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Abstract

The present paper deals with general aspects of ENPEP applications in Russia. Great
interest exists in Russia in studying the well-established and sound methodology of energy
planning that is offered by ENPEP. Since Russia is a country in economic transition moving
from a centrally planned economy to a market oriented one, modifications of the methodology
and practices of energy planning are necessary. The possibility of using ENPEP for launching
new studies was therefore interesting. The first Russian ENPEP study focused on the Far-East
Region of Russia. It was carried out by a team of Russian experts who participated in the
Interregional Training Course on "Integrated Energy and Electricity Planning for Nuclear Power
Development with Emphasis on the ENPEP Package" held at the Argonne National Laboratory
(ANL), USA, in 1992. A second ENPEP application was completed for the St.-Petersburg
region at the Institute of Nuclear Reactors, Russian Research Centre "Kurchatov Institute",
Moscow. The third ENPEP study described in the paper was conducted by a team of Russian
experts who participated in the Interregional Training Course on "Electric System Expansion
Planning", ANL, 1993. This study focused on the Central Power Pool of Russia. The present
paper is divided into three parts. Some background economical information on Russia is given
in Part 1. The core of the paper is represented by Part 2 which describes the characteristic
features of the ENPEP studies that have been conducted in Russia as well as the experience
gained through these studies. The last part presents some suggestions on further applications
of ENPEP in Russia, especially with respect to broadening its use in order to cover the entire
country.

1. BACKGROUND INFORMATION ABOUT RUSSIA AND ITS ENERGY SECTOR

1.1. General Overview

Russia is a large country occupying the Eastern part of Europe and the Northern part of
Asia. In the North, the border of the country is the Arctic Ocean, Finland being the farthest
north-west neighbour. At the West and Southwest, the country is surrounded by the newly
independent states all former members of the Soviet Union, with Kazakhstan being the largest
of them. The South region of Russia has a common border with Mongolia and China. The
Eastern border of the country is the North Pacific Ocean with Japan and the Alaska State of
the USA being the nearest neighbours. Russia has an area of about 17 million km2. The
country is divided into numerous administrative units: provinces and republics. The regions of
the country differ significantly by area, the natural conditions, the ethnical origins and the
composition of the population, and the economic development.
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According to the latest statistics ll-2], the population of Russia amounts to about 150
million inhabitants. The average population density in the country is 8.7 inhabitants per km2.
This number varies significantly from region to region with more than 100 inhab./km2 for some
provinces in the European part of Russia to less than 1 inhab./km2 in the large territories of
Siberia. The development of the population over the last decade and the structure of the
population are shown in Table 1.1.

Table 1.1. Major Characteristics of the Population of Russia [li2]

Year

1985

1986

1987

1988

1989

1990

1991

1992

1993

Population (million)

TOTAL

143.8

145.1

146.3

147.4

148.9

148.5

148.7

148.6

148.4

Urban

104.1

105.7

107.1

108.4

109.2

109.8

109.7

-

-

Rural

39.7

39.4

39.2

39.0

38.8

38.7

39.0

-

-

Men

66.9

67.7

68.4

69.0

69.4

69.7

69.9

-

-

Women

76.9

77.4

77.9

78.4

78.6

78.8

78.8

-

-

Density (inhab./km2)

8.42

8.50

8.57

8.63

8.72

8.70

8.71

8.70

8.70

The GDP (Gross Domestic Product) parameters are summarized in Table 1.2 [1>2). These
data are based on the most recent official statistics. The data clearly reflect the economic crisis
accompanying the process of economic reforms. The GDP values have been declining since
1990, with the most important decline (proportionally) between 1991 and 1992. The overall
inflation index has been considerably growing since 1990 and reached a peak of 2000%/a,
equivalent to approximately 20% per month, in 1992. Lately, the macro-economic parameters
evolved positively, but at this early stage, one can hardly assert that the recovery from the
crisis has started. The structure of GDP for 1993 is given in Table 1.3 and Fig. 1.1.

Table 1.2. Russian GDP(1 2] (billion Russian Rubles)

In current prices

In constant 1991.

% of previous

Inflation index, %

1989

-

1677

-

-

1990

626.3

1493

89.0

-

1991

1300

1300

87.1

238

1992

19992

1060

81.5

1886

1993

162300

933

88

-
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Table 1.3. GDP structure in 1993 [ u l

Industry

40.0%

Construction

12.5%

Agriculture

25.0%

Transport

5.4%

Other

17.1%

GOP structure in 1993.

Transport
5%

Other
17%

Agriculture
25%

Construction
13%

Industry
40%

Figure 1.1.

