kV cucuit by 
20 lulometers of double cucuit overhead conductor The substabon wdl requue two 125 MVA, 
2201 1 101 10 kV transformers and an 100 MVAr, 1 10 kV capacitor bank The 1 10 kV bus would 
be mtegrated mto the Bishkek network through m e  lulometers of double cucuit overhead 
conductor Also requlred is 0 8 lalometers of overhead 110 kV conductor to hnk the Novo- 
Vostochnaa and Lem's Plant stabon Thls h k  wdl bisect the 110 kV loop around the City 
of Bishkek, mcreasmg the rehabhty of the system by addmg a parallel transmissron path The 
new Ala Archa 2201110 kV statson wdl supplement the power supply now provided by the 
Glavnaa substation and Bishkek TES 1 plant 

A new substabon, Chuisha, is needed to reheve overloads on the Kant-Ivanovka 110 kV h e  
The Chuisha substabon consisbng of 1- 125 MVA, 2201 1 101 10 kV transformer and appropnate 
switchgear wdl mtegrate the Glavnaa-Bystrovka 220 kV h e  Into the Tok Mak (Chuisha) 
substabon The mdustnal city of Tok Mak is located to the east of Bishkek 



Second 25 MVA, 110135110 kV transformers at Tephchna and Orto-Alysh are needed 

@ 
Addibonal transformers needed mclude Selectro 6 3 MVA, 35110 kV, Selekcnonnaa 16 MVA, 
110110 kV, Hydro Stabon 1 10 MVA, 3516 kV, and Hydro Stabon 4 10 MVA, 3516 kV A 
new substabon, Hydro Stabon 3 11013516 kV, wdl be needed with one 25 MVA, 110135i6 kV 
transformer The new stabon wdl be tapped off the exlstmg Glavnaa - Karagachevaa 110 kV 
h e  usmg approximately three lulometers of overhead conductor The 2 5 lulometer, 35 kV 
cucult from Hydro Stabon 1 - Hydro Stabon 2 - Hydro Stabon 3 will also need to be 
reconductored 

Capacitors are needed for mcreased voltage support To reduce acbve and reacbve power losses 
and to meet reacbve power requirements, shunt capacitors are recommended as follows 
300 MVAr at Bystrovka 220 kV, 100 MYAr at Glavnaa 110 kV, and 25 MVAr each at 
Karagachevaa, Kyzyl-Asker, Molodogvardeisha, and Orto-Alysh 35 kV substabons These 
capacitors wdl also reduce reacbve power loadmg on the transformers 

System protecQon modificabons and switchgear is also needed on the 110 kV system at A m ,  
Alarnedm, Energebchesha, Karagachevaa, Kostromsha, Molodogvardeisha, Novo- 
Vostochnaa, Novo-Yuzhnaa, Novo-Zapadnaa, Plkovaa Kotelnaa, Promyshlennaa, and 
Yuzhnaa substations to improve the local rehabhty and operabon and mamtenance flexlbhty 
Such improvements must consider the Lem's Plant whlch is a customer owned substabon 

The four new substatrons needed to serve new load areas are Centralnan 111, Kok-Dzar, 
Kyrgyzsha, and Orok The Centralnan III 3516 kV substabon will be connected to the 35 kV 
network through 1 6 lulometers of underground cable to Novo-Vostochnaa and by 2 lalometers 
of underground cable to Vostochnaa substabons The Centralnaa III substabon wdl have two 
10 MVA, 3516 kV transformers 

The Kok-Dzar substabon wdl be tapped from the Bishkek TES - Novo-Vostochnaa 110 kV 
cxcuit by one lalometer of overhead conductor The Kok-Dzar substabon will u b  two 
25 MVA, 110135110 kV transformers 

The Kyrgyzskam substabon is to be tapped off of the Orto-Alysh - Am 110 kV cmuit with 0 5 
lalometers of overhead conductor and have two 16 MVA, 110110 kV transformers The Orok 
substabon is tapped from the Am - Yuzhnaa 110 kV with 0 8 lulometers of overhead h e  and 
wdl u t k e  two 25 MVA, 110135110 kV transformers 

Figures D-2 and D-6 show the transmssion system diagram and one-he map, respecbvely, for 
the 1997 bme penod 

Tmnsmzsswn System - 2000 Winter 

For the 2000 wmter penod, addibonal 25 MYA, 110135110 kV transformers are needed at 
Kostromsha and Molodogvardeisha The 20 MVA, 11013516 kV transformer at Kyzyl-Asker 
also needs to be replaced with a 40 MVA umt 



l g h t  new substabons are antmpated to be needed m the Bishkek area to serve new load The 
ABZ 110110 kV substabon wdl be tapped off the Glavnaa-Tephchnaa 110 kV h e  with one 
kdometer of overhead conductor and utdm two 10 MVA, 110110 kV transformers 

The Asanba 3516 kV substabon wdl be tapped from the Novo-Vostochnaa-Vodokanal35 kV 
cucuit with 0 5 kdometers of overhead h e  and have two 10 MVA transformers The Chui 
substabon wdl be tapped mto the Karagachevaa-Molodogvardeisha 1 10 kV h e  and have two 
25 MVA, 110110 kV transformers The Gagma substabon wdl be tapped off the Yuzhnaa- 
Lem's Plant 110 kV cucuit with 0 5 kdometers of overhead conductor and have two 25 MVA, 
110110 kV transformers 

The Manas-Ata substabon will be tapped from the Glavnaa-Tephchnaa 110 kV cucuit by 
0 5 kdometers of overhead conductor and utdm two 16 MVA, 110135110 kV transformers The 
Parkovaa substabon will be constructed at the Orto-Alysh 110 kV tap pomt on the southern 
pornon of the 110 kV nng around the city and have two 16 MVA, 110135110 kV transformers 
The exlsbng Rassvet 35/10 kV substabon wlll be replaced by a 110/35110 kV substabon havmg 
two 25 MVA, 110135110 kV transformers The Saadaeva substabon will be tapped off the 
Tephchnaa-Molodogvardeisha 35 kV clrcuit and have two 10 MVA, 35110 kV transformers 

Under present load growth condibons, an addibonal power supply wdl be needed in the 
Northeastern part of the Repubhc by 2000 One possibhty is the Frunzensha - K e r n  500 kV 
project, although further analyses would be reqwed to fully evaluate the effecbveness of thls 
opbon The Frunzensha-Kemm project consists of 216 kdometers of 500 kV overhead h e  
construcbon from Frunzensha substabon to a new substabon K e r n  At Kern ,  a 500 MVA, 
5001220110 kV transformer is needed, along with 20 kdometers of 220 kV overhead h e  
construcbon to mtegrate the K e r n  substabon mto the Bystrovka-Issyk-Kul220 kV cucuits 

Th~s project could be developed, as recommended herem, m two parts The first part (1997) 
would be to construct 100 km from Frunzenskata-Ala Archa The h e  would be of 500 kV 
design but lmhally operated at 220 kV Subject to the avadabhty of financmg and further 
detaded power system plamng and engmeenng studies, the h e  could be extended to K e r n  
or another locabon and converted to 500 kV operabon The performance of ths configurabon 
is subject to other remforcements to the Kyrgyz and surroundmg bulk power supply systems 
The scope and b r n g  of these remforcements, mcludmg the Karnbarata hydro plant and other 
remforcements to the 220 kV and 500 kV system, are uncertam Other alternabves, whlch were 
not evaluated due to the lack of detaded power system modehg data, would need to be 
considered to deterrmne the most cost effecbve solubon 

Figures D-3 and D-7 show the transmssion system diagram and one-he map, respecbvely, for 
the 2000 Qme penod 

Tmnsrnzsmn System - 2005 Wznter 

The Penko-Dzhutovaa 3516 kV substabon wdl need to be replaced with a 11013516 kV 
substabon connected at 110 kV to the Bishkek TES by 1 8 hlometers of double circuit 



underground cable Two 40 MVA, 110/35/6 kV transformers will also be needed at the Penko- 
Dzhutovaia substation 

An additional 10 MVA, 3516 kV transformer will be needed at the Zapadnaia substation by the 
2005 tune period The 1 6 lulometer LGS - Nur 35 kV circuit will also need to be reconductored 
usmg a larger wire slze 

Four additional substations are needed to serve the new load areas in 2005 The Electrodvigatel 
substation will be connected by 3 lulometers of 35 kV underground cable to the Lermontova 
substation and by 2 lulometers of 35 kV underground cable to the Alarnedin substation There 
will also be two 6 3 MVA, 35/10 kV transformers at the Electrodvigatel substation 

The Konditerskaia substation will be tapped off the Lemn's Plant - Yuzhnaia 110 kV circuit and 
utilize two 16 MVA, 110/10 kV transformers The Tunguch substation will be tapped off the 
Novo-Pokrovka - DSK 35 kV line and will have two 10 MVA, 35/10 kV transformers The 
Uchkun substation will be tapped from the Alamedin - Kant 110 kV line and use two 16 MVA, 
110/35/10 kV transformers at the substation 

Figures D-4 and D-8 show the transmission system diagram and one-lme map, respectively, for 
the 2005 tune period 

Dzstnbutzon System 

The proposed reinforcements for the Bishkek distribution system include recommendations to 
provide to the local utility new underground fault locating equipment, including trucks, be 
purchased for the operation of the Distribution System New splicing tools, equipment and 
retraimng should be made available to handle installed cable systems Based upon a selected 
number of stations and circuits, the following additional recommendations for system 
lrnprovements w i t h  the utility of the City of Bishkek can be made 

1) Malntain the 6-10 kV operation voltage w i t h  the City 

2) Replace failed underground cable with 25 kV class XLPE cable, based upon 
failures w i t h  cable segments Two to three failures within one segment should 
be the break-even point to replace existing cables 

3) Provide 300 ampere capacity underground cables, with XLPE msulation, for new 
crrcuits and Implement a 10 year cable replacement program des~gned to upgrade 
the city's underground cable system 

4) Increase conductor size to 95 mrn2 for overhead 10 kV circuits as suggested by 
load forecast 



4.6.2 Capltal Cost Estimates of Proposed Redorcement Program 

Tmnmzsswn System 

The cost esbmates for the proposed transmssion system rernforcements idenbfied m Secuon 
4 6 1 are shown rn Table 4 6 2 1 

Table 4 6 2 1 

Bishkek Area Remforcement Cost Esbmates 

Cost Esbmate 
(Thousands of 1995 US $1 

1997 - 
Ala-Arch 2201110 kV Substatlon (2-125 MVA) 
Chuiskrua 220/100 kV Substation (1-125 MVA) 
Orto-Alysh 110/35110 kV Transformer #2 (25 MVA) 
Selectro 35110 kV Transformer (6 3 MVA) 
Selekcc1oma 110/10 kV Transformer #2 (16 MVA) 
A m  110 kV Swtchgear 
Alamedm 110 kV Swtchgear 
Energehchmha 110 kV Swtchgear 
Karagachevaa 110 kV Swtchgear 
Kostromskrua 110 kV Swtchgear 
Molodogvardeisha 110 kV Svvltchgear 
Novo-Vostochmua 110 kV Swtchgear 
Novo-Yuzhnata 110 kV Swtchgear 
Novo-Zapadrma 110 kV Swrtchgear 
Plkovaa K o t e b a  110 kV Swtchgear 
Promyshlennaa 110 kV Swtchgear 
Ywdmua 110 kV Swtchgear 
Fnummkrua-Ala Arch  #2 
G l a w a  110 kV, 100 MVAr Capacitor 
Karsgachevrua 35 kV, 25 MVAr Capac~tor 
Kyzyl-Asker 35 kV, 25 MVAr Capac~tor 
Molodogvarde~sUa 35 kV, 25 MVAr Capac~tor 
Orto-Alysh 35 kV, 25 MVAr Capacitor 
Hydro Station 3 11013516 kV Substatlon (25 MVA) 
Hydro Statlon 1 3516 kV Transformer (10 MVA) 
Hydro Statlon 4 3516 kV Transformer (10 MVA) 
Hydro Statlon 1-Hydro Statlon 3 35 kV Cucult 
Centrahua III 3516 kV Substation (2-10 MVA) 
Kok-Dzar 110/35/10 kV Substatron (2-25 MVA) 
Kyrgyzsha 110110 kV Substation (2-16 MVA) 
Orok 110/35/10 kV Substatlon (2-25 MVA) 
Tepllchnaa 110/35/10 kV Transformer #2 

Labor Total 



Cost Esbmate 
(Thousands of 1995 US $) 

Fachty Matenal Labor Total 

2000 - 
Kostromsktua 110/35/10 kV Transformer #2 (25 MVA) 
Kyzyl-Asker 40 MVA, 110/35/6 kV Transformer #1 
Molodogvarde~skata 110/35110 kV Transformer #2 (16 MVA) 
ABZ 110110 kV Substahon (2-10 MVA) 
Asanh 3516 kV Substahon (2-10 MVA) 
Chul 110110 kV Substahon (2-25 MVA) 
Gaganna 110110 kV Substahon (2-25 MVA) 
Manas-Ata 110/35110 kV Substahon (2-16 MVA) 
Parkovaa 110/35/10 kV Substahon (2-16 MVA) 
Rassvet 110/35/10 kV Substahon (2-16 MVA) 
Saadaeva 35/10 kV Substahon (2-10 MVA) 
Ala Archa-Kern 500 kV 

2005 
Z a p h a  3516 kV Transformer (10 MVA) 
Penko-Dzhutovaa 110135/10 kV Substation (40 MVA) 
LGS-NUI 35 kV Cxcut 
Electrodvigatel35110 kV Substahon (24  3 MVA) 
Kondlterskata 110110 kV Substation (2-16 MVA) 
Tunguch 35/10 kV Substahon (2-10 MVA) 
~ c h k u n  110135110 kV Substat~on (2-16 MVA) 

DEstnbutron System 

Cost Esbmates 

Citv of Bishkek 

Materral Labor Total 

Underground Cable Replacement, $33,490 $3,783 $37,273 
850 km of 25 kV-34 Cable 

Substabon, 0 4 kV Upgrade 
650 umts 

Reconductor Overhead Distnbubon 1,402 1,293 2,695 
at 10 kV, 140 km 

4 6 3 Pnonty of Proposed Redorcement Projects 

Pnonhes of the proposed remforcement program wdl be classified lnto one of three 
designabons Pnonty I is the hlghest pnonty and has the most urgent need Pnonty 11 is the 

a 



mddle pnonty level and a less urgent need than Pnonty I Prronty III 1s the lowest pnonty 
with the correspondmgly least urgent need Table 4 6 3 1 shows the pnonty of the proposed 
Bishkek area remforcements for 1997, 2000, and 2005 

Table 4 6 3 1 

Bishkek Area Pnonty of Proposed Remforcement Program 

1997 
Ala Archa 2201110 kV Substabon 
Chuisha 22011 10 kV Substabon 
Orto-Alysh 110135110 kV Transformer #2 
Selectro 35110 kV Transformer 
Selekccionnaa 1 101 10 kV Transformer #2 
A m  110 kV Switchgear 
Alamedln 110 kV Switchgear 
Energebchesha 1 10 kV Svvltchgear 
Karagachevam 110 kV Swtchgear 
Kostromskam 110 kV Switchgear 
Molodogvardeiskan 110 kV Swtchgear 
Novo-Vostochnaa 110 kV Switchgear 
Novo-Yuzhnaa 110 kV Switchgear 
Novo-Zapadnaa 110 kV Switchgear 
Pkovaa Kotelnam 110 kV Svvltchgear 
Promyshlennaa 1 10 kV Switchgear 
Yuzhnam 110 kV Switchgear 
Tephchnzua 1 10/35110 kV Transformer #2 
Glavnaa 110 kV, 100 MVAr Capacitor 
Kmgachevzua 35 kV, 25 MYAr Capacitor 
Kyzyl-Asker 35 kV 25 MVAr Capacitor 
Molodogvardeisha 35 kV, 25 MVAr Capacitor 
Orto-Alysh 35 kV, 25 MVAr Capacitor 
Fru~lzenskata-Ala Archa #2 
Hydro Statson 3 11013516 kV Substabon 
Hydro Stabon 1 3516 kV Transformer 
Hydro Statlon 4 3516 kV Transformer 
Hydro Stabon 1-Hydro Statron 3 35 kV Clrcuit 
Centralnam 111 3516 kV Substahon 
Kok-Dzar 110135110 kV Substahon 
Kyrgyzsha 1 101 10 kV Substabon 
Orok 110135110 kV Substabon 



Fachty Pnonty 

2000 - 
Kostromsha 110/ 35/10 kV Transformer #2 
Kyzyl-Asker 40 MVA, 110/35/6 kV Transformer #1 
Molodogvardeisha 1 10/35/ 10 kV Transformer #2 
Frunzensha-Ala Archa-Kermn 500 kV Crrcult 
ABZ 110/ 10 kV Substatron 
Asanba 396  kV Substabon 
Chui 110/ 10 kV Substabon 
Gagma 110/ 10 kV Substabon 
Manas-Ata 1 lo/ 35/10 kV Substabon 
Parkovaa 1 10/35/ 10 kV Substabon 
Rassvet 1 10/35/ 10 kV Substabon 
Saadaeva 35/10 kV Substabon 

2005 
Zapadnaa 35/6 kV Transformer 
Penko-Dzhutovaa 1 10/35/ 10 kV Substabon 
LGS-Nur 35 kV Crrcuit 
Electrdvigatel35/10 kV Substabon 
Kondterskata 1 101 10 kV Substabon 
Tunguch 35/10 kV Substahon 
Uchkun 1 lo/ 35/10 kV Substabon 

Tmnsmasswn System - 1997 Wznfer 

The pnonty I needs for the 1997 bme pend  mclude the Ala Archa 2201110 kV project, the 
addibon of capacitors at Ala Archa, Glavnaa, Karagachevaa, Kyzyl-Asker, 
Molodogvardeiskata, Orto-Alysh, as well as Bystrovka m Northeastern Kyrgyzstan Switchgear 
at the 110 kV voltage level at Aim, Alamedm, Energebchesha, Karagachevaa, Kostromsha, 
Molodogvardeisha, Novo-Vostochnam, Novo-Yuzhnaa, Novo-Zapadnaa, Plkovaa Kotelnaa, 
Promyshlennaa, and Yuzhnaa are also Pnonty I The Chuiskam 22011 10 kV substabon located 
to the east of the City 1s also mcluded m the Pnonty I program The addibon of transformabon 
at Orto-Alysh, Selectro, Selekcciomam and Tephchnaa are also de temed to be Pnonty I 
The Frunzensha-Ala Archa #2 crrcuit is also mcluded as a Pnonty I project 

Pnonty I1 remforcements mclude the Hydro Stabon remforcements These have been 
de temed to be Pnollty I1 because the load may not grow as quickly as expected m these areas, 
and also it may be possible to generate some power at the Hydro Stabons to supply power 
requirements m the local v1cmty This would reduce the immediate need for the remforcements 
m the area 



Priority III items are the add~tional substations requlred to serve new load, as construction patterns 
by residents are very sporadic and difficult to predict due to the lack of building materials 
Another issue is that smce these substations are needed for new areas of load growth, the cost for 
the substations could be subsidized by the individuals responsible for the new load That is, the 
new customers in an area can help the power company purchase the necessary equipment, then 
let the power company mstall, mamtam and operate the new fac~lities Therefore, the Centralnaia 
111, Kok-Dzar, Kyrgyzskaia, and Orok substations are Priority 111 redorcements 

Transmzsszon System -- 2000 Wznter 

For the 2000 Winter, Priority I reinforcements are the Frunzenskaia-Kemin 500 kV project (or 
an alternative reinforcement project for Northeastern Kyrgyzstan) and the addition of second 
transformers at Kostromskaia and Molodogvardeiskaia, along with the replacement of the 20 
MVA transformer at Kyzyl-Asker with a 40 MVA umt 

For similar reasons discussed for 1997 Winter above, the new load area substations ABZ, 
Asanbai, Chui, Gagarina, Manas-Ata, Parkovaia, Rassvet, and Saadaeva are Priority I11 

Transmzsszon System -- 2005 Wznter 

The Priority I reinforcements for 2005 are additional Zapadnaia transformation and the Penko- 
Dzhutovaia 110/35/6 kV substation 

Reconductormg the LGS - Nur 35 kV circuit has been given a Priority I1 level of Importance 

The new load area substations Electrodvigatel, Konditerskaia, Tunguch, and Uchkun are Priority 
I11 

Dzstnbuhon System 

For the Distr~bution System of the City of Bishkek, an ten year program designed to replace all 
850 krn of three-phase 6-10 kV underground cable is needed This cable replacement should be 
made with 25 kV rated cable of modern design and operated at 6-10 kV through and beyond the 
year 2005 Additional transformer and clrcuit capacity wlll be required dependmg on the growth 
scenario encountered 

4 6 4 Proposed Schedule for the Distr~butlon Reinforcement Program 

Provide, in 1996, for trainmg, new equipment for fault locating, including trucks, to Improve 
existing system rel~ability Distribution Cable Replacement Program, Annual from 1996 through 
2005 - $3,727,300 Reconductor overhead lmes and upgrade lme transformer facilities - 1996 and 
1997, annually - $2,972,500 

Prov~de additional transformer capacity for heating load, if it develops 



4.7 Assessment of Operat~on of C~ty of Blshkek T r a n ~ o n  and Dstnbution System 
Followlug Reinforcement 

Tmnsmrsswn System 

Followmg the addibon of the Ala Archa 2201110 kV project, the transmssion p d  should be 
able to supply 300 to 400 MW of the power requuements for the City of Bishkek The 
remamder of the City's demand wdl have to come from generabon at Bishkek TES 
Remforcements to the 110 and 35 kV networks, mcludmg addibonal transformabon, replacmg 
several overloaded transformers with larger transformers, and reconductomg several lmes, wdl 
mcrease the capacity of these systems The addibon of 110 kV switchgear at numerous 
substabons wthm the City wdl greatly mcrease the rehabhty of the system and reduce the 
number of customers affected under outage condibons Addibonal substabons wfi have to be 
constructed as new load areas develop, but the 110 and 35 kV networks have capacity for these 
addibons Transformers whch step the voltage down to distnbubon level (6 or 10 kV) wdl have 
to be replaced with larger umts as local load grows Electnc resistance heatmg m Bishkek 
should be &scouraged as the power system cannot be expanded fast enough to meet the demand 
it would place on the network 

The Bishkek system is still suscepbble to overloaded condibons dumg peak load, however, if 
cnbcal facfibes are out of semce These facfibes mclude generabon at Bishkek TES, Ala 
Archa and Glavnaa 2201110 kV transformers, Frunzenskan 5001220 kV transformers, and the 
220 kV lmes from Frunzensha across Northern Kyrgyzstan Generabon at Bishkek TES is 
doubly important as not only does the plant generate electncity, but also heat for the distnct 
heatmg system Should there be generabon outages at Bishkek TES, electncity producbon is 
reduced as well as heat producbon, causmg residents to ubhze electnc reastance heatmg, msmg 
the electrical demand on the system at a bme when supply has been reduced Therefore, it is 
especially cnbcal that Bishkek TES be fully or near-fully operabonal and have no fuel shortages 
at the bme of water peak condibons 

Lhstnbuimn System 

From th~s analysis, it would appear that the City of Bishkek can provide addibonal service and 
plan for the future by replacmg the &ect bmed cable system rated 10 kV with new XLPE 
cables rated 25 kV, 300 amperes (approxlmately #410 conductor) An esbmated 850 kdometers 
of 10 kV cable exlst and 1s m very poor operatmg condibon Contmued operabon at 6-10 kV 
can be assured m terms of capacity and not requre replacement of all  distnbubon (6 kV or 
10 kVlO 4 kV) transformers Addibonal cucuit posibons exlst m most stabons and with 
reconductomg of cable cucuits with new 25 kV cable, adequate margm for future loads can be 
designed into the present system Except for mcreasmg the voltage ratmg for all underground 
cable supphed as replacement or for new cucwts, the need to mcrease actual operatmg voltage 
through the year 2005 is not necessary nor is it economc The need to mcrease the system 
operatmg voltage to either a 20 kV or 30 kV level is not jusbfied Typical economcal loadmg 
of cxcuits for 4 kV, 15 kV and 35 kV voltages m the USA are as follows 



It would appear that maxlmurn circuit loadmg in Kyrgyzstan through the year 2005 rarely exceeds 
5 MVA, thus larger conductors or higher operating voltages are not needed 

What is needed is unproved operational traimng, especially within underground cable systems, 
new tools and a systematic replacement program for existing 6-10 kV distribution cable circuit 
conductors (cables) 

4 7 1 Expected Benefits from Implementation of Proposed Reinforcement Program 

The proposed reinforcement program will allow the City of Bishkek to support approxmately 600 
to 800 MW of load, depending upon the generation output of the Bishkek TES This is one and 
one-half to two tunes present load demand The proposed reinforcement program would also 
unprove the voltage profile for the city, sigmficantly lmprove the reliability of the network, and 
reduce transmssion losses by 10 to 15 % The mcrease m the capacity of the Bishkek system will 
provide for future growth in electric demands while improving the reliability and quality of the 
power supply to existing and new customers The increased capacity will also allow for more 
industrial and commercial activity, helping in the to retain growth of the Kyrgyz economy 

For the Distribution System of the City of Bishkek, continued supply of electrical energy will be 
mproved and maintained, with the prospect of future energy heatmg requirements belng satisfied 
with " in country" resources 

4 8 Rural Area Transmission and Distribut~on Study 

The City of Bishkek transmission system is a compact system of high load density The system 
design, heavy reliance on underground cables, 110 kV loop, Bishkek TESl and other attributes 
make it non-representative of the majority of areas served by the KNEHC The project scope 
called for the examination of a rural area that would be representative of the power system designs 
m the rural areas of Kyrgyzstan The project team selected the Kalinin area of the Chu Electric 
Company for analysis The Kalinin area was judged to be representative of other rural areas in 
the Republic 

Because the Chu Electric Company and the KNEHC do not maintain a power flow model or 
database suitable for the analysis or plamng of the 110 kV and lower voltage transmission 
system, engineers from the Kyrgyz team, under the direction of the AEP Energy Services, Inc 
team, assembled the network characteristic data required for power flow simulation studies As 
already noted, the Russian power system software utillzes physical umts The AEP team assisted 
the Kyrgyz personnel in converting the data from physical umts to the per-unit system 



whlch is requved wth the PSSIE software used m the transmssion p l m g  study The next 
secbon describes the orgamzabon of the Chu Electnc Company, charactensbcs of the IGdmn @ area, and the results of the plannurg study 

4.8.1 Kalmh Area of the Chu Electnc Company 

Chu Electnc Company Semce Areas 

The Chu Electnc Company is one of eight transmssion compames w i h  the Kyrgyz Nabonal 
Energy Holdmg Company orgamzabon The Chu Electnc Company is responsible for electnc 
power supply and mamtenance of 500 kV and lower voltage fachbes m the Chu Valley region 
covermg a total terntory of 12,800 square lalometers 

The Bystrovka Electnc Company is located to the east and the Naryn and Osh Electnc 
Compames are located to the south of the Chu Electnc Company The service area of the Chu 
Electnc Company borders m the north and west on Kazakhstan 

The Chu Electnc Company is adrmtllstrabvely &wded mto SIX area electnc networks The SIX 

&visions of the Chu Electnc Company are 
Kantsky Moskovsky 
Alamedmsky lcahnsky 
Sukuluksky Panfilovsky 

The Kalmm area was chosen for study as a representatwe rural area of the Kyrgyz Repubhc 0 The findlngs for the Kaluun area WI.U be extrapolated to sirmlar rural areas of Kyrgyzstan 

K ' n z n  Semce Area 

The Kahm area of the Chu Electnc Company is located about 40 lalometers west of the City 
of Bishkek As shown m Figure 4 8 1, the K a h n  area is located between the Panfilov and 
Moskov areas 

4.8.2 Description of Existmg Trandsslon and Dlstnbubon Facihtles 

The Chu Electnc Company transmssion system is comprised of a network of transmssion hes ,  
pmcipally operatmg at voltages of 220 kV, 110 kV and 35 kV Table 4 8 2 1 hsts the 
transformer capacity mstalled m the Chu Electnc Company as of December 31, 1994 





Table 4 8 2 1 

Chu Electnc Company 
Substabons In-Service as of December 3 1, 1994 

Transformer 
Number of Capacity 

Voltage Substabons W A )  

All of the 35 kV and hgher voltage substatrons, mcludmg the Frunzenskaa 50012201110 kV, 
Glavnaa 220/110/10 kV and Kara-Balta 220/ 110/10 kV substabons, are mamtamed by the 
centrahed Chu Electtlc Company Electrotechcal Service Department 

Electmtechnzcal Semce Department (Subsrcltron Mantemnce) 

The Chu Electrotechcal Semce Department is responsible for 88 substabons ranglng m voltage 
from 35 kV to 500 kV with an mstalled transformer capacity of 2,047 MVA and 74 substabons 
for agricultural purposes havlng an mstalled capacity of 555 MVA 

The I b h n  group of the Electrotechcal Service (ETS) is responsible for semcmg and 
mmtammg eleven 35 kV and hlgher voltage substabons m the Kalmm area and ten 35 kV and 
hgher voltage substahons m the Panfilov area The Kahm group of ETS consists of eighteen 
workers mcludmg two mamtenance crews each consistmg of five people The Kahm group of 
ETS has only one h e  truck avadable for its two crews The Kalmm ETS is responsible for 
mmtammg spare parts, however, none of the parts needed for emergency repms are avadable 

The mspecbon and repm of switchgear and transformers are conducted once every two years 
The switchgear are overhauled on a schedule of once every eight years and the transformers are 
overhauled on a schedule of once every twelve years 

Zndustnal Semce of Hzgh-Voltage Ovechead Tmnsmzsswn Lanes 
(Tmnsmzsswn Lrne Maznfenunce) 

The Chu Industrial Service of Wgh-Voltage Overhead Transrmssion Lmes operates and 
mmtams the company's 35 kV to 500 kV transmssion h e s  At the end of 1993, the Chu 
Elecmc Company operated some 10,684 lalometers of transmssion and distnbuhon h e s  as 

e summanzed   able 4 8 2 2 



Table 4 8 2 2 

Chu Electric Company 
Transmssion and Distnbubon Lmes 

Voltage Length Voltage Length 
(kv) (km) (kv) Oun) 

500 176 20 (dc) 20 
220 404 10 3856 
110 573 6 290 
35 838 0 4 4527 

The Chu Industrial Service of figh Voltage Overhead Transmssion Lmes also mamtams the 
three 500 kV transmssion h e s  associated with the Frunzensha 500 kV substabon One 
500 kV h e  connects Frunzensha substabon to the Toktogul Hydro Power Plant and two 
500 kV transmssion h e s  run north and northwest from Frunzensha mto Kazakhstan The 
Frunzensha substabon is mterconnected at 500 kV with the Alma-Ata and Dzhambul500 kV 
stabons m Kazakhstan The 110 and 220 kV overhead transmssion lmes cross the Chu Valley 
from west to east and umte the northern Kyrgyzstan Electnc Power System with the Naryn and 
Issyk-Kul electric systems 

The K a h n  figh Voltage Transmssion Lme Service Group mamtams the h e s  m the 
Panfilovsky, lCahmsky and Moskovsky areas as summamed m Table 4 8 2 3 

Table 4 8 2 3 

Transmssion Lmes Mmtamed by the 
Kahm figh Voltage Overhead Transmssion Lme Service Department 

Voltage Length 
Area (kv) (km) 

Panfilovsky 500 176 

-sky 220 245 
110 87 
35 164 

Moskovsky 110 108 
35 189 



The Kahm Bgh Voltage Overhead Lme Service @VS) Group 1s comprised of sixteen workers, 
eleven of whch are electricians The equipment avdable to the HVS mamtenance crew @ mcludes a h e  truck, a bucket truck, weldlng ulut and a car The crew does not have a crane 
whch is needed for mamtenance and repm work There is an madequate stock of matenals to 
perform mamtenance The transmssion h e s  are mspected once every sm to seven years with 
other repms performed m response to emergencies as they anse 

The Kalmn area is served by a network of 35 kV transmssion lmes as shown m Figure D-9 
The one-he map of the Kalrntn area is shown m Figure D-13 The prmcipal source of supply 
to the Kahm area is the Kara-Balta 22011 10 kV transformers The Kalrntn area 35 kV network 
is supplled by the Kara-Balta TES 110135 kV and Kosh-Tegermen 110135 kV substabons, 
supplemented by the Besh-Terek 110/35 kV substabon located m the Moskovsky area The 
substabons servmg the K a h n  area are hsted m 4 8 2 4 

The Kahm Area of the Chu Electnc Company comprises both transrmssion and distnbubon 
fachbes Approximately m e  transrmssionlsubtransmssion stabons make up the majonty of 
distnbubon energy sources Typical cxcuits of 10 kV exlt these stabons to cover a very rural 
area These fachbes are predomately overhead faahbes of small kVA smxi transformers with 
long lower voltage secondaries coveGg the t e a  

aP 
4 8.3 Assessment of Physical Conilltion of Transrmssion and Dstnbution Facilities 

As mdicated previously, an assessment of the physical condibon of the transmssion and 
distnbubon fachbes was performed The detads of the assessment are provided m Appendlx 
E of tlus report 



Table 4 8 2 4 

Kahm Area 
Chu Electnc Company and Customer Owned Substabons 

Transformer 
Voltage Capacity 

Substabon (kv) (MVA) Notes 

Kosh-Tegermen 
Kara-Balta TES 
Stavropolovka 
Budenovka 
Ochrstnyie Sooruzhema 
Alekseevka 
Kalmnsha Hydro 
Kyzyl-Okhabr 
Kara-Balta Sugar 
Novo-Ndcolaevka 
Burovaa 
Sosnovka 
Turuk 
Ak-Zhol 
Tuia-Ashu North 
Tuia-Ashu South 
Susamyr 
Melkombmat 

Bakyt 
Severma 

Customer substabon 

Customer substabon 

(Bishkek Electric Co ) 

Customer substatron 

Customer substabon 

Customer substabon 
Customer substabon 

Customer substatron 
Customer substabon 
Customer substatron 

4 8.4 Assessment of Operation of Tra-1on and Distribution Facihtles - Current 
Con&tlons 

Chu Electnc Company Hzstoncal Load Data 

Accordmg to control measurements, the electric energy consumpbon m the Chu Electric 
Company has mcreased at an average annual rate of 3 7% over the penod of 1990 to 1994 The 
lndustnal usage m the Chu service area has dropped substanbally dunng ths penod The 



residentnl use of electricity has, however, more than offset the drop m mdustnal use as * summanzed m Table 4 8 4 1 

Table 4 8 4 1 

Chu Electric Company 
Electnc Energy Consumpbon 

1990-1994 

Average 
Energy Consumpbon ( W o n  kwh) Annual 

Growth 

Sector 1990 1991 1992 1993 1994 (%) 

Industry 678 5 688 6 581 9 486 6 376 9 -15 8 
Agrrculture 420 5 457 2 374 8 416 1 338 5 -5 5 
Commercial 158 8 224 0 285 3 234 3 216 1 8 0 
Resldenhal 254 8 340 8 548 8 654 4 816 6 33 7 

TOTAL 1512 6 1710 6 1790 8 1791 4 1748 1 3 7 

The m t e r  maxlmum loads m the Chu Electnc Company grew by 18 % from the 1992/ 1993 d) wmter to 199411995 wmter penod The -mum demands are summanzed m Table 4 8 4 2 

Table 4 8 4 2 

Chu Electnc Company 
Wmter Maxlmum Loads 

Seasonal Demand 
Wmter Perrod Maximum Date 

1992/ 1993 380 MW February 19, 1993 
1993/ 1994 408 MW January 24, 1994 
19941 1995 449 MW January 16, 1995 



Table 4 8 4 3 flustrates the Kdmn area substabon hstoncal transformer loadmg dumg the 
wmter penods from 1988 to 1993 This table shows that the transformer loadings are generally 
mcreasmg, especially m the more densely populated areas whch are supphed by the Alekseevka, 
Kahnsksua, and Novo-Nkolaevka substabons In the past as transformers neared then full 
capabhty, the transformers were replaced with a hgher rated umt If other transformers were 
not bemg fully u r n ,  they were replaced with a smaller transformer These transformer 
replacements have been documented m the Notes secbon of Table 4 8 4 3 

Table 4 8 4 4 shows the K a h n  area substabon htstoncal transformer loadmg dumg the summer 
penods from 1988 to 1994 The summer loadmgs have not appreciably mcreased over h s  
penod and are well below the levels experienced dumg the wmter Tlus mdlcates that the 
wmter is the most cnbcal p e d  for the Kdmn area due to the maxlmum load that needs to be 
served 

There are several cnbcal transmssion fachhes m and around the K a h n  area whch have very 
dramahc negabve impacts upon area performance should these fachbes be out of service dumg 
wmter peak condibons These fachbes mclude the two Frunzensksua 5001220 kV transformers, 
whch are the only 500 kV step-down transformers m the Northern part of Kyrgyzstan, the two 
Frunzensksua-Kara-Balta 220 kV transmssion h e s  that bmg bulk power to the area, and the 
previously menboned pmcipal sources of supply to the 35 kV network -- Kara-Balta 
22011 10 kV, Kara-Balta TES 110135 kV, Kosh-Tegermen 110135 kV, and Besh-Terek 
110135 kV substabons 

Each wmter system operators are very concerned with the loadmg and status of the Frunzensha 
5001220 kV transformers and the Frunzenskasa - Kara-Balta 220 kV transmssion h e s  because 
of then necessity m provldmg bulk power to the Northern porbon of Kyrgyzstan 

The Kalmm Region is an Overhead Distnbubon, 10 kV System - Maxlmum design loadlng based 
upon overhead conductor kV are 

215A = 2 2 MVA @ 6 kV3 7 MVA @ 10 kV13 MVA @ 35 kV 
265A = 2 7 MVA4 6 MVA16 MVA 
320A = 3 3 MVA5 5 MVA19 MVA 

The exlstmg loadmg on the &stnbuhon cncuits mdicate that overloading of fachbes, under 
normal condibons, is unhkely More attenbon to mmtenance would improve the operabonal 
aspects of ths system 



Table 4 8 4 3 

Stahon Name 

Soriwvka 

'ha-Auhu South 

hsbu N o d  

K.l1mnIhu 

Kyzyl-OLtlabr 

Tumk 

Kam Balm Sugar 

Och~nlnyre Soondiema 

Melkombmt 

Budenovka 

CHU ELEcrRIc COMPANY 
K a h  Artr Submhon Ehstoncrl Tmmfonner Load~ng 

W w r  1988-1993 
Plge 1 of 2 

Current 
h(ms 
( m a )  

220 

220 

220 

165 

220 

550 

550 

220 

220 

220 

137 5 

144 5 

367 

220 

220 

220 

330 

Measured 
b d l n g  

( m ~ )  

160 

175 

130 

35 

50 

190 

360 

92 

75 

40 

35 

130 

0 

60 

120 

25 

10 

Laadlngl 
Rahng 
(96) 

72 7 

79 6 

59 1 

21 2 

22 7 

34 6 

65 5 

41 8 

34 1 

18 2 

25 5 

90 0 

0 0 

27 3 

54 6 

11 4 

3 0 

N do. I c rrccrtd r r t l ~ y  u d8rrtm d t~ twr  Otr ueuUlrwrcwt~ r.tlry ~ I I  I),* nd4udaty dJ* uf 01. t t a ru lu t~wr  
2 The actual lmLngr worn mcordcd on 12121188, 12120189, 12/19/90 12/19/91. 12/17/92 lad 12/15/93 
3 Novo-Nkdrevh 1 6 MVA truuformr war replaced n t h  a 4 0 MVA tramfonner m 1990 
4 A l e b v t r  4 0 MVA tnnrformtn were replaced n t h  6 3 MVA t ~ ~ ~ f o r m c n  m 1993 
5 hn IWtr Sqpr  3 2 MVA tramformer was used dunng W m r  1988189 
6 Budenovka 6 3 MVA tnnsfomrcr war replaced n t h  2 5 MVA transformer m 1993 



Table 4 8 4 3 

No Statroo Name 

- 

Kyzyl-Ohabr 

Tumk 

K.ra Balh Sugar 

Ochtslnyte Soonuhenu 

Melkombtnat 

Budcnovka 

CHU ELEcmc COMPANY 
Kdmul h sUbrtrt1on Hlaonul Tmarfonoa f m h g  

W a r  1988-1993 
Page 2 of 2 

Cumnt 
htw 
(Amp4 

220 

220 

220 

165 

220 

550 

550 

220 

220 

220 

137 5 

144 5 

367 

220 

220 

220 

330 

Cumnt 
R.ctnp 
(Amp*) 

