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Abstract

The status of the Russian power industry is discussed in view of the present and future national
economy. The power supply situation is critical and should be improved by more efficient utilization of the
immense power resources. This is a difficult task due to the concomitant required improvements of the
living standard as well as the social and economic revival. Three scenarios aiming at achieving these goals
are presented covering the period until 2000 and beyond. The Russian Law on Environmental Protection is
discussed and its consequences for a taxation system aiming at CO, emission reduction.

Data are given on atmospheric emissions from the front-end of the nuclear fuel-cycle. Replacing six
nuclear power plants in the central and north-west regions by six gas and coal fueled power plants will
cause an increase of almost 100 Mtonnes of CO2 annually. Details about the present and future situation of
nuclear power generation are discussed.

1. INTRODUCTION

In compliance with the energy policy in a new economic environment, Russia is pursuing a
course for stabilization at the level of the year 1990 of greenhouse gas releases into atmosphere by
the year of 2000, thus honoring the commitments of our state under the UN Framework
Convention on Climatic Changes. It is worth noting that the scientific assessments of the Russian
contribution to the global carbon dioxide are not unambiguous. Russian industrial and municipal
facilities account for about 10% of the total global carbon dioxide releases into atmosphere, while
the vast Russian forests absorb about 13-30% thereof. Hence, the net Russian contribution to the
global carbon dioxide level is rather negative. Moreover, present cost-benefit analyses of lowering
CO2 emission from combustion are not reliable. There are no scientifically validated maximum
permissible release rates of CO2, and also no control and monitoring measurement devices and
systems of CO2.

2. STATUS OF THE POWER INDUSTRY OF RUSSIA

Till the late 1980s, the USSR had world's largest and rather dynamic fuel and power
complex which satisfied the needs of the national economy and ensured a large hard currency
inflow. The disintegration of the USSR in 1990 triggered a decline in fuel output and in the
production of thermal and electric power later on. Table I shows the changes from 1985 to 1993
of the indices of the Russian fuel and power complex [1].

Relying on its rich potential power resources, Russia systematically increased its production
up to the year 1988, having raised it up to 13% of the total world level while the country's share
in the world population amounted only to 3 %. However, consumption of primary power resources
per capita in Russia was 1.5 times lower than that in the USA, while specific power consumption
per unit of gross national product was almost twice as high as that in the United States. Compared
to the maximum production levels achieved in 1988 the production of oil, coal, gas, and power
dropped in 1993 to 61%; 72%; 96%; and 88%, resp. (see Table II). As a whole, in 1993
production of primary power resources amounted to 82% and its consumption to 89% while its
GNP dropped to 63%, all compared to 1990 level. At the same time, due to the total economic
recession, fuel and power consumption decreased, facilitating power supply of the country.
However, certain regions (Far East, Baikal Region, Northern Caucasus) had to enforce power
consumption restrictions.
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TABLE I. FUEL AND POWER GENERATION AND EXPORT BY RUSSIA, 1985-1993
(1 Mtcoe equals 29.3 MJ)

Power resources production (Mtce)

Power generation (TWh)

- Hydropower generation (TWh)

- Nuclear power generation (TWh)

Fossil power resources production (Mtce)

- petroleum and condensate (Mtonnes)

- natural gas (bin m3)

- coal (Mtce)

Power resources export (Mtce)

-of which to CIS countries

1985

1162

956

160

99

1691

542

462

392

653

315

1988

1253

1075

161

126

1913

570

590

425

784

339

1990

1258

1073

167

118

1855

515

641

396

706

380

1991

1250

1073

167

118

1855

515

641

396

706

380

1992

1212

1005

172

120

1626

396

640

328

484

225

1993

1160

953

175

119

1525

354

618

305

327

164

TABLE II. PRODUCTION OF PRIMARY POWER IN
RUSSIA IN 1993 [2]

Oil

Coal

Natural gas

Hydropower

Output (%)

1988

100

100

100

100

1993

61

72

96

88

Lack of investment capital in the 1990s did not allow replacement of regularly
decommissioned of production facilities of the fuel and power complex. This resulted in an almost
two-fold decrease of exploitation drilling and lowered oil production capacity by almost 100
million tons a year. The mining capability of coal industry decreased by more than 58 million
tons. Decommissioning of power production installations is 5-7 years ahead of the commissioning
of new power plant capacity.