1.2. Energy Sector

In 1993, the overall production of primary energy resources in Russia141 amounted to
1528 million ton of coal equivalent (tee). The main energy resources were:

Gas:

Oil:

Coal:

Hydro energy:

Nuclear energy:

Other resources:
(wood, peat, shale)

618 billion cubic m or 711 million tee

351 million t or 502 million tee

299 million t or 203 million tee

174.1 TWh(e) or 54 million tee

119.2 TWh(e) and 4.0 Pcal(th) or 38 mill, tee

20 million tee

The breakdown of energy supply by resource type is shown in Fig. 1.2. This figure
shows, that the Russian energy sector relies primarily on fossil fuels. The share of nuclear
energy in the total energy supply is only 2%. Hydroelectricity, which is the only meaningful
renewable resource in Russia, contributes to 3% of the total energy production.
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Figure 1.2. Share of the different energy sources in the total production of energy

1.3. Electricity Sector

Generally, the Russian electricity system consist of three large parts (see Figure 1.3):

• Unified Electricity System. This complex and well developed system is part of the large
integrated electricity system of the former Soviet Union. As it is shown in Fig. 1.4, this
system is the major contributor to the national electricity production. It consists of six
large regional systems which are in turn composed of local electricity networks, usually
one per administrative province. The large regional systems and their respective share
in the capacity of the Interconnected Electricity System are the following:

=> Central Power Pool -29%
=> Middle Volga Power Pool -10%
=> Ural Power Pool - 23%

=> Northwest Power Pool - 15%

=> North Caucasus Power Pool - 5%

=> Siberia Power Pool -18%

• The VOSTOK Regional..System. This system covers a large part of the Russian Far East
and operates separately from the main grid since only minor energy exchanges with the
integrated system exist.

• Isolated Local Electricity Systems. These rather small systems are situated in remote
regions where communication with the rest of the country is difficult. They are, however,
very important for the respective regions and keep expanding to meet the local need. There
are plans for interconnecting these systems to the main grid in the future.
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National Electricity Supply System:

1. Unified Electricity System (UES);
2. VOSTOK Regional Electricity System;
3. Isolated Local Electricity Systems.

1. Unified Electricity System (UES):

Covers the European part of Russia and a large part of Siberia;
Consists of 6 large Regional Electricity Systems that include 63 Local
Electricity Systems;
Generated 1022 TWh in 1991 which represented 95.6% of the total
electricity generation.

2. VOSTOK Regional Electricity System:

Covers the Far East part of Russia;
Consists of 4 Local Electricity Systems;
Generated 45.2 TWh in 1991 which represented 4.2% of the total
electricity generation.

3. Isolated Local Electricity Systems:

Situated in various parts of Russia: in the North, Siberia, Far East;
Include 5 Local Electricity Systems;
Generated 1.3 TWh in 1991 which represented 0.1% of the total electricity
generation.

Fig. 1.3. Structure of the Russian Electricity Supply System.

The main statistics of electricity generation in Russia are presented in Table 1.4 which
also shows the generation by source. The consumption of electricity by the different sectors
of the Russian economy is presented in Table 1.5. Some other important statistics concerning
electricity generation and consumption are shown in Tables 1.6 and 1.7.
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Table 1.4. Electricity Generation in Russia [I 2 5 6] [TWh]

Year

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

Total Generation

805

836

863

898

940

962

1001

1047

1066

1077

1082

1068

1011

937

By Source

Fossil Fuel Plants

622

638

670

686

698

703

732

764

779

789

797

780

718

644

Hydro Plants

129

134

122

133

151

160

164

162

161

160

167

168

172

174

Nuclear Plants

54

65

70

80

91

99

105

120

126

128

118

120

120

119

Table 1.5. Electricity consumption16 ^ [TWh]

Sectors

- Industry

- Construction

- Transportation

- Agriculture

- Communal Services (urban)

- Communal Services (rural)

- Power Plant House Loads

- Network Losses

Total

1990

553.7

18.8

103.8

67.3

144.7

29.1

72.4

84.2

1074.0

1991

531.5

16.8

96.7

73.2

150.1

30.2

71.5

85.7

1055.7

1992

484.8

16.3

86.8

74.8

147.5

29.7

67.6

86.3

993.8

1993

470.3

16.2

85.5

74.1

156.0

31.4

66.6

83.4

983.5

Table 1.6. Per Capita Electricity Generation and Consumption in Russia11'21

Year

1985

1986
1987

1988

1989
1990
1991

1992

1993

Population

(million)

143.8

145.1
146.3
147.4

148.0
148.5
148.7

148.6
148.1

Per Capita Generation

(MWh/cap)

6.7

6.9
7.1

7.2

7.3
7.3
7.2

6.8

6.7

Per Capita Consumption

(MWh/cap)

-
-
-

-
-

7.2

7.1

6.7

6.6
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Table 1.7. Installed generation capacity by source [GW(e)]

Source

Hydro

Nuclear

Fossil

Total

1990

41

20

135

196

1992

41

20

135

196

1994

41.1

21.2

115.2

177.5

2. ENPEP STUDIES CONDUCTED IN RUSSIA AND EXPERIENCE GAINED

2.1. Introduction

The interest of Russia in ENPEP conies from the will to use the well-established and
sound methodology for energy planning provided by ENPEP. The existence of numerous
ENPEP studies carried out by various national organizations as well as by the International
Atomic Energy Agency (IAEA) and Argonne National Laboratory (ANL), confirms the
valuable quality of this tool. Since Russia is a country in economic transition moving from a
centrally planned economy to a market economy, modifications of the methodology and
procedure for energy planning are necessary. The possibility to use ENPEP for this purpose
seemed to be worth investigating.

One of the reasons for using ENPEP has been prompted by the regional dimension of
the energy problems in Russia which is a large country with regions that can be compared with
some countries in size and in the magnitude of the problems. Energy planning at the regional
level becomes an essential part of the decision making process in the country. Some of the
ENPEP characteristics, e.g., use on personal computers, modular structure, availability at no
charge, render it an interesting, reliable and appropriate tool for long-term energy and
electricity planning at the regional level. Its use could contribute to improve the quality of
regional energy studies and to facilitate the incorporation of regional elements into the national
energy policy.