220 

220 

220 

165 

220 

550 

550 

220 

220 

220 

137 5 

144 5 

367 

220 

220 

220 

330 

Naw. I c IIII-IU t m t l ~ y  uatluttu~ rhtwr h hruunrltnuur cmll~y uf 1110 wtrulrry 4th uf Lha lmiufiunwr 
2 The acaul larding8 worn roeordDd aa IY21/61, IZrU)/119,12/19190,12/19/91 12117192, d 12/15/93 
3 Nwo-NILohevka 1 6 MVA mdmna nm q l r c a d  w h  r 4 0 MVA trrnrfowr m 1990 
4 AkLwevta 4 0 MVA h.llrtamsn were x+cd vdh 63 MVA tnmfamen 111 1993 
5 K.mBdtaSupu32MVA1niufoemetwuorodQnoltW~r 1988m 
6 Budenovh 6.3 MVA h f o n a c t  wu replaced vafi a 2 5 MVA transformer m 1993 

M d  
Lordtng 
(Amp*) 

190 

225 

98 

85 

250 

420 

90 

75 

25 

40 

70 

75 

100 

Cumnt 
h b n p  
(Anrpd 



Table 4 8 4 4 

Stahon Name 

Sosnovkl 

Tuu-Ashu South 

Tuu b h u  Noah 

Kalrmruklll 

Kyzyl-Oktlabr 

Tumk 

Kan EnlIl Sugar 

Ochtstny~e Soonvbenv 

Melkomblnrt 

Budenovka 

CHU E L m c  COMPANY 
K a l m  Ater Subdabon H~doncd Tnnrfomvr Losdmg 

Summer 1988-1994 
hge  1 of 3 

fd *..I 1 curma m t l ~ y  uulu~tur ahwr *r a r w ~ h u t u ~  ratlty ufch* murrlary 4th uf chr tnnrbnlwr 
2 Ibs woul bdinga vom morded on 6/161%8,6121/89,6/#)190,6/191Pl, 6/23/92,6/23/93, ud 6/15/94 
3 NaveNIMKvlo 1 6 MVA tnnrfommr uu replaced w~th a 4 0 MVA tmmfomur m 1990 
4 Aktreevtr 4 0 MVA tmmfomwn were nptead vrth 6.3 MVA truufomm m 1993 
5 Budcmvka 6 3 MVA tramforom m a  rcpLced W I  a 2 5 MVA buufoaner m 1993 
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4.8.5 Assessment of Operation of Transrmsslon and DMnbutlon Facllitles - Future 
Conchtlons 

Kcrlrnrn Area Load Forecast 

The forecast of the loads m the K a h n  area was predicted on two assumpbons regardmg the 
future evolution of the Kalmn area electnc demands One forecast reflects the assumphon that 
residenhal use of electncity for heatmg will Increase rapidly as fuel shortages hnut the 
avadabhty of altemabve heatmg sources The other load forecast reflects the gradual recovery 
of the economy and less subshtuhon of electnc heat by residenbal customers Table 4 8 5 1 
provides a summary of the load forecast for three planrung homons 1997, 2000 and 2005 
The dehled disaggregaQon of these forecasts is provlded m Appendlx C 

Table 4 8 5 1 

Kahm Area 
Wmter Peak Load Forecast 

Load Forecast (MW) 

Wmter Penod Expected Maxlmum Difference 

Average Annual Growth 
Expected Load Growth7 9% 
Maxlmum Load Growth8 7% 

Tmnsmrsswn System Pe~onnunce - 1997 Expected Peak Load CondEtrons 

Under this scenario, with an expected peak load of 32 MW for the Kahm area, no overloads 
were found to exlst on the system under base condibons Several new 35/10 kV substahons 
were assumed to be added to the system to support new areas of load growth These stahons 
mclude Ak-Bashat, Poltavka, Stepnaa, and Teploviua If not for the addlhon of these 
substahons, it can be expected that exlstmg 35110 kV transformers wdl be overloaded or nearly 
overloaded under peak load condibons It is, however, very difficult to judge how fast new 
areas of load wdl develop because of the very sporadic construchon patterns The need for these 
new substabons may or may not anse by 1997 because of the close M a g e  with new 
construchon 



Tmnsrnzsswn System Pe#onnance - 2000 Expected Peak Load Condrtrons 

By the year 2000, it is expected that the Kahm area load wdl have grown to 37 MW under 
peak conhbons Power flow analyses under tlzls load level shows that one of the power supphes 
to the Kahm area 35 kV network -- the Kara-Balta Thermal Electnc Stabon (TES) 
110/35/10 kV transformer #1 -- is loaded to 110% of its capabhty under base case condibons 
This overload mdicates the bme m whch an addibonal source to the K a h n  35 kV network is 
needed a s  adhbonal source is the Pobeda 110/35/10 kV substabon This substabon, havlng 
two 10 MVA transformers, wdl be able to supply power to the 35 kV network servlng Ak- 
Bashat, Poltavka, Novo-Nkolaevka, Teplovam, and K a h n s h a  substatrons An addibonal 
35/10 kV substabon, Enktuu, wdl also be needed to serve new load areas by the 2000 bme 
pend 

Tmnsmnmn System Pe~onnance - 2005 Eipected Peak Load Condrtrons 

For the year 2005, the expected peak load for the Kalmn area is 59 MW Power system 
simulabons at h s  load level m&cate that several fachhes wdl be overloaded These overloaded 
fachbes are shown m Table 4 8 5 2 

Table 4 8 5 2 

K a h n  Area Overloaded Fachbes 
2005 Wmter Expected Peak Con&bons 

Fachty 

Kara-Balta TES 1 10/35/ 10 kV 
Transformer #1 
Kara-Balta TES 110/35/10 kV 
Transformer #2 
Sosnovka 35/10 kV Transformer #1 
Sosnovka 35/10 kV Transformer #2 
Novo-Nkolaevka 35/10 kV 
Transformer #1 

Actual 
Loadmg 
(MVA) 

Admssible 
Loadmg 
W A )  

Percent of 
Admssible 

("/.I 

To reheve these overloaded fachbes, it is recommended that the Sosnovka 35/10 kV substabon 
be replaced wth a 110/35/10 kV substabon a s  substabon wdl reheve the overloads on the 
two Kara-Balta TES 110/35/10 kV transformers and replace the two 4 0 MVA Sosnovka 
35/10 kV transformers with larger umts, allowmg the Sosnovka 4 0 MVA transformers to be 
used as spares elsewhere m the system In order to reheve the overload on the Novo-Nkolaevka 



35/10 kV transformer #1, it is recommended that a 10 MVA, 35/10 kV transformer be added 
at the stabon as transformer #2 

Tmnsmassron System Pe~onnance - 1997, 2000, and 2005 Maxrmum Peak Load 
CondUns 

Under wrdespread electnc resisbve heatmg condibons, the K a h n  area wdl reach a maxlmum 
peak load of 71, 97, and 138 MW for the 1997, 2000, and 2005 wmter penods, respecbvely 
In attemptmg to acheve a power flow model for these load levels major difficulbes were 
encountered, mdicatmg the potentla1 for power system mstabhty at these load levels with the 
exlstmg power system fachbes m the K a h n  area Mmmum peak load levels for K a h n  m 
1997 are more than twice the present load of the area By year 2000 the load is more than tnple 
and by 2005 the load is quadruple present peak load Th~s rate of load growth is more than the 
exlstmg system can handle The remforcements requlred to supply the mmmum load m 1997 
would mclude all the remforcements idenhfied for 1997, 2000, and 2005 expected peak load 
condihons, and more It is esbmated that another one or two 110/35/10 kV substabons and two 
to four more 35/10 kV substabons could be needed to handle the added load for the winter of 
1997 By the year 2005, an addibonal220/110 kV source wdl be needed m the K a h n  area 
to accommodate the mmmum load forecast peak of 138 MW As a pracbcal matter, the power 
system cannot be remforced to the extent necessary by 1997 to provide the amount of electricity 
needed for widespread electnc resistance heatmg It is therefore recommended, at least for the 
near future term, that the widespread use of electnc resistance heahng m the K a h n  area be 
discouraged and that people contmue to use wood and coal for heabng untd such bme that the 
power system can be properly upgraded 

nstnbutwn System Pe~onnance 

The load forecast for the Kahm area, as shown m Table 4 8 5 3, mdicates that scattered areas 
could become overloaded dumg the Wmter by the year 2005 A change m operatmg voltage 
from 10 kV to 35 kV is not necessary, provided spare cucmt posibons exlst m most stabons, 
or that reconductomg to 95 mm2 s d  conductors can be accomphshed on exlstmg clrcuits 
An esbmated 184 km of exlstmg 10 kV overhead h e s  are m need of bemg refurbished Also 
55 % of the 0 4 kV system is m need of repau 

Provided remforcement of exlstmg fachbes can take place m a hmely manner, adequate clrcuit 
design and voltage control wdl provlde more rehable and needed energy m the foreseeable 
future 

4 9 Proposed Ka& Area Transrmssion and Distribution System Reinforcement 
Project 

The proposed transmssion and distnbubon system remforcements for the Kahm area, idenbfied 
m future power system studies descnbed in Secbon 4 8 5, are outhned m the followmg three 
secbons The first, secbon 4 9 1, wdl give a descnpbon of each remforcement, followed by a 
cost eshmate of the remforcement m sechon 4 9 2 Sechon 4 9 3 wdl assign a pnonty level to 
each remforcement 



Table 4 8 5 3 

K a l m  Area 
Estmated Dlstnbut~on C~rcwt 

Loadmg for Future Load Forecasts 

Esttmated L.oadu~g (MVA) Esbmated C~rcwt Loadmg (MVA) 

Slze 1997 2000 2005 Number C~rcults 1997 2000 2005 

Station # MVA Max Nor Max Nor Max Nor 10 kV Max Nor Max Nor Max Nor 

Budenovka 2-25 4 1  3 3  4 3  1 9  4 9  2 1  

Kyzyl-Oktiabr 1-2 5 1 9  1 1  2 9  1 6  3 8  2 1  

Ochlstyllle Sooruzhen~a 1-4 0 9  0 5  1 3  0 7  1 8  0 9  

S tavropolovka 2-4 3 7  1 4  5 5  2 0  7 4  2 7  

Kaluunskaa 2-16 133 6 8  133 6 8  133 6 8  

Somovka 
00 

2-4 3 0  0 5  4 5  0 8  140 7 6  

Alekseevka 2 6  3 5 5  3 2  7 3  3 7  9 1  4 3  

Novo-Nikolaevka 1 -4 3 0  1 0  5 0  1 5  115 6 9  

Kosh-Tegerman 0 5  0 1  0 9  0 1  1 2  0 1  



4.9.1 D m p h o n  of Proposed Reinforcement Program 

Tmnsmzsswn System 

Table 4 9 1 1 shows the remforcements necessary for the 1997, 2000, and 2005 bme penods 

Table 4 9 1 1 

Kahm Area Proposed Remforcement Program 

Fachty Recornmendabon 

1997 
Ak-Bashat 35/10 kV Substabon 
Poltavka 35/10 kV Substabon 
Stepnaa 35/10 kV Substabon 
Teplovaa 35/10 kV Substabon 

2MM 
Pobeda 110/35/10 kV Substatron 

Enktuu 35/10 kV Substabon 

Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 
Needed to serve new load areas 

Needed to provide another source to the 
35 kV network 
Needed to serve new load areas 

2M15. 
Sosnovka 1 101 35/10 kV Substabon Needed to provide another source to the 

35 kV network 
Novo-Nkolaevka 35/10 kV Transformer #2 Needed to serve increased load 

Tmnsmzsswn System - 1997 Wznter 

By the 1997 bme penod, four new 35/10 kV substabons wdl be needed to serve new load areas 
These substabons Include Teplovan, Stepnaa, Poltavka, and Ak-Bashat The Teplovan 
substabon wdl be tapped off of the exlstmg Kahmsha  - Petrovka 35 kV h e ,  west of the 
Novo-Nkolaevka substabon, by 1 5 kilometers of overhead 35 kV conductor The Teplovaa 
substabon wdl have two 6 3 MVA, 35/10 kV transformers to feed the distnbubon system 

The Stepnaa substabon wdl be connected through 13 kilometers of 35 kV overhead conductor 
to the Besh-Terek substabon The Stepnaa substabon wdl utdm two 4 0 MVA, 35/10 kV 
transformers 

The Poltavka substabon wdl also tap the exlstmg Kahmslma - Petrovka 35 kV h e ,  east of the 
Novo-Nikolaevka substabon, using 2 5 kdometers of overhead 35 kV conductor The Poltavka 
substabon wlll have two 6 3 MVA, 35/10 kV transformers The Ak-Bashat substabon wdl 



connect to the Poltavka substatton with 5 0 lalometers of overhead 35 kV conductor and have 
two 4 0 MVA, 35/10 kV transformers 

Figures D-10 and D-14 show the transmssion system diagram and one-he map, respecbvely, 
for the 1997 brne perrod 

Tmnmzssuzn System - 2000 Wznter 

For the 2000 Wmter perrod, two more substatrons wdl be needed m the Kalmm area These are 
the Pobeda 110/35/10 kV and Enktuu 35/10 kV substabons The Pobeda substabon will be 
tapped off the exlstmg Kara-Balta - Kara-Balta TES and Kara-Balta - h d a  110 kV h e s  usmg 
1 0 and 6 2 lalometers of overhead conductor, respecbvely The Pobeda substabon wdl have 
two 10 MVA, 110/35/10 kV transformers Two 4 0 kilometer, 35 kV lmes from Pobeda wdl 
connect with the Ak-Bashat substabon and one 7 0 lalometer, 35 kV h e  wdl help Integrate the 
Errktuu substabon The Enktuu substabon wdl also tap the exlstmg Budenovka-hda 35 kV 
h e  usmg 2 0 lulometers of overhead conductor The Eriktuu substabon wdl have two 
2 5 MVA, 35/10 kV transformers 

Figures D-1 1 and D-15 show the transmssion system diagram and one-he map, respecbvely, 
for the 2000 bme penod 

Tmnsmzsmn System - 2005 Wznter 

The 2005 Wmter penod calls for the adhbon of a 110/35/10 kV substabon at Sosnovka, whch 
wdl replace the emstmg 35/10 kV Sosnovka substabon The new Sosnovka substabon wdl be 
mtegrated by 14 0 lalometers of 110 kV overhead conductor from the Kara-Balta TES 
substabon The 35 kV connecbons at Sosnovka wdl remam as they currently emst, with the 
addibon of one other 35 kV h e  to Telmana The Sosnovka substabon will have two 16 MVA, 
110/35/10 kV transformers Also requlred by the 2005 Wmter penod is the addibon of a 
10 MVA, 35/10 kV transformer at the Novo-Nikolaevka substahon 

Figures D-12 and D-16 show the transmssion system diagram and one-he map, respecbvely, 
for the 2005 brne penod 

Dzstnbutwn System 

In order to provide for future growth, 184 km of exlstmg 10 kV overhead hes  are needmg 
remforcement These improvements range from reconductomg with larger conductors, to 
providmg overhead structure remforcement such that heavier conductors can be supported when 
loadmg mcreases as projected 

It wdl be necessary to mcrease conductor sues mstalled at 0 4 kV m order to handle new 
e1ecbxi.I loads or add addibonal transformers and spht the 0 4 kV loads more often Where 
fachbes for cookmg and heatmg can be pronded on a separate load panel, it should be 
accomphshed, m order to avoid Internal house w m g  changes m emstmg electrical clrcuits 
Approxlmately 200 km of 0 4 kV r e q m g  some form of improvement is needed 



For the rural areas, such as Kdmm, remforcement of exlstmg fachbes either by reconductomg 
or addmg addibonal cncuits is recommended Requnements can be met by improvements to the 
overhead system and balancmg cncuit loadmg through the year 2005 0 
4.9.2 Capital Cost M i t e s  of Proposed Remforcement Program 

Tmnsmuswn System 

The cost esbmates for the proposed transmssion system remforcements idenbfied m Secbon 
4 9 1 are shown m Table 4 9 2 1 

Table 4 9 2 1 

Kalltlm Area Remforcement Cost Esbmates 

Cost Esbmate 
(Thousands of 1995 US $) 

Fachtv M a t e d  Labor Total 

1997 
Ak-Bashat 35/10 kV Substabon 
Poltavka 35/10 kV Substation 
Stepnm 35/10 kV Substabon 
Teplovaa 35/10 kV Substabon 

2000 
Pobeda 1 10/35/ 10 kV Substatron 
Errktuu 35/10 kV Substabon 

m 
Sosnovka 110/35/10 kV Substabon 2212 528 2740 
Novo-Nikolaevka 351 10 kV Transformer #2 70 4 74 

Bstnbutwn System 

In order to improve the 10 kV System, a cost associated with tlus remforcement program is 
esbmated at $3,542,000, ($19,25O/km) An esbmated $3,850,000 ($19,25O/km) to refurbish 
the 0 4 kV system is necessary An addibonal amount of money is needed to improve 122 
substabons m order to cover mcreasmg loads At a cost of $5,000 per utut, an approximate cost 
of $610,000 is needed for tlus upgrade 



Cost Esbmates 
K.l"" Region 
Overhead Distnbubon 10 kV System 

Matenal Labor Total 

Refurbish 10 kV overhead lmes (184 km) $1,842 $1,700 $3,542 
Refurbish 0 4 kV System 2,002 1,848 3,850 
Recondibon 122 Substatrons OH 366 244 610 

4.9.3 Pllority of Proposed Remforcement Program 

As described m Secbon 4 9 3, pnonbes of the proposed remforcement program wdl be 
classified mto one of three designabons Pnonty I is the hghest pnonty and has the most 
urgent need Pnonty I1 is the mddle pnonty level and a less urgent need than Pnonty I 
PnoIlty IKI is the lowest pnonty wth the correspondmgly least urgent need Table 4 9 3 1 
shows the pnonty of the proposed I b h n  area remforcements for 1997, 2000, and 2005 

Table 4 9 3 1 

K.l"" Area Prronty of Proposed Remforcement Program 

Facfity Pnonty 

1997 - 
Ak-Bashat 35/10 kV substatson 
Poltavka 35/10 kV substabon 
Stepnaa 35/10 kV substabon 
Teplovaa 351 10 kV substabon 

2000 - 
Pobeda 1 101351 10 kV substabon 
Enktuu 35/10 kV substabon 

2005 
Sosnovka 1 10/35/ 10 kV substabon I 
Novo-Nkolaevka 351 10 kV transformer #2 I1 

Tmnsmzsswn System - 1997 Winter 

The facihbes for h s  bme penod are all needed to support new areas of load growth, whch is 
hghly vanable because of sporadic construcbon patterns, as stated previously It is therefore 
very difficult to predict the b m g  for whch the substabon is needed Another issue is that 
slnce these substabons are needed for new areas of load growth, the cost for the substabons 
could be subsidized by the individuals responsible for the new load That is, the new customers 

@ m an area can help purchase the 35/10 kV transformer and distnbubon facfibes and let the 



power company mstall, mamtam and operate the new fachbes Because of these factors, the 
Ak-Bashat, Poltavka, Stepnaa, and Teplovaa 35/10 kV substabons are all assigned a Pnonty 
III level 

Tmnsmzsswn System - 2000 Wznter 

The Pobeda 110/35/10 kV substabon was found to be needed by ths bme penod Tlus fachty 
wdl provide an adkbonal source to the 35 kV network m Kaluun and reheve overloadmg and 
heavy loadmgs on emstmg fachbes The Pobeda substauon is deemed to, therefore, have a 
Pnonty I level of importance The other fachty scheduled for service by 2000 is the Errktuu 
35/10 kV substabon, whch is requued for a new area of load growth For the same reasons 
as the 1997 substabons, the Enktuu substabon is given a Pnonty III level ratmg 

Tmnsmzsswn System - 2005 Wznter 

The Sosnovka 110/35/10 kV substabon was de temed to be necessary for the 2005 Winter 
penod The Sosnovka substabon promdes sirmlar funcbons as that of the previously described 
Pobeda substabon, except for a different area of Kahm The Sosnovka substabon wdl rebeve 
overloads on emstrng fachbes and provide an addibonal source to the 35 kV network, e m g  
a Pnonty I level r abg  

Also necessary for thls penod is an adrllbonal35110 kV transformer at Novo-Nkolaevka, whch 
is given a Pnonty I1 level of importance Tlus transformer wdl reheve expected overloads of 
the exlstmg transformer at Novo-Nkolaevka, but 1s dnven by load growth whch may or may 
not maten- 

Distnbutron System 

The first pnonty is to remforce pole structures to handle larger conductors Replacement of 
secondary cucuits should be accomphshed after new 10 kV cucuits are estabhshed or improved 

4.9.4 Proposed Schedule of the D&nbutlon Redorcement Program 

For Distnbuhon, make the remforcement a smgle year effort for 1996, as loadmg for 1997 may 
reflect overloadmg on several area cucuits 

4.10 Assessment of Operation of K a h m  Area Transmiss~on and Distribution System 
Following Reinforcement 

Tmnsmzsswn System 

Followmg implementabon of the above menboned remforcements, the Kaluun area should be 
able to support approximately 60 MW of load -- or roughly twice as much as the present peak 
load level The Kahm area is stdl suscepbble, however, to overloaded condibons at peak load 
if cnbcal fachbes were to be out of service Cnbcal fachbes mclude the Kara-Balta 
2201110 kV transformers and the 110135 kV substabons supplymg the 35 kV network m the 



Kalimn area On a more localized basis, an outage of a 35110 kV transformer could cause an 
overload on a parallel transformer or an outage of the distribution customers that the transformer 
provides power for 

Dzstnbutzon System 

The K a l m  Area wlll contmue to provide electrical energy needs through the year 2005, wlthout 
overloading the majority of circuits 

4 10 1 Expected Benefits from Implementation of Proposed Redorcement Program 

The benefits of the proposed mprovements are derived from allowmg the load m the K a l m  area 
to double m slze whlle mprovmg the level of reliabdity available at the present tlme The K a l m  
area wdl have more 110135 kV substations to supply the subtransmission network, makmg each 
substation less critical m the event of an outage durlng wmter peak conditions The Kallnln area 
should be capable of supporting approxunately 60 MW of load following these Improvements, 
compared to the 30 MW of existmg load 

More people will be able to uhllze electricity for cooking and heatmg, when no other alternatlve 
IS viable More small commercial operations will be able to be started, helpmg the economy 
move towards one that is more market-based The additional capacity will also allow existmg 
mdustries to expand and perhaps a few small Industries to open, but there is not enough capacity 
for new large industrial customers For the distribution portion, unproved voltage control and 
higher circuit ampacity wlll aid in carrying expected loads 

/ 

4 11 Extrapolation of Fmhngs to Other Areas of Kyrgyzstan Transmiss~on and 
Dlstribut~on Systems 

The results from the analyses of the city of Bishkek and the Kal~nln rural area systems were 
extrapolated to other areas of the Kyrgyz Republic The extrapolation of both transmission and 
distribution system data for projections fittmg the entlre country required additional census data 
identifying growth and populated areas Also, existmg power system plamng reports, related 
load forecast data and detailed discussions with KNEHC personnel were used to extrapolate the 
results to other areas of Kyrgyzstan 

4 11 1 Northern Kyrgyzstan 

In addition to the Bishkek and Chu Electric Compames, the Northern region of Kyrgyzstan is 
comprised of Kermn, Naryn, Issyk-Kul and Talas Electric Compames In January 1995, the peak 
demand for the Northern districts was 1438 MW The Bishkek and Chu electric systems had a 
combmed January 1995 peak demand of 767 MW, or 53 percent of the total for the Northern 
reglon The remaimg districts had a combined peak demand of 671 MW or 47 percent of the 
total January 1995 peak demand 



Between 1991 and 1995, January peak demand grew at an average annual rate of 8 1 percent 
Dumg th~s same penod, the Bishkek system expenenced a 3 7 percent growth rate and the Chu 
system expenenced a 4 8 percent growth rate The remsurung distrrcts of Northern Kyrgyzstan 
expenenced a combmed 11 4 percent average annual growth rate m the January peak 

Tmnsmzsmn System 

The Northern region of Kyrgyzstan is hlghly dependent on the transmssion system to meet its 
electnc power requnements The mam source of power supply to the Northern region is the 
Frunzenskata 5001220 kV substabon, whch is connected to the mam hydroelectrrc complexes 
m the Southern region by the 500 kV h e  from Toktogul A secondary source of power supply 
1s provided through the 220 kV mterconnecbons with Kazakhstan 

The transmssion system of the Northern region of Kyrgyzstan is connected to the mam Central 
Asian grid through Toktogul-Frunzenskam 500 kV, Frunzensha-Dzhambu1500 kV, Dzhambul- 
Glavnma 220 kV and the LDF-Dzhambul-Frunzensha 220 kV transmssion lmes These lmes 
together form the Kyrgyz and Almaty Energy System secbon of the Central Aslan gnd The 
operabon of the Central Asian Umfied Power System together wth the component systems is 
charactenzed by the perrmssible nodal transfer capabllibes The transfer capabhbes are based 
on both the mmmum thermal ratmg of the mdividual conductors and steady state stabhty hmts 
For the Kyrgyz and Almaty secbon of the gnd, the mmmum steady state nodal transfer 
capabhty from the Umfied Energy System is 1250 MW, assumg a 20 percent stabhty margln 
Under emergency condibons, the transfer capabhty can be as hgh as 1350 MW for not more 
than 40 mutes  The steady state stabhty hmt is due to the voltage performance m the Kyrgyz 
and Almaty Energy Systems Under contmgency condibons, the mmmum nodal transfer 
capabhty is sigmficantly reduced For example, with the outage of Toktogul-Frunzensha 500 
kV cncuit, mmmum steady state nodal transfer capabhty from the Umfied Energy System is 
reduced to 760 MW The control of the nodal transfers is prowded by the supervisory control 
dispatcher of the Umfied Energy System 

In the most recent years, the wmter peak demand of the transmssion dependent Kyrgyz and 
Almaty Energy Systems have reqwed the use of the total avadable nodal transfer capabhty 
If the future load growth 1s to be supphed from the transmssion gnd, it wlll be necessary to 
mcrease the nodal transfer capabhty One opbon 1s to construct a new 500 kV h e  from the 
exlstmg Frunzenslma 500 kV stabon to a new stabon m K e m  However, previous studies by 
the Insbtute m Tashkent mdrcate that the maxlmum steady state nodal transfer capabhty wth 
the new h e  m s e m  would only mcrease to 1500 MW under system normal condibons, an 
improvement of 250 MW 

The thermal capabhty of the 500 kV h e  would be approximately 2000 MW Th~s suggests that 
only about 12 5 percent of the mvestment could be u W  The 500 kV h e  would produce 
other benefits such as reducmg the dependence of the Northern region on the operabonal 
performance of the Alma Ata energy system and improvmg, somewhat, the voltage profiles m 
the Issyk-Kul and Naryn areas Detiuled studies would be requmd to develop and evaluate 
addibonal altemahves that could be more cost effecbve m meebng the growmg power 
requxements of the Northern region 



In adhbon to possible transmssion hmtabons, the Kyrgyz power system is deficient m 
transformabon capacity Table 4 11 1 1 shows the emstmg bulk transformer capacity that's 
avadable to meet the power supply requirements of the Northern repon 

Table 4 11 1 1 

Exlstlng and Projected Transformer MW Capacity 
Northern Kyrgyzstan Electrrc Network 

Substabon 1995 2000 2005 Notes 

500/200 kV 
Fmnzensha 800 800 800 
K e r n  - 400 800 Proposed substabon 

TOTAL 800 1200 1600 

22011 10 kV 
Kara Balta 
Glavnrua 
Bystrovka 
Issyk-Kulsba 
~ h u s h a  

@ Ak-Kya 
Tamga 
Kara-Kol 
Ala-Archa 
Aspara 

TOTAL 

300 
200 
200 
320 
200 Proposed substabon 
100 Proposed substabon 
100 Proposed substabon 
200 Proposed substabon 
200 Proposed substabon 
100 Proposed substabon 

1920 

Note Transformer capacity is gven m MWs based on 80% of nameplate MVA ratmg 

In January 1995, the Northern system expenenced a peak demand of 1438 MW The generabon 
avadable to the system at the bme of the peak demand was approximately 300 MW, mostly from 
Bishkek TES The remammg 1138 MW of load was supphed from the transmssion gnd As 
indicated m Table 4 11 1 1, at the brne of the peak demand, the mstalled 220/ 110 kV 
transformer capacity of the Northern region was 820 MW l k s  results m a transformer 
ubhabon rabo of apprommately 1 39, assummg all fachbes were m service at the bme of the 
peak Based on hlstoncal load growth patterns and projecbons about future load growth, it is 
anbc~pated that the transformer uthabon rabo wdl mcrease 

l k s  situabon would be unacceptable to the operatton of the Western power systems Western 
systems are planned to have a transformer ubhabon rabo of 0 6 to 0 8, dependmg on the 
network configurabon and mdividual transformer capacibes To provide adequate rehabhty and 



reduced exposure to transformer overloads, the consultant strongly recommends a plan to reduce 
the transformer utdmbon rabo towards a target of 0 6 to 0 8, sinular to the Western pracbce 

The hgh dependence of the Northern region on the transmssion system to meet its electnc 
power requirements combmed wth the geography of Kyrgyzstan has resulted m the development 
of very long, radial 220 kV and 110 kV transmssion h e s  The combmabon of long, radlal 
h e s ,  low load power factor, and unavailabhty of reacbve power correcbon has produced a 
system with large techcal losses and extremely poor voltage regulahon, especially m the more 
remote areas of the Northern region 

As mdicated early, between 1991 and 1995, January peak demand for the Chu Electrrc Company 
grew at an average annual rate of 4 8 percent To meet the transmssion system requuements, 
the addibon of new 220/110 kV substabons wdl be requlred at Ala-Archa and Chuiskam In 
addihon, the Kyrgyz have proposed to tap the exlstmg Frunzensha-Bystrovka 220 kV h e  at 
Aspara and construct a new 220/110 kV substabon Detillled studies of h s  proposal were 
beyond the scope of h s  work However, h s  remforcement would provide addibonal network 
supply capacity and support the development of the 110 kV network m the area Table 4 11 1 1 
shows the addibonal transformer capacity anbcipated with these proposals 

In the Lake Issyk-Kul area, low voltage problems are bemg experienced on the 220 kV and 
110 kV transmssion network that supphes the area The network consists of a radial 220 kV 
transmssion h e  supplymg the 110 kV transmssion network parhally enclrchg the Issyk-Kul 
lake Under heavy loadmg condibons, the receivmg end voltage can be as low as 75 percent 
of rated Recently, the CAUECO Corporabon of Canada entered mto a jomt venture with the 
Kyrgyz h h m g  corporabon, Kyrgyzaltm, for the ownershp and operahon of the Kumtor Gold 
Mme located m the Issyk-Kul region The gold m e  is expected to commence full produchon 
by early 1997 and its success is dependent upon the bmely and rehable supply of electrrcity for 
a maxlmum demand of 35 MW and an annual energy usage of 188 GWH A feasibhty study 
was commssioned jomtly by the KNEHC, the Kumtor Operamg Company and the World Bank 
to detemune the transmssion upgrades requued m the Issyk-Kul region to provide rehable and 
secure supply of electricity to the gold m e  The study recommended the construchon of a new 
220 kV h e  from Balkychy to Kara Kol In addibon, pomons of the Tamga - Kara Say 110 kV 
h e  are to be refurbished and the Balkychy, Tamga, Kara Kol and Kara Say substahons are to 
be upgraded The transmssion system remforcements are expected to significantly improve the 
network performance m the Issyk-Kul region The reinforcements wdl also allow for addibonal 
load growth m the area 

In addihon to meetmg the demands of the Kumtor gold mme, the transmission system wdl be 
requued to support a load that has grown at an average annual rate of 10 5 percent To meet 
the anbcipated demand, the Kyrgyz have proposed the extension of the 220 kV network around 
the enbre Issyk-Kul lake New 22011 10 kV substabons are proposed for Tamga, Kara-Kol and 
Ak-Kyia The addihonal transformer capacity associated with this proposed remforcement is 
shown m Table 4 11 1 1 The effecbveness of this proposed remforcement was not evaluated 
m this work Whde it is quite possible that some form of a 220 kV remforcement, mcludmg 
addibonal reacbve power supply, would be adequate to meet the needs of the Issyk-Kul region, 



it is unclear as to the source of power supply and the mtegrabon between the supply and the 
proposed network 

Smce 199 1, the Naryn area of the Northern region has expenenced a 16 percent average annual 
growth rate m the wmter peak load In the Naryn area there are two h e s  operatmg at 110 kV 
but were designed for 220 kV operabon These h e s  connect the Naryn area with the Issyk-Kul 
area The 110 kV transmssion m the Naryn area has expenenced poor voltage regulabon, bemg 
as low as 75 kV at the end of the 110 kV h e  There is a 40 MW hydro plant, Atbashet, m the 
region and future plans call for a cascade of hydros to be developed havlng 300-360 MW of 
capacity 

In the Talas area, the electnc power requmments are actually supphed duectly by the Southern 
region The 110 kV h e s  m the Talas area have also expenenced poor voltage regulabon m the 
past Considerabon has also been given to development of hydro plants, possibly m the Chatkal 
area of the Southern region, to help support the load and voltages m thls area In addibon, at 
one bme the Kyrgyz had proposed a 500 kV transmssion h e  from the exlstmg Frunzensha 
500 kV stahon to a new 5001 110 kV stabon m the Talas area 

The poor voltage regulabon should be addressed m the near term through the apphcabon of 
stabc shunt reacbve power compensabon Shunt capacitors are a relabvely low cost, quick fix 
to the exlstmg voltage regulabon problems If the future load growth is s i d a r  to the last five 
years, addibonal power supply capabhty wdl be requued m all areas of the region Tradihonal 
opbons such as addihonal transmssion hes ,  mcreased transmssion voltage or possibly HVDC 
may be considered In addibon, the possibhty of uslng senes capacitors should be considered 
Long, high mpedance transmssion h e s  are ideal candidates for the mstallabon of senes 
capacitors Senes capacitor compensabon would benefit the transmssion system by mcreasmg 
the power transfer capabhty of the mhwdual transmssion lmes and improve the voltage 
regulabon by reducmg the voltage drop across the transmssion he ' s  senes mducbve reactance 
In adhbon, comparabve stuhes and evaluabons of vanous transmssion system alternabves have 
m&cated that the addibon of senes compensahon 1s typically the lowest cost opbon 

4.11.2 Southern Kyrgyzstan 

The Southern region of Kyrgyzstan is served by the Osh and Jalal-Abad Electnc Networks As 
with the Northern region, the Southern region has expenenced large mcreases m electnc power 
requuements over the past five years In January 1995, the Southern region's peak demand was 
842 MW Between January 1991 and January 1995, peak demand grew at an average annual 
rate of 7 1 percent for the Southern region In 1989, a program was started to have people m 
very remote rural areas use electncity for heatmg and cookmg because other fuels, such as coal 
and natural gas, were very difficult if not impossible to obtam The transportahon mfrastructure 
is m worse condibon than the transmssion system m these areas There are several areas m 
Southern Kyrgyzstan, such as the A l a  Valley, Chatkal, and the Soviet regions, where the 
populabon is located m very remote areas and electrrcity is the only pracbcal energy source for 
heatmg 



Dumg the summer months, there is no apparent pattern of decreasmg summer demand Tlus 
may reflect that the mdustnal losses are not as sigmficant m ths region of the country and the 
agricultural demand has not decreased sigmficantly 

Tmnsmzssron System 

The Southern and Northern regions of Kyrgyzstan are pnmanly mterconnected by the Toktogul- 
Frunzensha 500 kV transmssion hne There is a weak 110 kV transmssion h e  that 
mterconnects the Jalal-Abad distnct with the Naryn hstnct Thls mterconnecbon is normally 
open and is used only under emergency condibons to provide local support to the Naryn distnct 
In the Southem region, there are four major substabons at 220 kV and higher These are 
Toktogul500 kV, Uzlovaa 220 kV (Osh), Oktabnsha 220 kV (Jalal-Abad), and A l a ~  220 kV 
An 110 kV network has been developed to supply the local load 

The 220 kV system m the Southern region is pnmanly supphed from the La tch  5001220 kV 
substabon, whch is located m the Uzbelustan Repubhc and is part of the Central Aslan 500 kV 
m g  The 220 kV h e s  from h s  substabon go to Uzlovaa and Oktabnsha 220 kV 
substabons Because of h s ,  the Southern region of Kyrgyzstan rehes heavlly on a fachty 
located m Uzbelustan Although no problems have occurred to date, there are concerns, such 
as uncertam mmtenance pracbces and future pohbcal relabons, associated with havmg thls 
fachty located outside of the Kyrgyz Repubhc Due to the large mcrease m the wmter peak 
demand over the last five years, the load factor on the 5001220 kV substabon is mcreasmg 
rapidly As a result, expansion of the substabon would requue load to be disconnected m the 
area 

Two conceptual alternabve plans have been suggested by the Kyrgyz as a way to reheve ther 
dependence on Uzbektstan The first mvolves tappmg the Latch-Toktogul500 kV transmssion 
h e  at a pomt just mside the Kyrgyz border and constructmg a new 5001220 kV substabon A 
significant amount of 220 kV transmssion would be requued to adequately supply the load m 
the Southern region The second altemabve is bed to the complebon of the proposed Karnbarata 
hydro complex This plan would mvolve the construcbon of a 500 kV transmssion h e  from 
Kambarata to a new 500 kV substabon located near the city of Osh The uncertamty associated 
with the Kambmta development makes h s  opbon extremely unhkely 

The Osh combmed heat and power plant provides heat to the distnct heatmg system for the city 
of Osh and can also generate a maxlmum of 50 MW The Osh plant can bum either natural gas 
or mazut, but has not operated over the most recent year due to lack of fuel The Osh plant was 
not designed to bum coal, and it cannot be retrofitted because of the lack of avadable space at 
the plant to expand As a result, Osh authonbes have asked KNEHC to develop a plan whch 
WIU allow the city of Osh to swtch to electncity for heabng, coolang, and hot water 

The cnbcal loadmg pomts m h s  area are the Uzlovaa and Oktabnsha 220 kV substabons 
At each of these substabons, there are 2-125 MVA, 22011 10 kV transformers Because of the 
fuel situabon at the Osh power plant, an mcreased demand is place# on these transformers and 
the 110 kV h e s  mto the city of Osh If a cnbcal outage were to occur, loadlngs on the 110 kV 
hnes mto Osh could reach 120-150 percent of rated and overloads would occur on the 



2201110 kV transformers The 110 kV h e s  Into Osh are matched to the transformers, so 

@ 
mcreasmg the transformer capaaty would not solve h s  problem 

The Lllak and Batken areas are located m the far southwest part of Kyrgyzstan These areas are 
w1th.m the Osh distnct but the power supply is provided through mterconnecbons with 
neighbomg Central Aslan countnes The Ldak area, located on the western border, receives 
power through mteronnecbons with Tadjhstan The Batken area 1s located to the east of Ldak 
and receives power through mteronnecbons with Uzbelustan The power supplled to Batken 
1s generated m Uzbelustan by a fossd fuel power plant and is supphed locally through the 
110 kV network and by the Latch-Alat 220 kV transmssion h e  At the Ala 220 kV 
substabon, there is 1-125 MVA, 2201110 kV transformer Thn transformer is adequate to 
handle the present and near-term future loads m the area A second transformer can be added 
at the substabon if needed to meet the future load mcreases Due to the fact that thls area is 
supphed by other countnes, there are similar concerns to those menboned for the La tch  
500i220 kV network supply to the cihes of Osh and Jalal-Abad 

Conceptual plans have been proposed by the Kyrgyz to rernforce the transmsslon network m 
thls area The plans call for tappmg the exlstmg Latch-Syr Darya 500 kV transmssion h e  
and constructmg a new 5001220 kV substabon Two new 220 kV mterconnecbons with 
Uzbelastan would be created to bmg the new power supply mto Kyrgyzstan The plans also 
call for the development of a 220 kV network w1th.m Kyrgyzstan to fully integrate the power 
supply mto the Kyrgyz network 

@ The Ala Valley area is an extremely remote area located south of the city of Osh m s  area 
is fed radially from the city of Osh by an approxlmately 200 krn long, 110 kV transmssion h e  
The voltage is stepped down to 35 kV, with an 100 km long h e  supplylng power to the western 
porhon of the valley and a 60 km long h e  supplylng the eastern pornon of the valley Thu 
radial 110 kV h e  passes through a mountam range and is suscepbble to avalanches m the wmter 
and floods and mudshdes m the spmg The h e  canes approxlmately 35-40 MW of load and 
expenences very poor voltage regulabon 

Two conceptual alternabve plans have been proposed by the Kyrgyz to improve servlce to the 
Alru Valley area The first is to add a second 110 kV transmssion source mto the area This 
opbon would be very difficult due to the long distance and the mountam range the transmssion 
hne must cross The second plan is bulld a small cascade of hydros on a nver m the Ala 
Valley area with an rnstalled sprmgisummer maxlmum capacity of 20-30 MW Thu opbon is 
quesbonable due the likehhood that the generabon from the hydros would not be avadable m the 
wmter, the bme of the system peak demand The wmter capacity would be approxlmately 
5-10 MW with some capabhty to provide voltage support 

In 1992, the Tashkent Insbtute performed a study of the Southern region of Kyrgyzstan Thls 
study predicted that the use of electnc heatmg would mcrease m the region and that by the year 
2000, the load of the Osh and Jalal-Abad districts would be approxlmately 1500 MW Based 
on these assumpbons, the study recommended that a large amount of 110 kV network be 
mstalled m both Qstslcts and to have 110110 kV transformahon at the rural vlllages to provide 

@ for local needs More specifically, the study recommended the followmg, 600 lan of 110 kV 



hes ,  1000 MVA of 500/220 kV transformer capabihty, 2300 MVA of 220/110 kV transformer 
capabhty, and 1660 MVA of 110135 and 110110 kV transformer capabhty Of all the 
recommendations made m the Inshtute's report, nothmg has been implemented to date The only 
remforcements to the area have been to replace a few transformers wth hgher capabhty ones 

4.11.3 Subtransxwsion and DIstnbutlon System 

Due to the detenorated level of rehabhty of the local thermal power supply, cibes m both the 
Northern and Southern regions are dependmg more heavlly on the transmsslon network to 
provlde theu power requlrements l k s  not only pushes the transmssion system towards its 
capabhty hrmts but also puts mcreasmg stress on the subtransmssion and distnbubon facihbes 
Changmg the power supply source also produces changes m the power flow patterns throughout 
the electnc network It is k l y  that these changes would be unanbcipated by the system 
planners 

The analysis of the Bishkek area mdicated that under the scenano of rapdly mcreasmg 
residenbal demand for electricity , 13 percent of the 1 101 35/6- 10 kV transformers and 1 1 percent 
of the 35/6-10 kV transformers are anhcipated to be overloaded by 1997 The scenano usmg 
the expected average annual growth m wmter peak demand would have the overloads occumg 
m 2005 Sirmlar assumpbons can be made for the cibes of Osh and Jalal-Abad, especially when 
it is observed that the annual growth rate is hgher m the Southern region and there is shft m 
populabon away from the Northern region towards the Southern region 

The seventy of overloadmg problem on the subtransmssion systems m both the Northern and 
Southern regions is hghhghted m Table 4 11 3 1 The table provides a hst, by regional electnc 
company, of transformers that have experienced loadmgs above 90% of  the^ nameplate ratmg 
It is obvious from Table 4 11 3 1 that a program of transformer replacement and/or upgrade 
should be implemented immediately Conmued operabon at or over the nameplate ratmg could 
sigtuficantly shorten the hfe of the transformers and further deteriorate a bad situabon 

In the mtenm, the KNEHC personnel have developed a transformer replacement schedule The 
replacement schedule is shown m Table 4 11 3 2 The table mcludes the locabon and ratsngs 
of exlstmg transformers and the replacement locabon to where the transformers would be 
relocated if a problem occurred The transformers shown m Table 4 11 3 2 are not spare 
transformers, but rather transformers that could be moved to locabons of more cnbcal need 
It should be noted that for many situabons, a new transformer must be purchased 

The m m  problem m the rural areas of the Southern region is obtamng an adequate and rehable 
power supply Beyond that, as mdicated m Table 4 11 3 1 there is a need to replace obsolete 
transformers and add new 110135/6-10 kV transformahon capacity Replacement of obsolete 
transformers should also reduce the reacbve power requlrements of the transformers thereby 
improvmg the overall voltage profde m these remote areas 

Idenbficabon of specific problems and development of recommendations on how to alleviate the 
problems is beyond the scope of thls work However, based on the analysis of the Northern 
region, it is anbcipated that sigmficant addihonal transformabon capacity wlll be requued, 



Table 4 11 3 1 

KNEHC mstoncal Transformer Loadmgs 
Transformers Expenencmg Loadmg Levels 

of 90 96 of Nameplate or mgher 
(Page 1 of 4) 

Substabon Voltage Transformer 
No - Name kV No 

CHU ELECTRIC COMPANY 
Frumedma 
Frunzensha 
Kara-Balta 
Kara-Balta 
Ak-Suu 
Ak-Suu 
Berhck 
Zhang Zher 
Zhang Zher 
h d a  
Manas 
Moskovsha 
Novo-Troitdxua 
Novo-Troitskrua 
Kant 
Kant 
L e n d m a  
Stredam 
25 Years of Kyrgyzstan 
25 Years of Kyrgyzstan 
Karla-Mama 
M a s h a  
Lux 
Novo-Pokrovka 
Novo-Pokrovka 
Lebedlnovka 
Tuz 
Le- 
Uchkoz 
Zhal 
Belogorka 
Alexandrovka 
Alexandrovka 
V- Antonovka 
V-Antonovka 
Rassvet 
Belovodsha 
Sretenka 
Sretenka 
Petrovka 
Petrovka 
Molovodmoe 
Alekseevka 
Alekseevka 
K a l w h a  
Ochlstpe-Sooruzhenma 
Panfilova 

48 Panfilova a 49 Aspara 

Ramg 
MVA 

- 
TOTAL - 49 



Table 4 11 3 1 

KNEHC Hmtoncal Transformer Loadmgs 
Transformers Expenencmg L.oadmg Levels 

of 90% of Nameplate or Kgher 
(Page 2 of 4) 

Substation Voltage Transformer 
No - Name kV No 

Ratmg 
MVA 

BISHKEK ELECTRIC COMPANY 
50 Yuzhnrua 
51 Centralnrua-1 
52 A-Hydro-4 

TOTAL - 3 
KEMIN ELECTRIC COMPANY 

53 Ivanovka 
54 Ivanovka 
55 Bystrovka Hydro 
56 Bystrovka Hydro 
57 Severma 

TOTAL - 5 
ISSYK-KUL ELECTRIC COMPANY 

58 Przhevalsk 
59 Przhevalsk 
60 Uzhnal 
61 Pnstan 

TOTAL - 4 
NARYN ELECTRIC COMPANY 

62 N w - 1  
63 Naryn-1 
64 Urut 
65 Zhehgen 
66 Zhehgen 
67 Ala-Toho 
68 Ala-Toho 
69 Kochkorka 
70 Kochkorka 
71 N a p - 2  
72 N w - 2  
73 Uchkhoz 
74 Pioneer 

TOTAL - 13 

TALAS ELECTRIC COMPANY 
75 Talas 
76 Talas 
77 Kuovka 
78 b v k a  
79 Pobeda 
80 Chat-Ba~lr 
81 Basheke 
82 Kyzyl 
83 Kyrk-Kyz 

TOTAL - 9 



Table 4 11 3 1 

KNEHC l3stoncal Transformer Loadmgs 
Transformers Expenencmg Loadmg Levels 

of 90 96 of Nameplate or I-hgher 
(Page 3 of 4) 

Substation 
Name 

Voltage Transformer 
kV No 

OSH ELECTRTC COMPANY 
Uzlovaa 
Uzlovrua 
Osh-3 
Osh-4 
Osh-6 
Osh4 
W e k e n  
Kala-Su 
Uzgm 
Uzga  
Kara-Kuldga 
Kara-Kuldga 
Kalatal 
Kalatal 
Kok-Zhar 
Gulcha 
Daraut Kurgan 
Check- Abad 

102 Mangrt 
103 Naukat 11) 104 Kok-Be1 - 
105 Kyrgyz-Ata 
106 Otuz-Adyr 
107 ~ t u z - ~ d ~ r  
108 Tadurova 
109 Kashgar ashlak 
110 Kyzyl =a-2 
111 Kalavm 
112 Zapadma 
113 Salam-Altk 
114 h t a l a  
115 Samat 
116 Okhna 
117 Uch-Kurgm 
118 Uch-Kugm 
119 Ravat 
120 Kala-Bulak 

TOTAL - 37 

Ramg 
MVA 



Table 4 11 3 1 

KNEHC fistoncal Transformer Loadmgs 
Transformers Expenencmg Loadmg Levels 

of 90% of Nameplate or I-hgher 
(Page 4 of 4) 

Substahon Voltage Transformer 
No - Name kV No 

JALAL ABAD ELECTRIC COMPANY 
121 Bazar Kurgan 
122 Bazar Kurgan 
123 Izbaskent 
124 Izbaskent 
125 Suzak 
126 Shekaftar 
127 Sary-Tala 
138 Jalal-Abad 
139 Jalal-Abad 
130 Tash-Bulak 
131 Karavan 
132 Karavan 
133 Dostuk 
134 Blagove 
135 Shenka 
136 Kluchevaa 
137 Kauma 
148 Dzerzhmsk 
149 Ozgorush 
140 Terek-Suu 
141 Terek-Suu 
142 Toluk 
143 Kyzyl-Tuu 
144 Kana Mama 
145 Promyshlema 
146 Chatyr-Tash 
147 Beken 

TOTAL - 27 

RaMg 
MVA 

Total for Kyrgyz Energy Holdlug - 147 Transformers 



Table 4 11 3 2 

KNEHC Transformer Replacement Schedule 
(Page 1 of 3) 

Transformer Replacement Locabon 

Name of 
utw Name of Substabon 

Voltage 
0 

Name of 
uaty Name of Substabon Notes 

Chu Kam Balta 

Chu Kara Balta 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Bishkek Alamedln 

Naryn Nary-1 

Naryn Naryn-1 

B~shkek Karagachavala 

Isayk Kul Pnhevalskala 

b y k  Kul Pnhevalskam 

Blshkek Karagachavala 

Blshkek Novo-Zapadnaur 

hshkek Novo-Zapadnara 

Blshkek Koatromskala 

Bishlcek N Voetochnam 

B~shkek N Voetochnala 

Jalal-Abad Ra~onnrua 

hyk-Kul V o a t o c h a  

hyk-Kul Bean 

Chu Kant 

Chu Kant 

Kermn Tokmok 

Kermn Tokmok 

B~ahkek Molodogvarde~ska~a 

Odl Osh-6 

Purchase 

Purchase 

Purchase 

Purchase 

Issyk-Kul Cholpon-Ata 

Issyk-Kul Cholpon-Ata 

Purchase 

Iasyk Kul hyk-Kul 

hyk-Kul 

Issyk-Kul 

Issyk-Kul 

N w n  

Jalal-Abad 

Jalal-Abad 

Oeh 

Odl 

osh 

mstan 

metan 

TJUP 

T~UP 

Ala-Too 

Isbaskent 

Jalal-Abad 

Gulcha 

Sary-tash 

Samat 

Purchase 

Purchase 

Tokmok 

Purchase 

Chu 

Jalal-Abad 

Oah 

Chu 

Chu 

Tokmok 

Ra~onunra 

OBh-6 

Kant 

Kant 

4-105 



Table 4 11 3 2 

KNEHC Transformer Replacement Schedule 
(Page 2 of 3) 

Em- Locahon 

Name of 
Ullllty Name of Subetahon 

Osh K m l  Kua-2 

Issyk-Kul Cholpon-Ata 

hyk-Kul Cholpon-Ata 

Issyk-Kul hetan 

h y k  Kul hstan 

N a p  Kochkorka 

Naryn Kochlrorlu 

Chu KaLnmalrhm 

Chu Kaiuunskam 

Issyk Kul Sevemcua 

Issyk-Kul Sevemcua 

osh Osh 3 

Osh Osh 3 

Osb Osh-1 

Jalal Abad n~lchovlcr 

Replacement Locahon 

Name of 
Uhllty Name of Substahon 

Jalal-Abad Jalal Abad 

hyk-Kul Choclaal 

Issyk-Kul Jeh Oghuz 

Iesyk-Kul Uhlahol 

hyk-Kul Ark-Terek 

Talar Pokrovka 

Tahr Pokrovka 

BlshEcek Centralnam-2 

hyk-Kul Severmm Pnh 

Issyk-Kul Severmm Pnh 

Chu K a h k a l a  

Chu Kallnrnnkala 

K e r n  Severmm 

O h  Osh-3 

Osh Osh-3 

B~shkek CentraInam-6 

B~ahkek Centralnam-6 

B~shkek Cenlralnnm-2 

B~shkek Centralnam-1 

Btsbkek Centralnam-1 

Chu Alexandmvkn 

Chu Alexandrovka 

C ~ U  Pemvka 

Chu Pemvka 

Chu Belovodskam 2 

Chu Belovodska~a-2 

Chu Novo Pockrovka 

Osh Aravm 

Oah Znpadnrrm 

Osb Daraut-Kurghan 

Jalal-Abad I(1juchevam 

Kermn Uhgompadnsla 

Kemtn Uhgompadna~a 

Kcnun D B a m  

Osh Osh-1 T r l  

Osh Center-1 

Jalal-Abad Kokjangak 

Issyk-Kul h e t a n  

Chu Lebedmovka Tr-2 

Ialal-Abad Vlnsovhoz 

Notes 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Putchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchaae 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 



Table 4 11 3 2 

KNEHC Transformer Replacement Schedule 
(Page 3 of 3) 

Transformer 

Voltage 
0 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

35/10 

Exl- Locatton 

Nune of 
UatY Name of Subatatton 

Chu Alexandmvka 

Chu Petrovka 

Chu Petrovka 

Chu Belovodha-2 

Chu Belovodsksla-2 

Issyk-Kul 

lesyk-Kul 

Jalal-Abad 

Chu 

Chu 

Chu 

Chu 

Osh 

Osh 

Naryn 

Naryn 
hyk-Kul 

J.1.1-Abad 

Tala8 

Mhdovka 

Mihndovka 

V i v h m  

V Antonovka 

N P o h v k a  

Alekseevka 

Alekseevka 

Amvan 

KYW Ata 

Naryn-2 

N a r p Z  

1 Mala 

Terek-Suu 

Bedl Tach 

Replacement Locatton 

Name of 
UaQ' Name of Substat~on 

Narvn 

Naryn 

Issyk-Kul 

hyk-Kul 

Chu 

Chu 

Chu 

Chu 

Chu 

Chu 

Chu 

Osh 

Osh 

Osh 

Osh 

Kermn 

K e r n  

Kermn 

Isayk-Kul 

T.ks 

Jalal-Abad 

Chu 

Chu 

Chu 

Chu 

O h  

Jalal-Abad 

Naryn 

Narvn 
Naryn 

J.kl Abad 

N u p  

Naryn-2 

Naryn-2 

Mlhallovka 

Wadovka 

V Antowvka 

Alekseevka 

Alekseevka 

Lux 

Lux 

Lenuvl 

Lenmkaa 

Kygyz-Ata 

Kurshab 

Mym-Ake 

Uch Kurgan 

Buruldal2 

Kaahkelen 

Shams1 

1Mala 

Be& Tasb 

TereLSuu 

Sretenh 

h - D z h g a c h  

Kara-Dzhgach 

N Alarcha 

Ohna ( O h )  

Chepchema 

At-Basby 

At-Basby 

Pioneer 

Zhany-Zherek 

Ak-sal 

Notes 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 

Purchase 
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obsolete transformers wdl need to be replaced, and the distnbubon system wdl need sirmlar 
levels of remforcmg and upgradmg 

4.12 Summary of Proposed Trammussion and Distribution System Improvement Program 

Operabon of the power system m Kyrgyzstan has changed sigmficantly m the past few years 
The changes are m response to the economc restructumg now talang place m the Kyrgyz 
Repubhc and neighbomg Central Asian Repubhcs The transformabons of the economes of 
the Newly Independent States of the former Soviet Umon now underway and the breakdown m 
former centrally planned economc allocabon systems has resulted m the disrupbon of fuel 
supphes, electric generabon dispatch, and consumer consumpbon patterns 

The materral presented m secbon 4 2 1 provides a good overview of the recent changes 
expenenced m the economy of the Kyrgyz Repubhc as it responds to this restructumg process 
Forecasts of future economc recovery and restructumg as projected by different W s t n e s  m 
the Repubhc are provided The actual and forecast economc data, together with power system 
control measurements taken and recorded by the KNEHC m the past few years, provide a 
foundabon upon whch assessments and analyses of the performance of the power system can 
be made 

The current fuel supply problems have disrupted the operabon of combmed heat and power 
plants and heat only plants m many areas of Kyrgyzstan Thls disrupbon has compelled large 
segments of the populabon to swrtch to electric heat smce the distnct heatmg systems are no 
longer avadable or operate rehably The disrupbons m the flow of natural gas previously used 
by some segments of the populabon for home coolang has simrlarly forced segments of the 
populabon to turn to other sources, mcludmg electncity , for home coolung These forces are 
dnving the use of electnc energy by the populabon to much hlgher levels than contemplated just 
a few years ago The mcrease m consumpbon of electnc energy by the general populabon is 
largely offset, however, by the reducbon m mdustnal acbvity m the Repubhc The changmg 
patterns of consumpbon have also affected the maxlmum demand patterns As flustrated m 
Secbon 4 2 4, the maxlmum demand m the wmter months has mcreased substanbally m response 
to the populabon's movement to the use of electricity for home heatmg 

The actual loadmgs and loadmg patterns expenenced on the transmssion and distnbubon 
systems m Kyrgyzstan have changed m the past few years to reflect the changed generabon 
dispatch patterns and consumer uses of electricity Because these changes have occurred 
suddenly and naturally m response to unplanned events, no power system planrung studies are 
avdable at the KNEHC whch properly model and reflect the new set of condibons confrontmg 
the power system m Kyrgyzstan All past studies reflect hgher levels of economc acbvity, 
mdustnal producbon, usual generabon dispatch patterns, previously expenenced consumpbon 
patterns and so forth To properly analyze the transmssion system m considerabon of the new 
reabbes, the consultant and staff of KNEHC undertook the Intensive effort to develop a 
computer model of the power system servmg the City of Bishkek and Kalmm area of the Chu 
Electnc Company The power flow model of the transmssion system could then be used to 
simulate the performance of the power system serving those areas for alternabve forecasts of 



future consumer demands Expected and hgh growth ten year forecasts of electnc demand were 
@ developed for both areas 

Secbon 4 5 4 and Secbon 4 8 5 Qscuss the results of the power flow studies for the City of 
Bishkek and Kalmm area, respecbvely The simulabon and analyses of the transmssion system 
for the future bme p e d s  prowded the means to idenm unacceptable operatmg condibons 
It was apparent from the studies that the transmssion system would need to be extensively 
remforced to meet the mcrease m demands expected m each area The scope and cost of the 
transmssion remforcement programs for the City and the Ibhmn area are developed m Secbons 
4 6 1 ,4  6 2,4 9 1 and 4 9 2 The recommended remforcement programs were divided mto two 
categories, namely 1) improvements needed to reheve overloaded fachbes or to improve bus 
voltages and, 2) improvements to supply new customers whch may or may not matenahze 
dependmg on economc development and new bulldmg construction 

The projects were grouped together to reflect thelr need w i h  the planlung horrzons of 1997, 
2000 and 2005 The cost of the transmssion remforcement projects are also esbmated The 
total esbmated cost m 1995 US$ of the transmssion improvements requlred for the City of 
Bishkek over the next ten years is $85 nulhon The total esbmated cost of Improvements to the 
ICahn area, agam m 1995 US$, is $8 &on The followmg tables summarue the proposed 
transmssion system remforcements and then associated costs 

The remew of the conQbon of the underground cable system and the loadmgs expenenced on 
that system lead to the recommendahon that a long-term program to replace and upgrade the 
underground Qstnbubon system 1s needed The cost of such a program is eshmated The 
underground cable system is twenty to forty years old and has expenenced many fadures m 
Qfferent cable secbons Slnce the rebulldmg of the Qstnbubon system is expensive and takes 
much bme to implement, it is the consultants mew that the KNEHC should make repaus m the 
neighborhoods and areas for whch they are recovemg thelr costs Thls would prowde an 
impetus to consumers to pay thelr electnc bdl if a lmk could be estabhshed between the q d t y  
of semce (whch could be expected to improve followmg upgrades and rehabhtabon work to 
the Qstnbuhon system) and blll payment Furthermore, unhke improvements to the transmssion 
system that are needed to bulld and preserve the rntegnty of the system, distnbubon system 
improvements have very 1- effects Improvements to the 500, 220, 110 and 35 kV 
transmssion system have much more widespread effects It is therefore recommended that 
improvements to the transmssion system take p m t y  to distnbubon system repaus untd such 
bme that the bdl collecbons improve At that tune, capital improvements to the Qstnbubon 
system could become self-sustamng 

Fmally, the results of the dew& transmssion and distnbubon plantllng stuQes of the City and 
Kabmn area provided a bass to esbmate the scope of transmssion and distnbubon 
improvements needed elsewhere m Kyrgyzstan Specific plans to remforce other areas m the 
Repubhc are descllbed m Secbons 4 11 1, 4 11 2, and 4 11 3 



1997 Winter Expected Peak Forecast 
List of Overloaded Facilities 

Cost 
($000 US) Overloaded Fachty Pnonty 

Adrmss~ble 
Loadmg 
(MVA) 

Actual 
Loadmg 
(MVA) 

Blshkek Area 

Percent of 
Adrmss~ble 

(%) 

I 

I 

I 

I 

I 

II 

- 

- 

Recommendahon 

Subtotal 5,846 

477 

- 
1330 

943 

910 

2,186 

--- 

--- 

Selectro 35110 kV transformer #2 

Selectro 3510 4 kV transformer #1 

Selekccionnma 1 10110 kV transformer 

Tephchnaia 1 10135110 kV transformer 

Novo-Vostocluuua 11013516 kV transformer #1 

Novo-Vostocluuua 1 1013516 kV transformer #2 

Karagachevma 110135110 kV transformer #2 

Hydro Stahon 1 3516 kV transformer 

Hydro Station 4 3516 kV transformer 

Hydro Station 2 - Hydro Stahon 3 35 kV 

Hydro Stahon 1 - Hydro Stahon 2 35 kV 

Novo-Zapadnma 11013516 kV transformer #1 

DSK 3516 kV transformer #1 

4 6 

4 3 

18 9 

23 2 

27 8 

39 6 

30 5 

9 6 

4 4 

11 4 

9 6 

33 1 

7 4 

115 00 

107 50 

1 18 13 

145 00 

11 1 20 

158 40 

122 00 

171 43 

137 

125 27 

105 49 

105 08 

117 46 

4 0 

4 0 

16 0 

16 0 

250 

25 0 

250 

5 6 

3 2 

9 1 

9 1 

31 5 

6 3 

Add 6 3 MVA transformer 

Remove transformer 

Add second 16 MVA transformer 

Add 25 MVA transformer 

Add second 25 MVA transformer at 
Orto-Alysh Loop rnto Vodokand - Dzhal 
35 kV h e  

Bulld a new 11013516 kV substahon near 
Hydro Stahon 3 Replace Hydro Statton 1 
and 4 transformexs wth 10 MVA 
transformers Reconductor cmwt from 
Hydro s m o n  3 to Hydro Stahon 1 

Balance local hstnbut~on load 

Balance local hstnbuhon load 



1997 Winter Expected Peak Forecast 
List of Facilities Required for System Reliability and Expansion 

I 

Faclhty 

300 MVAR Capac~tor Bank at Bystrovka 220 kV 

Cost 
($000 US) 

3,150 

Recommendat~on 

Needed to Improve the voltage profile m the northeastern portion of the Republ~c 

Pnonty 

I 

Blshkek Area 

Ala-Archa 22011 10 kV Substation 
-- 2 x 125 MVA transformers 
-- 100 MVAR, 110 kV capacitor bank 

110 kV Swtchgear at A m ,  Alamedm, 
Energetlcheska~a, Karagachevaa, Kostromska~a, 
Molodogvarde~ska~a, Novo-Vostochna~a, Novo- 
Yuzhnata, Novo-Zapadna~a, Plkovala Kotelnaa, 
Promyshlenna~a, and Y w h a a  

Frunzenska~a-Ala Archa #2 

100 MVAR Capac~tor Bank at Glavnaia 110 kV 

25 MVAR Capacitor Banks at Karagachevrua, Kyzyl- 
Asker, Molodogvardelska~a, and Orto-Alysh 35 kV 
substat~ons 

Centralnma I11 3516 kV substation 

Kok-Dzar 110135110 kV substation 

Kyrgyzska~a 1 10110 kV substat~on 

Orok 1 10/35110 kV substation 

10,793 

3,454 

16,074 

1,050 

736 

449 

2,152 

1,145 

2,145 

Needed to provlde for a thvd independent bulk power source to Blshkek 

Needed to g r o v e  local rellabllity 

Needed to Improve rellablllty and avold overloads 

Needed to g r o v e  the voltage profile m northern Blshkek 

Needed to Improve local voltage profiles 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

I 

I 

I 

I 

I 

111 

111 

111 

I11 

Subtotal 41,148 

Kal1mn Area 

Ak-Bashat 35/10 kV substat~on 

Poltavka 35/10 kV substat~on 

Stepnaa 35/10 kV substation 

Teplovala 35/10 kV substation 

Subtotal 2,400 

Needed to serve new load areas 

Needed to serve new local areas 

Needed to serve new local areas 

Needed to serve new local areas 

369 

684 

915 

432 

111 

111 

III 

I11 



2000 Winter Expected Peak Forecast 
List of Overloaded Facilities 

Pnonty 
Cost 

($000 US) Overloaded Fachty 

Blshkek Area 

Actual 
L o h g  
(MVA) 

Adrmss~ble 
hadmg 
(MVA) 

Subtotal 23,427 

Kal~lun Area 

TES Kara-Balta 1 10135110 kV transformer #1 I 22 1 I 20 0 Add Pobeda 110/35/10 kV substahon 1,996 I I 
Subtotal 1,996 

910 

510 

910 

21,097 

Novo-Zapadma 11013516 kV transformer #1 

Kyzyl-Asker 11013516 kV transformer #1 

Molodogvardasha 110135110 kV hamformer 

Frunzenskma-Ala Archa 220 kV 

I 

I 

I 

I 

31 5 

20 0 

16 0 

270 0 

42 1 

30 5 

29 4 

313 1 

Percent of 
A h s s ~ b l e  

(96) Recommendahon 

133 65 

152 50 

183 75 

116 0 

Add second 25 MVA transformer at 
Kostromskaia 

Replace wth 40 MVA transformer 

Add 25 MVA transformer 

B d d  Ala Archa-Kemm 500 kV 



2000 Winter Expected Peak Forecast 
List of Facilities Required for System Expansion 

Facihty 
cost 

($000 US) Recommendahon Pnonty 

Bishkek Area 

ABZ 1 10110 kV substation 

Asanba 3516 kV substahon 

Chui 1 10110 kV substahon 

Gaganna 1 10110 kV substahon 

Manas-Ata 1 10/35/10 kV substabon 

Parkovaa 1 101351 10 kV substabon 

Rassvet 1 10135/10 kV substabon 

Saadaeva 35/10 kV substahon 

Subtotal 9,577 

Kallnln Area 

E m u  35/10 kV substabon 1 Needed to serve new load areas 747 1 III I 

Subtotal 747 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

657 

449 

1,365 

1,365 

1,853 

1,853 

1,580 

455 

111 

III 

1n 

III 

111 

III 

111 

111 



2005 Winter Expected Peak Forecast 
List of Overloaded Facilities 

Pnonty Overloaded Faahty 
1 

B~shkek Area 

Cost 
($000 US) 

Actual 
Loadmg 
(MvA) 

I 

I 

II 

Zapadnaia 3516 kV transformer #1 

TES Brshkek - Penko-Dzhutovaia 35 kV 

Penko-Dzhutovrua - Centmlnrua VI 35 kV 

Centralnala VI 3516 kV transformer #1 

Centralaala VI 3516 kV transformer #2 

LGS - Nur 35 kV 

Ahss lble  
badmg 
(MvA) 

Subtotal 1,962 

Kallmn Area 

Percent of 
Adrmss~ble 

(4%) 

114 

1,781 

67 

Recornmendatum 

Add adhhonal 10 MVA transformer 

Bwld Penko-Dzhutovrua 1 1013516 kV 
substahon 

Reconductor 

17 8 

39 7 

26 

10 8 

11 3 

21 7 

I 

I1 

Subtotal 2,814 

2,740 

74 

TES Kara-Balta 1 10135110 kV transformer #1 

TES Kara-Balta 110135110 kV transformer #2 

Sosnovka 35/10 kV transformer #1 

Sosnovka 35/10 kV transformer #2 

Novo-Nrkolaevka 35/10 kV transformer 

10 0 

21 5 

14 5 

10 0 

10 0 

18 2 

178 0 

184 7 

179 3 

108 0 

113 0 

119 2 

34 1 

29 1 

4 2 

4 2 

7 8 

Add Sosnovka 110135/10 kV substahon 

Add 10 MVA transformer 

20 0 

20 0 

4 0 

4 0 

4 0 

170 5 

145 5 

105 0 

105 0 

195 0 



2005 Winter Expected Peak Forecast 
List of Facilities Required for System Expansion 

Facility 
Cost 

($000 US) Recommendahon Pnonty 
r 

Bishkek Area 

Electrodvigatel 35/10 kV substation 

Konditersha 1 10110 kV substation 

Tunguch 35/10 kV substabon 

Uchkun 110/35/10 kV substabon 

Subtotal 3,461 

369 

1,145 

455 

1,492 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

Needed to serve new load areas 

m 
111 

III 

m 



COST SUMMARY 

A. Transmission System Improvements 

Cost 
($000 US) 

Bishkek Area 
1997 
2000 
2005 

Kalinin Area 
1997 
2000 
2005 

Transrmssion Total 93,378 

B. Dutnbutlon System Improvements 

Cost 
($000 US) 

Bishkek Area 

IGilmn Area 

Distnbubon Total 

GRANDTOTAL 



Economie Analysls 
for 

Study Cases 1-4 (Base Assumptions) 
and 

Study Cases la-4a (Sensibvity: DH Load Forecast) 

For each study case, the spreadsheets Include the followmg schedules 

Sheet T~tle 
Summary of Costs 
Allocation of Costs 
Partial Tmffs 
Input Data and Assumptions 
Load Forecast 
Load/Capacity Balances 
Energy Production/Fuel Consumption Summary 
Generatmg Resource Charactenstlcs 
Investment Schedules 





Summary as. 
Case Number 1 Base Assumpt~ons 

Study Year 
Calendar Year 

Production Costs 
Prlmary Energy Expenses 

Coal 
Mazut 
Natural gas 
Ziud&ctnc 
Total prlmary energy 

Operating and Maintenance Expenses 
Blshkek TES 1 CHP Plant 
B~shkek TES 1 and TES 2 HOBs 
Industr~al steam dlstrlbutlon system 
Dlstrlct heatlng d~str~but~on system 
New GTCC plant 
Lml QHs- 
Total O&M 

Total Production Costs 

Investments 
TES 1 Rehabllltatlon and New HOBs 
New Self generation Capaclty 
Dlstrlct Heatlng System Rehabllrtat~on 
P 
Total Investment 

Total Annual Cost 

NPV of Costs 
Prlmary energy expense - 
Subtotal production costs 

Investments 
Total Annual Costs 
v 
Total Effectlve Cost 



Alloca t~on  of Costs 

Study Year 
Calendar Year 

ErP-cnsts 
Fuel and Prlmary Energy Expenses 

Electrrc Account 
B~shkek TES 1 CHP fuel 
New GTCC fuel 
Gnd dectrlc far &xtmhis 
Total prlmary energy 

Drstrrct Heatlng Account 
Brshkek TES 1 CHP fuel 
Blshkek TES 1 and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d electr~c for pumprng power 
GTCC fuel for pumplng power 
Blsl-- 
Total prrmary energy 

Process Steam Account 
B~shkek TES I CHP fuel 

Operatrng and Marntenance Expenses 
Electr~c Account 

Blshkek TES I CHP Plant 

Total O&M 

D~strrct Heatlng Account 
Brshkek TES 1 CHP Plant 
Brshkek TES 1 and TES 2 HOBs 
Dlstrlct heatrng dlstr~butron system 
hm- 
Total O&M 

Process Steam Account 
Blshkek TES I CHP Plant 
b- 
Total O&M 

~~ 
Electrrc Account 

TES 1 CHP Plant Rehab~lrtat~on 
New Self generatrng Capac~ty 
AlaArcha22Dllmm- 
Total 

Dlstrlct Heatrng Account 
TES 1 CHP Plant Rehabrlltatlon 
New HOBs for Brshkek DH System 
New HOBs for Local DH System 
D~stuaHealmg Rehabllltatlon 
Total 

Process Steam Account 
TES I CHP Plant Rehabllltat~on 
SkitmRlstuhratln srsml Rehabllltatlon 
Total 

Base Assumptions 



Part~al  Tar a 
Study Year 
Calendar Year 

Electrrc Account 
Total productron costs 
Tntal carrung charges 
Total cost of serv~ce 

Total sales of electrrcrty 

Partral tarrff productron costs 
Partla1 tarrff canyrng charges 
Partral tarrff all costs 

Drstrrct Heat~ng Account 
Total productron costs 
Tntal caw~ngshrgr:s 
Total cost of servrce 

Total sales of d~strrct heat 

Partral tar~ff product~on costs 
~ a r I l a ~ ~ a r l f L r s m y 1 n g ~ h ~ s  
Partral tarrff all costs 

Process Steam Account 
Total product~on costs 
-nvlnem 
Total cost of servrce 

Total sales of process steam 

Partral tar~ff product~on costs 
h d l a l t a r l f f n ~ r g e s  
Partral tarrff all costs 

Case No 

$000 
BQQ 
$000 

GWh 

centskwh 
centslkwh 
centskWh 

$000 
a.Q!J 
$000 

Tcal 

$/Gcal 
bL&al 
$/Gcal 

$000 
m 
$000 

Tcal 

%/Gcal 
,tLGal 
SIGcal 



Input Data and Assumptrons 

Case Number Base Assumpt~ons 

Thermal Energy Supply Source 0 TES I + HOBs 
Rehab~latate TES I? 0 No 
Electric Energy Supply Source 0 TES I + Gnd Elecfflc 
Supplemental Electnc Capac~ty I New GTCC 
Dlstnct Heaung Scenano 0 Scenario No Project 
Local DH supply by B~shkek DH7 0 No 

When? 1997 and beyond 

Sludy Year 
Calendar Year 

Thermal Energy 
IZlstnatieamg 
Maxlmum Demand 

Ex~sllng nrr lomm 
New c- 
Total 

Dlsposlt~on of energy 
Exlstlng customen 
New customers 

s a l a  basis Tcd 
generatlon baslr Tcal 

Conllngency Requ~remcnts (LU or I5V) 
B~shkek DH System I5 o!/ GcaVhr 
Local DH System IS@/ GcaVhr 

Dntnct heating pape losses 
BlshLek DH system 
Local DH system 

CHP plant plplng etiictency / 

Ibces&m 
Energy generation basis T c d  
P~plng lossa / 
Ratlo of annual maxlmum demand to annual average demand 
Heat exchange effrc~ency steam >hot water GcallhrIGcaVhr 

Elcetnc Energy 

Maxlmum Demand local customers generatlon basis MW 
annual growth V 

D ~ s p o s ~ t ~ o n  of energy local customers s a l a  basis GWh 
annual growth Y 

T&D lossa 
Contingency rqulrement (LU or I 5V max) 
Gnd capab~llty 

Gnd elcctnc~ty pnce foraast 
GTCC unlt add~tlon block slre 
GTCC capabal~ty 
GTCC fuel cost 
GTCC annual average heat rate 

/ 
15 o!/ MW 

MW 
a c  after 2005 

0 W/. $ k w h  
MW 
MW 

YkWh 
kcaVkWh 

Max~mum Demand uansferr generatlon basts MW 
annual growth /. 