The second objective of the studies was to perform a detailed analysis and obtain reliable
results on the important issue regarding the future role of nuclear power in Russia. The
development and distribution of ENPEP are supported by the IAEA and ANL which have been
using these tools for many years in the issues of nuclear power planning. In order to take
advantage of this experience, the participation of Russian experts in ENPEP activities was
considered as highly relevant for identifying new strategies for the development of the nuclear
sector in the country.

ENPEP was released to Russia in 1992. Since then, the package has been distributed to
several interested planning organization within the country. In addition, some energy planning
studies with different scopes and objectives have already been conducted using ENPEP. These
studies are reviewed in the following section.
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2.2. Far East Regional ENPEP Study

The first Russian ENPEP study was carried out by a team of Russian experts' who
participated in the Interregional Training Course on "Integrated Energy and Electricity Planning
for Nuclear Power Development with Emphasis on the ENPEP Package" held at ANL, from
14 September to 6 November 1992. The main objective of this course was to train the
participants in the use of ENPEP. Therefore, national teams of experts were required to
conduct a case study based on the situation of their country, as a pre-requisite for receiving the
ENPEP package for national use, at the end of the course.

The main objective of the Russian team at the course was to get a clear understanding
of the ENPEP approach and to obtain training in its use. Emphasis of the study was put on
the applicability of the tool to a large-scale regional energy planning in Russia, and on
identifying its qualities. Therefore, the study focused on the Far-East region of Russia which
has an area of 1.442 million km2 and a population of 5.936 million inhabitants. This region
is divided into four administrative units, namely the Amur province (364,000 km2), the
Khabarovsk territory (825,000 km2), the Primorsky territory (166,000 km2), and the Sakhalin
province (87,000 km2). The region has been selected as a separate entity since it has an
integrated electricity generating system and most of the primary energy resources consumed
by the region are of local origin.

The ENPEP study investigated the regional energy system and its contradictory situation,
namely: on one hand, the region is potentially rich in primary energy resources and is one of
the richest areas in Russia in this respect; on the other hand, the region is highly dependent on
imports of fossil fuels. The study was performed in the following steps:

- Modelling of the overall regional energy balance;

- Projections of the major economic and energy parameters;

- Construction and investigation of several scenarios for developing the system.

The following analyses have been conducted:

• Analysis of the present development trends of the energy system with due attention
to the energy related issues;

• Assessment of the regional impacts of exploiting potential gas/oil resources (off-
shore extraction of oil/gas near the Sakhalin Island);

• Assessment of the role of nuclear power;

• Sensitivity analysis for the results.

The principal findings of the study for the Far-East energy system include the following:

The team of Russian experts included:
• Mr. Alexander SHIBANOV - the ENPEP liaison officer in Russia and Head of the Strategic Planning

Department, Main Computing Center of the Ministry of Fuel and Energy of the Russian Federation;
• Mr. Vladimir UREZCHENKO - Associate Professor, Moscow Physics and Engineering Institute.
• Mr. Sergey KONONOV - Researcher, RRC "Kurchatov Institute", Moscow.
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1.

2.

3.

Depletion of domestic energy resources and accordingly increase of imports
represent a serious problem for the regional energy system. If no additional
domestic energy sources are identified, the share of energy imports might increase
(see Figs. 2.1 and 2.2) leading to a significant increase of energy prices. For
instance, if the existing trends in extraction costs and import prices continue, the
resulting energy prices may increase significantly (Fig. 2.3) reaching levels 1.5
higher compared to 1991.

To reduce the importance of the problem mentioned above, new gas/oil fields near
the Sakhalin Island could be exploited. If this can be done at reasonable costs, the
development of the energy system could become much less expensive, and even a
decrease in the price of energy in real terms might be possible. (One of the typical
scenarios with the inclusion of the Sakhalin oil/gas in the system is illustrated in
Figs. 2.4 to 2.6).

The development of new oil resources should be combined with an increase of the
capacity of the refineries. Otherwise the refinery might become a key constraint for
the development of the energy system.
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Fig. 2.3. Forecasted Trends of Energy Prices (rubles/toe)

Fig. 2.4. Development of the Energy Supply Structure with the Sakhalin Gas/Oil (million toe)

1991 199S 2000 2005 2010

Fig. 2.5. Imported/Domestic Energy Supply for the Energy System with the Sakhalin Gas/Oil
(million toe)
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Fig. 2.6. Trends in Energy Prices for the Energy System with the Sakhalin Gas/Oil (rubles/toe)

4. The energy analysis was conducted on the basis of data of 1991. Basic economic
data on energy resources and technologies originate from the time of the centrally
planned economy. To ensure the applicability of the study results to the new
economic situation, reconsideration of the cost structure is necessary. However,
such reconsideration has its limits, since it is not possible to carry out a detailed
macro-economic investigation only for the purpose of an energy planning study.