D~spos~t~on of energy transfers sales basis GWh 
annual growfh / 

Fuel Pncc Forecast 
Coal 
Mazut 
Natural Gas 

= No modern~zanon no upansaon only rchabllltatlon 



.. - 
TES I CHP bollers 

Coal 
Mazul 
Natural Gas 
We~ghted average fuel prlce 

B~shkek HOBs 
Coal 
Mazut 
Natural Gas 
We~ghted average fuel prlec 

Local DH Bollen 
Coal 
Mazut 
Natural Gas 
Werghted average Fuel prlce 

Borler eNiclcncles 
B~shkek CHP bollen (TES I) 
Blshkek HOB9 (TES I and TES 2) / 
Local HOB3 (Fmnze JAL) 

Coal h 
Mazut / 
Natural gas Y 
Wrrghtrd average % 

Process steam generation Gcslhr add 1 heat lnput per GcaVhr stcam 

Performance Dgradal ion  
Annual change In boller efliclency 
Annual change In clcctrtc capabllrty 

Fuel Allocal~on for Cogenerairon Energy 
Methodology #A CHP advantage devoted to DH energy 

Electr~c power only pmduct~on cNictcncy / 
Methodology #B CHP advantage devoted lo elcctnc energy 

D ~ s t n c  heat only pmduct~on effic~ency / 

Allocatron Facton for TES I CHP Plant O&M and lnvcrtmcnt 
Y allocated to electr~c pmduct~on / 
/ allocated to dlstnct heating production '/ 
/ allocated to pmcess stcam product~on / 

Economic and F ~ n m c l r l  Parameten 
Cap~tal cost real escalal~on rates 

Western Y 
Russran h 
Kyrgyz labor / 
Kyrgyz matenal Y 
Kyrgyz equ~pmcnt % 

D~seount Rate for NPV Calmlat~on / 
Phys~cal wnt~ngencla  + technical assuslance & tralnlng Y of dlrect costa 

Compos~te wcal r l~on h c l o n  
Weslern 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equipment 



Load Forecast 

Case Number 

Load Forecast Development 

Study Year 
Calendar Year 

D~stnct heat~ng plpe losses 
B~shkek DH system 
Local DH system 

TLD losses (In Blshkek) 

Thermal Energy 
Blrhkek DH System Hot Water 
Maximum Demand (generat~on barn) 

Ex~stlng customers - 
TotalMmrmtm Demand 

D~spos~t~on of Energy 
Exlstlng customers 
Nelu1-m 
Total (sales basls) 
D~stnbut~on losses 

Ex~stlng customers 
~ r u u p m c n  
Total DIS~NIIIOII of Energy 

B~shkek DH System Process S t u m  
Energy generation basls 
Energy sales basrs 

Local DH System Hot Water 
Maximum Demand (generatcon base) 
D l sps~ t~on  of Energy 

Exlstlng customers 
D i . w m l m h r r ~  
Total D~S~OSIIIOII of Energy 

Eleclrrc Energy 
Maxlmum Demand (genemt~on basis) 

Local customers 
Transfers 

p u m p l o g m  
Total ~ ~ r n ~ ~ r n  Demand 

Dlsposlt~on of Energy 
Local customers (sales bas~s) 
Transfers 
~puwoppclurer 
Total consumption 

I&R losscs 
Total Drspar~tron o j k r g y  

Tcal 
T d  
Tcal 

Tcal 
m 
Twl 

Tcal 
Tml 

Tcal 
h l  
Tcal 

GWh 
GWh 
GYYh 
GWh 
GKh 
G Wh 



Summary of @ Forecasts (generat~on bas~s) 
- -- - - - - -- 

_CalendalYear _ _ -  _ - - 1995 _ -  - 1 s  - -  - 1997 -- p98 1 9 9 9  _ - - 2z00 _ - &i- - -- 20(IJ - -_ 2007 2002 - 
Thermal Load lo  bc Served by B~shkek DH System 

Maxcmum Demand Hot Water Gcalhr 900 0 935 0 950 0 924 0 897 0 870 0 850 0 826 0 802 0 778 0 
Thermal Energy Hot Water Teal 2 667 0 2 800 0 2 867 9 2 855 8 2 845 0 2 832 9 2 820 9 2 809 1 2 797 9 2 786 0 2 774 8 
Maxcmum Demand Process Slcam Gcalhr 1305 146 8 1794 1794 1794 1794 179 4 179 4 179 4 179 4 
Thermal Energ Process Steam _- - T ~ a l  - - 2 7 1 4  ------ 4 2 9 _ - _  --- 785 7 _ --- 785 7 - - 2_85 7 7817  --- 7851 781 7 - - 785 7 -- - 785 7 

Th;rmal Load to be Served by Local DH System 
Max~mum Demand Hot Wafer Gcalhr 46 0 53 0 61 0 71 0 71 0 71 0 71 0 71 0 71 0 71 0 
Thermal Energy Hot Water Tcal 104 0 I200  138 0 1590 159 0 159 0 I590  1590 I59 0 1590 
Max~mum Demand Process Steam Gcalhr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tcal 0 0 - Thermal E?ss steam -- _ - _ - 0 0 0 0 00 - 0 0 0 0 0 0 0 0 0 0 0 0 -- 
Total Thermal Lond to be Served 

Maxcmum Demand Hot Water Gcalhr 946 0 988 0 1011 0 995 0 968 0 941 0 921 0 897 0 873 0 849 0 825 0 
Thermal Energy Hot Water Tcal 2771 0 2 920 0 3 005 9 3 014 8 3 004 0 2991 9 2 979 9 2 968 1 2 956 9 2 945 0 2 933 8 
Max~mum Demand Process Steam Gcalhr 130 5 146 8 179 4 179 4 179 4 179 4 179 4 179 4 1794 179 4 179 4 
Thermal Energy Process Steam - -_Lal 571 4 642 9 785 7 785 7 785 7 785 7 785 7 785 7 785 7 ____ 2817 - -- 

Total Eleclnc Load Forecast 
Max~mum Demand MW 532 3 544 0 555 8 567 6 579 5 591 7 604 3 6170 630 1 643 4 657 1 
E l ~ t r ~ c  Energy GWh 1,560 6 1.627 4 1.684 7 1.7118- 1.759 0 



LoadICapac~ty Balance Case NO I Bare Assurnptronr add TGl l ~n 2002 

Study Year 
Calendar Year - - - - -- - -- - 1 Electrtc Energy 

Maxlmurn Demand 
Exutlng capaclty resources 

TES I CHP Plant 
G r ~ d  eleclr~c capactty 
GTCC 

Total capaclty resour la  before addtuons 
/ reserve before capaclty add~t~ons  

Capac~ty resource rcqulred 
Addltlonal capaclty rcqulred (mlnlmum) 
Capac~ty add~t~ondret~rements 

TES I CHP Rehab~l~tatlon (~nstall TGI I or equtv) 
TES I CHP Retirement of Unlt I and 2 
Gnd e lcanc  capaclty add~t~ons  
GTCC capaclty addlt~ons 

I Total capaclty resources after addltlons 

I 
/ reserve after capaclty addlt~ons 

/ ~ i r n i a /  b e r g ~ - ~ o t  water 

B~shkek DH System 
Maxlrnum Demand 
Exlstlng capaclty resources 

TES I CHP Plant 
nornlnal HW capaclty 
~ l l u n p ~ E l f y  
total 

TES IHOBs 
TES 2 HOBs 
Exlsllng HOBs Frunzc 
Exlstlng HOBs IAL 
New H a B u n k d R H s W m  

Total capaclty resources before addlt~ons 
/ reserve before capaclty add~tlons 
Capactty resources requlred 
Add~t~onal capaclty rcqulred (rnlnlmum) 
Capac~ty add~tiondret~rements 

New HOB capaclty 
Total capaclty resources af tu  addlt~ons 
/ reserve after capaclty addltlons 

GcaWr 
GcaVhr 
GcaVhr 
Gcalhr 
Gcallhr 
Gcallhr 
Gcallhr 
WUhr 
GcaVhr 

% 
GcaVhr 
CcaVhr 

GcaVhr 
Gcallhr 

A 

( Local DH System 
Maxlmum Demand ( Exlst~ng capac~ty resources 

Exlsllng HOBs Frunze 
I Exlstlng HOBs IAL 
/ Nnw H Q B ~ a ~ n s k W m  

Total capaclty resources before add~t~ons  ' / reserve before capaclty addltlons 
I Capac~ty resources requlrcd 
/ Add~tlonal eapaclty requlred (mln~mum) / Capacity add~t~ondret~rements 

New HOB capaclty 
1 h n z s  bo~kr  rchnments 

1 Total capaclty resources after addlt~ons 

I / reserve after capac~ty addltlons 

GcaVhr 

Gcallhr 
GcaVhr 
GcaUhr 
Gcallhr 

A 
GcaVhr 
Gcallhr 

GcaVhr 
&aDr 
Gcallhr 
/ 

- - 

( Maxlmurn Demand 
Exlstlng capaclty resources (TES I CHP) 1 / reserve 

Gcallhr 
Gcallhr 

/ 



Energy Pr ron/Fuel C o n s u m p t ~ o n  Summary  

Case Number Base Assumpt~ons 

Study Year 
Cnlendnr Year 

Energy Production 

Eleetnc Energy Gencrltlon 
Blshkek CHP Plant (TES I) 
Cud electr~c 
GTCC 
Tolnl 

CWh 
GWh 
ClM 
GWh 

Thermal Energy General~on 
D~slrlc heaang (heat hot water) 

B~shkek CHP Plant (TES I) 
Bishkek HOBs (TES 1 and TES 2) 
LocalRH SysternHaas 
Total 

Process steam 
B~shkek DH system (TES 1) 

Tcal 
Tcal 
Tcal 
Tcal 

Tcal 

Fuel Consumpt~on 

Blrbkek DH System 
Coal 
Marut 
NaturaLpas 
Total 

Local DH Syslem 
Coal 
Marut 
N d g a s  
Total 

Tcal 
Tcal 
Ical 
Tcal 

Tcal 
Tcal 
%a1 
Tcal 

GTCC nanrral gas Tcal 

Total Fuel Consumpt~on 
/ by type 

Coal 
Mazut 
E.lamw 
Total 



Cenerat~ng Resource Charactertstrcs 

Case Number I Base Assumpt~ons 

Study Year 
Calendar Y u r  

TESI  CHP Plant 
Electnc Capabrlrty 
Un~t # I  
Unrt U2 
Unlt #3 
Un1t#4 
Unrt U5 
Unrt #6 
Un~t #7 
Unrt U8 
Unrt U9 
Un~t #I0 
w u  
Total 
Largest Un~t 

DH Capabllrty Hot Water 
Un~t # I  
Un~t #2 
Unrt U3 
Unrt U4 
Unit U5 
Unrt #6 
Un~t #7 
Unrt #8 
Unrt U9 
Un~t #I0 
Llnltdlll 
Total 
Largest Un~t 

Gcallhr 
Gcallhr 
Gcallhr 
GcaVhr 
Gcallhr 
Geallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcalfir 
Gcallhr 

Bo~lcr Emclenuu 
W/O Rehabllrtatlon 
w/Rehab~l~tat~on 
Borler U 14 
Boller #I5 
Borler #I6 
Bo~ler U 17 
Boller #I8 
Borler U 19 
Boller #20 
Bo~ler U2 1 
Boller U22 
Baler 4'23 
h l c r  1124 
Weighted average 



Calendar year 

TES I CHP Plant Electrical Ratlng wlo Rehabllltatlon 
@ Zero DH Load 
@ 35 / DH Load 
@ 75/ DH Load 
@ Full DH Load 

Change In TES I Electr~cal Ratlng w/ Rchab~litatlon 
@Zero DH Load 
@ 35Y DH Load 
@ 75/ DH Load 
@ Full DH Load 

TES I CHP Plant Electr~cal Ratlng wl Rehabllltation 
@Zero DH Load 
@ 35 / DH Load 
@ 75V DH Load 
@ Full DH Load 

Auxll~ary power consumption 

@ Zero DH Load 
Q 35/ DH Load 
Q 75/ DH Load 
@Full DH Load 

TES I CHP Plant DWHW Rat~ng 
Q Full DH Load (hot water only) 
Q Full DH Load (total DH lncl profess stcam) 

T E S l  HOBs 
DH Capabll~ty Hot Water 
Unit # I  
Un~t  #2 
Un11df3 
Total 

Boller Efficlencia 
Unit # I  
Un~t  #2 
Urn1 a 
We~ghted average 

TES2 HOB, 
DH Capabll~ty Hot Water 
Unit # I  
Unt1 ill 
Total 

Boller Eficrenc~u 
U n ~ l  # I  
u o t w  
Weighted average 

L o c a l  DH System 
Fmnze Un~t  # I  
Fmnze Unlt #2 
Frunze Un~t  U3 
JAL U n ~ l U l  
IAL  UnilQZ 
Total 
Largest Unlt 

New capacity additions 
Marut fired 
Gas fired 

MW gross 
MW gross 
MW gross 
MW gross 

MW gross 
MW gross 
MW gross 
MW gross 

MW gross 
MW gross 
MW gross 
MW gross 

% 

M W  net 
MW net 
MW net 
MW net 

Gcallhr 
Gcallhr 

GcaVhr 
Gcalhr 
Gcilllhr 
Gcalhr 

% 
/ 
1. 
/ 

GcaVhr 
Gcallhr 
CnaVhr 

% 
1. 
0/ 

GcaVhr 
Gcalhr 
Gcallhr 
Gcalhr 
Gcalhr 
Gcalhr 
Gcalhr 

Gcallhr 
Gcalhr 

2005 

504 0 
565 5 
541 0 
505 5 

0 0 
0 0 
0 0 
0 0 

579 0 
619 5 
640 4 
595 5 

7 0% 

468 7 
525 9 
503 1 
470 1 

811 4 
1219 8 

100 0 
100 0 
laea 
300 0 

87 O?/ 
87 0% 

u u  
87 O?/ 

96 0 
469 

192 0 

87 O ? ?  
w 
87 0% 

0 0 
0 0 
0 0 

20 0 
2eP 
40 0 
20 0 

0 0 
50 0 



Investment Schedules 

Case Number Base Assumpttons 

Summary of Investments 

Study Year 
Calendar Y u r  

Caprtnl Expendlturc Schedule 

Investment In Eleetnc and Thermal Energy Supply 
Blshkek DH System 
TES I CHP Plant Rehabllrtat~on 
Installat~on of new additional HOBs 
Local DH System 
lnstallat~on of new addltlonal HOBs 
Blshkek Eleetnc Supply 
New GTCC#I 75 MWMnct) 
New TG for TES I 83 7 MWe(net) 

$000 
SOW 

Invetment In Electnc Energy Transmlsslon & Dlstnbutlon System 
Ala Archa22011 10kV 200 MW gnd upratlng 

Invetment m Ihstnct Henbog Dlstnbutlon System 
Dlstnct heatlng system upgrades rehab and modernlratlon 
Datr~ct  heatlng system ugrades extension of HW network 
Rehabllltatlon of Steam Dlstrlbut~on Network 

TOTAL ANNUAL CAPITAL EXPENDITURE 

Debt Service Schedule 

Investment In Electnc and Thermal Energy Supply 
Blrhkek DII System 
TES I CHP Plant Rehabllltatlon 
lnrrallsr~on of ncw addttronel HOB3 
Local DH System 
Installat~on of new addlt~onal HOBs 
Bahkek EIectnc Supply 
New GTCC#I 75 MWe(na) 
New TG for TES 1 83 7 MWe(net) 

Investment In Eleetnc Energy Transmlsslon & Dlstnbutlon System 
Ala Archa22011 10kV 200 MW grid upratlng 

Investment In Dlsthct Heatlng D~stnbut~on System 
Dlstrlct heatlng system upgrades mhab and modernrznt~on 
Dlstrlct heating system ugrades extcnslon of H W  network 
Rchab~lltat~on of Steam D~stnbut~on Network 

TOTAL ANNUAL INVESTMENT COSTS 





Summary of Costs 

Case Number 2 Base Assumpttons 

Study Year 
Calendar Year 

Product~on Costs 
Prlmary Energy Expenses 

Coal 
Mazut 
Natural gas 
ciucmam 
Total prlmary energy 

Operat~ng and Maintenance Expenses 
Btshkek TES I CHP Plant 
B~shkek TES I and TES 2 HOBs 
Industrtal steam dlstrtbutton system 
Dlstrtct heatlng dlstrtbutlon system 
New GTCC plant 
ISd- 
Total O&M 

Total Production Costs 

Investments 
TES I Rehab~l~tatton and New HOBs 
New Self generatton Capac~ty 
D~str~ct Heatlng System Rehab~l~tatton 
W m f n - H m  
Total Investment 

Total Annual Cost 

NPV of Costs 
Prlmary energy expense 
Q- 
Subtotal productton costs 

la~estmms 
Total Annual Costs - 
Total Effectwe Cost 



Case No 

Study Year 
Calendar Ycar 

Prodrctlno Ensts 
Fuel and Pr~mary Energy Expenses 

Electr~c Account 
B~shkeh TES 1 CHP fuel 
New GTCC fuel 
Grtd electr~c f ~ r  B w W  
Total prlmary energy 

Distrlct Heatlng Account 
B~shkek TES 1 CHP fuel 
B~shkek TES I and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d electrrc for pumplng power 
GTCC fuel for pumplng power 
Btshkek TESI CHI! fuelfnrpumplngpswm 
Total prtmary energy 

Process Steam Account 
B~shkek TES 1 CHP fuel 

Operating and Malntenance Expenses 
Electr~c Account 

B~shkek TES 1 CHP Plant 
NedTCC 
Total O&M 

Dlstrrct Heat~pg Account 
Blshkek TES 1 CHP Plant 
B~shkek TES 1 and TES 2 HOBs 
D~str~ct heatlng d~str~but~on system 
l d Q m m m s  
Total O&M 

Process Steam Account 
B~shkek TES I CHP Plant 
F!rQmm- 
Total O&M 

Debt.Servlre 
Electr~c Account 

TES 1 CHP Plant Rehabllltat~on 
New Self generating Capaclty 
Ala B d m U  1QkY2QLl- 
Toral 

Dlstr~ct Heat~ng Account 
TES 1 CHP Plant Rehab~l~tat~on 
New HOBs for Btshkek DH System 
New HOBs for Local DH System 
District H e a t r n g ~ m ~ ~ ~  
Toral 

Process Steam Account 
TES I CHP Plant Rehab~l~tat~on 
Steam D~strlbutlanSystem ~ ~ l w n n  
Toral 

-L 
," 7 

ECON l WK4 



Study Year 
Calendar Year 

Electr~c Account 
Total productlon costs 
Tetd ~ a ~ g ~ r g e s  
Total cost of serv~ce 

Total sales of electricity 

Partla1 tarlff productlon costs 
Partla1 tarlff carrylng charges 
Partla1 tarlff all costs 

District Heat~ng Account 
Total productlon costs 
Tntal rrrrc)r~ngdmga 
Total cost of s e ~ l c e  

Total sales of district heat 

Partla1 tarlff productlon costs 
E a ~ a l t a c ~ m w h a r g a  
Partla1 tarlff all costs 

Process Steam Account 
Total product~on costs 

Total cost of servlce 

Total sales of process steam 

Part~al tarlff productlon costs 
E w l  l m f f m g r ; h -  
Partla1 tarlff all costs 

-23 
"a& 

FCON l WK4 

$000 
%000 
$000 

GWh 

centskWh 
centskWh 
centskWh 

$000 
%QQQ 
$000 

Tcal 

SIGcal 
U a l  
$/Gcal 

$000 
m 
$000 

Tcal 

$/Gcal 
%W 
$/Gcal 

Base Assurnptlons 

3 
1997 

45 383 
0 

45 383 

1 459 4 

3 11 
0 00 
3 11 

29 601 
524 

30 175 

2 285 0 

12 95 
Q 25 

13 21 

8 272 
Q 

8 272 

550 0 

15 04 
QQQ 

15 04 

9 
2003 

60 488 
L1L1 

65 809 

1 722 6 

3 51 
0 31 
3 82 

26 877 
5 8% 

32 773 

2 1480 

12 51 
225 

15 26 

9 819 
Q 

9 819 

550 0 

17 85 
Q Q Q  

17 85 



Case Number Bate Assumpt~ons 

Thermal Energy Supply Source 0 TES I + HOBs 
Rehabtl~late TES 17 0 No 
Elecrrlc Energy Supply Source 0 TES I + G r ~ d  Elecv~c 
Supplemental Eleclr~c Capac~ty I New GTCC 
Dlstrlct Heatlng Scenar~o 2 Scenar~o 2 
Local DH supply by Blshkek DH? 0 No 

When? 1997 and beyond 

Study Year 
Calendar Year 

Thermal Energy 
D l s t r ~ r  Hcaunp 
Max~mum Demand 

Exlstlng customen 
New suslarnm 
Total 

D~sposlt~on of energy 
Ex~sttng customers 
New customen 

generatlon basis Gcalhr 
gcneratlanhaslr G s a h  
generatton basts Gcalhr 

r a l a  bar13 Tcal 
generatton basis Tcal 

Cont~ngency Rcqulrementr (LU or 15%') 
B~shkek DH System 15 V/ Gcallhr 
Local DH Syatem 15 O/ GcnVhr 

D~slrlct heating p ~ p e  losses 
B~shkek DH system 
Local DH system 

DH pumplng at booster rtallonr kWhlGcnl 

CHP plant plplng elliclency ? 

Eracgnsmm 
Energy generatton barn Tcal 
P ~ p ~ n g  lossa 51 
Ratlo of annual maxlmum demand to annual average demand 
Heat exchange eficlency steam > hot water CMVhrlGcaVhr 

Maxlmum Demand local customers genefallon barla MW 
annual growth / 

D ~ s p o s ~ l ~ o n  of energy locdl cusmmen s a l a  basls GWh 
annual growth / 

T&D lossa 
Cont~ngency rcqulremenl (LU or 15% max) 
G r ~ d  capabll~ty 

Gad e l c f u ~ c ~ t y  pncc f o r m 1  
GTCC unlf a d d ~ t ~ o n  block SIZC 

GTCC capabll~ty 
GTCC fuel cost 
GTCC annual average heal rate 

Max~mum Demand transfen generation batls MW 
annual growth % 

O~spos~t~on of energy transfen s a l a  bas~r  GWh 
annual growth / 

Fuel Pncc  Forecast 
Coal 
Mazut 
Natural Gas 

A 
Q 
C, 

FC ON1 WK4 

a c  after 2005 
0 o /  Slccal 
0 O h  SlGcal 
0 0 /  SlGcal 

935 0 
f i n  

988 0 

2 1000 
120 0 

140 3 
50 0 

25 W/ 
l o w /  

7 70 

642 9 
30 W/ 

19% 

434 2 
2 2 /  

1 052 0 
5 W/ 

12 a?? 
81 6 

200 0 

0 0300 

0 0  
00189 

102 2 
2 2 /  
357 6 
2 2 /  

8 80 
10 00 
9 40 
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Summary of Load Forecasts (generatlon basls) 
- - - - -- - - -- - -- -- 

calcnzr Y& -- 1993 1996 1997 1998 1999 2000 2001 2002 2003 2001 2005 -- 
Thermal Load to be f e d  by B~~blrek DH Syrtcm 

Maxlmum Demand Hot Water Gulnlr 9000 935 0 985 0 968 0 941 0 914 0 888 0 861 0 834 0 808 0 782 0 
Thermal Energy Hot Water Tcal 2 667 0 28000 29009 2 840 9 2 675 1 2 567 1 2 535 0 2 515 1 2 495 1 2 475 0 2 454 9 
Max~mum Demand Pmcas Steam GcaVhr 130 5 146 8 1794 179 4 1794 179 4 179 4 1794 179 4 179 4 179 4 
Thermal Ene Pmcas Steam Tcal 571 4 642 9 785 7 785 7 785 7 785 7- 785 7 785 7 785 7 785 7 785 7 

Thermal Load t%Served by L w l  DR Syrtcm 
Max~mum Demand Hot Water CMVhr 460  53 0 0 0  0 0 0 0  0 0 0 0 0 0 0 0  0 0 0 0  
Thermal Energy Hot Water Teal 104 0 120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Max~mum Demand Pmccss Steam Gcalnlr 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0  0 0 0 0 0 0 
Thermal Energy Process Steam Tcal 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 00- 0 0 

Total Thermll Load to be Served 
Max~mum Demand Hot Water Gealhr 946 0 988 0 985 0 968 0 941 0 914 0 888 0 861 0 834 0 808 0 782 0 
Thermal Energy Hot Wafer Tcal 2 771 0 2 920 0 29009 2 840 9 2 675 1 2 567 1 2 535 0 2 515 1 2 495 1 2 475 0 2 454 9 
Max~mum Demand Pmcas Steam GcaVhr 130 5 146 8 1794 179 4 1794 179 4 1794 179 4 1794 1794 179 4 
Thermal Energy Process Steam Tcal 571 4 642 9 785 7 785 7 785 7 785 7 785 7 785 7 785 7 785 7 785 7 

Total Electnc Lord F o m u t  
Max~mum Demand MW 532 3 544 0 553 5 565 3 577 3 589 6 602 1 615 0 628 0 641 4 655 1 
Electr~c Energy GWh 1.560 6 1.627 4 1,676 8 1.703 6 1,749 8 1.797 8 1,847 5 1,898 7 1.929 5 1,982 7 2,037 3 



Care No Base Assumpt~o add TGl  l on 2002 

Study Year I 2 3 

Max~rnum Demand MW 532 3 544 0 553 5 
Exlrtlng capaclty rcsourcu 

TES I CHP Plant MW 550 5 549 9 549 4 
G r ~ d  clenr~c capac~ty MW 200 0 200 0 200 0 
GI!x Ms!.! M M M 

Total capaclty resources before add~t~ons MW 750 5 749 9 749 4 
/ reserve before capacity add~t~ons / 41 0% 37 9% 35 4% 

Capaclty resources regutred W 612 3 625 6 636 6 
Add~t~onal capaclty rcqulred (mlnlmum) MW 0 0 0 0 0 0 
Capac~ty add~t~ondret~rements 

TES I CHP Rehab~l~tatlon (~nstall TGI 1 or equlv) MW 0 0  0 0 0 0  
TES I CHP Ret~remenl o f  U n ~ l  I and 2 MW 0 0 0 0 0 0 
Gnd electrtc capaclty add~t~ons MW 0 0 0 0 0 0 
GTCC capaclty add~t~ons MW 0 0 0 0 0 0 

Total capaclty resources after addlttonr 
0/ reserve after capaclty addltlons 

Thermal Energy - Hot Wafer 

B~shkek DH System 
Maximum Demand 
Exlrllng capaclty resourcu 

TES I CHP Plant 
nomlnrl HW uprc l ty  

-- 
total 

TES IHOBs 
TES 2 HOBs 
Exlstlng HOB5 Fmnze 
Ex~stlnn HOB$ IAL 

GuVhr 
GcaVhr 
GuVhr 
GcaVhr 
Gcalhr 
GcaVhr 
GcaVhr 
GsnllIU 
GcaVhr 

V 
GcaVhr 
GcaVhr 

- 
Total caoacltv resources before addltrons . . 
/ reserve before capacbty add~tlons 
Capac~ty resources rqulred 
Add~t~onal capaclty requlred (mlnlmum) 
Capac~ly add~t~ondretrrements 

New HOB capaclty 
Total capac~ty resources after addltlons 
%' reserve after capac~ty addltlons 

Local DH System 
Maximum Demand 
Exlstlng capaclty resourcu 

Exlstlng HOBs Fmnze 
Exlstlng HOB3 IAL - 

Total capaclty resources before addltlonr 
% reserve before capaclty addltlons 
Capaclty resources required 
Add~tlonal capaclly rqulred (mlnlmum) 
Capaclly add~t~ondret~remenls 

New HOB capaclty 
ElulzLbkm- 

Total capaclty resources after addlttons 
/ reserve after capaclty addltlonr 
p-p - - 
Thermal Energy - Process Steam 

Maximum Demand 
Ex~ri lng capac~ty rcsourcu (TES I CHP) 
/ reserve 

CMVhr 130 5 146 8 1794 1794 179 4 179 4 
GcaVhr 411 8 411 8 411 8 411 8 411 8 408 4 

/ 215 6 /  180 6/0 1296/ 129 60/ 1296,' 127 7/  



Energy Product~onlFuel Consumpt~on Summary 

Case Number 2 Base Assumptlom 

Study Year 
Calendar Y u r  

Energy Product~on 

Electnc Energy Generatton 
B~shkek CHP Plant (TES I) 
Gnd elecinc 
mcc 
Total 

mermal Energy Cenerrtron 
D~str~c heatlng (heat, hot water) 