The usefulness of ENPEP for large-scale regional energy planning in Russia was proven
through this study. Especially important was the opportunity to easily integrate into the energy
analysis such factors as the prognoses of macro-economic changes in the region and the
expected trends in domestic and imported energy sources. The final report of the study1 was
translated into the Russian language and made available to interested organizations in Russia.
As a result, some new regional studies have been launched. One of them is described in the
following section.

2.3. St.-Petersburg Regional ENPEP Study

The second ENPEP study was conducted at the Institute of Nuclear Reactors, Russian
Research Centre "Kurchatov Institute", Moscow, with Mr. Yu.F. Chernilin, Head of the
Department of Nuclear Power Economics and Planning, acting as Head of the Project, and Mr.
V.P. Pakhomov, Head of the Department of Hydrogen Power Engineering, acting as Project
Coordinator.

The object of the study was the electricity system of St.-Petersburg and the near-by
Leningradskaya province in the North-West part of Russia. It occupies about 86,000 km2, with
a total population of 6.7 million inhabitants, of which 5.0 million live in St.-Petersburg. The

1 S.L. Kononov, A.V. Shibanov, V.M. Urezchenko. Final Report on the Russian Team Study. ANL/IAEA
Interregional Training Course on Integrated Energy and Electricity Planning for Nuclear Power
Development with Emphasis on the ENPEP Package, Argonne National Laboratory, Argonne, Illinois,
USA, 14 September-6 November 1992.
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population density is high in this region which also has well developed industries and good
prospects for industrial development. As far as the energy system is concerned, the region has
one of the most developed energy systems in Russia. In addition to covering the regional
electricity demand, it supplies electricity to the neighbouring provinces (Pskov and Novgorod
provinces, Karelia) and to Finland.

An important feature of the regional energy system is the role of nuclear energy. As it
is illustrated in Fig. 2.7, the share of nuclear electricity, which is generated at the
Leningradskaya nuclear power plant1, is around 40% of the total electricity generation in the
region. However, the plant will be decommissioned in the early 2000's. Retirement of several
fossil fuel units is also expected. Besides, since the energy demand may also increase, a
strategy for replacement and further development of the regional energy system needs to be
identified. This problem was brought up by the regional authorities. Therefore, the regional
energy commission, supported by several regional institutions, initiated an energy planning
study on the formulation of the energy needs and policies.

Hydro Units
10%

Nuclear Units
41%

Fossil Fuel Units
49%

Fig. 2.7. Structure of Electricity Generation in St.-Petersburg Region

However, some drawbacks were identified in the study due to practices applicable to
centrally planned economies. Therefore, the "Kurchatov Institute" was requested to launch the
same study but using the ENPEP model.

The major issue of this ENPEP study was to investigate alternatives for the replacement
of the Leningradskaya nuclear power plant scheduled for retirement. Therefore, projections of
prices for competing energy resources available in the region were made; the characteristics of
the existing and future technologies were analyzed and inputted into the corresponding database
of ENPEP (modules PLANTDATA and BALANCE were used). Finally, the market simulation
technique of the BALANCE module of ENPEP was applied to determine the most probable
development of the energy market.

The key element of the study was the use of price projections of fossil and nuclear fuels
for developing the electricity generation system. This element of the energy analysis that was

The Leningradskaya plant consists of 4 RBMK (LWGR) units of 1000 MW(e) installed capacity each.
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completely absent in the regional analysis that had been previously conducted. With ENPEP,
escalation of prices of the major energy sources (oil, gas, coal, nuclear fuel) was assumed. As
a result, the BALANCE module of ENPEP came up with the forecast of the composition of
the energy system. The most important findings of the study are illustrated in Fig. 2.8.
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Fig. 2.8. Development of the Structure of Electricity Generation of the St.-Petersburg
Region, TWh/a

As it is illustrated in Fig. 2.8, there is a change in the structure of electricity supply.
Because of the projected high growth of fossil fuel prices, the optimum share of fossil fueled
units will decline in the future. Some switch from gas to coal is also noticeable. However, the
nuclear option remains the most economically viable choice for the region. From an economic
viewpoint, nuclear energy is more than competitive in the region. There remains the problem
of decision makers on how to deal with the issue of social acceptance of nuclear energy and
to what extent this issue should influence the decisions to be taken.

On the basis of this study, some suggestions on the development of the regional energy
system were formulated and given to the relevant regional authorities as part of the final report
of the study1. Although the whole analysis was rather preliminary, such suggestions might be
useful in the process of formulating the regional energy policy.

2.4. WASP Study for the Central Region of Russia

2.4.1. Background

This section briefly describes a WASP application for Russia. The present study was
conducted by a team of Russian experts at the Interregional Training Course on Electric System

1 Yu.F. Chemilin, V.P. Pakhomov, E.F. Zakharova, I.P. Ilyukhin, S.L. Kononov. Elaboration of the Strategy
of Development for the Energy System of the St.-Petersburg's Region with the Use of the ENPEP Package.
Report of RRC "Kurchatov Institute", No. 38-191, 1993.
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Expansion Planning held at ANL, from 20 September to 12 November 19931.

The objectives of the WASP study were the following:

1. To analyse the optimal expansion of the electric system at the regional level,

2. To compare the results of the study with the approaches and outcomes of the current
Russian electricity programme in respect to the development of the regional energy
system; and if possible, to determine the major sources of differences.

3. To assess the possible role of nuclear energy in the region under study.

4. To identify typical problems that may be important for future WASP applications
in Russia.

5. To formulate relevant recommendations for potential users of WASP in the country.

The object of the study was the central region of Russia. This is a large region (about
40 million inhabitants) which is situated in the center of the European part of Russia, and
includes Moscow. This region is very industrialized and, as far as the electricity system is
concerned, has a large and well developed supply system with an installed capacity of about
50 GWe, representing 1/4 of the total capacity in Russia. The supply system is controlled by
a single organization, the so-called Central Power Pool. Plans for the development of the
regional electricity system are included in the Russian electricity programme.

2.4.2. Approach to Modeling the Power System

The main analytical tool for the study was the WASP model. The training course during
which the study was performed was based on the PC version of WASP known as the
ELECTRIC module of ENPEP. The WASP version used during the course was a further
enhancement developed recently by the IAEA. This new version, called WASP-III Plus, offers
new possibilities for the user. One of the objectives of the training course was to get familiar
with these new features for more comprehensive analysis of electricity systems.

For the WASP analysis, one should note the complexity of the power system under
study, as Figure 2.9 illustrates. Almost 100 types of plants can be distinguished and they differ
in their characteristics.

- The existing units differ, first of all, in their installed capacity. There is a very large
range of unit capacities ranging from less than 5 MWe up to 1200 MWe (The 1200
MWe gas fired unit is the largest in the region and in Russia).

- Each plant represents a quite unique mixture of different units. Plants with identical
units practically do not exist in the system.

The Russian team included the following experts:
Mr. Vladimir S. Kagramanyan - Head of Laboratory of Fuel Cycle Economics, Institute of Physics and
Power Engineering, Obninsk, Kaluga Region.
Mr. Sergey L. Kononov - Senior Researcher, Russian Research Centre "Kurchatov Institute", Moscow.
Mr. Alexander V. Shibanov - Head of the Department of Innovative Technologies, Main Computing
Centre of the Ministry of Fuel and Energy of the Russian Federation, Moscow.
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Plants and units in the actual system also differ by the type of fuel used. The
regional electricity system uses gas, fuel oil and several coal types, either of regional
origin or imported. In total, there are more than 10 different fuel types in the
system, which imposed the need to make some fuel aggregations for the WASP
application.

Units in the system also differ in respect to their technical condition. A large part
of the equipment is rather out-of-date. Older units might need to be replaced by new
ones or rehabilitated to extend their lifetime. Such activities, which are already in
progress or are planned for the near future, should be taken into account when
defining the data for WASP.

Another characteristic of the present energy system is the large share of co-
generation units. As it is shown in Fig. 2.9, the installed capacity of co-generation
units amounts to 40% of the total installed capacity. Although WASP does not have
the means to represent the co-generation process explicitly, there are some ways to
simulate co-generation indirectly.

Total Installed Capacity = 47.8 GWe

Nuclear 16% Hydro 9%

Fossil Fired
(Electricity) 32%

Fossil Fired
(Cogene ration)

43%

Fig. 2.9. Structure of the Regional Electricity System in 1991

The main problems for modeling the system with WASP are the following:

i) The actual variety of power generating units must be restructured into a scheme
suitable for WASP.

ii) Fuel aggregations need to be introduced,
iii) Plausible schedules for unit retirements as well as committed additions to the system

capacity must be included into the model,
iv) Since the share of co-generation units is rather large, this type of facility should be

represented in the expansion plan, and the accuracy of this representation should be
verified.
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The following solutions for these problems have been used in the study.

i) Problem of Unit/Plant Aggregation

The key question is how to represent the actual diversity of units in WASP. There are
plants of various types in the system: fossil fired units for generation and co-generation, nuclear
units, hydro plants. Each plant is unique since plants with a combination of identical units are
seldom.

To describe such system in WASP, similar units are grouped into a fictitious plant which
is then representative of the identical units. Some accuracy is lost in this process, but it is a
reasonable way of reducing the dimension of the problem. Consequently, all power generating
units are split into four major groups:

- Fossil fired condensing units;
- Fossil fired cogeneration units;
- Nuclear units;
- Hydro power units.

Except for hydro, each group consists of a number of fictitious plants composed of units
similar in respect to their capacity and to the fuel used. For example, fossil fired condensing
units consist of the following groups:

K-1200 / Gas. This group includes the single existing 1200 MWe gas fired unit. As it
is indicated in Table 2.1, this unit is located at Kostromskaya Power Plant in the
Kostroma province. K-1200 stands for the K-1200-240 type of turbine.

K-800 / Gas. This group includes two units of the K-800-240 type. Both units are
located at the Ryazanskaya plant in the Ryazan province.

Other sub-groups are presented in Table 2.1.

ii) Problem of Fuel Aggregation

The next important issue is the level of fuel aggregation. The actual system uses gas
imported from West Siberia, fuel oil (either imported or refined in the region) and several types
of coal. To model this complex system of fuel supply the following types of fuel have been
introduced in WASP:

Two types..Q.f coal: Coal type 1 is the aggregated coal including all coals used in the
actual system. In addition, a special category of coal for new plants has been introduced as
a convenient way to calculate what additions in coal consumption can be expected in the future.