Bishkek CHP Plant (TES I) 
B~shkek HOBs (TES I and TES 2) 
~~~ 
Total 

Process steam 
Blshkek DH system (TES I) 

Fuel Consumpt~on 

Btshkek DH System 
Coal 
Mazut 
N m r 4 w  
Tofa1 

Lou1 DH System 
Coal 
Marut 
N m d W  
Total 

GTCC IIa~ralgW 

Total Fuel Cansumpiron 
/ by type 

Coal 
M m t  
Nn@d.w 
Total 

Gwh 
GWh 
!i!a!h 
GWh 

Tcal 
Tcal 
Tral 
T u l  

Tu l  

Tu l  
Tcal 
Id 
Tcal 

Tcal 
Tu l  
fcal 
Tcal 

Tcal 

71 4? 91 9?? 93 5% 94 1%' 954 /  95 9% % W/ 96 8A 96 90/ 96 5% 97 o?/ 
4 8/ 1 90,' I W 1 9% 2 o?/ 2 o?/ 2 0% 2 W  2 o?? 2 DO/ 2 0% 

225% 6.2% 46% 4.Q% 22% 2 2 4  Zm m LLh m 
100 0.1 100 W/ 100 0%' 100 0% lWW/ I00 o?/ 100 o?? 100 o?/ 100 096 I W W  1000% 



Generat~ng d) ource Character~st~cs 

Case Number 

Study Year 
Calendar Year 

TES I C A P  Plant 
Electnc Capsbrhty 
U n ~ l  #I 
U n ~ t  #2 
U n ~ t  #3 
Un1t#4 
U n ~ t  #5 
U n ~ t  #6 
U n ~ t  #7 
U n ~ t  #8 
U n ~ t  #9 
U n ~ t  #I0 
llnu#ll 
Total 
Largest Unlt 

DA Cspab~lity Hot Water 
U n ~ t  #I 
U n ~ t  #2 
Un11#3 
Un11#4 
Un1t#5 
U n ~ t  #6 
U n ~ t  #7 
U n ~ t  #8 
Unll #9 
U n ~ t  #I0 
llnllllll 
Total 
Largest Unll 

Boller E l l i c ~ c n c ~ a  
wjO Rehahll~tatlon 
wlRehabll~tat~on 
Boller #I4 
Boller #I5 
Boller #I6 
Bo~ler #I7  
Boller #I8 
Bo~ler #I9 
Boller #20 
Boller #21 
Boller #22 
Bo~ler #23 
Ballet t124 
We~ghted average 

GcaVhr 
GcaVhr 
Gcal/hr 
Gcalhr 
Gcalhr 
GcaVhr 
GcaVhr 
Geallhr 
Gcalhr 
Gcallhr 
Gcallhr 
Gcallhr 
GcaVhr 



Calendar year 

TES I CHP Plant Elktncal Ratlng wlo Rehabrlltauon 
Q Zm, DH Load 
@ 35/ DHLoad 
Q 75/ DH Load 
@ Full DH Load 

MW gmu 
MW gross 
MW gross 
MW gross 

Change In TES I E l k t n d  b u n g  wl Rehabll~tauon 
@ Zero DH Load 
@ 35/ DH Load 
@ 75/ DH Load 
@ Full DH Load 

MW gross 
MW gross 
MW gross 

TES I CHP Plant Elcctncal Ratlng wl Rehabllttntton 
@ Zero DH Load 
@ 35/ DH Load 
@ 75/ DH Load 
@I Full DH Load 

MWgrou 
MW gross 
MW gross 
MW gross 

Auxrl~ary power cansumpnon 

@ Zem DH Load 
Q 3 5 /  DH Load 
@ 7 5 /  DHLoad 
Q Full DH Load 

MW n a  
MW net 
MW net 
MW n n  

TES I CHP Plant DWHW h u n g  
@ Full DH Load (hot water only) 
@ Full DH Load (total DH lncl p m s  sturn) 

T E S l  HOB$ 
DH Capabtl~ty Hot Water 
Unrt #I 
Unrt #2 
hlfi 
Total 

Boller Efficlcncta 
Un~t #I 
Unrl#2 
Llnu el 
Wetghtcd average 

T E M  HOES 
DH Capablltty Hot Water 
Unrt #I 
LlluLKz 
Total 

Boller Efficrcncra 
Unrt #I 
unu dU 
Wetghted average 

Local DH System 
F ~ n z e  Un~t #I 
Fmnze Unrt #2 
Fmnze Unlt#3 
JAL Un~t #I 
IAL Un1t#2 
Total 
Largest Unlt 

New capaclty addttronr 
M m t  fired 
Gas fired 



Investme @ edules 

Case Number Base Assumpt~ons 

Summary of investments 

Study Year 
Calendar Ycrr  

Cnpttrl Expend~lure  Schedule  

Investment In Electnc and Thermal Energy Supply 
Blshkek DH System 
TES I CHP Plant Rehabtl~tatton 
lnstallatton of new add~t~onal HOBs 
Lacs1 DH System 
lnstallatton of new addltlonal HOB5 
Blshkek Electrtc Supply 
New GTCC#I 75 MWe(net) 
New TG for TES I 83 7 MWe(net) 

SOW 

lnvatmenl  In Electnc Energ). Transmtsslon & Distnbulton System 
Ala Archa22011 10kV 200 MW g r ~ d  uprartng SOW 

lnvutmcnl  in D ~ s l n c l  Heatlng Dlstnbutron System 
Dtstr~ct heatlng system upgrades rehab and modern~rat~on So00 - - 

Dlstrtct heatlng system ugrade extenslon of IW network SO00 
Rehab~l~tat~on of  Steam D~str~button Network SO00 

TOTAL ANNUAL CAPITAL EXPENDITURE SOW 

Debt Servrce Scbcdulcr 

lnvestment in Electric and Thermal Energy Supply 
Blshkek DH System 
TES I CHP Plan1 Rehabtl~lallon 
Installat~on of new addlllonal HOBs 
Local DH System 
lnstallatton of new add~tlonal HOBs 
B~shkek Electnc Supply 
New GTCC#I 75 MWe(nct) 
New TG far TES 1 83 7 MWe(nct) 

SOW 
So00 

lnvesrmenl in Eleclnc Energy T r a n l m ~ s s ~ a n  & Dtslnbut~on System 
Ala Archa22011 10kV 200 MW gnd upratlng SO00 

Investment In Dlstnct Heahng Distnbuhon System 
Dlstrlct heattng system upgrades rehab and modern~ratlon SOW 
Dtslr~ct heating system ugrades cxtenslon of HW network SO00 
Rehab~l~tauon of Steam D~stnbutton Network SOW 

TOTAL ANNUAL INVESTMENT C O S W  SOW 

pnuc I 2  





Summary Q sts 

Case Number 3 Base Assumptions 

Study Year 
Calendar Year 

Product~on Costs 
Prlmary Energy Expenses 

Coal 
Mazut 
Natural gas 
Gr~d E l a ~  
Total prlmary energy 

Operating and Maintenance Expenses 
Blshkek TES 1 CHP Plant 
Blshkek TES 1 and TES 2 HOBs 
Industrial steam d~str~butlon system 
Dlstrlct heatlng d~strlbutlon system 
New GTCC plant 
Lncal Q H W B s  
Total O&M 

Total Product~on Costs 

Investments 
TES 1 Rehabllltatlon and New HOBs 
New Self generation Capaclty 
Dlstrlct Heatlng System Rehabllltatlon 
NewHOBsRHsw 
Total Investment 

Total Annual Cost 

NPV of Costs 
Prlmary energy expense 
Q l u d ~ ~  
Subtotal production costs 

Iwestmnnts 
Total Annual Costs 
En- 
Total Effectlve Cost 



A l l o c a t ~ o n  o f  Cos t s  3 Base Assumptrons 

Study Year 
Calendar Year 

Emduct~on Costs 
Fuel and Prlmary Energy Expenses 

Electrrc Account 
Brshkek TES 1 CHP fuel 
New GTCC fuel 
Gnd e l e ~ r r ~ c  ~ Q L & ~ W  
Total prrmary energy 

Dlstrrct Heat~ng Account 
B~shkek TES I CHP fuel 
Blshkek TES 1 and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d  electr~c for pumprng power 
GTCC fuel for pumplng power 
B ~ s h k k  TES 1 CUP fud far p r r m p m g m  
Total prrmary energy 

Process Steam Account 
B~shkek TES 1 CHP fuel 

Operat~ng and Ma~ntensnce Expenses 
Electrrc Account 

Brshkek TES I CHP Plant 
New GTCC 
Total O&M 

D~strlct Heat~ng Account 
B~shkeL TES 1 CHP Plant 
BlshkeL TES 1 and TES 2 HOBs 
D~strrct heat~ng dlstrrbutron system 
Lxal DHsysm HQBs 
Total O&M 

Process Steam Account 
Brshkek TES 1 CHP Plant 
Eracess &am clnuhtmnwLm 
Total O&M 

DeMSelrrre 
Electrrc Account 

TES I CHP Plant Rehabrlrtatron 
New Self generatrng Capacrty 
A h  ArchaZ2QUIQkY 240 -g 
Toral 

Drstr~ct Heating Account 
TES 1 CHP Plant Rehabrl~tatron 
New HOBs for Brshkek DH System 
New HOBs for Local DH System 
h m c t  H w g  System 
Total 

Process Steam Account 
TES 1 CHP Plant Rehabrlrtatron 
Steam Dlstr~hut~nn Sysem Reba- 
Toral 



Partral Ta @ 
Study Year 
Calendar Year 

Electrlc Account 
Total productlon costs 
Tntal c s r ~ ~ l n g  charges 
Total cost of service 

Total sales of electr~clty 

Partlal tarlff productlon costs 
Part~al tarlff carrylng charges 
Partlal tar~ff all costs 

D~strlct Heatlng Account 
Total product~on costs 
&talcanymg_charges 
Total cost of servlce 

Total sales of dlstr~ct heat 

Partla1 tarrff productlon costs 
h m w - & w  
Part~al tar~ff all costs 

Process Steam Account 
Total productlon costs 
TntaLcw- 
Total cost of servlce 

Total sales of process steam 

Partla1 tar~ff productlon costs 
hdn- 
Partlal tarlff all costs 

Case No 

$000 
%Q04 
$000 

Gwh 

centstkwh 
cents/kWh 
cents/kWh 

$000 
m 
$000 

Tcal 

$/&a1 
$,!aid 
$/Gcal 

$000 
m 
$000 

Tcal 

$/Gcal 
meal 
$IGcal 

Base Assu #I 



Input Data and Assumpt~ons 

Case Number Base Assumpt~ons 

I TES I + HOBs 
I Yes 
I TES I + Grrd Eleeurc 
I New GTCC 
0 Scenarlo No Project 
0 No 

1997 and beyond 

Thermal Energy Supply Source 
Rehabll~tate TES I? 
Elecurc Energy Supply Source 
Supplemental Eleeu~c Capac~ty 
Dlsulct Heating Scenano 
Local DH supply by Brshkek DH7 

When7 

= No modemlzauon no apansron only rehab~lltat~on 

Study Year 
Calendar Year 

Thermal Energy 
Rrsmn H e m g  
Maximum Demand 

Exrstlng customers 
&ul cut- 
Total 

generauon barls CcaVhr 
pcncraunn6aur, GdGx 
generatron bas6 GcaVhr 

Dlspaslt~on of energy 
Exlstlng customers 
New customers 

s a l a  basis Tcal 
generat~on basrs Tcal 

Contingency Requlrunenc (LU or IS'/) 
B~shkek DH System 15 0.3 GcaVhr 
Local DH System 15 00/ Gcalhr 

Dlstncf heating pipe losses 
Blshkek DH system 
Local DH system 

DH pumping at booster sutlons k W h ~ h l  

CHP plant p~plng efic~ency A 

EmccsLsmm 
Energy generauon bas18 Tcal 
Plplng lossa / 
Ratlo of annual mmlmum demand to annual average demand 
Heat exchange efic~ency steam -> hot water GcaVhrlGcaVhr 

Electnc Energy 

Maxrmum Demand local fustomers generauon basis MW 
annual ~rowth / 

D ~ s p o s ~ t ~ o n  of energy local customen = l a  baols GWh 
annual growth / 

TBD lossa 
Contrngency rqutrement (LU or IS/ 
Gnd capabll~ty 

Gnd electrlclty pnce forkart 
GTCC unlt addltlon block srze 
GTCC capabll~ty 
GTCC fuel cost 
GTCC annual average heat rate 

Maxrmum Demand transfen generatron basts MW 
annual growth / 

Dlsposltlon of energy uansfen sales bas13 GWh 
annual growth / 

Fuel Pnce  Farecast 
Coal 
Mazut 
Natural Gas 



Coal 
Mazut 
Natural G ~ J  
We~ghted average fuel pnce 

Blshkek HOBs 
Coal 
Marut 
Natural Gas 
We~ghted average fuel prlce 

Local DH Bollen 
Coal 
Marut 
Natural Gas 
We~ghted average fuel prlce 

Bo~ler  elliclencles 
B~shkek CHP hollers (TES I) 
B~shkek HOES (TES 1 and TES 2) % 
Local HOES (Fmnze IAL) 

Coal % 
M m t  / 
Natural gas %' 
Werghred average % 

Procss steam generation GcaVhr add I heat lnput per GcaVhr steam 

Performance Degradation 
Annual change In boller efficiency 
Annual change In electr~c capabll~ty 

Fuel Allocal~on for Cogenerrt~on Energy 
Methodology #A CHP advantage devoted to D H  energy 

Electr~c power only product~on efticlency / 
Methodology #B CHP advantage devoted to elcclnc energy 

D~stnc heat only product~on eftic~ency h 

Allocation Factors for TES I CHP Plant O&M and Investment 
/.allocated to electr~c pmduct~on / 
/ allocated to dlsmct heatlng produd~on Y 
%' allocated to process steam product~on h 

Econorn~c and Rnrnc l r l  Paramelen 
Cap~tal cost real escnlatlon rats  

Western %' 
Russ~an h 
Kyrgyz labor / 
Kyrgyz matenal Ye 
Kyrgyz qucpment / 

D~swunt Rate for NPV Calculat~on ?I 
Phys~cal contlngencla + technical ass~stance & tralnlng / o f  direct costs 

Composite etcrlatlon factorr 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpmenl 

1996 

97 W 
2 o/  
1 o /  
8 83 

0 00,' 
OOh 

1000/ 
9 40 

0 W 
0 00,' 

lOOOh 
9 40 

1996 
873/  
89 O/ 

0 O?/ 
89 0% 
83 0%' 
83 O/ 

0 63 

zlux!ki 
0 00,' 
0 00h 
6 60/ 
0 90,' 
3 20%' 



Load Forecast 

Case Number Bare Assumpuonr 

Load Forecast Development 

Study Year 
Calmdsr Year 

Dlstnct heatrng pipe losses 
B~shkek DH systcm 
Local DH system 

T&D lorsa ( ~ n  Bahkek) 

Thermal Energy 
B~shkek DH System Hot Water 
Maximum Demand (generat~on b s a )  

Existing customers 
New C ! l S ~  
Total Mar~mrrm Demmd 

Dlsposit~on of Energy 
Exlrting customen 
b!eummn 
Total (sales bar~s) 
Dlstnbution losses 

Existing customers - 
Total D~spostfto~l of fi~ergy 

Blshkek DH System Process S t e m  
Energy generation bans 
Energy saleo basrs 

Teal 
Iral 
Tcal 

Tcal 
Tcal 

Loul DA System Hol Water 
Maxlmum Demand (gmerat~on barls) 
Dlsposlt~on of Energy 

Exlarng customers 
B- 
Total DIS~OSIIIOII of fiterg)) 

Tcal 
Ieal 
Tcal 

EIecrric Energy 
Maximum Demand (gencrat~on basis) 

Local customers 
Transfers 

F W S m m d  
D~sposiuon of Energy 

Local customers (sales bms) 
Transfers 
RH PumplnppPlvrr 
Total wnsumption 
Ti&RlQrrcr 
lorul DIS~OSIPOII of Energy 

GWh 
GWh 
GWh 
GWh 
w 
GWh 
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LoadICapac~ty Balance Case NO 

Study Year 
,Calentjar Year - - - - -  
Electrrc Energy 

Maxlmum Demand 
Exlstlng capaclty resources 

TES I CHP Plant 
Grid eleclrlc Fapaclty 
GTCC 

Total capaclty resources before addltlona 
/ reserve before capaclty add~tlons 

Capac~ty resources requlred MW 
Add~t~onal capactty r q u ~ r e d  (m~n~mum) MW 
Capac~ty add~ttondrettrernents 

TES I CHP Rehab~l~tatton (~nstall TGI 1 o r q u w )  MW 
TES 1 CHP Rettremcnt of Un~ t  I and 2 hiW 
Gr~d  eleclrtc capaclty add~t~ons MW 
GTCC capac~ty add~t~ons MW 

Total capaaty rcrourca after addluons 
Y reserve after capaclty addttlons 

B~shkek DH System 
Max~mum Demand 
Exlstlng capac~ty resources 

TES I CHP Plant 
nomrnal HW capaclty 

~ a k t n g W p a w l y  
total 

TES IHOBs 
TES 2 HOBs 
Exlstlng HOB9 Frunze 
Exlstlng HOB3 IAL 
NsaHQB~mlncaLIHwmn 

Total capaclty resources before addttlons 
/ reserve before capactty addltlons 
Capac~ty resources requtred 
Add~ttonal capaclty rqulred (mlnlmum) 
Capaclty add~trondretlrements 

New HOB capaclty 
Total capactty resourca after addltlons 
/ reserve after capaclty addltlons 

GcaVhr 

GcaVhr 
Gcalhr 
GcaVhr 
GcaVhr 
Gcalhr 
Gcalhr 
GcaVhr 
Clfallhr 
GcaVhr 

Y 
Gcalhr 
Gcalhr 

GcaVhr 
GcaVhr 
/ 

Local DH System 
Max~mum Demand 
Exlstrng capacrty resources 

Exlstlng HOBs Frunze 
Exat~ng HOB5 JAL 
New HaBs c a m  addmm 

Total capaclty resourcs before addltlons 
/ reserve before capaclcy addltrons 
Capaclty resources requ~red 
Add~tlonal capaclty requlred (mlnlmum) 

1 Capac~ty add~t~ondrettrements 
New HOB capaclty 
Fruo~e hnllrr reruemenu 

Total capaclty resources after addltlons 
/ reserve after capacrty addltlons 

GcaVhr 

GceVhr 
GcaVhr 
Clfallhr 
Gcalhr 

Y 
GcaVhr 
GcaVhr 

GcaVhr 
&&c 
GcaVhr 

/ 

- - - - 
/%eraal h e r o  - Process S t e m  

Maximum Demand 
Exlsllng capaclty resourca (TES I CHP) 
/ reserve 

CMVhr 
Gcalhr 

/ 



Energy Pr (II) t1onlFuel Consumpt~on Summary 

Case Number Base Assumpl~ons 

Study Year 
Calendar Ycsr 

Energy Product~on 

Electrlc Energy Generation 
B~shkeh CHP Plant (TES I) 
G r ~ d  electrlc 
GTCC 
Total 

GWh 
GWh 
w 
GWh 

Thcrmal E n c r g  Gencratlon 
Dlstrlc heatlng (heat hot water) 

B~shkek CHP Plant (TES I )  
Blshkek HOES (TES l and TES 2) 
L ~ c a l  QHSystemHMs 
Total 

Process steam 
B~shkek DH system (TES I )  

Tcal 
Tcal 
Tral 
Tcal 

Tcal 

Fuel Consumpt~on 

Blshkek DH System 
Coal 
M m t  
NaturaLgac 
Total 

Local DH Systcm 
Coal 
M m t  
Nnturalpas 
Tofal 

T u l  
Tcal 
Tcal 
Tcal 

Tcal 
Tcal 
m l  
Tcal 

Tcal 

Tcal 

% 
/ 
% 
/ 

GTCC natural gas 

Total Fuel Consumption 

by type 
Coal 
M m t  
Nauru 
Total 
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TES I CHP Plant Electrical Ratlng wlo Rehabll~tatlon 
Q Zero OH Load 
Q 35 / DH Load 
@ 75 / DH Load 
Q Full OH Load 

Change In TES I Electrtcal Ratlng wl Rehabtlttat~on 
Q Zero OH Load 
@ 35 / DH Load 
Q 75Y DH Load 
Q Full DH Load 

TES I CHP Plant Electrtcnl Ratlng wl Rehabllltatton 
@ Zero OH Load 
Q 35 / DH Load 
@ 75 / DH Load 
Q Full DH Load 

Auxlllary power consumpt~on 

Q Zero DH Load 
@ 35/ DH Load 
Q 75Y DH Load 
@ Full DH Load 

TES I CHP Plant DWHW Rating 
Q Full DH Load (hot water only) 
@ Full DH Load (total DH tncl procss steam) 

TES I ROBS 
DH Capabll~ty Hot Water 
Un~t #I 
Un~l #2 
h t X 3  
Total 

Boller Efficlencta 
Un~t #I 
Un~t  #2 
llnt1U 
We~ghted average 

TES 2 HOB$ 
DH Capablltty Hot Water 
Unlt #I 
llnttllz 
Total 

Botler Efficlencla 
Un~t  #I 
w 
We~ghted average 

Local DH System 
Fmnze Un~t  #I 
F ~ n z e  Unit #2 
Frunze Unll#3 
IAL Untt #I 
IAL Unlt#2 
Total 
Largest Unll 

New capaclty addlttons 
Mazul fired 
Gas fired 

MW gros 
MW gross 
MW gross 
MW gross 

MW gross 
MW gross 
MW gross 
MW gross 

MW gross 
MW gross 
MW gross 
MW gross 

MW net 
MW net 
MW net 
MW net 

GcllVhr 
Gcalhr 

Gcalhr 
Gclllhr 
h L l h r  
Gcalhr 

GcaVhr 
Liml1ht 
Gcallhr 

GcaVhr 
Gcalhr 
Gcalhr 
Gcalhr 
GcaVhr 
Gcalhr 
Gcalhr 

GfaVhr 
Gcalhr 

2001 

504 0 
565 5 
541 0 
505 5 

0 0 
0 0 
0 0 
0 0 

579 0 
619 5 
640 4 
595 5 

7 u?? 

538 5 
576 1 
595 6 
553 8 

811 4 
12198 

100 0 
100 0 
UQQ 
300 0 

87 O /  
87 Oh 
U(Vp 
87 O/ 

96 0 
96.0 

192 0 

87 u?/ 
8LQ% 
87 O/ 

50 0 
50 0 
50 0 
20 0 
ZQQ 

190 0 
50 0 

0 0 
0 0 
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Summary of Costs 

Case Number 4 Base Assumpt~ons 

Study Year 
Calendar Year 

Productlon Costs 
Primary Energy Expenses 

Coal 
Mazut 
Natural gas 
Lin$ElemX 
Total prlmary energy 

Operating and Ma~ntenance Expenses 
Blshkek TES 1 CHP Plant 
B~shkek TES 1 and TES 2 HOBs 
lndustr~al steam dlstr~butlon system 
Dlstr~ct heat~ng d~str~but~on system 
New GTCC plant 
MDH- 
Total O&M 

Total Productlon Costs 

Investments 
TES I Rehab~l~tat~on and New HOBs 
New Self generation Capac~ty 
Dlstr~ct Heatlng System Rehab~l~tat~on 
New W s f n r U  LZi System 
Total Investment 

Total Annual Cost 

NPV of Costs 
Primary energy expense 
Q&M W n s  

Subtotal production costs 
Inymmnts 
Total Annual Costs 
End c h t  A&usmml 
Total Effectlve Cost 



Allocatro r)l osts  Case No 

Study Year 
Calendar Year 

E m d u d e n  casts 
Fuel and Prrmary Energy Expenses 

Electrlc Account 
B~shkek TES 1 CHP fuel 
New GTCC fuel 
Grid e l a t r ~ r  fnr electm laads 
Total prlmary energy 

D~strrct Heatrng Account 
B~shkek TES 1 CHP fuel 
B~shkek TES I and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d electrrc for pumplng power 
GTCC fuel for pumplng power 
Bishkek TES 1 CHP f i rd fa rpumpmgpmm 
Total primary energy 

Process Steam Account 
B~shkek TES 1 CHP fuel 

Operat~ng and Marntenance Expenses 
Electrrc Account 

B~shkek TES 1 CHP Plant 
m m  
Total O&M 

Dlstrrct Heattng Account 
B~shkek TES 1 CHP Plant 
B~shhek TES 1 and TES 2 HOBs 
D~strrct heatlng d~str~but~on system 
L- 
Total O&M 

Process Steam Account 
B~shkek TES 1 CHP Plant 
EY!mxssteam~msvstem 
Total O&M 

IZehtSmu 
Eleetrlc Account 

TES 1 CHP Plant Rehab~l~tat~on 
New Self generating Capacrty 
A I a A r ~ 2 2 0 1 1 1 4 k Y ~  -g 
Total 

Dlstrrct Heatlng Account 
TES 1 CHP Plant Rehab~l~tat~on 
New HOBs for B~shkek DH System 
New HOBs for Local DH System 
Dlstrlct Heatlng &s&m Rehahilitat~nn 
Total 

Process Steam Account 
TES I CHP Plant Rehab~l~tat~on 
Stcam D~smtutlnn System BehahWlan 
Total 

$000 
$000 
$000 
$000 

$000 
$000 
$000 
$000 
$000 
%Ma 
$000 

$000 

$000 
$Mn 
$000 

$000 
$000 
$000 
Em! 
$000 

$000 
$Ma 
$000 

$000 
$000 
Em! 
$000 

$000 
$000 
$000 
&on 
$000 

$000 
SQQQ 
$000 

Base Assu s 



Study Year 
Calendar Year 

Electnc Account 
Total product~on costs 
-1 ~aw&w 
Total cost of servrce 

Total sales of electr~c~ty 

Partral tar~ff product~on costs 
Partla1 tar~ff carrying charges 
Parttal tarrff all costs 

D ~ s t r ~ c t  Heating Account 
Total production costs 
m-&Xs 
Total cost of service 

Total sales of d~stnct heat 

Partla1 tar~ff product~on costs 
E a - i s h s  
Partral tarrff all costs 

Process Steam Account 
Total production costs 
v 
Total cost of serv~ce 

Total sales of process steam 

Partla1 tar~ff productton costs 
Eamsllmff canymgchuga 
Partla1 tar~ff all costs 

$000 
m 
$000 

GWh 

centslkWh 
cents/kWh 
cents/kWh 

$000 
am 
$000 

Tcal 

$/Gcal 
$.!Gal 
SIGcal 

f 000 
s@B 
$000 

Tcal 

$/Gcal 
%1Sical 
$lGcal 

Base Assurnpt~ons 



Case Number Bare Assumpttons 

Thermal Energy Supply Source 
Rehab~lttate TES I? 
Electrtc Energy Supply Source 
Supplemental Electrtc Capactty 
D~smct  Heatrng Scenano 
Local DH supply by Btshkek DH7 

When? 

Study Year 
Calendar Year 

Thermal Energy 
RrrwsLfleaung 
Maxrmum Demand 

Extsttng customen 
Nmmrners 
Total 

Dtsposttton of energy 
Extsttng customen 
New customen 

I TES I + HOBs 
I Yes 
I TES I + Gnd Electric 
I New GTCC 
2 Scenano 2 
0 No 

1997 and beyond 

generatton basts GcaUhr 
g c n w & u  Gcallhr 
generatton basts Gcallhr 

s a l a  bartt Tcal 
generatton buts  Tcdl 

Conttngency Requtremenu (LU or IS/) 
Btshkek DH System 15 O?/ 
Local DH System 15 0% 

Dtstrtct hcattng ptpe lossa  
Btshkek DH system 
Local DH system 

DH pumplng at boaster stattons 

CHP plant plprng effictency - 
Energy generatron buts  
Ptptng losses 
Ratlo of annual maxlmum demand to annual average demand 
Heat exchange effictency steam >hot water 

Electnc Energy 

Maxtmum Demand local customen generatron b a t s  
annual g m w h  

Dtsposttton of energy local customen sales basts 
annual growth 

T&D lossa 
Conttngency requirement (LU or IS% max) I5 O?/ 
Grtd capabtllty 

a c  after 2005 
Gnd elecfflcrty pnee forecast 0 0% 
GTCC untt addtt~on block size 
GTCC capabtltty 
GTCC fuel cost 
GTCC annual average heat rate 

Max~mum Demand transfen generauon basts 
annual growth 

Dtsposttton of energy transfers sales bas~s 
annual g m w h  

Fuel Pnce  Forecast 
Coal 
Mazut 
Natural Gas 

MW 
V 

GWh 
/ 

/ 
MW 
MW 

UkWh 
MW 
MW 

S/kWh 
kcallkwh 

MW 
/ 

GWh 
/ 

YGcal 
SIGcal 
SlGcal 



Fuel MIX for Supply R a o u r c a  
TES I CHP borlen 

Coal 
Mazul 
Natural Gas 
Welghtd average fuel pncc 

Brshkek HOBs 
Coal 
M m t  
Natural Gas 
Werghted average ficl pnce 

Local DH Bor lm 
Coal 
Mazut 
Natural Gm 
We~ghted average fuel prlcc 

Bollcr e l l ic lenc~a 
Blshkek CHP borlen (TES I) 
B~shkek HOES F S  1 and TES 2) V 
Local HOBs (Fmnze JAL) 

Coal V 
Mazut Y 
NaNral gas / 
We~ghghled average % 

Process steam generation GcaVhr add I h a t  input per G d h r  steam 

Pedormance Dcgradallon 
Annual change In bolln eflic~mcy 
Annual change In electrrc capablllty 

Fuel Allocatlon for  Cogencrabon Energy 
Methodology #A CHF' advantage devoted to DH energy 

Electnc pawer only produnton effictency / 
Methodology #B CHP advantage devotcd to elecmc energy 

Drstnc heat only produnron effic~cncy / 

Allocatlon Factors for TES 1 CHF' Plant O&M and Investment 
/ allocated to electnc pmduct~on / 
O/ allocated to dlstnn heat~ng pmdunton V 
/ allocated to process steam production / 

Economrc and h n a n a a l  Parmmetcn 
Caprlal cost real cscalatlon rates 

Western / 
Russran % 
Kyrgyz labor / 
Kyrgyz matenal V 
Kyrgyz equrpment / 

D~scount Rate for NPV Calmlat~on % 
Physical mntlngencla + technrcal assrstance & trarnlng / of dlreci m s u  

Cornpasrle uc l l tc ion  f r c t o n  
Western 
Russran 
Kyrgyz labor 
Kyrgyz materral 
Kyrgyz equlpmenl 
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Summary of Load Forecasts (generahon basis) 
- - - -  - - -- - - - - - - - - - - - - - ---- -- - 

GTendar Year - 1995 1996 1997 1999 2000 2001 2002 2003 - 2004 - - --- 1998 - -- - 
Thcrmnl Land to be Scrved by Buhkek DH Syrtem 

Max~mum Demand Hot Water GcaVhr 9000 935 0 985 0 968 0 941 0 914 0 888 0 861 0 834 0 808 0 
Thermal Energy Hot Watu Tcal 2,667 0 28000 29009 2 840 9 2 675 1 2 567 1 2 535 0 2 515 I 2 495 1 2 475 0 2,454 9 
Max~mum Demand Procas Steam Gcalhr 130 5 146 8 179 4 179 4 179 4 179 4 1794 179 4 179 4 179 4 
Thermal Energy Procss Steam -- Tcal -- - 571 4 642 9 785 7 785 7 785 7 785 7 785 7 785 7 785 7 785 7 

Thermal Land to be Scned by L a u l  DH System 
Max~mum Demand Hot Water Gcallhr 46 0 53 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0  
Thermal Energy Hot Water Tcal 104 0 120 0 0 0  0 0  0 0 0 0 0 0 0 0 0 0 0 0  
Max~mum Demand Procas Steam GcaVhr 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  

Procar Steam Tcal 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0  
Told Thcrmnl Laad to be Served I- 

Max~mum Demand Hot Water GcaVhr 946 0 988 0 985 0 968 0 941 0 914 0 888 0 861 0 834 0 808 0 782 0 
Thermal Energy Hot Water Tcal 2 771 0 2 920 0 29009 2 840 9 2 675 I 2 567 1 2 535 0 2 515 1 2 495 1 2 475 0 2 454 9 
Maximum Demand Procss Steam GfaVhr 130 5 146 8 179 4 179 4 179 4 179 4 179 4 179 4 179 4 1794 179 4 

- Thermal E n e w  Pmcas Steam Tcal 571 4 642 9 785 7 785 7 785 7 785 7 785 7 785 7 785 7 785 7 785 7 
Total Eleclnc Lord Forecast 

Max~mum Demand MW 532 3 544 0 553 5 565 3 577 3 589 6 602 1 615 0 628 0 €41 4 655 1 
Electnc Energy GWh 1.560 6 1,627 4 1.676 8 1.703 6 1,749 8 1.797 8 1,847 5 1.898 7 1.929 5 1,982 7 2,037 3 



LoadICap alance Case No 

Study Year 
,Calendar Y t s ~  - --- - - -  -- 
Elecfrrc Energy 

Max~mum Demand 
Exlstrng capaclty resources 

TES I CHP Plant 
G r ~ d  electr~c capaclly 
GTCC 

Total capaclty resources before addltlons 
/ reserve before capactty add~t~ons 

1 Capac~ty resources requ~red MW 
1 Addlt~onal capaclty requ~red (m~n~mum) MW 

Capac~ty add~t~onslreuremenls 
TES I CHP Rehab~l~tat~on (~nstall TG I  I or equtv) MW 
TES I CHP Ret~rement o f  U n ~ t  l and 2 MW 
G r ~ d  elecu~c capac~ty add~t~ons MW 
GTCC capac~ty add~trons MW 

Total capaclty resources a h  addtt~ons 
Y reserve after capactty add~l~ons 

I - 
Thermal Energy - Hot Water 

B~shkek DH System 
Maxrmum Demand 
Exlstlng capaclty resources 

TES I CHP Plant 
nomtnal HW capaclty 

_peakl&Bhurna 
mtal 

TES IHOBs 
TES 2 HOBs 
Exlstlng HOB4 F N W ~  
Exlsllng HOB3 IAL 
-m 

Total capactty rmurces before add l t~on~ 
/ reserve before capaclty add~t~ons 
Capac~ty resources r q u ~ r e d  
Add~t~onal capaclty rqu l red (mlntmum) 
Capac~ty additlonslret~remenls 

New HOB capaclty 
Total capaclty resources after addltlons 
/ reserve after capaclty addll~onr 

GcaVhr 

GcaVhr 
GcaVhr 
Gcalhr 
GcaVhr 
Gcalhr 
GcaVhr 
GcaYhr 
GcaVhr 
GcaVhr 

Y 
GcaVhr 
GcaVhr 

GcaVhr 
GcaVhr 

% 

Local DH System 
Maximum Demand 
Exlstlng capaclty r esou rn  

Exlstlng HOBs Frunze 
Exlstlng HOBs JAL 
New HQEs c u p a w ~  ulhlms 

Total capactty resources before addltrons 
%reserve before capaclty addltlons 
Capactty resources required 
Addltlonal capaclty requlred (m~n~mum) 
Capac~ty add~t~onslret~remenls 

New HOB capaclly 
b n r e  b k c r c t ~  

Total capaclty resources after add!ttons 
/ reserve after capaclty add~t~ons 

1 Thermal Energy Frocess Steam 

I 
Maximum Demand 

I Existing capacity resources (TES I CHP) ' / reserve 
I 

GcaVhr 

GcaVhr 
Gcalhr 

0  0  0  0  
QQ M 
0 0 0  0  
nla d a  

1794 1794 
408 4 408 4 

127 7V 127 7 /  

Gcalhr 
LicdLiU 
Gcallhr 

/ 

0  0  0 0  0  0  
M M M 
0 0  0 0  0  0  
nla nla nla 

0  0  0  0  0 0  0 0  
M Q Q Q.Q Q Q 
0 0  0  0 0  0  0  0  
d a  nla nla d a  

Gcallhr 
Gcalhr 

Y 
- 



Energy Product~onlFuel Consumpt~on Summary 

Case Number 4 Base Auumpt~oru 

Study Year 
Cnlendmr Year 

Energy Produchon 

Elcctnc Energy Generatron 
Blshkek CHP Plant (TES I) 
Gnd electnc 
m!x 
Total 

GWh 
GWh 
w 
GWh 

Thermal Energy Gcnention 
Dlstrlc heat~ng (heat, hot water) 

B~shkek CHP Plant (TES I) 
Blshkck HOES (TES I and TES 2) 
LdatlSrrtanfIDBs 
Toral 

Process steam 
B~shkek DH system (TES 1) 

Tcal 
Tcal 
w 
Tcal 

Tcal 

Fuel Consumption 

Bahkek DH System 
Coal 
Mazut 
L'lahlralpas 
Tola1 

Local DH System 
Coal 
Mazut 
~~ 
Toral 

Tcal 
Teal 
m 
Tcal 

Tcal 
Tcal 
w 
Tcal 

GTCC naturalgw Tcal 

Total Fuel Cansumptlon 
/ by type 

Coal 
Mazut 
N a h d w  
Total 

Tcal 
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Calendar year 2003 

504 0 
565 5 
541 0 
505 5 

0 0 
0 0 
0 0 
0 0 

579 0 
619 5 
640 4 
595 5 

7 o?? 

538 5 
576 1 
595 6 
553 8 

811 4 
1 219 8 

100 0 
loo 0 
LMLP 
300 0 

87 o?/ 
87 o?/ 
w 
87 O?/ 

TES I CHP Plant Elatncal h u n g  wlo Rchabll~tatlon 
@Zero DH Load 
@ 35 / DH Load 
@ 75/ DH Load 
@ Full DH Load 

P= 
MW gross 
MW g m u  
hm' gro= 

Change In TES I E l m c a l  Raung wl Rehab~l~tatton 
@ Zcm DH Load 
@ 35Y DH Load 
@ 75/ DH Load 
@ Full DH Load 

MWgrou 
hm' gross 
MW grou 
MW gross 

TES I CHP Plant Elatncal Ratlng wl Rchab~l~tat~on 
@ Zem DH Load 
@ 35 / DH Load 
@ 75/ DH Load 
@ Full DH Load 

MW w s  
MW g m s  
MW gross 
MW gross 

Auxlllary power mnsumptlon 

@ Zem DH Load 
@ 35 / DH Load 
@ 75 / DH Load 
@ Full DH Load 

MW n n  
MW nn 
MW net 
MW net 

TES I CHP Plant DWHW Ratlng 
@ Full DH Load (hot water only) 
@ Full DH Load (total DH lncl procur steam) 

TES-I AOBs 
DH Capablllty Hot Watn 
Unit U I 
Unlt #2 
w 
Total 

Boller Etlictenc~a 
Unll #I 
Un~t  U2 
h lLn3  
We~ghted average 

TES-2 BOBS 
DH Capabll~ty Hot Water 
Unlt #I 
L!r&!2 
Total 

Boller Et l ic~enc~a 
Unlt #I 
Unu bl2 
We~ghted average 

Lacal DH System 
Frunze Un~t #I 
Frunze Unlt U2 
Frunze Un1tU3 
JAL Un~t  Ul 
IAL Unll#2 
Total 
Larger! Un~t 

GcaVhr 
Gcallhr 
Gcallhr 
GcaVhr 
GcaVhr 
Gcallhr 
GcaUhr 

Ncw capaclty addll~ons 
M m t  fired 
Gas fired 



Case Number Base Assumpt~ons 

Summary of  Investments 

Study Year 
Calendar Year 

Caprtal Expendrture Scbedulu 

Investment lo E ln lnc  and Thermal Energy Supply 
Blshkek DA Syslem 
TES I CHP Plant Rehab~l~tation 
Installat~on of new addiuonal HOBs 
Lacal DA System 
lnstallat~on of new add~t~onal HOBs 
Brshkek E ln lnc  Supply 
New GTCC#I 75 MWc(net) 
New M for TES I 83 7 MWe(nci) 

Investment in Electric Energy Transmnr~on & Drstnbution System 
Ala Archa22011 10kV 200 MW gr~d  upratlng 

Investment in Dlslrict Henling Drslriburron Syrtem 
Drstr~ct heatrng system upgrads rehab and modernrzat~on 
Dlstrlct heatlng system ugrads extension of HW network 
Rehabilrtat~on of S t m  Dlslrrbut~on Network 

TOTAL ANNUAL CAPITAL EXPENDITURE 

Debt Service Scbcdula 

Investment in Electric and Tbermal Energy Supply 
B~shkck DA System 
TES 1 CHP Plant Rehabllitatlon 
lnstallat~on of new additional HOB$ 
Local DH Syslem 
Installatron of new addiuonal HOES 
Blthkek E lu lnc  Supply 
New GTCCU I 75 MWe(net) 
New TG for TES I 83 7 MWe(ne1) 

sm 
SOW 

Investment In Elcctnc Energy Transmirs~on & Distnburion Syrtem 
Ala Archa220/1 lOkV 200 MW gnd upratlng 

Invutment In Drstnct Beating Drslnbuhon System 
Dlstna heatrng system upgrads rehab and modernization 
Distr~ct heating system ugmds cxtenslon of HW network 
Rehabllltation of Steam Dlstnbut~on Network 

TOTAL ANNUAL INVESTMENT COSTS 





Case Number 

Study Year 
Calendar Year 

Product~on Costs 
Pr~mary Energy Expenses 

Coal 
Mazut 
Natural gas 
nr~d E I ~ ~ K  
Total prlmary energy 

Operating and Maintenance Expenses 
B~shkek TES 1 CHP Plant 
B~shkek TES I and TES 2 HOBs 
lndustr~al steam d~str~but~on system 
D~strct  heat~ng dtstnbut~on system 
New GTCC plant 
Lncai RH syskmHCE?s 
Total O&M 

Total Product~on Costs 

Investments 
TES 1 Rehab~litat~on and New HOBs 
New Self generation Capac~ty 
D~str~ct  Heat~ng System Rehabll~tat~on 
h'w H n s s ~ h ~ R € L ~  
Total Investment 

Total Annual Cost 

NPV of Costs 
Pr~mary energy expense 
O & M e x w  

Subtotal production costs 
investments 
Total Annual Costs 
-!xLmmlm 
Total Effectwe Cost 



Alloca t~on  of  Costs 

Study Year 
Calendar Year 

EurductlanC~sts 
Fuel and Primary Energy Expenses 

Electrlc Account 
Bishhek TES I CHP fuel 
New GTCC fuel 
~ 3 r d  e l a ~ h d W m  
Total prlmary energy 

Dlstrict Heat~ng Account 
B~shkek TES I CHP fuel 
Blshkek TES 1 and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d electrlc for pumping power 
GTCC fuel for pumplng power 
Blsbkek TESLCHP fuel fnc p u w -  
Total prlmaly energy 

Process Steam Account 
Blshkek TES 1 CHP fuel 

Operating and Ma~ntenance Expenses 
Electrle Account 

Bishkek TES 1 CHP Plant 
NrrwGT%I: 
Total O&M 

D~strlct Heating Account 
B~shkeh TES 1 CHP Plant 
Blshkeh TES 1 and TES 2 HOBs 
D~strict heat~ng dlstr~butron system 
L Q d D m  u s  
Total O&M 

Process Steam Account 
B~shkek TES 1 CHP Plant 
E r m - m  
Total O&M 

mhtservrre 
Electric Account 

TES 1 CHP Plant Rehab~l~tat~on 
New Self genemtlng Capac~ty 
Ala A~hs12201110kY 200 MWgndupatmg 
Total 

Distrlct Heating Account 
TES I CHP Plant Rehabrlltatlon 
New HOBs for B~shLek DH System 
New HOBs for Local DH System 
Rlstuct HeatmpSysrern R ~ l ~  
Total 

Process Steam Account 
TES I CHP Plant Rehabllltat~on 
Sleam Distr~htlnn System 
Toral 
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Input Data and Assumptrons 

Case Number 

Thermal Energy Supply Source 0 TES I + HOB, 
Rehab~l~tate TES I ?  0 No 
Electnc Energy Supply Source 0 TES I + Gnd Elcctnc 
Supplemental Electnc Capac~ty 1 New GTCC 
D~sl r~ct  Heating Scenario 0 Scenario No Project 
Local DH supply by Bishkek DH7 0 No 

When? I99 and beyond 

Study Year 
Calendar Year 

Thermal Energy 
Dtstrtcl Heaunp 
Maximum Demand 

Exist~ng customers 
Neacuslnmets 
Total 

Dlsposlt~on o f  energy 
Existing customers 
New customers 

gencration basla Gcallhr 
g c n e r m L u s  Gauu 
generation basis Gcallhr 

sale bms  Tcal 
generation basts Tcal 

Cont~ngency Rqu~rementf (LU or 15,') 
Birhhek D H  System I5  00/ Gcallhr 
Local DH System I5  O/ Gcalhr 

D~strict heat~ng p~pc  lossa 
Bishkek DH system 
Local D H  system 

CHP plant plplng ellic~ency / 

E ! F Q G ~  Stem 
Energy gcncratlon bans Tcal 
P ~ p ~ n g  losses / 
Ratlo of annual maximum demand to annual average demand 
Heat exchange efficiency steam ->hot water GcallhrlGcaVhr 

Electnc Energ) 

Max~murn Dcmand local customers generat~on bas~s MW 
annual growth / 

Drspos~tlon o f  energy local customers sales basrs GWh 
annual growth V 

T&D losses 
Cont~ngency rqulremenl (LU or 15/ 
Grid capab~l~ty 

G r ~ d  electricity pnce forecast 
GTCC untt add~t~on block size 

GTCC capability 
GTCC fuel wst 
GTCC annual average heat rate 

/ 
max) IS@/ MW 

MW 
a c  after 2005 

0 W/ SIkWh 
M W  
MW 
S/k Wh 

kcallkwh 

Max~mum Demand transfers generation bas~s MW 
annual growth / 

D~spor~t~on o f  energy transfers sala b u s  GWh 
annual growth / 

Fud Pnce Forecast 
Coal 
M m t  
Natural Gas 

a c  after 2005 
0 001 S/Gcal 
0 O/ S/Gcal 
0 0 /  SIGcal 

=No rnodern~zat~on no upansion only rchab~l~tat~on 



Coal 
Mazut 
Natural Gas 
We~ghted average fuel prlcc 

B~shkek HOBs 
Coal 
M a u l  
Natural Gas 
We~ghted average fuel prlcc 

Local D H  Bollen 
Coal 
Mazut 
Natural Gas 
Welghted average fuel prlce 

Boller emc~enc~cs 
Blshkek CHP bollen (TES I) 
B~shkek HOES (TES I and TES 2) / 
Local HOBs (Fmnze JAL) 

Coal Ve 
Mamt / 
Namral gas V 
Werghkdaverage % 

Process steam generallon Gcalhr add I heat lnput per Gcal/hr steam 

Performmee Dcgradat~on 
Annual change In holler eftic~cncy 
Annual change In elefu~c eapabtl~ty 

Fuel Allocaeon for Cogeneraeon Energy 
Methodology #A CHP advantage devoted to DH energy 

Electr~c power only pmduct~on cfiic~ency V 
Methodology #B CHP advantage devoted to electnc energy 

D ~ s t r ~ c  heat only product~on effic~ency / 

Allocat~on Factors for TES I CHP Plant O&M and Investment 
/ allocated to electr~c pmduct~on / 
/ allocated to dlstnct heatlng pmduct~on % 
V allocated to process steam pmduct~on / 

Econom~c and Rnanc~al Parameterr 
Capital wst real escalal~on ralw 

Western % 
Russ~an / 
Kyrgyz labar % 
Kyrgyz matertal / 
Kyrgyz qulpment V 

D~scount Rate for NPV Calculatton h 
Physlcal wntlngenclu + tnhnlcal asslstanee & tralnlng h o f  d l r m  costs 

Comporite escalation factom 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equipment 

1995 

75 o/ 
5 O/ 
20 o/ 
8 98 

0 0% 
0 o/ 

I00 W 
9 40 

ow 
O W  

100 o?' 
9 40 

1995 
87 5A 
89 O/ 

0 v/ 
89 O?/ 
83 00% 
83 0% 
0 63 

0 2v/ 
0 lo?/ 

30 003 

87 0% 

75 0% 
I2 5% 
12 5 /  

199UMl(l 
0 w/ 
0 00/ 
16 90% 
1 70/ 
I so/. 

12 w/ 
12 50% 

1 0  
1 000 
I 000 
1 000 
1 000 

1998 

97 O/ 
2 o/ 
I w/ 
8 83 

0 W 
0 0% 

1000/ 
9 40 

0 W 
0 o?' 

1000/ 
9 40 

1998 
86 W 
89 0% 

0 w/ 
89 0% 
83 W 
83 0% 
0 63 

1999 

97 0% 
2 o/ 
1 OV 
8 83 

0 (P/ 

0 O?' 
1000/ 
9 40 

0 P/ 
0 o/ 

1000/ 
9 40 

1999 
86 7/ 
89 0% 

O W  
89 00/ 
83 O/ 