Three types pf gas: Similarly, several categories of gas were created with the same
objective: gas for existing combustion plants; gas for gas turbines; and gas for new combustion
plants. In reality, gas and coal fired units use a small quantity of fuel oil for technical reasons.
Since WASP does not allow to define a plant with two fuel types, the corresponding
consumption of fuel oil is implicitly included into the relevant gas and oil categories. The
resulting error is not significant as the consumption of fuel oil in the system is only about 10%
of the total consumption of fossil fuels. This simplification should however be noted.
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Table 2.1. Base Year Configuration of the Existing (Fixed) System for
Fossil Fired Condensing Units

Plant
Abbr.

KGOF

KG1F

KC3F

KG3F

KC4F

KG4F

KC5F

KG6F

KG7F

GTUF

Plant
(Equipment)

Type

K-1200/Gas

K-800 / Gas

K-300 / Coal

K-300 / Gas

K200 / Coal

K200 / Gas

K150/Coal

Other / Gas

K-325 / Gas

GT100/Oil

TOTAL

Number
of

Units

1

2

7

22

3

7

4

10"

021

7

63

Plant Name
(Location)

1 .Kostromskaya PP
(Kostroma) - 1

1 .Ryazanskaya PP
(Ryuzanh) - 2

1. Ryazanskaya PP
(Ryuzanh) - 4

.Cherepetskaya PP
(Tula) - 3

1 .Konakovskaya pp
(Tverh) - 8

2.Kostromskaya PP
(Kostroma) - 8

3.Kashirskaya PP
(Moscow) - 6

LCherepovetskaya PP
(Vologda) - 3

LShaturskaya PP
(Moscow) - 5

2.Schekinskaya PP
(Tula) - 2

1.Cherepetskaya PP
(Tula) - 4

1.GRES-3 PP
(Moscow) - 4

2.lvanovskaya PP
(Ivanovo) - 3

-

installed Capacity:

MW(e)

1200

1600

2100

6600

600

1415

600

440

0

700

15255

%of
Total

7.9

10.5

13.8

43.3

3.9

9.3

3.9

2.9

0

4.6

100

Unit Characteristics

Installed
Capacity
MW(e)

1200

800

300

300

200

205

150

44

325

100

-

Average
Fuel

Consumption
gce/kWh

312.2

323.5

371.0

324.6

393.5

381.9

404.8

376.9

320.0

572.6

-

Notes:

1) The number of units is fictitious and was introduced to diminish the dimension of the problem; the actual number of units is much
greater.

2) No facility exists in this group at the beginning of the study period; however, there are some committed additions in the future.

One type of fuel oil: Only one category of fuel oil is introduced. Actually, only fuel oil
for gas turbines is assumed to be in this category. As mentioned above, the use of fuel oil in
other facilities is implicitly included into the relevant gas and coal categories.

Three types of nuclear fuel: There are three types of nuclear reactors in the system: two
types of Pressurized Water Reactors, and one type of Light Water Graphite Reactors or RBMK
in Russian (Chernobyl type reactor). Separate categories of nuclear fuels have been introduced
since the fuel for these reactors differs significantly in terms of enrichment and, consequently,
in cost.
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The fuel disaggregation applied is more or less detailed. The possibility to use up to ten
fuel types is a new feature of WASP introduced in the latest version WASP-III Plus. This new
feature is a useful enhancement for modeling complex energy systems such as the one under
consideration.

in) Problem of Modeling the Planned Additions/Retirements

To model the differences in technical condition of the units, a plausible schedule of
planned retirements was developed. Furthermore, some fixed additions to the power system
were introduced to represent the processes of retrofitting and the start of operation of the units
that are almost completed and that should consequently not to be included in the system
optimization. The co-generation part of the power system is also considered as fixed (decided)
and thus excluded from the optimization process.

iv) Problem of Modeling Co-generation

Another important issue that required a special approach for the WASP study was co-
generation. Co-generation is an important feature of the Russian energy sector in general and,
specifically of the regional system under consideration. Unfortunately, WASP does not consider
the process of combined heat and electricity generation. This is, actually, one of the major
constraints for WASP applications in the country. However, simulation of co-generation is
possible in WASP. The following approach has been applied in this study:

1. Like usual condensing units, co-generation units have been grouped according to the
unit capacity and fuel type as described above.

2. Each type of co-generation unit is described by the same type of WASP data as for
the condensing units. However, only the shares of fuel and cost allocated for
electricity generation are taken into consideration. These shares are determined
according to the so-called "physical" method officially accepted in the country.

3. In some periods, co-generation units operate like the condensing ones. This usually
happens in summer when the heat demand drops. In this case, the characteristics of
the co-generation units differ from those of the normal co-generation regime. Most
important is that the specific fuel consumption is higher. To model this effect, some
co-generation plants have been split into two fictitious plants - one for modeling the
condensing regime and the second for modeling the co-generation regime. All the
parameters of the plants have been calculated to ensure that the energy outputs of
these units are close to the figures available for the base year (1991).

4. The development of the co-generation system cannot be modeled as part of the
WASP optimization procedure because this development is driven by the heat
demand. The only possibility to account for the part of the electricity demand taken
by co-generation units is to define the co-generation part of the energy system as
a sub-system with a predetermined plan of development. This plan was taken from
the current Russian energy programme. The plan assumes a growth in the co-
generation which might be actually the case actually the case.
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As a result of this approach, the share of co-generation in the system and its development
are simulated and, accordingly, the share of the electricity demand to be covered by co-
generation units is determined and excluded from the total demand. This allows to carry out
the WASP optimization process for only condensing power generation facilities, in accordance
with the requirements of the WASP model. However, the exclusion of co-generation from the
optimization is, objectively, a significant drawback which calls for a detailed separate analysis.