83 OX 
0 63 

2003 

97 O/ 
20,' 
I W 
8 83 

0 00/ 
0 o/ 

1000/ 
9 40 

0 0?/ 
0 o/ 

100 o?' 
9 40 

2003 
85 9% 
89 W 

0 (P/ 

89 O?/ 
83 0% 
83 0% 
0 61 



Load Forecast 

Case Number 

Load Forecast Development 

Study Year 
Calendar Year 

D~slr~ct heat~ng p~pe losses 
B~shhek DH system 
Local DH system 

T&D losses ( ~ n  B~shkd)  

24 9907' 25 2o?/ 25 45Y 25 670% 25 91Y 26 13% 2641% 
10 OW? loow/ 10 00,' 10 ow/ 1000/ 1000/ 1000/ 
11 o /  II o?/ l l  w/ 11 001 10 o?? 10 w?? 10 w/ 

Thermal Energy 
B~shkek DH System Hot Wster 
Max~mum Demand (generat~on bas~s) 

Ex~stlng customen 
New wstmnrrs 
Torul MQr~mrrm Demwd 

Dtspos~t~on of Energy 
Ex~stlng customen 
N e w w n  
Total (sales bas~s) 
D~str~butlon losses 

Exlst~ng customers 
- h!exmmers  
Tor01 Drspos~eorr of G r e w  

Behkek DH System Procas Steam 
Energy gencrauon bars 
Energy sales basis 

Tcal 
Tsd 
Tcal 

Tcal 
IEdll 
Tcal 

Tcal 
Tcal 

Locnl DH System Hot Water 
Max~mum Demand (generallon basts) 
Dtspos~t~on of Energy 

Exlsung customers 
P u c l h u t l a ~ r e s  
Totul D~sposrlrorr o f f i ~ r g v  

Tcal 
Tfial 
Tcal 

Electric Energv 
Maxlmum Demand (generallon basis) 

Local customen 
Transfen 
RH pumptog PQ!U 
Totul Mmrmrtm Demwrd 

DlspOslllon of Energy 
Local customen (sales bas~s) 
Transfen 
DH ~umpmna- 
Total wnsumptlon 
T&QLosse 
Tor01 Drspostrro~~ ojGlergv 

GWh 
GWh 
G M  
GWh 
GWh 
GWh 
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Energy Product~onlFuel Consumptlon Summary 

Case Number 

Study Year 
Calendar Year 

Energy Production 

Elutnc Energy &nerahon 
Blshkek CHP Plant (TES I) GWh 

GWh 
w 
GWh 

Thermal Energy Genenbon 
Dlstnc heating (heat. hot water) 

B~shkek CHP Plant (TES 1) 
B~shkek HOES (TES I and TES 2) 
L m a l R n S y ~  
Tolal 

Process steam 
B~shkek DH system (TES I) 

Tcal 
Tcal 
Ical 
Tcdl 

Tcal 

Fuel Consumptlon 

Blshkek DA System 
Coal 
M m t  
bhdm 
Totol 

Local DH System 
Coal 
Mazut 
NaturaLgar. 
Totol 

Tcal 
Tcdl 
Ical 
Tcal 

Tcal 
T d  
Ical 
Tcal 

0 0 
0 0  
1W 
125 3 

0 0  

6 875 0 

71 4%' 
4 8/ 
23B 

I00 (PA 

0 0 
0 0 

IP&4 
508 4 

0 0 

8 868 5 

91 1/ 
I cp/ 
Is% 

IM) (PA 

GTCC naturalgac 

Total Fuel Consumptlon 
/ by type 

Coal 
M m t  
N F J m b s  
Total 

Tcal 



0 Generat~ng Resource Characterlstlcs 

Case Number 

Study Year 
Calendar Year 

TES I CHP Plant 
Eleclrlc Capablllty 
Unit # I  
U n ~ t  #2 
Unlt U3 
Unlt#4 
Un~t  U5 
Un~t  U6 
Un~t  #7 
Un~t  U8 
U n ~ t  t19 
Un~t  #I0 
L!nutlll 
Total 
Largest Unit 

DH Capability Hot Water 
Un~t  # I  
Un~t #2 
Un~t  113 
Un1lU4 
Un~t  U5 
Un~t  #6 
Un~t  #7 
Un~t  U8 
U n ~ t  U9 
Un~t  #I0 
Ynuttll 
Total 
Largest Unlt 

Boller Ellic~encru 
W/O Rehabll~tatlon 
w/Rehabll~tatlon 
Boller U14 
Boller #I5 
Roller #I6 
Boller #I7 
Boller #I8 
Bo~ler U19 
Boller #20 
Boller #21 
Roller U22 
Boller U23 
Batler 824 
Welghted average 

GcaVhr 
Gcalhr 
Gcallhr 
Gcalhr 
Gcalhr 
GcaVhr 
GcaVhr 
GcaVhr 
Gcalhr 
Gcalhr 
GcaVhr 
Gcallhr 
Gcalhr 



Calendar y m  

TES I CHP Plant Elcctracal Ratlng wlo Rehabllltat~on 
@ Zero DH Load 
@ 35/ DH Load 
@ 75 / DH Load 
@ Full DH Load 

MW gross 
MW grors 
MW gross 
MW gross 

Change In TES I Elcctncal Rallng wl Rehabllltatlon 
@ Zero DH Load 
@ 35 / DH Load 
@ 75/ DH Load 
@ Full DH Load 

MW gross 
MW gross 
MW gross 
MW gross 

TES I CHP Plant Elecmcal Rating wl Rehabllltat~on 
@Zero DH Load 
@ 35/ DH Load 
@ 75/ DH Load 
@ Full DH Load 

MW gross 
MW gross 
MW gross 
MW gross 

Auxlllary power consumplton 7 a?'? 

@Zero DH Load 
@ 35/ DH Load 
@ 75/ DH Load 
@Full DH Load 

MW net 
MW net 
MW net 
MW net 

TES I CHP Plant DWHW Ratlng 
@ Full DH Load (hot water only) 
@ Full DH Load (total DH lncl process steam) 

TESl HOBs 
DH Capablllty Hot Water 
Unll #I 
Unlt#2 
Lln11M 
Total 

Gcalrhr 
Gcalhr 
GG4Uhr 
GcaUhr 

loo 0 
loo 0 
MQs 
300 0 

Bo~ler Effic~encta 
Unlt #I 
Unll#2 
Lloufl 
Wecghted average 

TESZ HOB3 
DH Capablllty Hot Water 
Un~t  #I 
Unulll 
Total 

Boiler Efficlencla 
Unlt #I 
U n u S  
Welghted average 

87 004 
UE.4 
87 a?'? 

87 a?'? 
UE.4 
87 0% 

87 a?/. 
mu 
87 a?'? 

Local DH System 
Fmnze Unlt#l 
Fmnze Unll l 2  
Fmnze Unll#3 
IAL Un~t  #I 
IAL Un~t #2 
Total 
Largat Unlt 

Gcnl/hr 
Gcalrhr 
GcaUhr 
Gcalrhr 
Gcalrhr 
Gcalhr 
Gcalrhr 

New capaclty addlt~ons 
Mazut fired 
Gas fired 



Case Number 

Summary o f  Investments 

Study Year 
Calendar Year 

Csprtal Expend~ture Scheduler 

Investment In Efectnc m d  Tbermal Energy Supply 
B~shkek DH System 
TES I CHP Plant Rehab~l~tatlnn 
lnstallat~on of new add~t~onal HOBs 
Local Dl1 System 
lnstallat~on of new addluonal HOBs 
B~shkek Electnc Supply 
New GTCCU l 75 MWNnet) 
New TG for TES I 83 7 MWc(nc1) 

SOW 
SOW 

SOW 

SOW 
So00 

Investment in Electnc Energy Transm~as~on & D~stnbution System 
Ala Archa22OII lOkV 200 MW gnd upratlng 

Investment in District He r t~ng  Distribution System 
D~str~ct  heatrng system upgrades rehab and modem~zatlon 
D~str~ct heating system ugmder cxtcnslon of HW nmvork 
Rehabll~tatlon of Steam Dlstnbut~on Network 

SOW 
so 
s OW 

TOTAL ANNUAL CAPITAL EXPENDITURE 

Debt Serv~ee Scheduler 

Investment In Electnc and Thermal Energy Supply 
Blshkek DH System 
TES I CHP Plant Rehabllltatlon 
lnstallat~on of new addlrlonal HOBs 
Local DH System 
lnstallatlon of new add~tlonal HOBs 
B~shkek Electnc Supply 
New GTCC#I 75 MWc(ne1) 
New TG for TES 1 83 7 MWe(ne0 

SOW 
s o  

SOW 
SOW 

Investment in Elcftnc Energy Transmission dr Datnbuhon System 
Ala Archa2201l l0kV 200 MW gr~d  upmtlng 

Investment in District Heating D~stnbution Syrtem 
D~str~ct  heating system upgrader rehab and modem~zatton 
Dlstr~ct heat~ng system ugrades cxtenslon of HW network 
Rehab~l~tat~on of Steam D~str~butlon Network 

TOTAL ANNUAL INVESTMENT COSTS 





Case Number 

Study Year 
Calendar Year 

Productton Costs 
Pr~mary Energy Expenses 

Coal 
Mazut 
Natural gas 
Gr~cLElectrlc 
Total primary energy 

Operating and Maintenance Expenses 
Bishkek TES 1 CHP Plant 
Bishkek TES I and TES 2 HOBs 
Industr~al steam d~stributlon system 
Dlstrict heating d~stribut~on system 
New GTCC plant 
L w a l D K s y s t c m ~  
Total O&M 

Total Product~on Costs 

Investments 
TES 1 Rehabilitation and New HOBs 
New Self generation Capacity 
D~strict Heatlng System Rehab~litation 
NewHQBs for L ~ c a l  DH&m 
Total Investment 

Total Annual Cost 

NPV of Costs 
Prlmary energy expense 
O&M apense  

Subtotal product~on costs 
L ! W e n t ~  
Total Annual Costs 
End effect Aaustment 
Total Effective Cost 

2 a DH Sensitivity 



Alloca t~on  of  C osts 

Study Year 
Calendar 1 ear 

Prodsct~on Costs 
Fuel and Primary Energy Expenses 

Electr~c Account 
B~shke!. TES I CHP fuel 
New GTCC fuel 
Grid clectr~c h r  electric_ ba& 
Total prlmary energy 

D ~ s t r ~ c t  Heat~ng Account 
B~shhek TES I CHP fuel 
B~shkek TES I and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d  electr~c for pumplng power 
GTCC fuel for pumplng power 
B~shkek TES I _CHP fuelfar pllmpmgpower 
Total prlmary energy 

Process Steam Account 
B~shkek TES 1 CHP fuel 

Operating and Ma~ntenance Expenses 
Electric Account 

B~shkek TES 1 CHP Plant 
New GTCC 
Total O&M 

D ~ s t r ~ c t  Heating Account 
B~shkek TES 1 CHP Plant 
B~shkek TES 1 and TES 2 HOBs 
D~str~ct  heat~ng d~str~but~on system 
Local DH sys.em HQBs 
Total O&M 

Process Steam Account 
B~shkek TES I CHP Plant 
Process steam dlstr~butlansystern 
Total O&M 

Debt Service 
Electr~c Account 

TFS 1 CHP Plant Rehabrl~tat~on 
New Self generating Capac~ty 
Ala Archa22011 IOkV 200 MW grid upratlng 
Tot01 

Dlstrict Heatlng Account 
TES I CIIP Plant Rehab~l~tat~on 
New HOBs for B~shkek DH System 
New HOBs for Local DH System 
D~str~ct  Heat~ng System Rehab~l~tat~on 
lotal 

Process Steam Account 
TES 1 CHP Plant Rehab~l~tat~on 
Steam Dlstr~but~on System Rehab~l~tat~on 
Tot01 

/ 

ECON l W h @ 



Study Year 
Calendar Year 

Elcctr~c Account 
Total product~on costs 
Total carrying charges 
Total cost of serv~ce 

Total sales of electrlclty 

Partlal tarlff product~on costs 
Partlal tarlff carrylng charges 
Partlal tar~ff all costs 

D~strrct Hcatlng Account 
Total productlon costs 
Total carrylng charges 
Total cost of servlce 

Total sales of dlstrlct heat 

Partlal tar~ff productlon costs 
Partla1 tar~ff cany~~lg~harges  
Partlal tarlff all costs 

Process Steam Account 
Total productlon costs 
Total carryrng charges 
Total cost of servlce 

Total sales of process steam 

Partlal tarlff productlon costs 
Padliit tariff canylng chars5 
Partlal tarlff all costs 

Case No 

$000 
$000 
$000 

GWh 

centskWh 
centskWh 
centskWh 

$000 
$000 
$000 

Tcal 

$/Gcal 
$IGca! 
$/Gcal 

$000 
$QO!I 
$000 

Tcal 

$/Gcal 
$&a1 
$/Gcal 

3 
1997 

45 383 
0 

45 383 

1 459 4 

3 11 
0 00 
3 11 

29 601 
5 74 

30 175 

2 285 0 

12 95 
0 2 5  

13 21 

8 272 
0 

8 272 

550 0 

15 04 
eoo 

15 04 



Input Data and Assumpt~ons 

Case Number 

0  TES I + HOBs 
0  No 
0  TES I + G r ~ d  Electrtc 
I New GTCC 
2  Scenarto 2  
0  No 

199 and beyond 

Thermal Energy Supply Source 
Rehab~l~tate TES 17 
Electrtc Energy Supply Source 
Supplemental Electrtc Capactty 
Dlstrlct Heatsng Scenar~o 
Local D H  supply by BtshLek DH? 

When? 

Study Year 
Calendar Year 

Thermal Energy 
Dtstrtct Heating 
Maxtmum Demand 

Exlst~ng customers 
New cusamers 
Total 

generatton basts 
generatlan ha% 
generatton basts 

Gcalhr 
GaILhr 
Gcalhr 

Dtspos~t~on o f  energy 
Extsttng customers 
New customers 

sales bas~s 
generatton basts 

Tcal 
Tcal 

Conttngency Requirements (LU or IS/ )  
Btshkeh D H  System IS O/ 
Local D H  System 15 O/ 

Gcalhr 
Gcalhr 

Dlstrtct heattng plpe losses 
B~shkek D H  system 
Local D H  system 

CHP plant plptng efficiency 

Process Steam 
Energy generatton bass 
Ptptng losses 
Ratto o f  annual maxtmum demand to annual average demand 
Heat exchange effictency steam > hot water 

Tcal 
/ 

Electnc Energy 

Max~mum Demand local customers generatton bass 
annual growth 

D~sposttton o f  energy local customers sales basts 
annual growth 

MW 
/ 

GWh 

T&D losses 
Cont~ngency requirement (LU or 15 / max) 15 0 /  
Grtd capablllty 

esc after 2005 
Grtd elecrrtc~tv prlce forecast OO/ 
GTCC unlt addttton block slze 
GTCC capablltty 
GTCC fuel cost 
GTCC annual average heat rate 

Max~mum Demand transfers eenerat~on bass 
annual grorvih 

Daspostt!on o f  energy transfers sales basts 
annual growth 

Fuel Prlce Forecast 
Coal 
Mazut 
Natural Gas 

erc after 2005 
o o /  
o o /  
o o /  
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Load Forecast 

Case Number 

Load Forecast Development 

Study Year 
Calendar Year 

Dtsmcr heattng plpe losses 
B~shhek DH system 
Local DH system 

T&D losses (In Btshhek) 

Thermal Energv 
Blshkek DH System Hot Water 
Maxrmum Demand (generatton basts) 

Exlstlng customers 
New customers 
Total M m t r t m  Demarrd 

D~sposatlon of Energy 
Exzst~ng customers 
New curtornets 
Total (sales bas~s) 
D~str~button losses 

Extstlng customers 
NCVJ customers 

7orol I)rcporrlrotl of F ~ t e r a  
B~shkek DH System Process Stenm 

Energy generation bass 
Energy sales bas~s 

Tcal 
m1 
Tcal 

Tcal 
k a I  
7ca1 

700 0 
0 0 

2 ROO 0 

Tcal 
Tcal 

Local DH System Hot Waler 
Max~mum Demand (generatton bas~s) 
D~spos~tlon of Energy 

Ex~sttng customers 
R~rrbuuonJasses 
Total Dtsposrrrorl of  firer^) 

Tcal 
bl 
Tcal 

Electrrc Energ, 
Maxlmum Demand (generatton bas~s) 

Local customers 
Transfers 
D H w m p t n g m w  
7otal Mrcrnttm Demmrd 

D ~ s p o s ~ t ~ o n  of Energy 
Local customers (sales basls) 
Transfers 
DH pumplog power 
Total wnsumptlon 
TAD losses 
70rul 1)r~posrtrmt of b r e r a  

GWh 
GWh 
GWI 
GWh 
GWh 
( Wh 



Summary o a d Forecasts (gencrat~on bas~s) 

Calendar Year 
/Thermal Lond to be sewed by Blshkek DH System 
( Maximum Demand Hot Water 
I Thermal Energy Hot Water 
I Maxlmum Demand Process Steam 

i Thermal Energy Process Ste_am 
Thermal Lond to be Sewed by Local DH System 

Maximum Demand Hot Water 
Thermal Energy Hot Water 1 Maxlmum Demand Process Steam 
Thermal Energy Precess Steam 

Total Thermal Load to be Sewed I Max~mum Demand Hot War r  1 Thermal Energy Hot Water 
1 Max~mum Demand Process Steam 

Thermal Energy- Process_Steam 
Totnl Electrlc Load Forecast 

Maxlmum Demand 
Electr~c Energy 

.c 
W' 
9 ECONI WK4 

Gcallhr 
Tcal 

Gcallhr 
Tcal 

Gcalhr 
Tcal 

Gcallhr 
Tcaj 

Gcallhr 
Tcal 

Gcallhr 
Tcal 

MW 
GWh 



LoadICapac~ty Balance 

Study Year 
Cnlendar Ycnr 
EIecfr~c Energv 

Maxlmum Demand 
Exasr~ng capaclty resources 

TES I CHP Plant 
G r ~ d  electr~c capaclty 
GTCC 

Total capaclty resources before addltlons 
/ reserve before capaclty addlt~ons 

Capac~ty resources requlred 
Addlt~onal capaclty requ~red (mlnlmum) 
Capaclty add~t~onslrenrernents 

TES I CHP Rehabllltatlon (~nstall TGI I or equlv) 
TES I CHF' Rebrement of U n ~ t  I and 2 
G r ~ d  electr~c capaclty add~t~ons  
GTCC capaclty addlt~ons 

Total capaclty resources after addltlons 
/ reserve after capaclty addlt~ons 

- -- 
Thermal Energv Hot Water 

B~shkek DH System 
Maxlrnum Demand 
Exlst~ng capaclty resources 

TES I CHF' Plant 
nomlnal HW capaclty 
paking HW apactty 
total 

TES IHOBs 
TES 2 HOBs 
Exlstlns HOBs Frunze 
Extsttng HOBs JAL 
New HOBs In lacaLI2- 

Total capaclty resources before add~t~ons  
/ reserve before capaclty addlt~ons 
Capac~ty resources requ~red 
Addlt~onal capaclty requlred (mlnlmum) 
Capac~ty add~t~ondret~rements 

New HOB capaclty 
Total capaclry resources after sddlt~ons 
/ reserve after capaclty addluons 

Gcallhr 

Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
GcaVhr 
Gcallhr 
Li& 
Gcallhr 

/ 

Gcallhr 
Gcallhr 

Gcallhr 
Gcallhr 

/ 

Local DH System 
Maximum Demand 
Eustlng capacrty resources 

Evstlng HOB5 Fmnre 
Ex~stlng HOBs JAL 
New HQBs capawty a d d t ~ ~ o m  

Total capaclly resources before add~t~ons  
/ reserve before capaclty add~t~ons  
Capacttv resources requ~red 
Addltzonal capaclly requlred (mlnlmurn) 
Capacltv add~t~onslret~rements 

New HOB capaclty 
Fmnze boller r e u r e m t s  

Total capacttv resources after addlt~ons 
/ reserve after capaclty addlt~ons 

Gcallhr 

Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 

Gcallhr 
GcaVhr 

Gcallhr 
Gralhr 
Gcallhr 

Thermal Enerm Process s e a m  

Max~mum Demand 
Exetlnq capaclty resources (TES I CHP) 
/ reserve 

Gcallhr 
Gcallhr 

I 



Energy ctlon1Fuel Consumpt~on Summary 

Case Number 

Study Yenr 
Calendar Year 

Energy Production 

Electrrc Energy Genernt~on 
B~shkek CHP Plant (TES I) 
G r ~ d  electr~c 
GTCC 
7orul 

GWh 
GWh 
G W  
GWh 

Thermal Energy Cenerat~on 
Dlstrlc heattng (heat hot water) 

B~shkek CHP Plant (TES I) 
Blshkek HOBs (TES I and TES 2) 
Local DM System HOB5 
Total 

Process steam 
Blshhek DH system (TES I) 

Tcal 
Tcal 
Tcal 
Tcal 

Tcal 

Fuel Consumption 

Btshkek DH System 
Coal 
Mazut 
Natural gas 
Total 

Locnl DH System 
Coal 
M m t  
Natural gas 
Total 

Tcal 
Tcal 
Tfal 
Teal 

7 510 6 
154 9 
ULQ 

7 776 5 

0 0 
0 0 
P Q 
0 0 

0 0 

7 776 5 

96 6 /  
2 o /  
1 Q(x 

100 o /  

Tcal 
Tcal 
Tcal 
Tcal 

GTCC natural gas Tcal 

Total Fuel Consumpt~on 
by type 
Coal 
Marut 
Naturalgas 
Total 

Tcal 
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Calendar year 1996 

504 0 
596 5 
586 5 
550 5 

0 0 
0 0 
0 0 
0 0 

504 0 
596 5 
586 5 
550 5 

7 O/ 

468 7 
554 7 
545 4 
5120 

740 0 
1 151 8 

100 0 
100 0 
men 
300 0 

87 O/ 
87 O/ 
SLPh 
87 O/ 

96 0 
95.0 

192 0 

87 O/ 
87 Oh 
87 O/ 

50 0 
50 0 
50 0 
20 0 
20 0 

190 0 
50 0 

0 0 
0 0 

TES I CHP Plant Electrical Rattng wlo Rehabilitation 
Q Zero DH Load 
@ 35 / DH Load 
Q 75 / DH Load 
Q Full DH Load 

MW gross 
M W  gross 
MW gross 
M W  gross 

Change in TES I Electrical Rating w/ Rehabilitation 
Q Zero DH Load 
Q 35 / DH Load 
Q 75 / DH Load 
Q Full DH Load 

MW gross 
MW gross 
MW gross 
MW gross 

TES I CHP Plant Electrical Rating wl Rehabilitation 
Q Zero DH Load 
@ 35 / DH Load 
Q 7 5 /  DHLoad 
Q Full DH Load 

MW gross 
MW gross 
MW gross 
M W  gross 

Auxiliary power consumption 

Q Zero DH Load 
Q 35/ DH Load 
@ 75/ DH Load 
@Full DH Load 

MW net 
M W  net 
MW net 
MW net 

TES I CHP Plant D W  Rattng 
@ Full DH Load (hot water only) 
Q Full DH Load (total DH incl process steam) 

Gcallhr 
Gcalihr 

TES I HOBs 
DH Capability Hot Water 
Unit #I 
Unit #2 
Um1#3 
Total 

Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 

100 0 100 0 
100 0 100 0 
lnen men 
300 0 300 0 

Boiler Efiiclencies 
Unit #I 
Unit #2 
U n ~ t  W 
Weighted average 

TES 2 HOB3 
DH Capability Hot Water 
Unit #I 
U m t B  
Total 

Gcallhr 
Gsalh 
Gcallhr 

Boiler Efficienctes 
Unit #I 
U n ~ t  #2 
Weighted average 

Local DH System 
Frunze U n ~ t  #I 
Frunze Unll #2 
Frunze Unit #3 
JAL Unit #I 
JAL Unit #2 
Total 
Largest U n ~ t  

Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 
Gcallhr 

Ne v capacity additions 
Mazut fired 
Gas fired 

Gcal/hr 
Gcallhr 

page I I 



Investment Schedules 

Case Number 

Summary of Investments 

Study Year 
Calendar Year 

Capllnl Expend~ture Schedules 

lnveslment In Electnc and Thermal Energy Supply 
Blshkek DH System 
TES 1 CHP Plant Rehabll~tatlon 
lnstallat~on of new add~t~onal HOBs 
Local DH System 
lnstallat~on of new addltlonal HOBs 
Btshkek Electr~c Supply 
New CTCC#I 75 W e t n e t )  
New TG for TES I 83 7 MWe(net) 

lnveslment tn Electrlc Energy Transmiss~on & D ~ s t n h u t ~ o n  S)stem 
Ala Archa22Oll lOkV 200 MW g r ~ d  uprat~ng $000 

In\estment In Dlstnct Heatlng D ~ s t r ~ b u t ~ o n  System 
Dlstrlct heatlng system upgrades rehab and modemlzatton $000 
D~st r~ct  heatlng system ugrades extension of HW network $000 
Rehab~l~tatton of Steam Dtstnbut~on Network $000 

TOTAL ANNUAL CAPITAL EXPENDITURE $000 

Debt Service Schedules 

lnveslment in Electnc and Thermal Energy Supply 
Blshkek DH System 
TES 1 CHP Plant Rehabll~tat~on 
lnstallatlon of new addltlonal HOBs 
Local DH System 
lnstallat~on of new addtt~onal HOBs 
B~shkek Elecmc Supply 
New GTCC#I 75 W e ( n e t )  
New TG for TES 1 83 7 MWe(net) 

Investment In Electrlc Energy Transmlss~on & D~stnbut~on System 
Ala Archa22Oll lOkV 200 MW grid upratlng SO00 

Investment In Dtstnct Heatrng Dlstnbut~on System 
D~strlct heatlng system upgrades rehab and modernlzat~on 16000 
Dlsvlct heatlng system ugrades extenslon of HW network $000 
Rehab~l~tat~on of Steam D~str~button Network $000 

TOTAL ANNUAL INVESTMENT COSTS $000 





Summary of Costs 

Case Number 

Study Year 
Calendar Year 

Productton Costs 
Prtmary Energy Expenses 

Coal 
Mazut 
Natural gas 
Gnd WLC 
Total prtmary energy 

Operat~ng and Matntenance Expenses 
Blshkek TES 1 CHP Plant 
Blshkek TES 1 and TES 2 HOBs 
Industrtal steam dtstrtbutton system 
Dtstrrct heatrng dlstrrbutton system 
New GTCC plant 
Lacid Lzl- 
Total O&M 

Total Product~on Costs 

Investments 
TES 1 Rehabtlttatton and New HOBs 
New Self generation Capaclty 
Dlstr~ct Heat~ng System Rehabtlttat~on 
P 
Total Investment 

Total Annual Cost 

NPV of Costs 
Prlmary energy expense 
-m 

Subtotal productton costs 
IxmmEm 
Total Annual Costs - 
Total Effecttve Cost 



Case No 

Study Year 
Calendar Year 

Emductim32tsts 
Fuel and Prtmary Energy Expenses 

Electrtc Account 
B~shkek TES 1 CHP fuel 
New GTCC fuel 
G n d Q K -  
Total prtmary energy 

Dtstnct Heat~ng Account 
Blshkek TES 1 CHP fuel 
Blshkek TES 1 and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Gr~d electrlc for pumplng power 
GTCC fuel for pumplng power 
B ~ s h k e k W E f i r w  
Total prlmary energy 

Process Steam Account 
Btshkek TES 1 CHP fuel 

Operating and Maintenance Expenses 
Electrlc Account 

Btshkek TES 1 CHP Plant 
lk?aGIu 
Total O&M 

Dtstrtct Heattng Account 
Btshkek TES 1 CHP Plant 
Btshkek TES I and TES 2 HOBs 
Dlstrlct heatlng dtstrlbutton system 
-HQEs 
Total O&M 

Process Steam Account 
Btshkek TES 1 CHP Plant -- 
Total O&M 

DxhtSelYKe 
Electrtc Account 

TES 1 CHP Plant Rehabtlltat~on 
New Self generating Capaclty 
-w- 
Total 

Dlstrlct Heatlng Account 
TES 1 CHP Plant Rehabllttat~on 
New HOBs for Btshkek DH System 
New HOBs for Local DH System 
D~smct Ha~ngSystemRehahi~ 
Total 

Process Steam Account 
TES I CHP Plant Rehabtlttatton 
Skxm D~str~hutmn System Rehabllltatlon 

_%_ Total 
b- 
2 



Part~al Tartffs 

Study Year 
Calendar Year 

Electnc Account 
Total production costs 
- s m m z h a w s  
Total cost of servtce 

Total sales of electrtctty 

Parttal tanff productton costs 
Parttal tarlff carrylng charges 
Parttal tartff all costs 

Dlstnct Heating Account 
Total productton costs 
TntaLcaW- 
Total cost of servtce 

Total sales of dlstrlct heat 

Parttal tanff productton costs 
eixtnltarlff- 
Part~al tarlff all costs 

Process Steam Account 
Total productton costs - 
Total cost of servtce 

Total sales of process steam 

Partlal tarlff productton costs 
w 
Parttal tariff all costs 

SO00 
w 
$000 

Gwh 

centslkWh 
centstkwh 
centstkwh 

$000 
m 
$000 

Tcal 

$/&a1 
$/!!&d 
$/Gcal 

$000 
m 
$000 

Tcal 

$/&a1 
wd 
$/&a1 



Case Number 

Thermal Energy Supply Source I TES I + HOBs 
Rehab~l~tate TES I? I Yes 
Electr~c Energy Supply Source I TES I + Grid Electric 
Supplemental Electrtc Capac~ty I New GTCC 
Dlstrtct Heating Scenar~o 0  Scenar~o No Project 
Local DH supply by Btshkek DH? 0  No 

When? 199 and beyond 

s No modcrn~latton no cxpanslon only rehabll~tatlon 

Study Year 
Calendar Year 

Thermal Energy 
R l s ~ u s t  Heatmg 
Maximum Demand 

Exlsttng customers 
custamcrs 

Total 

generatlon basis GcaVhr 
gemtauon b a s s  hlh 
generat~on basts Gcalhr 

Disposition of energy 
Exlstlng customers 
New customers 

sales basts Tcal 
generatton basis Tcal 

Conttngency Requlremenul (LU or IS/ )  
Bishkek DH System 15 W GcaVhr 
Local DH System I5 O /  Gcalhr 

District hcatlng pipe losses 
B~shkek DH system 
Local DH system 

DH pumping a1 booster statlons kWh/Geal 

CHP plant plplng eficlency %' 

EracssSteam 
Energy generation basis Tcal 
P~plng losses / 
Ratlo of annual maxlmum demand to annual average demand 
Heat exchange effictency steam > hot water Gcalhr/Gcalhr 

Elcctnc Energy 

Max~mum Demand local cuslomen generation basis MW 
annual growth V 

Dlspos~t~on of energy loml customcn sales bas~s  GWh 
annual growth / 

T&D losses 
Contingency requlremcnt (LU or I5 A max) 
G r ~ d  capabiltty 

/ 
I5 0% MW 

MW 
esc aner 2005 

0  W/ SlkWh 
MW 
MW 

SikWh 
kcalRWh 

Grid clectnc~ty pnce forecast 
GTCC unlt add~t~on block slze 
GTCC capabtltty 
GTCC fuel cost 
GTCC annual average heat rate 

Max~mum Demand transfen generat~on basis MW 
annual growth / 

D~spostt~on of energy transfen sales basts GWh 
annual growth / 

Fuel Prtce Forecast 
Coal 
Marut 
Natural Gas 

esc after 2005 
0  00/ SIGcal 
0 0 /  SIGcal 
0 0 /  SIGcal 



Fuel MIX Tor Supply Resources 
TES I CHP ho~lcrr 

Coal 
Marut 
Natural Gas 
Welghted average fuel pnce 

Blshkek HOBs 
Coal 
Mazut 
Natural Gas 
Welghted average fuel pnce 

Local DH Bollen 
Coal 
Mazut 
Natural Gas 
We~ghted average fuel prlce 

Bollcr c l l i c ~ e n c ~ n  
B~shkek CHP bollen (TES I) 
B~shkek HOBs (TES 1 and TES 2) h 
Local HOES (Fmnze IAL) 

Coal A 
Mazut / 
Natural gas 0/ 
Werghredmmge % 

Process steam generat~on GcaVhr add 1 h u t  tnput per GuVhr steam 

Pelrormancc Degrrdalion 
Annual change In holler efticlency 
Annual change In e l a n c  capabll~ty 

F u d  Allocntran for Cogenerat~on Energy 
Methodology #A CHP advantage devoted IO DH enagy 

Eleetr~c power only product~on cfiicrency ?' 
Methodology UB CHP advantage devoted to e l t a n c  energy 

Dlstrlc heat only pmductlon efiic~ency Y 

Allocat~on Factors for TES I CHP Plant W M  and lnvatment 
/ allocated to elcetrlc product~on Ye 
/ allocated to dlstnct heating produalon / 
*/ allocated to process steam producuon / 

Economlc and Flnanu.1 Parameten 
Capltal wst  real acalatlon rates 

Western / 
Russ~an Y 
Kyrgyz labor % 
Kyrgyz matcnal / 
Kyrgyz qulpment Ye 

D~swunt Rate for NPV Calculatlon / 
Physical cont~ngenc~a + tcehnrcal a s s ~ s m c c  & m n l n g  % o f  dlrea w s b  

Cornpos~te escr l r l~on hclors  
Watem 
Russlan 
Kyrgyz labar 
Kyrgyz maler~nl 
Kyrgyz equ~pment 



Load For a 
Case Number 

Load Forecast Development 

Study Year 
Calendar Year 

DISUICI hestlng plpe losses 
B~shkek DH system 
Local DH system 

T&D losses (In B~shkek) 

Thermal Energy 
Bahkek DH System Hat Water 
Maxlmum Demand (generation baslr) 

Exrstlng customers 
~ml!lmus 
TotolMmm~rm Demmrd 

Dlsposlt~on of Energy 
Exlstlng customers 
lhxmmmm 
Total (sales bass) 
D~strrbutron lossa 

Exlstlng customen 
~ u t a m c r s  
Total D~spos~aol~ oJEnergy 

Blshkck Dl1 System Process Steam 
Energy generatron basls 
Energy sales basis 

Tcal 
m 
Tcal 

Tcdl 
m 
Tcal 

Tcdl 
Tcal 

Local DH System Hot Water 
Maximum Demand (generat~on basis) 
Drspos~t~on of Energy 

ExcsUng customers 
D u ~ l l a ~  
Total D~spsrtion of firer@ 

Tcal 
Ira1 
Tcal 

Electric Energy 
Maximum Demand (gencrat~on baas) 

Local customers 
Transfers 
RH pumplop w= 
Total Mmrmrrm Demwrd 

Dtsposrtlon of Energy 
Local customers (sales basls) 
Transfers 
DH pum- 
Total mnsumptron 
I&J2 h s e  
Total Drsparrrton oJDrergv 

GWh 
GWh 
G M  
GWh 
w 
GWh 
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LoadlCapac~ty Balance Care NO 

Study Year 
,e*.Y. YY. - - - -  - - - 
Electrtc Energy 

Maximum Demand 
Ex~st~ng capaclty resources 

TES I CHP Plant 
Gr~d  electr~c capactty 
GTCC 

Total capaclty resources before addltlons 
/ reserve before capaclty addltlons 

Capac~ty resources rqulred 
Addlt~onal capaclty requlred (m~n~mum) 
Capac~ty add~t~onslret~rements 

TES I CHP Rehabll~tat~on (tnstall TGl l or qulv) 
TES I CHP Retirement of On11 I and 2 
Gr~d electnc capaclty addltlons 
GTCC capaclty add~tlons 

I Total capaclty raourcer ancr addtttons 
Y reserve after capaclty addltlons 

Blshkek DH System 
Max~mum Demand 
Exlstlng capactty raourcu 

TES I CHP Plant 
nominal HW capactty 
peak~ng H!Xwaw~ 
total 

TES IHOBs 
TES 2 HOBs 
Exlstlng HOBs Fmnze 
Exlstlng HOBs IAL 
Nw HfB-w 

Total capaclty resources before add~t~ons 
/. reserve before capaclty add~tlons 
Capac~ty resources requlred 
Add~tlonal capaclty requlrcd (mtnlmum) 
Capac~ty add~t~ondreltrements 

New HOB capaclty 
Total capacrty resources aftu add~tlons 
/ reserve after capaclty add~t~ons 

GfaVhr 
GcaVhr 
Gcalhr 
GcaVhr 
Gcalhr 
Gcalhr 
GcaVhr 
Gc!3irallhr 
Gcalhr 

/ 
Gcalihr 
Gcalhr 

GcaVhr 
Gcalhr 

/ 

Local DH System 
Maxlmum Demand 
Exlstlng capaclty resourca 

Exlstlng HOBs Fmnze 
Exlstlng HOBs IAL 
New H Q b  capa~tIuddtUans 

Total capaclty resources before add~t~ons 
/ reserve before capaclty add~t~ons 
Capac~ty resources requtred 
Add~t~onal capaclty requlred (mlnlmum) 
Capac~ty add~t~ons/ret~rements 

New HOB capaclly 
 EN^ h ~ l l c r  S.llEIlUI& 

Total capaclty resources after add~t~ons 
/ reserve after capaclty addlt~ons 

GcaUhr 

GcaVhr 
Gcallhr 
W r  
Gcalhr 

/ 
Gcalhr 
Gcalhr 

Gcalhr 
Gmllhr 
Gcalihr 

/ 

- - 

Max~mum Demand 
Exlstlng capac~ty resources (TES 1 CHP) 
/ reserve 

Gcalhr 1305 146 8 179 4 1794 
Ccalihr 411 8 411 8 411 8 411 8 

/ 215 6 /  1806A 1296,' 129 6 /  



Energy Product~onlFuel Consumpt~on Summary 

Case Number 

Study Year 
Cnlcndsr Year 

Energy Product~on 

Electnc Energy Gcnerrt~oo 
81shLe.k CHP Plant (TES I) 
Gr~d electnc 
mx 
Total 

GWh 
GWh 
GWil 
GWh 

Thermrl Energy Generruon 
Dlstr~c heat~ng (heat, hot water) 

B~shkek CHP Plant (TJ?S I) 
B~shkek HOBs (TES 1 and TES 2) 
~~s 
Torul 

Pmcess steam 
B~shkek DH system (TES I) 

T d  
Tcal 
Tfal 
Tcal 

Tcal 

Eitbkek Dfi System 
Coal 
M m t  

6 953 9 
143 4 
Ukt 

74156 

0 0 
0 0 

lddi 
1663 

0 0 

7 581 9 

91 7.1 
1 901 
d4L 

loo W 

74348 
153 3 
u3.l 

7 721 2 

0 0 
0 0 

1l49 
334 9 

0 0 

8 056 I 

92 3/  
1 90h 
Z8L 

loo 0%' 

u 
Total 

Lau l  DH System 
Coal 
M m t  - 
Toto/ 

GTCC natural gar 

Total Fuel Cnnsumpt~on 
/ by type 

Coal 
Marut 
thu&as 
Total 

71 4% 
4 8/ 
a!z!a 

loo 0% 



hE L8 
mu 
%E L8 
AE L8 
/EL8 
%E L8 
/E L8 
%E L8 
/E L8 
/E L8 
VE L8 
/E L8 

EWZ 

0 SSI 
Z OE8 
6-331 
0 EOI 
9 101 
0 19 
0 19 
9 ZOI 
0 L6 
0 L6 
0 I S  
0 0 
0 0 

0 551 
Z OE8 
U75T 
0 EOl 
9 101 
0 19 
0 19 
9 ZOI 
0 L6 
0 L6 
0 1s 
0 0  
0 0 

0 S S l  
z 0C8 
m 
0 E O l  
9 ZOI 
0 I 9  
0 19 
9 101 
0 L6 
0 L6 
0 I S  
0 0  
0 0 

0 S S l  
ZOE8 
OT5T 
0 EOl 
9 1.01 
0 19 
0 19 
9 ZOI 
0 L6 
0 L6 
0 I S  
0 0  
0 0  

0 S S I  
Z Of8 
iTm 
0 EOl 
9 101 
0 19 
0 19 
9 101 
0 L6 
0 L6 
0 I S  
0 0  
0 0 

0 $51 
8 El6 
Fm 
0 EOI  
9 ZOI 
0 19 
0 19 
9 ZOI 
0 L6 
0 L6 
0 I S  
9 8P 
0 SE 

O S S l  
8 El6 
m 
0 (01 
9 ZOI 
0 19 
0 19 
9 ZOI 
OL6 
0 L6 
0 I S  
9 8P 
0 SE 

0 E O l  
8 8SL 
u-il 
0 EOI 
9 ZOI 
0 19 
0 19 
9 ZOI 
0 L6 
0 L6 
0 I S  
9 8P 
0 S t  

0 (01 
8 8SL 
u-il 
0 EOI  
9 ZOI 
0 19 
0 19 
9 101 
0 L6 
0 L6 
0 I S  
9 8P 
0 SE 

9 ZOI 
0 19 
0 19 
9 ZOI 
0 L6 
0 L6 
0 I S  
0 0 
0 0 

SOOZ EWZ ZWZ 

SOOZ 
I I 

EOOZ 
6 

IWZ 
L 

PWZ 
01 



Calendar year 

TES I CHP Plant Elecmcal Raang wlo Rehabll~tauon 
@ Zcro DH Load 
@ 35 / DH Load 
@ 75 / DH Load 
@ Full DH Load 

Change In TES I ElccVlcel Ratlng wl Rehab~l~tauon 
@ Zero DH Load 
@ 3 5 /  DH Load 
@ 7 5 /  DH Load 
@ Full DH Load 

TES I CHP Plant Electrical Rating w/ Rehabtlltabon 
@ Zcro DH Load 
@ 3 5 /  DH Load 
@ 7 5 V  DH Load 
@ Full DH Load 

Auxlllary power wnsumptlon 

@ Zero DH Load 
@ 3 5 /  DH Load 
@? 7 5 /  DH Load 
@ Full DH Load 

TES I CHP Plant D W  Rating 
@ Full DH Load (hot water only) 
@ Full DH Load (total DH ~ncl proeas steam) 

TESl HOL 
DH Capablllty Hot Water 
Unit #I 
Unit U2 
rnH 
Total 

Boller Efictenc~es 
Un~t  #I 
Un11#2 
L!nlm 
We~ghted average 

TES-2 BOBS 
DH Capablllty Hot Water 
Un~t  Ul 
llrurlll 
Total 

Bollu Effic~rnc~es 
Un~t  #I 
llnuIt2 
We~ghtcd average 

Local DH System 
Fmnze Unit #I 
Frunze Unlt U2 
Frunze Unit U3 
JAL Unit Ul 
IAL Unlt #2 
Total 
Largat Un~t  

New capaclty addlt~ons 
M m t  fired 
Gas fired 

MW gmrs 
MW gmss 
MW gross 
MW gross 

MW gmss 
MW gross 
MW gmss 
MW gross 

MW gmss 
MW gross 
MW gmrr 
MW gmss 

MW nn 
MW net 
MW net 
MW n a  

87 0% 87 O?? 
Em% m!% 
87 O?/ 87 0% 







Case Number 

Study Year 
Calendar Year 

Productron Costs 
Primary Energy Expenses 

Coal 
Mazut 
Natural gas 
G r ~ d  Electnc 
Total prrmary energy 

Operating and Maintenance Expenses 
Blshkek TES 1 CHP Plant 
Blshkek TES I and TES 2 HOBs 
Industr~al steam dlstrlbutlon system 
Dlstrlct heatlng dlstrlbutlon system 
New GTCC plant 
Local DH sy srem KOBs 
Total O&M 

Total Product~on Costs 

Investments 
TES 1 Rehabrlrtatlon and New HOBs 
New Self generation Capaclty 
Drstrlct Heatlng System Rehabllltatron 
New HQBs for Local RH Sy&m 
Total Investment 

Total Annual Cost 

NPV of Costs 
Prrmary energy expense 
QBrM expense 

Subtotal productron costs 
InvsstmenB 
Total Annual Costs 
End eEect Adjustment 
Total Effectlve Cost 



A l l o c a t ~ o n  o f  Cos t s  

Study Year 
Calendar Year 

Productton Costs 
Fuel and Prrmary Energy Expenses 

Electrrc Account 
Bishhek TES I CHP fuel 
New GTCC fuel 
Grid electric forelectric I d s  
Total primary energy 

D ~ s t r ~ c t  Heatrng Account 
Bishhek TES I CHP fuel 
Bishkek TES I and TES 2 HOBs fuel 
Local DH system HOBs fuel 
Grid electric for pumplng power 
GTCC fuel for pumping power 
Bshkek TFS 1 CHP fueJLffnr p m p m w e r  
Total prlmary energy 

Process Steam Account 
B~shkeh TES 1 CHP fuel 

Operatrng and Marntenance Expenses 
Electrrc Account 

Bishkeh TES 1 CHP Plant 
New GT€C 
Total O&M 

Drstrlct Heatlng Account 
Bishkeh TES I CHP Plant 
B~shkeh TES I and TES 2 HOBs 
District heating d~strlbution system 
L n c U X l  sy&m_kKXB~ 
Total O&M 

Process Steam Account 
Bishkeh TES I CHP Plant 
Process steam dlstrihutlomystem 
Total O&M 

D&t Serv~ce 
Electric Account 

TES I CHP Plant Rehabil~tat~on 
New Self generating Capacity 
Ala Archa22011 l0kV 200 MW grid upratlng 
Total 

D ~ s t r ~ c t  Heatrng Account 
TES I CHP Plant Rehabilitation 
New HOBs for Bishkek DH System 
New HOBs for Local DH System 
Distrlct Hcatlng System R_ehabilitat~o_n 
Toral 

Process Steam Account 
TES I CHP Plant Rehab~lltation 
Steam Distribution System Rehabtbmw 

2 Total 

ECON l WK (b 



Study Year 
Calendar Year 

Electrlc Account 
Total production costs 
Totill carrying charges 
Total cost of service 

Total sales of electrlclty 

Partla1 tarlff productlon costs 
Partla1 tarlff carrylng charges 
Partial tarlff all costs 

D~strict Heatlug Account 
Total production costs 
Total canylng charges 
Total cost of servlce 

Total sales of district heat 

Partlal tariff production costs 
Partla1 tarlff zanyrngcharges 
Partlal tarlff all costs 

Process Steam Account 
Total productlon costs 
T ~ t a l  cany_lngchargcs 
Total cost of servlce 

Total sales of process steam 

Partla1 tarlff productlon costs 
Partlaltarrff carwlng charges 
Partial tarlff all costs 

Case No 

GWh 

Tcal 

Tcal 



Input Data and Assumpt~ons 

Case Number 

I TES I + HOBs 
I Y e  
I TES I + Gr~d Electnc 
I New GTCC 
2 Scenano 2 
0 No 

199 and beyond 

Thermal Energy Supply Source 
Rehabll~rate TES 17 
Electr~c Energy Supply Source 
Supplemental Electnc Capac~ty 
Dlstr~ct Heating Scenarlo 
Local DH supply by Blshkek DH? 

When? 

Study Year 
Calendar Yenr 

Thermal Energy 
D~stnct Hsatmg 
Maximum Demand 

Exatlng customen 
New cusrmo 
Total 

generatlon basis Gcalhr 
ge~tlPahaus mUhr 
generatton basis Gcal/hr 

Dlsposltlon of energy 
E x ~ s t ~ n g  customers 
New customen 

sales basls Tcal 
generatlon bas~s Tcal 

Conllngency Requirements (LU or IS/ )  
B~shheh DH System 15 O/ Gcalihr 
Local DH System 15 O/ Gcalihr 

D~stnct heatlng plpe losses 
B~shkek DH system 
Local DH system 

CHP plant plplng effic~ency / 

Pracffs Steam 
Energy generation basis Tcal 
P~plng losses / 
Ratlo of annual maxlmum demand to annual average demand 
Heat exchange effic~ency steam > hot water GcalihrlGcalihr 

Electnc Energy 

Maxlmum Demand local customen generatlon basis MW 
annual growth / 

Dlspostt~on of energy local customers sales basls GWh 
annual growth / 

T&D losses 
Contcngency requirement (LU or 15/ max) 
G r ~ d  capabll~ty 

/ 
ISO/ M W  

MW 
esc alter 7005 

0 0 /  %/kwh 
MW 
MW 

$ k w h  
kcalkWh 

Gnd electrlctty prlce forecast 
GTCC unlt add~t~on block slze 
GTCC capabtltty 
GTCC fuel wst  
GTCC annual average heat rate 

Max~mum Demand transfers generatron basis MW 
annual qrowih / 

Dlsposttlon of energy transfers sales basls GWh 
annual gro vth / 

Fuel Prlce Forecnst 
Coal 
Mazut 