2.4.3. Development and Implications of the Optimal Expansion Plan

The first outcome of the optimization procedure is the determination of the optimal
expansion plan under the most plausible (or least arbitrary) assumptions on the values of key
parameters. This reference expansion plan serves two major functions:

1. It allows for the analysis of the optimal solution. Such issues as the optimal
technology mix, fuel substitution trends, electric system reliability and others can
be thoroughly investigated. '

2. The reference optimal expansion plan is the base for the sensitivity analysis which
is to provide a feeling of the impacts of uncertainties on the plan.

When developing the reference expansion plan several important assumptions have been
used. The first assumption is the price system used. As it was mentioned, the prices of 1991
are used throughout the whole study. It includes fuel prices that existed in 1991. An important
point here is that in 1992 the country began the transition to the market economy. This process
was accompanied by rapid changes in the price system, including prices of energy resources.
For the sake of data consistency, these changes were disregarded during the development of
the reference optimal expansion plan and no price escalation factors from the 1991 reference
values were accounted for in the reference optimal solution.

In addition to this simplification, no technical or fuel constraints are imposed upon the
system. The system can select whichever technology from all the candidates described above
and in any quantity.

This is quite a straightforward approach to the reference plan and, accordingly, the plan
must be straightforward and easy to interpret. All possible complications have been left for
the sensitivity analysis.

The detailed characteristics of the optimal expansion plan are given in the Final Report
of the study1. Actually, this reference optimal expansion plan turned out to be quite simple and
easy to interpret. As the prices of fuels are constant and there are no limitations on technologies
or fuel availability, the key driving parameter of the plan is the ratio of fuel prices. The
assumed ratio of the gas to coal prices is in this case 0.84 (gas is 15% cheaper) and,
consequently, the program has to include only gas fired power plants into the optimal solution.

1 V.S. Kagramanyan, S.L. Kononov, A.V. Shibanov. Final Report on the Russian Team Study. ANL/IAEA
Interregional Training Course on Electric Systems Expansion Planning. Argonne National Laboratory,
Argonne, Illinois, USA, 20 September - 12 November 1993.
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Of course, the program did that. As one can see in the illustration of the expansion plan
in Fig. 2.10, only additions of gas fired facilities from the variable system are included in the
plan. Accordingly, the share of gas in the system grows substantially.
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Fig. 2.10. The Structure of the Reference Optimal Capacity Expansion Plan

Actually, the situation is a little more complex. There are five competing gas
technologies in the system: two conventional units of different capacity, two types of combined
cycle units and gas turbines. They have different status of development and, accordingly, they
were allowed to begin entering the system at different times. A more detailed outlook of the
optimal evolution of the system looks as shown in Fig. 2.11.

This is the outlook of the optimal solution for the system under consideration. This
solution is quite straightforward and easy to interpret but, due to its simplicity, it may be not
too realistic. To establish where and how the reality may influence the results the sensitivity
analysis was applied for the system.
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Fig. 2.11. Optimal Structure of Variable System
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2.4.4. Sensitivity Analysis

- Sensitivity to Gas Availability

What is wrong about the given simple expansion plan is, first of all, that the program
selects as much gas as it wants. This may be not realistic for at least two reasons. To begin
with, there may be not enough gas available for this purpose. In addition, there may be
technological constraints (the industry may not be able to produce so many gas fired units of
such a large size).

The first sensitivity case aimed at assessing the impact of such constraints on the optimal
solution. To make such an assessment the shares of gas fired technologies were fixed at lower
levels than in the optimum. These levels were roughly set corresponding to the probable
availability of gas. The result, shown in Fig. 2.12, indicates that some coal fired units are
included in the new optimal solution. Of course, the value of the objective function increased
in this case - this is the cost of the gas unavailability.

• CoalVar.
BGasVar.
a Gas Fixed
I I Coal Fixed
• Nuclear

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Fig. 2.12. System Sensitivity to Gas Availability

- Sensitivity to Gas/Coal Price Ratio

With the transition to the market economy the prices of energy resources are gradually
taken out of the state direct control. In due course it may allow for real market prices on
energy resources to get established. This may change the existing structure of prices and,
consequently, influence the optimal configuration of the electricity system.

In addition, the prices of energy resources may change in the future as the result of
growing extraction costs. Although Russia is potentially rich in energy resources, most of the
available deposits are to a large extent exhausted. Keeping the level of extraction constant or
increasing it can lead to a growth in fuel prices, with different rates of growth for different
fuels.

To assess the possible consequences of the escalation of fuel prices, a case has been
calculated with a escalation rate of 2% for gas and constant price of coal. The resulting change
in the optimum structure of the system is shown in Fig. 2.13. As it is illustrated in this figure,
the price escalation can change the system configuration. In this particular case, the system
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begins to select coal feed candidates instead of gas fired technologies. However, this result was
obtained by allowing coal power plants to be the only competitor to gas. However, in reality,
there is another technology that can compete with gas, namely nuclear power.
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Fig. 2.13. System Sensitivity to Gas Price Escalation

- Sensitivity to the Availability of Nuclear Power

Currently, the share of nuclear power in the region is 16% of the total installed capacity.
Until recently, the development of nuclear power was considered as the major road for the
electricity system. However, after the Chernobyl accident, the plans for nuclear power were
reconsidered. Several constructions were canceled and only fossil fired plants are considered
as candidates for expansion in the future.

Still, the trend away from nuclear energy has also brought some problems. One of them
is fuel supply. As the growth in fuel demand due to the cancellation of some nuclear projects
was not expected in the past, difficulties appeared both in increasing the extraction levels and
in the fuel transportation from Siberia to the European part of Russia. These difficulties already
result in occasional fuel shortages. If the demand for fossil fuels grows further, the problem
may become more serious. In addition, there are growing environmental concerns about the
expansion of the use of fossil fuels, especially coal.

At the same time, the development of nuclear power has essential advantages, provided
that nuclear safety is ensured. The country has its own technological and fuel base for further
nuclear power development, as well as qualified personnel available.

Actually, as the difficulties in relying on fossil fuels are being realized by the local
authorities, the attitude towards nuclear power is changing. Although it is too early to forecast
some substantial growth, nuclear power remains a viable choice, especially for the European
part of Russia, including the Central Region which is under consideration in this study. That
is why the role of nuclear power is among the sensitivities to be investigated.

For this sensitivity study, it was assumed that there is a 2% escalation in the cost of gas
and only nuclear units can compete with the gas fired units. The result (see Fig. 2.14) is mat
nuclear power is added to the system in 2006 and its penetration into the electricity sector
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continues thereafter (at the end of the planning period there are six 1000 MWe nuclear units
in the system). This clearly shows to what extent the prognoses of the fuel price escalation are
vital for decisions to be taken concerning the energy sector.
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Fig. 2.14. System Sensitivity to the Availability of Nuclear Power

2.4.5. Results and Conclusions

One can summarize the outcomes of the WASP Study as follows:

1. The study conducted has shown that the WASP model allows for the simulation of
complex electricity systems on a sound methodological basis. This was shown by
the example of the WASP application for the regional electricity system of the
Central Region of Russia (Central Power Pool).

2. Although WASP is a one-product model, due attention was given to the
representation of co-generation processes in the study. An approach for representing
co-generation was applied and tested.

3. The major outcome of the WASP model - the optimal expansion plan for the
regional electricity system was determined and thoroughly analyzed; the sensitivity
of this plan to a number of the most critical uncertainties was calculated.

On the basis of the study some recommendations have been developed:

1. The major outcome of the WASP application for the region is that the price
projections for fossil fuels is the key driving parameter for the system development.
The elaboration of such prognoses both at the regional and national levels is an
urgent task.

2. Among the strategies investigated, the development based on gas was found to be
the most economically attractive for the region. However, this result was found
under a set of assumptions, with the price structure of 1991 being the most
important of them. The change in fuel price hypotheses can essentially change the
optimal strategy of development.
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3. The determination of the optimal expansion plan with the WASP model is a very
serious planning exercise. To ensure that the efforts in developing the optimal plan
are not useless it is important to have a relevant information database in the country
that could help the planners keep the planning process moving and develop
consistent and sound approaches, including further application of WASP.

Concerning future applications of WASP in Russia, it was noted that the WASP model
seems to be a powerful and useful tool for the energy analysis. It allows to determine and
analyze the optimal strategy of development for a power generating system on a sound
methodological basis. However, applications of WASP in the country should take into account
the following circumstances:

• WASP offers some possibilities for a dis-aggregated consideration of an energy
system. However, these possibilities are rather limited as compared with the specific
Russian conditions. This is why it is more promising to apply WASP for the
problems of regional scale than for the analysis of the country as a whole.

• WASP considers electricity as the only product of generation; heat is not accounted
for in the WASP model directly. So, the co-generation part of the electricity
generation must be considered outside the model and then results must be
transferred to WASP.

• For those Russian regions where the share of hydro is high, the use of WASP
should be complemented by the use of other models considering hydro energy in a
more accurate manner than in WASP.

3. SOME SUGGESTIONS ON FURTHER APPLICATIONS OF ENPEP IN RUSSIA

As discussed previously, experience of ENPEP applications in Russia has been
accumulated. The BALANCE model was applied for Far East and St.-Petersburg regions. The
ELECTRIC (WASP-III Plus) model was used for the analysis of the optimal expansion of the
Center Power Pool electric system. These studies have proven that the ENPEP package is
appropriate for Russia at the regional level.

Further ENPEP applications in Russia will focus on the following areas:

• Application of ENPEP at the national level. Plans are underway to use the
. BALANCE model for the whole Russian energy sector.

• Up to now, ENPEP was used only by research institutes such as the RRC
"Kurchatov Institute" (Moscow) or the SSC IPPE (Obninsk). The next step will be
to have energy companies use this tool.

• For some reasons the IMPACTS model is not applicable to Russia. Great hopes are
on the DECADES tools for environmental studies.

• The ENPEP applications in Russia have shown the advantages of this software
package. However, further developments of the model are recommended, in
particular, the introduction of a more user-friendly interface.
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