Natural Gas 

esc alter 7005 
0 0 /  SIGcal 
0 O/ SIGcal 
0 O/ UGcal 



Coal 
Mazut 
Natural Gas 
We~ghted average fuel prlce 

B~shkek HOBs 
Coal 
Mazut 
Natural Gas 
We~ghted average fuel prlce 

Local D H  Bo~lers 
Coal 
Mazut 
Namral Gas 
We~ghted average fuel prtce 

Bo~ler  emc~enc~es 
B~shkek CHP bo~lers (TES 1) 
B~shkek HOBs (TES I and TES 2) / 

Local HOBs (Fmnze JAL) 
Coal / 
Mazut Y 
Natural gas / 
Werglrred overuse / 

Process steam generauon Gcallhr add I heat lnput per Gcallhr steam 

Performance Degrndnt~on 
Annual change In bo~ler effic~ency 
Annual change In electr~c capab~l~ty 

Fuel Allocntlon for Cogenernt~on Energy 
Methodology #A CHP advantage devoted to D H  energy 

Electr~c power only product~on effic~ency / 
Methodology #B CHP advantage devoted to electrlc energy 

D ~ s t r ~ c  heat only product~on effic~ency / 

Allocat~on Factors for TES I CHP Plant O&M and Investment 
/ allocated to electr~c producuon / 
/ allocated to d~st r~ct  heatlng product~on / 
/ allocated to process steam product~on / 

Economlc nnd Flnnnc~nl Pnrnmeters 
Capllal cost real escalation rates 

Western V 
Russ~an / 
Kyrgyz labor / 
Kyrgyz rnater~al / 
Kyrgyz equipment / 

D~swunt Rate for NPV Calculation / 
Phys~cal contlngencles + techn~cal asststance& tralnlng / of  d~rect costs 

Compos~te escnlnt~on Rctors 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz rnater~al 
Kyrgyz equlprnent 



Load Forecast 

Case Number DH Sensitivity 

Load Forecast Development 

Study \ e a r  
Calendar Year 

District heating plpe losses 
B~shAek DH system 
Local DH system 

T&D losses (in Bishhek) 

Thermal Energy 
Bishkek DH Syslem Hot Water 
Ma~lmum Demand (generat~on basls) 

Ex~sting customers 
New customers 
7otnlMa~mtrm Dematrd 

Dispos~tion of Energy 
Ex~sting customers 
New customers 
Total (sales bas~s) 
Dtstrrbut~on losses 

Ex~sting customers 
New customen 

Total Drspoot~orr of f i t e ra  
Bishkek DH System Process Steam 

Energy generatlon basis 
Energy sales bas~s  

Tcal 
I c d  
Tcal 

Tcal 
Ical 
Tcfll 

Tcal 
Tcal 

Local DH System Hot Water 
Maximum Demand (generation basis) 
Disposition of Energy 

Existing customers 
Distr~hution b s e s  
Total Ilrsposrfron of f i r e ra  

Tcal 
Tcal 
Tcal 

Electrrc Energv 
Max~mum Demand (generatlon basis) 

Local customers 
Transfers 
DH pumptng p w e r  
Total M~orrmrrm Drmfltrd 

Disposlt~on of Energy 
Local customers (sales basis) 
Transfers 
DH pumping power 
Total consumption 
T&D Losses 
lord I l , p o t , o ~ ,  of FJ, r p  

CWh 
GWh 
GWh 
GWh 
GWh 
( H h  



S u m m a r ) .  dlll d Forecasts (generat~on bass) 

Calendar Year 
Thermal Load to be Served by Bishkek DH System 

Maximum Demand Hot Water 
Thermal Energy Hot Water 
Maximum Demand Process Steam 
Thermal Energy Process Steam - 

Thermal Load to be Served by Local DH System 
Maxlmum Demand Hot Water 
Thermal Energy Hot Water 
Maximum Demand Process Steam 
Thermal Energy P r o ~ s s  Steam - 

'Total Thermal Load to be Served 
Maximum Demand Hot Water 
Thermal Energy Hot Water 

I Max~mum Demand Process Steam , Thermal Energy- _Process Steam 
Total Electr~c Load Forecast 

Maximum Demand 
Electric Energy -- - 

Gcalhr 
Tcal 

Gcallhr 
Tcal 

Gcalhr 
Tcal 

Gcalhr 
Teal 

Gcallhr 
Tcal 

Gcallhr 
TcaL 

MW 
GWh - 

,f- 
cb4 
If- - 

CCON I WK4 



I ar 
C ,It dar Year 
~Elecfr~c E n e r g 1  

6 
2000 

589 7 

591 4 
zoo 0 

0 0 
791 4 

34 2 /  

678 2 
0 0 

0 0 
0 0 
0 0 
0 0 

791 4 
34 2 /  

938 0 

811 4 
229 0 

1 040 4 
300 0 
192 0 
I 5 0 0  
40 0 

0 0 
1 722 4 
83 6 1  

1 093 0 
0 0 

0 0 
1 722 4 
83 6 /  

0 0 

0 0 
0 0 
0 0 
0 0 
d a  
0 0 
0 0 

0 0 
0 0 
0 0 
d a  

1794 
408 4 

127 7 /  

8 
2002 

615 2 

591 4 
200 0 

0 0 
791 4 

28 6 /  

707 5 
0 0 

0 0 
0 0 
0 0 
0 0 

791 4 
28 6 /  

914 0 

811 4 
229 0 

1 040 4 
300 0 
192 0 
I 5 0 0  
40 0 

0 0 
1 772 4 
88 4 

1 069 0 
0 0 

0 0 
1 772 4 
88 4 

0 0 

0 0 
0 0 
0 0 
0 0 
nla 

0 0 
0 0 

0 0 
0 0 
0 0 
nla 

1794 
408 4 

127 7 

Maximum Demand 
Ewst~ng capactty resources 

TES I CHP Plant 
Gnd electr~c capacity 

GTCC 
Total capaclty resources before add~t~ons 
' resene before capaclty addltnons 

549 4 
ZOO 0 

Q 0 
749 4 

32 6 /  

Capac~ty resources requ~red 
Add~t~onal capaclty requ~red (mlnlmum) 
Capac~ty add~t~onslretlremenfs 

TES I CHP Rehabllltat~on (~nstall TG I  I or equlv) 
TES I CHP Ret~rement of U n ~ t  I and 2 
G r ~ d  electr~c capaclty add~t~ons 
GTCC capaclty addltlons 

Total capaclty resources after add~t~ons 
/ reserve after capaclty addlt~ons 

T h e r m a l  E n e r g r  H o t  Water 

B~shkek DH System 
Maxlmum Demand 
Eastlng capacity resources 

TES I CHP Plant 
nominal HW capaclty 
peak~ng HW capauty 
total 

TES IHOBs 
TES 2 HOBs 
Exlst~ng HOBs Frunze 
Exlst~ng HOBs IAL 
New HOBs tn local DH system 

Total capacltv resources before addlt~ons 
/ reserve before capaclty addltlons 
Capac~ty resources requ~red 
Addlt~onal capaclty requlred (mlnlmum) 
Capacity add~t~onslret~remenu 

Ne v HOB capaclty 
Total capaclty resources after addlttons 
/ reserve after capaclty addlt~ons 

Local DH System 
Ma~rmum Demand 
Exlstlnq capaclty resources 

Extstlng HOBs Frunze 
Ex~stlng HOBs JAL 
New HOBs capac~ty addlt~ons 

Total capaclty resources before addlt~ons 
/ reserve before capac~ty addlt~ons 
Capac~ty resources requ~red 
Addlt~onal capactty requ~red (m~nlmum) 
Capacltv add~t~onsfretrremencs 

New HOB capaclty 
Frunze holler retirements 

Total capacltv resources after add~l~ons 
/ reserve after capacltv add~t~ons 

Gcalhr 

GcaKhr 
Gcalhr 
Gcalhr 
Gcalhr 
Gcalhr 
Gcalhr 
Gcalhr 
Gcallhr 
Gcalhr 

Gcalhr 
Gcalhr 

Gcalhr 
Gcalhr 

/ 

Gcalhr 

Gcalhr 
Gcalhr 
Gcalhr 
Gcalhr 

Gcalhr 
Gcalhr 

Gcalhr 
Gcallhr 
Gcalhr 

T l r e r m n l  E n e r g l  P rocess  S t e a m  

Maximum Demand 
E ~ ~ s u n g  capacttv resources (TES I CHP) 
/ reserve 

Gcalhr 
Gcalhr 

S 
3 ECONI W h 4  
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Calendar year 

TLS I CHP Plant Electr~cal Ratlng wlo Rehabllltat~on 
@ Zero DH Load 
@ 35 /  DH Load 
@ 75 / DH Load 
@ ru l l  DH Load 

MW gross 
M W  gross 
M W  gross 
MW gross 

Change In TES I Electr~cal Ratlng w l  Rehabllltatlon 
@ Zero DH Load 
@ 35 / DH Load 
@ 75 / DH Load 
@ Full DH Load 

MW gross 
MW gross 
MW gross 
MW gross 

TES I CHP Plant Electr~cal Ratlng w l  Rehabll~tat~on 
@Zero DH Load 
@ 35 / DH Load 
@ 7 5 /  DH Load 
@Full  DH Load 

MW gross 
MW gross 
MW gross 
MW gross 

Auxll~ary power wnsumptlon 

@ Zero DH Load 
@ 35 / DH Load 
@ 75 / DH Load 
@Ful l  DH Load 

M W  net 
MW net 
MW net 
MW net 

TES I CHP Plant D W  Ratlng 
@ Full DH Load (hot water only) 
@ Full DH Load (total DH lncl process steam) 

Gcalihr 
Gcalihr 

TES 1 HOB$ 
DH Capabll~ty Hot Water 
U n ~ t  # I  
Unlt #2 
UNL#~ 
Total 

Gcallhr 
Gcallhr 
Grallht 
Gcalihr 

Boller Eff~c~enc~es 
Unlt # I  
Unlt#2 
Untt D 
Welghted average 

TES 2 HOBs 
DH Capabll~ty Hot Water 
U n ~ t  # I  
llrut #2 
Total 

Gcalihr 
W r  
Gcallhr 

Boller Effic~encles 
U n ~ t  # I  
llrut #2 
We~ghted average 

Local DH System 
Fmnze U n ~ t  # I  
Frunze Un11#2 
Frunze U n ~ l  #3 
JAL Un8l # I  
JAL Unl l#2 
Total 
Largest U n ~ l  

Gcallhr 
Gcallbr 
Gcalhr 
Gcallhr 
Gcallhr 
Gcalihr 
Gcallhr 

Ne\ capaclty addltlons 
Mazut fired 
Gas fired 

Gcallhr 
Gcalihr 

page I I 
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APPENDIX I11 

Buildup of Investment Schedules and Debt Service for: 

TES-I CHP Plant Rehabilitation 
Dlstr~ct Heatlng System Rehabilitahon and Modemzation 
Dlstr~ct Heatmg System Extens~on 
New TG for TES-1 - 83 7 MWe (net) 
New Heat Only Boilers for Local System- Wlthout Extension 
New Heat Only Boilers for Local System- With Extension 
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Investm @ Cost Input Sheet 

Loan # 
Investment Descrrptron 

In-Servrce Year (ISY = year 0) 
Base Year for Caprtal Cost Estrmates 
Constructron lead trme 
Useful lrfe 
Depreciation term 
Loan repayment term 

Qvemrght Capital Costs 
Component of Cost 

Western equipment 
Russran equrpment 
Kyrgyz labor 
Kyrgyz material 
Kyrgyz equrpment 
Total Overncght Capltal Cost 

1 
Furnace waterwall tube replacement, boilers 14 20 

January I 1998 
January 1, 1995 

years 1 
years 15 
years 10 
years 10 

Base Year 
Drrect Costs 1,0 &C Costs 

US$OOO 683 0 85 4 
US$OOO 0 0 0 0 
US$OOO 200 0 25 0 
US$OOO 0 0  0 0 
US$OOO 0 Q 0 0 
US$OOO 883 0 110 4 

Calculate Interest Durlng Construct~on 
Year of servrce 
Calendar year 
Capital Expenditure Schedule, % of Overnight Capltal Cost 

I - -  100 -13$1 0% 
-- 

Western equrpment US$OOO 768 4 
Russian equrpment US$OOO 0 0 
Kyrgyz labor US$OOO 307 5 
Kyrgyz materral US$OOO 0 0 
Kyrgyz equipment US$-Om 0 0 
Total annual expenditure US$OOO 1 075 9 
Cumulative annual expenditure US$OOO 1,075 9 
Interest accrued US$OOO 129 1 
Cumulatrve Capltalrzed Cost US$OOO 1,205 0 

Total Capitallzed Cost = Loan Amount US$OOO 1,205 0 

Capltal cost real escalation rates 
Western 
Russran 
Kyrgyz labor 
Kyrgyz materral 
Kyrgyz equipment 

Werghted Average Cost of Cap~tal 
Indrrect Costs Owner's Costs and Contrngency 

Installed Year 
Total Costs Total Costs 

768 4 768 4 
0 0 0 0 

225 0 359 4 
0 0  0 0 
on 0 0 

993 4 1 127 8 

TESI RHAB WK4 e; 



Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

In-Service Year (ISY =year 0) 
Base Year for Capltal Cost Estimates 
Construction lead tlme 
Useful llfe 
Depreclatlon term 
Loan repayment term 

Overnlght Capltal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz rnaterlal 
K ~ r g y z  equlpment 
Total Overnight Capltal Cost 

Calculate Interest Dur~ng Construct~on 
Year of servlce 
Calendar year 
Capltal Expenditure Schedule, % of Overnlght 

Western equlpment 
Russlan equipment 
Kyrgyz labor 
Kyrgyz rnaterlal 
Kyrgyz equlpment 
Total annual expendlture 
Cumulatrve annual expendlture 
Interest accrued 
Cumulative Capltallzed Cost 

L 

Refractory, lnsulatlon lagg~ng etc refurbishment bollers 14-20 

January 1, 1999 
January 1, 1995 

years 1 
years 15 
years 10 
years 10 

Base Year 
Dlrect Costs 1,O &C Costs 

US$OOO 2,175 0 271 9 
US$OOO 0 0 0 0 
US$OOO 745 0 93 1 
US$OOO 0 0 0 0 
US$OOO KO 0 0 
US$OOO 2,920 0 365 0 

Capltal Cost 
US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 

Total Capltallzed Cost = Loan Amount US$OOO 4 240 1 

Capltal cost real escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlprnent 

Welghted Average Cost of Capltal 
Indlrect Costs Owner's Costs and Contrngency 

Installed Year 
Total Costs Total Costs 

2 446 9 2 446 9 
0 0 0 0 

838 1 1,565 2 
0 0 0 0 
0 0 0 0 

3,285 0 4,012 1 



Invest a Cost Input Sheet 

Loan # 
Investment Descrlptlon 

3 
Cost of TG l I 

In-Service Year (ISY = year 0) January 1 1998 
Base Year for Capltal Cost Est~mates January 1, 1995 
Constructron lead tlme years 1 
Useful llfe years 15 
Deprec~at~on term years 10 
Loan repayment term years 10 

Overnight Capital Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equipment 
Total Overncght Capztal Cost 

Calculate Interest During Construction 

Base Year 
Dlrect Costs I,O &C Costs 

US$OOO 0 0 0 0 
US$OOO 2 275 0 284 4 
US$OOO 0 0 0 0 
US$OOO 0 0 0 0 
ussm go 00 
US$OOO 2,275 0 284 4 

Installed Year 
Total Costs Total Costs 

0 0 0 0 
2,559 4 2 559 4 

0 0 0 0 
0 0 0 0 
0 0 0 4  

2 559 4 2,559 4 

u 

Year of servlce 
Calendar year 
Capltal Expenditure Schedule, % of Overnight Capltal Cost 100 0% 0 0% 

Western equipment US$OOO 0 0 0 0 0 0 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Ky~gyz equlpment 
Total annual expendlture 
Cumulatlve annual expendlture 
Interest accrued 
Cumulatlve Capltallzed Cost 

Total Capltallzed Cost = Loan Amount 

Capltal cost real escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

Werghted Average Cost of Capltal 
lndlrect Costs Owners Costs and Contingency 

TES I RHAB WK4 



Investment Cost Input Sheet 

Loan # 
Investment Descr~pt~on 

In Serv~ce Year (ISY = year 0) 
Base Year for Cap~tal Cost Estimates 
Constructlon lead tlme 
UsefUI Ilfe 
Deprec~at~on term 
Loan repayment term 

Ovem~ght Capltal Costs 
Component of Cost 

Western equtpment 
Russtan equtpment 
Kyrgyz labor 
Kyrgy z mater~al 
Kyrgyz equlpment 
Total Overnlght Capltal Cost 

4 
Comm~ss~on TG11 and other turb~ne plant mod~ficat~ons 

January I 1998 
January 1 1995 

years I 
years 15 
years 10 
years 10 

Base Year Installed Year 
Dlrect Costs 1,0 &C Costs Total Costs Total Costs 

US$OOO 280 0 35 0 315 0 315 0 
US$OOO 4 245 0 530 6 4,775 6 4 775 6 
US$OOO 1 1820 147 8 1,329 8 2 124 3 
US$OOO 283 0 35 4 318 4 334 9 
US$OOO 0 0 0 0 0 0 0 0 
US$OOO 5,990 0 748 8 6,738 8 7,549 8 

Calculate Interest Dur~ng Construct~on 
Year of serv~ce 
Calendar year 
Capital Expenditure Schedule, % of Overnlght Capltal Cost 

Western equipment US$OOO 
Russian equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kyrgyz equipment US$OOO 
Total annual expendtture US$OOO 
Curnulattve annual expendtture US$OOO 
Interest accrued US$OOO 
Cumulative Cap~tallzed Cost US$OOO 

Total Cap~tal~zed Cost = Loan Amount US$OOO 8 105 6 

Capital cost real escalat~on rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equ~pment 

We~ghted Average Cost of Cap~tal 
lnd~rect Costs Owner's Costs and Contingency 



Investm @ Cost Input Sheet 

Loan # 
Investment Descrlptlon 

5 
I&C Upgrade Stage I 

In-Service Year (ISY = year 0) January 1 1998 
Base Year for Capltal Cost Estimates January 1 1995 
Construction lead tlme years 1 
Useful l ~ f e  years 15 
Deprecrat~on term years 10 
Loan repayment term years 10 

Overnight CaplralCosts 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz ealpment 
Total Overnight Capital Cost 

Base Year Installed Year 
Dlrect Costs 1,O &C Costs Total Costs Total Costs 

US$OOO 450 0 56 3 506 3 506 3 
US$OOO 0 0 0 0 0 0 0 0 
US$OOO 1160 14 5 130 5 208 5 
US$OOO 0 0 0 0 0 0 0 0 
us8!&30 o n  0 0 O_Q 0 0 
US$OOO 566 0 70 8 636 8 714 7 

Calculate Interest Durlng Constructlon 
Year of servlce 
Calendar year 
Cap~taI Expenditure Schedule % of Overnight Cap~tal Cost 

Western equipment US$OOO 
Russ~an equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kyrgyz eglpment US$OoO 
Total annual expenditure US$OOO 
Cumulat~ve annual expend~ture US$OOO 
Interest accrued US$OOO 
Cumulat~ve Capltallzed Cost US$OOO 

Total Capltal~zed Cost = Loan Amount US$OOO 766 7 

Capltal cost real escalation rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

Welghted Average Cost of Capltal 
Indlrect Costs Owners Costs and Contingency 



Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

6 
New Alr Compressors 

In-Service Year (ISY = year 0) January I, 1998 
Base Year for Capltal Cost Estlrnates January I 1995 
Construction lead tlme years 1 
Useful llfe years 15 
Depreclatlon term years 10 
Loan repayment term years 10 

Qvernlght Capltal Costs 
Component of Cost 

Western equlprnent 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlprnent 
Total Overnlght Caprtal Cost 

Base Year 
Dlrect Costs I 0 &C Costs 

US$OOO 211 0 26 4 
US$OOO 0 0 0 0 
US$OOO 23 0 2 9 
US$OOO 0 0 0 0 
US$OOO 0 0 0 0 
US$OOO 234 0 29 3 

Calculate Interest During Construction 
Year of servlce 
Calendar year 

i - 

Capltal Expenditure Schedule % of Overnlght Cap~tal Cost I 

Western equipment US$OOO 
Russlan equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kyrgyz equipment US$OOO 
Total annual expenditure US$OOO 
Curnulatlve annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulat~ve Capltal~zed Cost US$OOO 

Total Capltallzed Cost = Loan Amount US$OOO 305 5 

Cap~tal cost real escalation rates 
Western 
Russlan 
kyrgyz labor 
Kyrgyz matertal 
Kyrgyz equlprnent 

Welghted Average Cost of Cap~tal 
Indlrect Costs Owner's Costs and Contingency 

Installed Year 
Total Costs Total Costs 

237 4 237 4 
0 0 0 0 

25 9 41 3 
0 0 0 0 
0 0  0 0 

263 3 278 7 

TES l RHAE 
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Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

In Serv~ce Year (ISY = year 0) 
Base Year for Capltal Cost Estimates 
Construct~on lead tlme 
Useful llfe 
Depreclatlon term 
Loan repayment term 

Overn~ght Cap~tal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz rnaterlal 
Kyrgyz equipment 
Total Overnight Caprtal Cost 

8 
Install new rotary car dumpers 

January 1 1998 
January 1 1995 

years 1 
years 15 
years 10 
years 10 

Base Year Installed Year 
D~rect Costs 1,0 &C Costs Total Costs Total Costs 

US$OOO 830 0 103 8 933 8 933 8 
US$OOO 0 0 0 0 0 0 0 0 
US$OOO 510 0 63 8 573 8 916 6 
US$OOO 0 0 0 0 0 0 0 0 
US$Orn 0 0 0_0 0 0 0 0 
US$OOO 1,340 0 167 5 1 507 5 1,850 3 

Calculate Interest Dur~ng Construct~on 
Year of s e ~ l c e  
Calendar year 
Capltal Expenditure Schedule % of Ovem~ght Cap~tal Cost 

Western equipment US$OOO 
Russlan equlprnent US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kyrgyz equipment US$OOO 
Total annual expend~ture US$OOO 
Cumulat~ve annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulative Capltallzed Cost US$OOO 

Total Cap~tallzed Cost = Loan Amount US$OOO 1 924 0 

Capttal cost real escalat~on rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlpment 

Welghted Average Cost of Cap~tal 
Ind~rect Costs Owners Costs and Contingency 



e 
Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

In Service Year (ISY = year 0) 
Base Year for Capltal Cost Estimates 
Constructlon lead time 
Usef1.11 llfe 
Depreclatlon term 
Loan repayment term 

Overnight Capltal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz egulpment 
Total Overnzght Caprtal Cost 

9 
Install emlsslon monltors 

January I, 1998 
January I, 1995 

years 1 
years 15 
years 10 
years 10 

Base Year 
Dlrect Costs I 0 &C Costs 

US$OOO 1,600 0 200 0 
US$OOO 0 0 0 0 
US$OOO 200 0 25 0 
US$OOO 0 0 0 0 
YS$OM 0 0  Ql! 
US$OOO 1,800 0 225 0 

Calculate Interest Durlng Construct~on 
Year of servlce 
Calendar year 
Capltal Expenditure Schedule, % of Ovem~ght Capltal Cost 

Western equipment US$OOO 
Russlan equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kyrgyz eq_ugm_ent uS$QOo 
Total annual expend~ture US$OOO 
Cumulative annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulative Capltallzed Cost US$OOO 

TotaI Cap~tallzed Cost = Loan Amount US$OOO 2 360 4 

Capltal cost real escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz rnaterlal 
Kyrgyz equlpment 

Welghted Average Cost of Capltal 
Ind~rect Costs, Owners Costs and Contingency 

Installed Year 
Total Costs Total Costs 

1 800 0 1,800 0 
0 0 0 0 

225 0 359 4 
0 0 0 0 
0_ 0 o Q 

2,025 0 2 1594 

V\ - TESIRHAB WK4 \+ 



Investment Cost Input Sheet 

Loan # 
Investment Descrrptlon 

10 
I&C Upgrades Stage 3 

In-Sewrce Year (ISY = year 0) 
Base Year for Capltal Cost Estimates 
Construct~on lead tlme 
Useful llfe 
Depreclatron term 
Loan repayment term 

Overn~ght Capltal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kjrgy z equrpmznt 
Total Overnrght Caprtal Cost 

January 1 1999 
January 1 1995 

years 1 
years 15 
years 10 
years 10 

Base Year 
Dlrect Costs 1,0 &C Costs 

US$OOO 480 0 60 0 
US$OOO 0 0 0 0 
US$OOO 160 0 20 0 
US$OOO 0 0 0 0 
US$OOO 0 0 0 0 
US$OOO 640 0 80 0 

Calculate Interest Dur~ng Construct~on 
Year of servlce 
Calendar year 
Capltal Expenditure Schedule % of Overnight Caprtal Cost 

Western equrpment US$OOO 
Russran equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materral US$OOO 
Kyrgyz equtpment US$OOO 
Total annual expenditure US$OOO 
Cumulative anpual expenditure US$OOO 
Interest accrued US$OOO 
Cumulatrve Capltalrzed Cost US$OOO 

Total Capltallzed Cost = Loan Amount US$OOO 926 9 

Caprtal cost real escalatron rates 
Western 
Russlan 
kyrgyz labor 
Kyrgyz materral 
Kyrgyz equrpment 

Werghted Average Cost of Capltal 
lndrrect Costs Owner's Costs and Contingency 

TES I RHAB WK4 

'G% c * 

Installed Year 
Total Costs Total Costs 

540 0 540 0 
0 0 0 0 

180 0 336 1 
0 0 0 0 
0 0 0 0 

720 0 876 1 

zoo: - - / 
0 0 %  

0 0  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 



a 
Investment Cost Input Sheet 

Loan # 
Investment Descrrptron 

In-Serv~ce Year (ISY = year 0) 
Base Year for Cap~tal Cost Est~mates 
Construct~on lead tlme 
Useful l~ fe  
Deprec~at~on term 
Loan repayment term 

Overn~ght Cap~talCosts 
Component of Cost 

Western equlpment 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equqxment 
Total Overnight Capital Cost 

11  
I&C Upgrades Stage 4 

January 1, 1999 
January 1 1995 

years 1 
years 15 
years 10 
years 10 

Base Year 
D~rect Costs 1,0 &C Costs 

US$OOO 192 0 24 0 
US$OOO 0 0 0 0 
US$OOO 116 0 14 5 
US$OOO 0 0 0 0 
US$ODD 0 4 LO 
US$OOO 308 0 38 5 

Calculate Interest Durlng Construct~on 
Year of serv~ce 
Calendar year 
Caprtal Expendrture Schedule % of Ovemrght Cap~tal Cost 

Western equipment US$OOO 
Russ~an equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materral US$OOO 
Kyrgyz equrpment US$_OOO 
Total annual expend~ture US$OOO 
Cumulat~ve annual expendrture US$OOO 
Interest accrued US$OOO 
Cumulat~ve Capitallzed Cost US$OOO 

Installed Year 
Total Costs Total Costs 

216 0 216 0 
0 0 0 0 

130 5 243 7 
0 0 0 0 
0 0  0 0  

346 5 459 7 

Total Caprtalrzed Cost = Loan Amount US$OOO 475 4 

Caprtal cost real escalatron rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equrpment 

We~ghted Average Cost of Caprtal 
lndrrect Costs Owner's Costs and Cont~ngency 

TESl RHAB W h 4  





Dlstnct Heaung System Modemazatlon and Rehabllltat~on lnvestment Descr~pt~on 

Economlc and F~nanclnl Parameters 
Capltal cost real escalation rates 

Westem 
Russ~an 
Kyrgyz labor 
kyrgyz materlal 
kyrgyz equ~pment 

We~ghted Average Cost o f  Capltal 
Phystcal contrngencles 

Investment Summary 
# Descnptton 
1 1996 Underground and Aenal Plpellne Rehabllltatlon 
2 1997 Underground and Aerlal Plpellne Rehabllltahon 
3 1998 Underground and Aenal Plpehne Rehabllttatlon 
4 1999 Underrround and Aenal Ploellne Rehab~l~tat~on 

Dlrect Cosu In servlce 
lan95YrnO Year LBantem 

947 0 1997 10 
6 395 0 1998 10 
4 200 0 1999 10 
1958 0 2000 10 

5 1996 ~ n p e n i l t ~ ~ e  enabling ~ a n i b l e  Flow Operatton (VFO) 645 0 1997 10 
6 1997 Expendlmre enabl~ne. VFO Controls & Reaulat~on Svste 1 305 0 1998 10 
7 1996 ~ubstatlon lnvesm&t 948 0 1997 10 
8 1997 Substatxon Investment 4 974 5 1998 10 
9 1998 Substation Investmen1 32400 1999 10 

10 1999 Substanon Investment 587 5 2000 10 
I 1  d a  M 2000 10 

7atol m~ertnrcnl 25 200 0 

Cnplt?l Expenditure Schedule (USS000) lsee Note II 
# Descnpun 
1 1996 Underground and Aenal Plpellne Rehabllllatlon 
2 1997 Underground and Aenal Plpellne Rehabal~tataon 
3 1998 Underground and Aenal Plpellne Rehabllltataon 
4 1999 Underground and Aend Plpellne Rehabllltatlon 
5 1996 Expendlmre enabllng Vanable Flow Operatlon (VFO) 
6 1997 Expendlmre enablang VFO Controls & Regulatlon Syste 
7 1996 Substahon lnvestment 
8 1997 Substahon lnvestment 
9 1998 Substatlon lnvestment 

10 1999 Substatton lnvestment 

lnvestment Schedules (USSOOO) [see Note 21 
# D ~ c n ~ t ~ o n  
1 1996 underground and Aend Plpellne Rehab~l~tanon 
2 1997 Underground and Aenal Rpellne Rehabll~tat~on 
3 1998 Undereround and Aenal Ploellne Rehab~l~tataon 
4 1999 Underground and Aend ~Gellne Rehabllttat~on 
5 1996 Expendlture enabllng Vanable Flow Operatlon (VFO) 
6 1997 Expendlture enabllng VFO Controls & Regulatlon Syste 
7 1996 Substatlon lnvestment 
8 1997 Substatlon lnvestment 
9 1998 Substatlon lnvestment 

10 1999 Substatlon lnvestment 
II d a  

7otol loon ontowts 

Debt Servtce (USS000) 
# Descnotton 
1 1996 ijndeigmund and Aenal Plpellne Rehabtlltatlon 
2 1997 Underamund and Aenal Plpellne Rehab~l~tat~on 

1998 Underground and Aend ~tpellne Rehab~l~tataon 
1999 Underground and Aend Ptpellne Rehabllltatton 
1996 Expendlture enabltng Vanable Flaw Operatton (VFO) 
1997 Expendl~re enabllng VFO Controls & Regulatlon Syste 

7 1996 Substatlon lnvestlnent 
8 1997 Substatlan lnvestment 
9 1998 Substatton lnvestment 

10 1999 Substatlon In estment 
I I nl? 

7 1 I Rcpqnt nt on) "1s 

Notes 
I ~nc l  des d~rect costs tndtrect costs Owners costs contangency and real escalat~on 
2 ~ncludes cap tal e pend~ture and Interest durlng construction 
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Invest a Cost Input Sheet 

Loan # 
Investment Descrrptron 

In-Sew~ce Year (ISY = year 0) 
Base Year for Cap~tal Cost Est~mates 
Constructron lead tlme 
Useful lrfe 
Deprecratron term 
Loan repayment term 

Overnight Captal Cmts 
Component of Cost 

Western equrpment 
Russran equlpment 
Kyrgyz labor 
Kyrgyz materral 
Kyrgyz equgxment 
Total Overnrght Caprtal Cost 

1 
1996 Underground and Aerral Plpeline Rehabrlrtatlon 

January 1, 1997 
January 1 1995 

years 1 
years 35 
years 10 
years 10 

Base Year 
Drrect Costs I 0 &C Costs 

US$OOO 646 0 80 8 
US$OOO 0 0 0 0 
US$OOO 100 4 12 6 
US$OOO 200 6 25 1 
Us$o0!2 0 0 OA 
US$OOO 947 0 1184 

Calculate Interest Durlng Constructron 
Year of sewrce 
Calendar year 
Caprtal Expendrture Schedule, % of Overnrght Capltal Cost 

Western equrpment US$OOO 
Russlan equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kycgy z qupment  U S U !  
Total annual expenditure US$OOO 
Cumulatrve annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulative Caprtalrzed Cost US$OOO 

Total Caprtalrzed Cost = Loan Amount US$OOO 1218 9 

Caprtal cost real escalation rates 
Western 
Russian 
Kyrgyz labor 
Kyrgyz materral 
Kyrgyz equrpment 

Werghted Average Cost of Caprtal 
Indrrect Costs Owner's Costs and Contrngency 

Installed Year 
Total Costs Total Costs 

726 8 726 8 
0 0 0 0 

113 0 154 4 
225 7 233 4 

0 0 QD 
1,065 4 1,114 5 



Investment Cost Input Sheet 

Loan # 
Investment Descr~pt~on 

2 
1997 Underground and Aerral Prpellne Rehabllltatlon 

In Servrce Year (ISY = year 0) January 1 1998 
Base Year for Capltal Cost Estimates January 1, 1995 
Constructron lead tlme years 1 
Useful l~ fe  years 3 5 
Depreclat~on term years 10 
Loan repayment term years 10 

Overnlght Caprtal Costs 
Component of Cost 

Western equlpment 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyzequ~p-~nl  
Total Overnzght Capztal Cost 

Base Year 
Direct Costs 0 &C Costs 

US$OOO 4 361 8 545 2 
US$OOO 0 0 0 0 
US$OOO 677 5 84 7 
US$OOO 1 355 8 169 5 
US$OOO 0 4  L O  
US$OOO 6,395 0 799 4 

Calculate Interest Dur~ng Construct~on 
Year of servlce 
Calendar year 
Capltal Expenditure Schedule % of Overnlght Capltal Cost 

Western equ~pment US$OOO 
Russlan equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materral US$OOO 
Kyrgyz equpment Y S%Oo_O 
Total annual expendrture US$OOO 
Cumulat~ve annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulat~ve Cap~tal~zed Cost US$OOO 

Total Cap~tallzed Cost = Loan Amount US$OOO 8,429 2 

Capltal cost real escalation rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz material 
Kyrgyz equlpment 

Welghted Average Cost of Cap~tal 
Indrrect Costs Owners Costs and Contingency 

Installed Year 
Total Costs Total Costs 

4 907 0 4,907 0 
0 0 0 0 

762 2 1,217 6 
1,525 2 1 604 3 

0 0 0 0  
7,194 4 7,728 9 



e Investment Cost Input Sheet 

Loan # 
Investment Description 

In-Service Year (ISY = year 0) 
Base Year for Cap~tal Cost Estimates 
Construct~on lead tlrne 
Useful 11fe 
Depreciation term 
Loan repayment term 

Overn~ght Cap~tal Costs 
Component of Cost 

Western equipment 
Russlan equipment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz e q u y m n t  
Total Overnight Capital Cost 

January 1, 
January 1, 

years 
years 
years 
years 

US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$rnO 
US$OOO 

3 
1998 Underground and Aer~al P~pel~ne Rehabilltation 

Base Year 
Dtrect Costs ,O &C Costs 

2,865 0 358 1 
0 0  0 0  

445 0 55 6 
890 0 111 3 

D,O aa 
4,200 0 525 0 

Calculate Interest Dur~ng Construct~on 
Year of service 

Calendar year 1 ----- lG&[- ~ 

Capital Expenditure Schedule, % of Overnight Capltal Cost 100 -- 0% -- 
Western equipment US$OOO 3 223 i 
Russian equipment US$OOO 0 0  
Kyrgyz labor US$OOO 799 8 
Kyrgyz mater~al US$OOO 1,053 2 
K ~ r g ~ z  equipment uS$4M 08 
Total annual expend~ture US$OOO 5,076 1 
Cumulat~ve annual expend~ture US$OOO 5,076 1 
Interest accrued US$OOO 609 1 
Cumulative Capital~zed Cost US$OOO 5,685 2 

Total Capitalized Cost = Loan Amount US$OOO 5 685 2 

Capltal cost real escalation rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlpment 

Weighted Average Cost of Capital 
lnd~rect Costs, Owners Costs and Contingency 

Installed Year 
Total Costs Total Costs 

3,223 1 3,223 1 
0 0 0 0 

500 6 934 9 
1,001 3 1,071 1 

8 0 0 0  
4,725 0 5 229 1 



Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

4 
1999 Underground and Aer~al P~pellne Rehabllltat~on 

In-Serv-vlce Year (ISY = year 0) January 1, 2000 
Base Year for Capltal Cost Estlrnates January 1, 1995 
Construction lead tlrne years 1 
Useful llfe years 3 5 
Depreclatlon term years 10 
Loan repayment term years 10 

Overnlght Cap~tal Costs 
Component of Cost 

Western equipment 
Russlan equlprnent 
Kyrgyz labor 
Kyrgyz rnaterlal 
Kyrgyz equlprnent 
Total Overnzght Capztal Cost 

Base Year 
D~rect Costs ,O &C Costs 

US$OOO 1,335 0 166 9 
US$OOO 0 0 0 0 
US$OOO 207 0 25 9 
US$OOO 416 0 52 0 
Y S-$000 0 0 QD 
US$OOO 1 958 0 244 8 

Calculate Interest During Constructlon 
Year of servlce 
Calendar year 
Capital Expend~ture Schedule % of Overnlght Capital Cost 

Western equipment US$OOO 
Russian equlprn~~lt US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
K y m z  equlprnent US%OOQ 
Total annual expenditure US$OOO 
Cumulative annual expenditure US$OOO 
Interest accrued US$OOO 
Curnulatlve Capltallzed Cost US$OOO 

Total Cap~tal~zed Cost = Loan Amount US$OOO 2,729 9 

Capital cost real escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz rnater~al 
Kyrgyz equlprnent 

Welghted Average Cost of Capltal 
Ind~rect Costs Owner's Costs and Cont~ngency 

Installed Year 
Total Costs Total Costs 

1,501 9 1,501 9 
0 0 0 0 

232 9 508 4 
468 0 509 2 

0 0  0 0 
2 202 8 2,519 4 



a Invest Cost Input Sheet 

Loan # 
Investment Descr~pt~on 

5 
1996 Expenditure enabling Variable Flow Operation (VFO) 

In Servlce Year (ISY = year 0) January 1, 1997 
Base Year for Capital Cost Estimates January 1, 1995 
Construct~on lead t ~ m e  years 1 
Useful life years 3 5 
Deprec~at~on term years 10 
Loan repayment term years 10 

Qvernight C a p t a  Casts 
Component of Cost 

Western equrpment 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz material 
Kyrgyz equpment 
Total Overnrght Capztal Cost 

Calculate Interest Durrn~ Construct~on 

Base Year 
Direct Costs ,O &C Costs 

US$OOO 638 0 79 8 
US$OOO 0 0 0 0 
US$OOO 7 0 0 9  
US$OOO 0 0 0 0 
u s m  0 4  0 0 
US$OOO 645 0 80 6 

- 
Year of service I i&f--: i 
Calendar year - 

Capital Expenditure Schedule, % of Overn~ght Capital Cost -- - 100 -- 0% 
Western equipment US$OOO 717 8 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kxrgyz equp-ment 
Total annual expend~ture 
Cumulatlve annual expenditure 
Interest accrued 
Cumulatlve Cap~tal~zed Cost 

Total Caprtalized Cost = Loan Amount 

Cap~tal cost real escalatron rates 
Western 
Russian 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equipment 

Weighted Average Cost of Capital 
Indirect Costs Owner's Costs and Contrngency 

Installed Year 
Total Costs Total Costs 

717 8 717 8 
0 0 0 0 
7 9  10 8 
0 0 0 0 
0 0  0 4  

725 6 728 5 



Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

6 
1997 Expendlture enablrng VFO Controls & Regulation Systems 

In-Service Year (ISY = year 0) January 1 1998 
Base Year for Capltal Cost Estimates January 1 1995 
Construct~on lead t ~ m e  years 1 
Useful lrfe years 3 5 
Depreclatlon term years 10 
Loan repayment term years 10 

Overnight Capltal Costs 
Component of Cost 

Western equlprnent 
Russlan equlprnent 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 
Total Overnig/zt Capital Cost 

Base Year 
Direct Costs ,O &C Costs 

US$OOO 1 267 5 158 4 
US$OOO 0 0 0 0 
US$OOO 37 5 4 7 
US$OOO 0 0 0 0 
US$_oo_o 0 0 0 0 
US$OOO 1,305 0 163 1 

Calculate Interest Durlng Constructlon 
Year of service 

Calendar year 
Capltal Expendlture Schedule, % of Overnrght Capltal Cost 

Western equipment US$OOO 
Russran equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz materlal US$OOO 
Kyrgyz equipment US$OOO 
Total annual expend~ture US$OOO 
Cumulat~ve annual expendrture US$OOO 
Interest accrued US$OOO 
Cumulative Capltallzed Cost US$OOO 

Installed Year 
Total Costs Total Costs 

1,425 9 1 425 9 
0 0 0 0 

42 2 67 4 
0 0 0 0 
0 0 0 0 

1 468 1 1,493 3 

Total Capltal~zed Cost = Loan Amount US$OOO 1 661 6 

Capltal cost real escalat~on rates 
Western 
Russian 
Kyrgyz laboi 
Kyrgyz materral 
Kyrgyz equlprnent 

Weighted Average Cost of Capltal 
Indrrect Costs Owner's Costs and Cont~ngency 

1995 2000 2001 2014 
'Yo 0 0% 0 0% 
Yo 0 0% 0 0% 
?'o 16 9% 6 6% 
'Yo 1 7% 0 9% 
Yo 1 5% 3 2% 
Yo 12 0% 
Yo 12 5% 



Investm @ t Cost Input Sheet 

Loan # 
Investment Descrrptlon 

In-Serv~ce Year (ISY =year 0) 
Base Year for Caprtal Cost Estimates 
Constructlon lead trme 
Useful llfe 
Depreclatron term 
Loan repayment term 

Overnight Caprtal Cmts 
Dlrect Capltal Cost 

Western equlpment 
Russran equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equrpment 
Total Overnight Capltal Cost 

7 
1996 Substat~on Investment 

January 1 1997 
January 1, 1995 

years 1 
years 3 5 
years 10 
years 10 

Base Year 
Drrect Costs 1,0 &C Costs 

US$OOO 865 0 108 1 
US$OOO 0 0 0 0 
US$OOO 83 0 10 4 
US$OOO 0 0 0 0 
Y S $ W  0 0  0 0 
US$OOO 948 0 118 5 

Installed Year 
Total Costs Total Costs 

973 1 973 1 
0 0 0 0 

93 4 127 6 
0 0 0 0 
0-Q O Q  

1,066 5 1,100 7 

Calculate Interest Dur~ng Construct~on 
Year of servlce 
Calendar year 1998 1999 
Cap~tal Expenditure Schedule, % of Overnrght Capltal Cost 0 0% -- 

Western equrpment US$OOO 973 1 0 0 0 0 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz materlal 
K y w z  equlpment 
Total annual expendlture 
Cumulat~ve annual expendlture 
Interest accrued 
Cumulative Capltalrzed Cost 

Total Cap~tal~zed Cost = Loan Amount 

Cap~tal cost escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

We~ghted Average Cost of Capltal 
Indlrect Costs Owner's Costs and Cont~ngency 



Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

In-Sew~ce Year (ISY =year 0) 
Base Year for Cap~tal Cost Est~mates 
Construction lead tlme 
Useful l~ fe  
Deprec~at~on term 
Loan repayment term 

Qvem~ght Capltal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlpment 
Total Overnight Caprtal Cost 

January 1, 
January 1 

years 
years 
years 
years 

US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$OOO 

8 
1997 Substation Investment 

Base Year 
D~rect Costs ,O &C Costs 

4 537 0 567 1 
0 0 0 0 

437 5 54 7 
0 0 0 0 
O O  0 _0 

4,974 5 621 8 

Installed Year 
Total Costs Total Costs 

5,104 1 5,104 1 
0 0 0 0 

492 2 786 3 
0 0 0 0 
0- 0 0 0 

5,596 3 5,890 4 

Calculate Interest Dur~ng Construct~on - -- 

Year of service 

Calendar year 1997 1998 1999 , 
Cap~tal Expend~ture Schedule % of Overnight Cap~tal Cost - - 100 -- 0% 0 0% 0 0% 0 0% 

Western equipment US$OOO 5 104 1 0 0 0 0 0 0 0 0 . . 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlpment 
Total annual expenditure 
Cumulative annual expend~ture 
Interest accrued 
Cumulat~ve Capltal~zed Cost 

Total Capltal~zed Cost = Loan Amount 

Capltal cost real escalat~on rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

We~ghted Average Cost of Capltal 
Indlrect Costs, Owners Costs and Contingency 



a Invest Cost Input Sheet 

Loan # 
Investment Descrlptlon 

9 
1998 Substation Investment 

In-Service Year (ISY = year 0) January 1, 1999 
Base Year for Capltal Cost Est~mates January 1, 1995 
Construction lead t ~ m e  years 1 
Useful llfe years 3 5 
Deprec~atlon term years 10 
Loan repayment term years 10 

Overnlght Cap~tal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 
Total Overnrght Crprtal Cost 

Base Year 
D~rect Costs ,O &C Costs 

US$OOO 2 955 0 369 4 
US$OOO 0 0 0 0 
US$OOO 285 0 35 6 
US$OOO 0 0 0 0 
US$004 0-0 0 0  
US$OOO 3,240 0 405 0 

Calculate Interest Durlng Constructlon 
Year of setvlce 
Calendar year 

- - , 6 , k  -- - - 

Cap~tal Expenditure Schedule % of Overnight Capltal Cost 1000% - --- - _  
Western equipment US$OOO 3 324 4 
Russ~an equipment US$OOO 0 0 
Kyrgyz labor US$OOO 512 2 
Kyrgyz materlal US$OOO 0 0 
Kyrgyz equlpmsnt USSQo0 0 0  
Total annual expenditure US$OOO 3,836 6 
Cumulative annual expenditure US$OOO 3,836 6 
Interest accrued US$OOO 460 4 
Cumulat~ve Cap~tallzed Cost US$OOO 4,297 0 

Total Cap~tallzed Cost = Loan Amount US$OOO 4 297 0 

Capltal cost real escalat~on rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

We~ghted Average Cost of Capltal 
lnd~rect Costs Owner's Costs and Contrngency 

Installed Year 
Total Costs Total Costs 

3,324 4 3,324 4 
0 0 0 0 

320 6 598 8 
0 0 0 0 
0-0 0 0 

3,645 0 3 923 1 



Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

In Sewlce Year (ISY = year 0) 
Base Year for Capltal Cost Estimates 
Construct~on lead tlme 
Useful life 
Depreclatlon term 
Loan repayment term 

Overnlght Capltal Costs 
Component of Cost 

Western equlpment 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 
Total Overnlght Caprtal Cost 

January 1 
January 1 

years 
years 
years 
years 

US$OOO 
US$OOO 
US$OOO 
US$OOO 
US$O(IO 
US$OOO 

10 
1999 Substation Investment 

Base Year 
Dlrect Costs 0 &C Costs 

535 0 66 9 
0 0 0 0 

52 5 6 6 
0 0 0 0 
0 0 0 0  

587 5 73 4 

Installed Year 
Total Costs Total Costs 

601 9 601 9 
0 0 0 0 

59 1 128 9 
0 0 0 0 
00 0 0 

660 9 730 8 

Calculate Interest Durlng Construct~on - -  - - 

Year of sewlce .-I!/ 
Calendar year i 1999 + 

Capital Expenditure Schedule % of Overnrght Capital Cost 1 100 0% 
Western equipment US$OOO 601 9 0 0 0 0 0 0 
Russlan equipment 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 
Total annual expendlture 
Cumulat~ve annual expendlture 
Interest accrued 
Cumulat~ve Capltal~zed Cost 

Total Cap~tallzed Cost = Loan Amount 

Capltal cost real escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

Welghted Average Cost of Cap~tal 
Indlrect Costs Owners Costs and Contingency 

2003 1 - -- ow, 
0 0 





C a p ~ t a l  Imestment  Data Summary 

I estmenr Descnpnon Dlsmct Heatlng System Extens~on 

Economtr and Financtal Parameters 
Capital cost real wcalahon rates 

Westem 
RUSSIM 
Kyrgyz labor 
Kyrgyz matenal 
Kyrgyz equipment 

Wetghted Average Cost a f  Capttal 
Physacal connngenctes 

lnvestmrnt Summary 
tt Dexophon 
I Extenslon o f  hot water network 
1 nla 
3 nla 
4 nla 
5 nla 
6 d a  
7 nla 
8 nla 
9 nla 

10 nla 
II d a  

Total m crhrenl 

Capital Expendlbm Schedule (USS000) Isec Note 1) 
r 12mpllan 
I Extens~on of hot water network 
2 nla 
3 nla 
4 d a  
5 nla 
6 d a  
7 d a  
8 nla 
9 nla 

10 nla 
I 1  d a  

7otal an" o l  Ira d o  n 

Investment Schedules (USSOOD) (see Note 21 
# Descnphan 
I Ertenslon of hot water network 
2 nla 
3 nla 
4 nla 
5 nla 
6 nla 
7 nla 
8 nla 
9 d a  

I 0  ma 
II d a  

7 101 ban antonmtr 

Debt Service (USSOOO) 
# Descnptwn 
I Extenslon of hot \ ater network 
2 nla 
3 nla 
4 nla 
5 n/a 
6 nla 
7 n'a 
8 n a  
9 nla 

10 nla 
II d a  

7ornlRcptn el ran o nf 

Dlrect Costs 

5 650 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0  
0 0  
0 0 
0 0 
M 

5 650 0 

Nates 
I Includes d~rect costs ~ n d ~ r e c ~  costs 0\ ners costs contingency and real escalatron 
Z tncludes capttal expendlure and Interest dunng conslructlon 
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Investment Cost Input Sheet 

Loan # 
Investment Descr~pt~on 

In-Sew~ce Year (ISY = year 0) 
Base Year for Cap~tal Cost Est~mates 
Construct~on lead tune 
Useful l~ fe  
Deprec~ation term 
Loan repayment term 

Qvem~pht Capltal C- 
Component of Cost 

Western equlpment 
Russ~an equ~pment 
Kyrgyz labor 
Kyrgyz mater~al 
KyrW equlpment 
Total Overnzght Capztal Cost 

1 
Extens~on of hot water network 

January 1 200 1 
January 1 1995 

years 1 
years 35 
years 10 
years 10 

Base Year 
D~rect Costs 1,0 &C Costs 

US$OOO 4,025 0 503 1 
US$OOO 0 0 0 0 
US$OOO 541 0 67 6 
US$OOO 1,084 0 135 5 
u s 0 0 0  04 0 0  
US$OOO 5,650 0 706 3 

Calculate Interest Dur~ng Construct~on 
Year of servlce 
Calendar year 
Cap~tal Expend~ture Schedule, % of Ovem~ght Cap~tal Cost 

Western equ~pment US$OOO 
Russlan equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz mater~al US$OOO 
Kyrc-z eequlpment rrS%OOO 
Total annual expend~ture US$OOO 
Cumulat~ve annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulat~ve Cap~tal~zed Cost US$OOO 

Total Cap~tal~zed Cost = Loan Amount US$OOO 8 045 6 

Cap~tal cost real escalat~on rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlpment 

We~ghted Average Cost of Cap~tal 
Ind~rect Costs Owner's Costs and Contingency 

Installed Year 
Total Costs Total Costs 

4,528 1 4 528 1 
0 0 0 0 

608 6 1,416 4 
1,219 5 1 338 7 

&0 0 0 
6,356 3 7,283 2 
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Investment Cost Input Sheet 

Loan # 
Investment Descrlptlon 

In-Serv~ce Year (ISY = year 0) 
Base Year for Capltal Cost Estimates 
Construction lead tlme 
Useful lrfe 
Deprec~at~on term 
Loan repayment term 

Overnlght Cap~tal Costs 
Component of Cost 

Western equlprnent 
Russlan equlpment 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equlpment 
Total Overnzght Caprtal Cost 

1 
New TG for TES-I - 83 7 MWe (net) 

January 1 2002 
January 1, 1995 

years 2 
years 3 5 
years 10 
years 10 

Base Year 
Dlrect Costs I 0 &C Costs 

US$OOO 0 0 0 0 
US$OOO 19 640 0 2 455 0 
US$OOO 1 1400 142 5 
US$OOO 280 0 35 0 
U!S$OOO 0 0 o_o 
US$OOO 21 060 0 2 632 5 

Calculate Interest Durlng Constructlon 
Year of service -2 1 
Calendar year 1 - ~030  -- 1 
Capltal Expenditure Schedule % of Overnight Capltal Cost 1 50 - 0% - I 

Western equipment US$OOO 0 0 
Russ~an equipment US$OOO 11 0475 
Kyrgyz labor US$OOO 1 399 9 
Kyrgyz mater~al US$OOO 171 4 
Kyrgyz equipment US$OOO 0 0 
Total annual expenditure US$OOO 12,618 8 
Cumulat~ve annual expenditure US$OOO 12,618 8 
Interest accrued US$OOO 1 514 3 
Cumulat~ve Capltal~zed Cost US$OOO 14 133 0 

Installed Year 
Total Costs Total Costs 

0 0 0 0 
22 095 0 22,095 0 

1,282 5 3 181 6 
315 0 348 9 

0 0 0 0 
23,692 5 25 625 5 

Total Capltallzed Cost = Loan Amount US$OOO 30 067 2 

Capltal cost real escalat~on rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlprnent 

Welghted Average Cost of Capltal 
Indlrect Costs Owners Costs and Cont~ngency 
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Investment Cost Input Sheet 

Loan # 
Investment Description 

In-Sewlce Year (ISY = year 0) 
Base Year for Capital Cost Estimates 
Construction lead tlme 
Usehl life 
Deprec~atlon term 
Loan repayment term 

Overnight C a m 1  CQSB 
Component of Cost 

Western equlpment 
Russian equlpment 
Kyrgy z labor 
Kyrgyz materlal 
Kyrgyz equ~pment 
Total Overnzght Capztal Cost 

1 
New HOBs # l  50 Gcallhr 

January 1, 2005 
January 1 1995 

years 2 
years 35 
years 20 
years 20 

Base Year 
Direct Costs I 0 &C Costs 

US$OOO 0 0 0 0 
US$OOO 900 0 I125 
US$OOO 200 0 25 0 
US$OOO 100 0 12 5 
USWQ 0 0  D 0 
US$OOO 1,200 0 150 0 

Calculate interest Durrng Construct~on 
Year of servlce 
Calendar year 
Cap~tal Expenditure Schedule % of Overnight Capltal Cost 

Western equipment US$OOO 
Russ~an equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz material US$OOO 
Kyrgyz equipment U!OOO 
Total annual expenditure US$OOO 
Cumulatlve annual expenditure US$OOO 
Interest accrued US$OOO 
Cumulative Capitalized Cost US$OOO 

Installed Year 
Total Costs Total Costs 

0 0 0 0 
1 012 5 1 012 5 

225 0 676 1 
1125 128 0 

0-0 0 0 
1 350 0 1,816 6 

Total Cap~tallzed Cost = Loan Amount US$OOO 2,080 3 

Capital cost real escalation rates 
Western 
Russlan 
Kyrgyz labor 
Kyrgyz mater~al 
Kyrgyz equipment 

We~ghted Average Cost of Capital 
lndrrect Costs Owners Costs and Contingency 
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Investment Cost Input Sheet 

Loan # 
Investment Descr~pt~on 

In-Service Year (ISY = year 0) 
Base Year for Cap~tal Cost Estimates 
Constnict~on lead tlme 
Useful llfe 
Depreclat~on term 
Loan repayment term 

Overn~ght Captal Costs 
Component of Cost 

Western equlpment 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlprnent 
Total Overnight Capltal Cost 

1 
New HOBs #I - 50 Gcalhr 

January I 2003 
January 1, 1995 

years 2 
years 35 
years 20 
years 20 

Base Year 
Dlrect Costs I 0 &C Costs 

US$OOO 0 0 0 0 
US$OOO 900 0 1125 
US$OOO 200 0 25 0 
US$OOO 100 0 12 5 
US$OOO 0 0  0 0  
US$OOO 1 200 0 150 0 

Calculate Interest Durlng Construction 
Year of serv~ce 
Calendar year 1 - 

- - 

Capltal Expenditure Schedule, % of Overn~ght Cap~tal Cost !- - 
Western equipment US$OOO 
Russlan equipment US$OOO 
Kyrgyz labor US$OOO 
Kyrgyz mater~al US$OOO 
Kyrgyz equipment U S 3 0  
Total annual expend~ture US$OOO 
Cumulative annual expenditure US$OOO 
Interest accrued us$ooo 
Cumulative Cap~tal~zed Cost US$OOO 

Total Cap~tal~zed Cost = Loan Amount US$OOO 1,990 3 

Cap~tal cost real escalat~on rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

Welghted Average Cost of Capltal 
lndlrect Costs Owners Costs and Contingency 

Installed Year 
Total Costs Total Costs 

0 0 0 0 
1 012 5 1 012 5 

225 0 595 0 
1125 125 7 

0 0 0 0  
1,350 0 1 733 2 



4B Investment Cost Input Sheet 

Loan # 
Investment Descr~pt~on 

2 
New HOBs #2 - 3x50 Gcallhr 

In-Serv~ce Year (ISY = year 0) January 1, 2005 
Base Year for Cap~tal Cost Est~mates January 1, 1995 
Construct~on lead tlme years 2 
Useful l ~ f e  years 3 5 
Deprec~at~on term years 20 
Loan repayment term years 20 

Overn~ght Cap~talLCosts 
Component of Cost 

Western equlpment 
Russ~an equlpment 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlEment 
Total Overnzght Capztal Cost 

Base Year 
Dlrect Costs ,O &C Costs 

US$OOO 0 0 0 0 
US$OOO 2,700 0 337 5 
US$OOO 600 0 75 0 
US$OOO 300 0 37 5 
US$DO4 09 U 
US$OOO 3,600 0 450 0 

Installed Year 
Total Costs Total Costs 

0 0 0 0 
3,037 5 3,037 5 

675 0 2,028 4 
337 5 384 0 

an QO 
4,050 0 5,449 9 

Calculate Interest Dur~ng Construct~on 
Year of servlce 
Calendar year 1 - --- %q - 

Cap~tal Expendtture Schedule, % of Overnight Capltal Cost 50 - 0% 
Western equ~pment US$OOO 0 0 
Russ~an equipment US$OOO 1,518 8 
Kyrgyz labor US$OOO 892 5 
Kyrgyz material US$OOO 188 6 
Kyrgyz equ~pm~nt  US$OOO 0 0  
Total annual expendtture US$OOO 2,599 9 
Cumulat~ve annual expenditure US$OOO 2,599 9 
Interest accrued US$OOO 312 0 
Cumulat~ve Cap~tal~zed Cost US$OOO 2911 8 

Total Cap~tal~zed Cost = Loan Amount US$OOO 6 241 0 

Cap~tal cost real escalation rates 
Western 
Russ~an 
Kyrgyz labor 
Kyrgyz materlal 
Kyrgyz equlpment 

We~ghted Average Cost of Cap~tal 
Ind~rect Costs Owner's Costs and Contingency 



APPENDIX IV 

HEAT SOURCE ALTERNATIVES 
FOR THE BISHKEK DISTRICT HEATING SYSTEM: 

GAS AND ELECTRODE MASS BOILERS 



1.0 DISTRICT HEATING SOURCE ALTERNATIVES 

In addibon to exammg decentrahzed altemabves (electnc resistance heating and local gas fired 
boilers, See Secbon 2 4) to the current distnct heatmg system, Bums and Roe, jointly with AEP 
Energy Services, also explored different distnct heabng source alternahves Under these 
scenarios, TES-1 would no longer provide heat for the distnct heatmg system The heatmg load 
of TES-1 would be replaced by the use of Electrode or Gas Mass boilers or a new Combined 
Cycle Plant Parts of the onginal distnct heahng system would sol1 be kept, depending on the 
scenano Under the mass boiler opbons, TES-1 would be rewed completely The mass boilers 
would then supply the heat, and electncity would be supplied from the gnd Thls gnd power 
would most hkely come from Krygyzstan's large hydroelectnc power sources Under the 
Combined Cycle Plant opbon, the plant would generate electncity and make-up the capacity lost 
by the rebmg of TES-1 

1 1 Electric Mass Boller Optlons 

Under th~s alternabve two different opbons are explored They both involve using electrode 
mass boders to provide the heat and hot water for the city distncts In the first ophon, the 
boders are located at TES 1, whlle m the second, they are located at the exlshng pumping 
stabons The following Table shows the thermal load for Bishkek for the year 1997, associated 
electrical demand, and the requlred electnc transmssion capacibes This data 1s also presented 
in Section 2 2, Load Forecast It was taken from the most probable Distnct Heabng Load 
Forecast, Scenano 1B The 1997 Distnct Heahng load was chosen as the design heat load 
because ths is the maxlmum load for the study penod The future heat load is projected to go 
down as a result of distnct heatmg system efficiency improvement and dampening of heat 
demand due to future pnce increases 



Anticipated Boiler Thermal Demand For Electrode Boilers 

Electncal Demand is calculated from the thermal load assuming a 98% electrode boder 
efficiency 

Bozler 
Stanon 

No 1 

No 2 

No 3 

No 4 

No 6 

No 7 

No 8 

No 9 

No 11 

TOTAL 

Electncal High Voltage Transmssion Lme Design Includes a 10% design margin over the 
Electric Demand Th~s table is only for design of electnc Transmssion and Distnbubon 
hnes 

27wrmal Load 
1995 
(Mw,) 

88 

74 

95 

59 

59 

160 

233 

172 

108 

1047 

Electnc 
Transmlsszon 

IJeszgn2 
m) 

108 

91 

117 

73 

73 

197 

286 

21 1 

131 

1287 

Thermal Load 
1997 
(Mw,) 

96 

81 

104 

65 

65 

175 

255 

188 

117 

1146 

Electrical 
 ema and' 
mid 

98 

83 

106 

66 

66 

179 

260 

192 

119 

1169 



Electrode Bozlers 

Electrode boilers generate steam (or hot water) by dlrect passage of an electnc current 
through a stream of water Steam is created by resistance heabng of the water Water is 
circulated wthm the boder by a circulabng pump whlch rases water from a boiler reservoir 

to a nozzle header From the nozzle header, the water flows by gravity through nozzles that 
dlrect streams of water to an electrode After s t n h g  an electrode, the water flows to a 
counter electrode mounted dlrectly below the man electrode The water then flows back to 
the resewon- 

The boiler output is controlled by varymg the flow of water This can be done by throtthg 
the pump output with a control valve, by varylng the pump speed, or by adjustmg the 
posibon of a control sleeve around the nozzle header to vary the number of water streams 
stnlang the electrode Large Electrode boders typically operate at voltages from 4 16 to 25 
kV and can be supphed dlrectly from the distnbuhon system 

Figure IV-1 shows a schemabc of typical electrode boder stabon Two mam closed loops 
are shown m the figure The first loop contams the electrode boilers, boiler feed pumps, the 
man distnct heabng heat exchangers, and the dram tank Water 1s heated into steam m the 
electrode boilers and sent to the man distnct heabng heat exchangers The steam is 
condensed m the heat exchangers, and the condensate drams into a storage tank It is then 
pumped back to the electrode boders employing the boder feed pumps A provision for 
makeup water is made for ths loop to provide for water lost in boder blowdown and system 
leakage The makeup water is supplted from the deaerated water storage tanks 

The distnct heatmg water is returned to the boiler stabon by the distnct heabng pumps and 
then sent to the mam heat exchangers Deaerated makeup water is also added to the distnct 
heabng water m the boiler stabons to makeup for the loss of domesbc water used by the 
populabon Makeup water for the system 1s supphed from city water supply The city water 
is first heated and then sent to softeners and filters to improve its chemical quality The 
water is heated agan and sent to the atmosphenc deaerator From the deaerator, the water is 
sent to a storage tank This water is then used as makeup for both the distnct heahng water 
and electrode boder water 

The deaerated water storage tanks also work as accumulators The storage tanks are filled 
with deaerated water at night when the demand of domesbc hot water is low Dunng the 
morning hours when the domesbc water demand peaks due to mcreased use by the city 
population, the storage tanks work as buffers to meet the vanabons in demand dunng a 24 
hour penod A par of pressuming pumps are provided to keep the system water pressure 
above the vapor pressure for the distnct heahng water loop Th~s is necessary to avoid the 
hot water (maximum water temperature 150 C) from flashing mto steam, because such 
flashmg would result in hot water transmission and distnbubon piping damage A dump h e  
with a pressure control valve is provided to release over pressure from the distnct heatmg 
hnes to the deaerated water storage tanks 





(a) Electrode Bozlers Located at lES I 

The first electnc heabng opbon considers the use of electrode mass boilers placed at the TES 
1 site Under k s  opbon, a group of mass electrode boders will be housed at TES 1 whch 
will provide all the heat and domesbc hot water reqwrements for the city disttrcts The 
current distnct heatmg hot water transmssion and distnbubon piping wdl be used to 
transport the water to the exlstmg booster pump stabons, and then to the mdividual buddmgs 

From the cost data it is obvious that the electnc transmission h e  improvements compnse the 
largest part of the total cost Thls is because currently, the electncal transmission hnes can 
only supply 200 MW of imported outside gnd power to the city of Bishkek Over 1200 MW 
of electnc power will be needed for the electrode boders m the year 1997 Sigmficant 
enhancements to the exlstmg 500 kV transmission system are requlred to adequately transmt 
the electncal power from the proposed generabon sites m the southern regions of the country 
to the city of Bishkek In addibon, the large electncal peak demand will require dlrect 
supply for the electrode boders from the 500 kV transmission hne brought mto the city of 
Bishkek The requlred electnc transmssion system reinforcement for the electrode boder 
opbon is shown in Figure IV-2 The electrode boder conceptual transmission expansion plan 
and the requlred electncal transformabon capacibes are also hsted m the Tables 

The transmssion system expansion plan was modeled m a power flow sirnulabon program to 
examme the distnbubon of power flow over the 500 kV network The reinforcement has 
been designed such that the loss of a major 500 kV facdity would not result m any remamng 
facdibes exceeding then emergency ratmgs Under winter condibons, when the peak load on 
the distnct heabng system is expected to occur, the emergency rabng can be as hgh as 140% 
of the conductor's normal ratmg The quesbon of the steady-state stability of the proposed 
transmssion system configurabon was not addressed Due to the cnbcal nature of the 
Central Aslan 500 kV transmssion nng, a thorough analysis would require detsuled 
representabon of the entue 500 kV system m Central Asia This analysis is beyond the 
scope of this work 

The proposed electnc transmission and distnbubon expansion plan will mclude approxlmately 
500 krn of 500 kV transmission h e s  The plan also would requlre three new 500 kV 
substabons and 1500 MVA of 500/220/25 kV transformer capacity Reacbve power 
correcbon in the form of shunt capacitors would also be required to provide adequate voltage 
support 





Electrode Mass Boiler Cost Data: Option 1 
(l3oders Located at TES #1) 

Deszgn b a d  for 1997 
(Mw,) 
TOTAL 

1146 
> 

$ This cost lncludes upgrading of the plant wth the new boilers, water storage tanks, and a 
20 % allowance for shlpping , insurance, handling, etc 

** This cost includes all electnc transrmssion improvements including 500 kV and associated 
electnc transformer stabons This excludes Kambarata plant integration with Toktogul- 
Frunzensha 500 kV line 

Needed Capaczty (MwT ) 
TOTAL 

1146 

Cost of 
~ozlers*, Thous 

USD 

$14,000 
F 

Szze and No of Unzts 
TOTAL 

23 x 50 MWT 

Cost of Dzstnct 
Heahng System 

Upgrades, Thous USD 

$25,200 

Cost of Electnc 
Transmzssion 

upgrade**, Thous 
USD 

$166,600 

Total Cost, 
Thous USD 

$205,800 



New Transmission Line Requirements 
03oders Located at TES 1) 

TOTAL 1 $139,000 1 

lYansmzsszon Lzne 

500 kV Supply 

Frunzensha Bishkek 
TES1 

Bishkek-Kern 

New Generation 
Integration 

Kambarata - Kermn 

New Station and Transformer Requirements 
(Boders Located at TES #I) 

Conductor 
TKP~ 

AC-3-300 

AC-3-300 

AC-3-300 

TOTAL I 

e 

Cost, Thous 
USD 

$32,700 

$25,100 

$8 1,200 

Length 
(km) 

125 

110 

260 

Locahon 

Bishkek TES #1 500/25kV 

Rang m) 

1740 

1740 

1740 

Capacrty 

1500 MVA [3x500] 

Cost, Thous USD 

$23,700 



(b) Electrode Boilers Located at the Pumpzng Stanons 

Under the second opbon, electrode mass boders are to be placed at the locabons of the 
current pumpmg stabons At these stabons the boders would heat the distnct heabng return 
water and then pump it to the individual bulldlngs through the local heat substabons With 
this ophon, the hot water transmssion pipmg from TES #1 to the pumping stabons would not 
be used, only the exlsbng, smaller diameter distnbubon lines wdl stdl be used 

The following Table shows a budgetary cost esbmate for this opbon The man cost item m 
this cost esbmate is sbll the new electnc transmission and distnbubon lines As indicated 
before, significant enhancements to the exlsbng 500 kV transmssion system are requlred to 
adequately transmit the electncal power to the city of Bishkek In addibon, the large 
electncal peak demand wdl requlre the development of an extensive 220 kV distnbubon 
system to duectly supply the electrode boders The requred electrrc transmission system 
reinforcement for this electrode boder opbon is shown m Figure IV-3 The electrode boder 
conceptual transmssion expansion plan and the requlred electrrcal transformagon capacibes 
for this opbon are also given m Tables The electnc transmssion and distrlbubon costs 
associated with this opbon are larger when compared with the first opbon since more 
distnbubon llnes are required to carry electnc power to all ten pumping stabons as opposed 
to carry~ng electnc power to all electrode boders located at one locabon (at TES 1 site) 
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Electrode Mass Boiler Cost Data: Option 2 
CBollers Located at Current Pumvin~  Stahons) 

Total Cost, Thous 
USD 

Bozler 
Statron 

New 500 kV Transmission Lines (4 Lines, 476 km Total Length), 
Transformers (2) and Ala Archa-Vostochnma 220 kV line 

I Upgrade of Distnct Heatlng System I $25,200 

Needed Capaczty 
( . I  

1 TOTAL 1 1146 1 I $39,720 
- 

I I 1 I 

$ This cost includes upgrading of the pumping stations with the new boilers, water s 
lines, and a 20% allowance for shipping, mnsurance, handling, etc **This cost inch 
except mtegratlon of Kambarata plant into Toktogul-Frunzenskaia 500 kV lme 

Szze and No 
of Unrts 

I I 
.orage tanks, rehabilitation of the hot water distribution 
des all electric Transmission & Distribut~on improvements, 

Cost of Borler ~ tahons~ ,  
%US USD 

Cost of Electnc 
Transmrssron upgrade**, 

%US USD 



New Transmission Line Requirements 
(Boder Located at Current Pumping Stabons) 

Tra~~~mzsszon Lzne 

SO0 kV Supply 

Frunzensha-Ala Archa 

Ala Archa-Bishkek 

Bishkek-Kern 

220 kV Dstnbution 

Ala Archa - Boder Stabon No 3 

Ala Archa - Bofler Stabon No 6 

Ala Archa - Vostochnaa 

Vostochnaa - Boder Stabon No 1 

Vostochnaa - Boder Stabon No 2 

Vostochnaa - Boder Statron No 4 

Vostochnaa - Boder Stabon No 7 

Bishkek - Boder Stabon No 8 

Bishkek - Boiler Stabon No 9 

Bishkek - Boder Stabon No 11 

New Generation Integration 

Kambarata - K e r n  

Conductor 
I ) P ~  

AC-3-300 

AC-3-300 

AC-3-300 

AC-300 

AC-300 

[AC-2-3001 

AC-300 

AC-300 

AC-300 

AC-300 

AC-300 

AC-300 

AC-300 

AC-3-300 

Length 
m) 

100 

16 

100 

20 

20 

15 

2 

2 

3 

3 

20 

15 

15 

260 

Rahng 
(Mw) 

1740 

1740 

1740 

270 

270 

550 

270 

270 

270 

270 

270 

270 

270 

1740 

TOTAL 

Cost, Thous 
USD 

$25,100 

$4,000 

$25,100 

$2,900 

$2,900 

$3,800 

$500 

$500 

$700 

$700 

$2,900 

$2,200 

$2,200 

$81,200 

$154,700 



New Station and Transformer Requirements 
(Boder Located at Current Pumping Stabons) 

Cost, Thous USD 

$24,200 

$23,700 

$3,900 

$51,800 

Locanon 

Ala Archa 5001220 kV 

Bishkek 5001220 kV 

Kemn 500 kV 

Capaczty 

1500 MVA [3x500] 

1500 MVA 13x5001 

TOTAL 



1.2 Gas Mass Boiler O~tlon 
L 

Car Bozlers Located at the Pwnpzng W o r n  

Under h s  opbon large gas boders wdl be placed at the exlstmg pumpmg stabons to provide 
heat and hot water to the ten city Qstncts m Bishkek In thls opbon, the hot water transmission 
pipmg from TES 1 currently bemg used by the distnct heatmg system wdl be retued, and only 
the smaller diameter Qstnbubon pipmg wdl be used Thls piping wdl be refurbished to replace 
the leaky pipes and deteriorated thermal msulabon 

The schematic Qagram for the gas fired boller stabons wdl be essenbally the same as that for 
the electrode boders Both types of boders would produce steam which wdl be condensed m 
the heat exchangers to heat the return distnct heatmg water Therefore, a separate diagram for 
gas fired boders is not provided Under both schemes, hot water storage would need to be 
provided at the boders statrons to provide the hot water dunng peak demand penods Cost of 
the hot water storage tanks have been mcluded m the budgetary cost esbmates 

At the present, natural gas is used m the city of Bishkek for mdustnal use and for cookmg m 
apartments Some of the mdustnes usmg gas are glass manufactumg, chemcals and 
agricultural products factones The hot-water pealung boders at TES 1 and TES 2 also use 
natural gas as fuel Currently, only 124 apartments bulldmgs and some pnvate homes use 
natural gas for comfort heatmg 

At the present bme, there is a 720 mdhmeter cross-country gas hne, located 20 km from 
Bishkek, that runs from Uzbehstan to the cclty of Almaty m Kazakhstan All the exlstmg gar 
pipehes in the City of Bishkek are fed from h s  transmssion line These two man 
distnbubon h e s  supply gas to the eastern and western parts of the city The h e  servmg the 
western Qstncts of the city has a Qameter of 219 mm, whde the eastern dismcts are supphed 
with a 720 mm diameter h e  

Located 20 km outside the city of Bishkek is a gas compressor stabon At this stabon the 
natural gas pressure of the transmssion h e  is mcreased from 25 atmg to 35 atmg Currently, 
there are only three mam consumers using natural gas These are TES 1, TES 2 and the 
Frunze boder plant Both TES 1 and TES 2 requue a natural gas pressure of 3 atmg, whde the 
Frunze plant only requlres a pressure of 1 atmg 

The Kyrgyz Repubhc consumes approximately 1 4 bdhon cubic meters of gas per year at the 
present bme The use of decentrahed mass gas boders wdl greatly increase these figures The 
follomg Table shows proposed locations of the gas boders and theu esbmated gas 
consumpbon under the decentrahzed gas heabng scheme 



Gas Mass Boilers Option: Gas Consumption 
t m I Western ~ l t y  ~ s t n c t s  

Locahon 1 Gas Consmpt~on. rn3h 1 PIpe Line D~ameter, mm 1 
TES2 

Frunze Plant 

Boder Stabon No 1 * 
Boiler Stabon No 3* 

Boiler Stahon No 6* 

, Boder Stabon No 8* 

42,500 

32,700 

14,400 

TOTAL 

I Boiler stabon NO 11 * I 

219 

2 19 

426 

15,500 

9,500 

38,600 

153,200 

Boder Stahon No 7* 

Boder Stabon No 9* 

I TOTAL I 155,400 I I 

425 

425 

530 

1 I I * = With the proposed mass gas boilers installed 
I 

Eastern Clty DIstncts 

26,400 

24,700 

'lhs alternabve will require an expansion of the current natural gas pipeline system that 
supplies the city of Bishkek New pipelines wlll need to be added to connect from the current 
distnbubon lines to the new boders at the pumpmg stabons The current distnbuhon hne that 
supplies the western city distncts wdl need to be enlarged to handle the increased volume of 
gas The exishng 720 mm hne which supphes the eastern distncts will not need replacement 

TES1 

Boiler Stabon No 2* 

Boiler Statron No 4* 

530 

426 

Along with the expansion of the natural gas lmes, the current pumping stahons will also need to 
be refurbished Since the gas boders wdl be located at the present pumping stahons, these 
facilihes must be expanded to accommodate the new bollers, water storage tanks, and other 
related equipment The exlstmg hot water distnbubon pipmg wdl be used under ths ophon, 

65,400 

12,000 

9,600 

720 

426 

325 



md will need rehabhtabon The Table below shows budgetary cost esbmates for this opbon 

Gas Mass Boiler Cost Data 
(Boders Located at the Current Pumpmg Stabons) 

Bozler Stahon Prpe Cost m 
17lous USD 

Gas Lzne 
Length to 
Bozler, km 

Gas 
Transmssion 
Header 

No 1 

No 2 

No 3 

No 4 

No 6 

No 7 

No 8 

No 9 

No 11 

Upgrade of 
Dlst~~ct Heatmg 
System 

Rehabhtabon of 
Man Gas 
Transmssion 
Lme 

TOTALS 

Bozler Cost in 

l?zous USD 
Total Cost, 
Thous USD 

11 8 

1 8  

11 

0 45 

0 2 

0 9 

0 15 

0 3 

0 81 

0 3 

17 81 

$3378 

$500 

$307 

$136 

$60 

$262 

$46 

$100 

$242 

$91 

$5,122 

$4,300 

$3,700 

$4,700 

$2,900 

$2,900 

$7,900 

$11,500 

$8,300 

$5,400 

$50,250 

$3378 

$4,800 

$4,007 

$4,836 

$2,960 

$3,162 

$7,946 

$1 1,600 

$8,542 

$5,491 

$25,200 

$20,000 

$101,922 



Summary of Mass Boiler Options 

The followrng Table shows a summary of the costs associated with all the distnct heatmg source 
alternabves explored in this sectron The table shows that the lowest capital costs are assocmted 
with the opbon of the gas mass boders located at the existmg pumping statrons The costs 
associated with the gas boders opbon are approxlmately one-half to one-thud the cost of the 
electnc mass heatmg opbons Tlus large cost difference is due to the massive improvements m 
the electnc transmssion and distnbubon systems needed to handle the more than 1200 MWe 
Increase in electrical load from the use of electnc boders The cost of the electnc transmssion 
and distnbubon upgrades approxlmately 200 Milhon US Dollars Ths cost includes the total 
cost of the 500 kV transmssion system reinforcements required to bnng the power supply to 
the northern region The cost of the electnc heatmg opbons would be increased by 
approxlmately 100 mdhon USD if the Kambarata plant integrabon with the Toktogul- 
Frunzenskam 500 kV line are included in the analysis 

Costs Summary: Mass Boilers Option 

Ihstnct Heafzng Alternahve 

Electrode Mass Boders Located at TES 1 

Electrode Mass Boders at the Pumping Stabons 

Gas Mass Boders at the Pumping Stabons 
* 

Assocuded Cost, USD 

$205,800,000 

$246,200,000 

$101,922,000 -. 
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Appendix G 

Transmssion System Performance 



I 0 TRANSMISSION SYSTEM PERFORMANCE 

The results of a power flow calculation for 1997 wnter conditions, pnor to implementation of the 
proposed reinforcement program, 1s presented in ExhIblt G-1 The power flows on the 220 kV 
and 1 10 kV transmsslon system servlng the City of Bishkek are displayed The generation 
dispatch at Bishkek TES 1 is 280 MW 

The results of a power flow calculatlon for 1997 winter conditions, followng implementation of 
the proposed redorcements, is presented m E h b i t  G-2 As shown on ExhIblt G-2, the Ala 
Archa substation prowdes 150 MW to the City 1 10 kV system Ths new source reduces the 
Glavnaja 22011 10 kV transformer flows by a total of 63 MW The 110 kV system voltages are 
Improved by three to five percent 

It 1s anticipated that an operating procedure to balance the load among the two 2201100 kV 
sources semng the City, i e , Glavnaja 220/110 kV and Ala Archa 22011 10 kV will need to be 
developed by KNEHC The operating procedure will need to reflect 1) the effect of the 
generation dispatch at Bishkek TES 1 (m ths  case ~t is dispatched at 280 MW), 2) the load in the 
City, and 3) the load in the Northern regon The objective of the operating procedure should be 
to balance the loadmgs on the Kara Balta-Glavnaa 220 kV and Frunzenskma-Ala Archa 220 kV 
hnes, until such time that a second 220 kV line can be constructed fiom Frunzenskaia to Ala 
Archa 

From inspection of Exh~bit G-2, the power flow on the Chuiskaa 22011 10 kV transformer IS 20 
MW Ths  power flow helps to support the Kant-Ivanovka 1 10 kV hne Inspection of Exh~bit G- 
2, however, reveals the Kant-Ivanovka 110 kV lme flow increased by 12 MW, fiom 128 MW to 

a 
140 MW Ths increase would have been greater If not for the Chuiska~a 22011 10 kV 
development The introduction of Ala Archa substation has the effect of reduclng support to 
Bystrovka The Chuiskaja substation counteracts ths  effect by strengthening the support to the 
Tok Mak area provlded by the Glavnaia-Bystrovka 220 kV line 
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