The state and technical level of operating production capacities of the fuel and power
complex are near critical. More than half of the coal industry equipment is at the end of its design
service life as well as 30% of the gas-pumping installations. More than 50% of equipment has
50% wear in petroleum industry and 33% wear in gas industry. Deterioration of equipment in oil
refining industry exceeds 80% and half of the Russian power plants have to be replaced in the
following 5-year period, see Table III [2].
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TABLE III. STATUS AND TECHNICAL LEVEL OF FUEL AND POWER GENERATING
FACILITIES IN 1993 [2]

Industry

Coal

Oil production

Petrochemical industry

Natural gas

Gas supply stations and pipelines

Power generation

Percentage of design service life

50%

50%

80%

30%

30%

50%

The critical power supply situation in the country requires the development of a power
strategy which should aim at the prevention of a further aggravation of the energy crisis and
should ensure an energy independence of Russia under the conditions of a market economy.
Moreover, the development of the power industry must be linked to controlling its impact on the
environment.

3. OBJECTIVES AND TOOLS OF THE ENERGY STRATEGY OF RUSSIA

The principal objective of the Energy Strategy of Russia (Table IV) is the most efficient
utilization of its power resources and the production potential of its fuel and power industry,
aiming at improved standard of living of the population as well as social and economic revival of
the country.

TABLE IV. TARGETS AND MEANS OF THE RUSSIAN POWER STRATEGY [2]

Main strategic target

Strategic aims

Ascertaining of methods and formation of
conditions for efficient utilization of power
resources in order to upgrade living standard
and promote socioeconomic revival of Russia

- Assurance of the role of power as a labor
productivity factor
- Increase and means to improve living
standard
- Increase in the efficiency of power
consumption and energy use
- Increase in competitiveness of domestic
final power products
- Lowering environmental impacts from the
fuel and power industry

Other objectives include the following:

assurance of the role of power as a factor of labor productivity growth and as a tool for
improving the standard of living of the population;

enhancement of power consumption and energy conservation efficiency;
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improvement of competitiveness of the domestic products on the world market through
reduction of specific power consumption;

decrease of the environment impacts from the fuel and power industry.

Rationalization of the power consumption shall constrain the growth of energy resources demand
by the fuel and power industry. Energy conservation could lower air pollution emissions by
15-20%. If so, saving power resources become a basic source of required fuel and power imports.
Establishment of a competitive environment in the power industry, creation of a controlled energy
market, improvement of the legislation and development of the Energy Code of the Russian
Federation are the basic tools for achieving the objectives of the Energy Strategy.

4. FUEL AND POWER SCENARIOS OF RUSSIA

The prospects for future development of power industry are governed by the rates and scope
of national economy restructuring in Russia. Table V shows the basic stages of national economy
restructuring. It is assumed that these stages can be implemented following three socio-economic
scenarios which are defined in research studies of the Ministry of Economy of the Russian
Federation:

an optimistic scenario: before 2000 the pre-crisis standard of living will have returned and
in 2010 the current indicators of living standards in EU member states will be exceeded;

a probable scenario: the pre-crisis standard of living of the population will have returned 2-3
years later than in the optimistic scenario;

a pessimistic scenario: economic stagnation continues practically up to the year 2000.

TABLE V. SCENARIOS OF BASIC ECONOMIC STRUCTURING [3]

1993-1995 (stage 1)

1996-2000 (stage 2)

After 2000 (stage 3)

- Continuation of economic decline
- State supported curtailment of ineffective
processes
- Ending decline of standard of living by
stabilization of industrial productivity

- Reconstruction of the economy concerning
supply and final demand

-Stable economic growth of 4-4.5% annually

Table VI presents these different scenarios in terms of GNPs and standard of living.
Reckoning with the internal and external markets expectations, the Russian Energy Strategy
envisages two fuel and power scenarios: Maximum and Minimum, shown in Table VI. The
Minimum scenario assumes development of the fuel and power industry to occur under conditions
of security of power supply, decreased power consumption, maximum power generation
efficiency, as well as moderate export of power resources. The Maximum scenario considers
requirements to be met by fuel and power production under conditions of combined high-level
export of Russian power resources and increased power consumption.

32



TABLE VI. SCENARIO FOR THE RUSSIAN PRODUCTION OF PRIMARY POWER
RESOURCES [2]

Power resources (Mtoe)

- oil (Mtoe)

- Natural gas (bin. m3)

- Coal (Mtoe)

- Hydropower (TWh)

- Nuclear power (TWh)

- Nonconvential power (Mtoe)

1990

1855

515

640

396

167

118

1

1993

1526

355

618

306

174

119

1

1995

Min.

1381

280

615

260

166

120

2

Max.

1441

305

630

270

168

125

3

2000

Min.

1413

270

660

250

168

150

4

Max.

1573

305

740

270

170

152

6

2010

Min.

1544

270

740

300

175

195

10

Max

1809

340

860

325

185

224

17

5. SCIENTIFIC, TECHNICAL AND ECOLOGICAL POLICY

Scientific and technical progress in the power industry should focus at assimilating new
power technologies of interdepartmental nature; at developing new, more efficient, industrial
equipment; at fuel and power installations. If so, priority should be given to integrating the oil
production and processing technologies, to clean technologies of coal utilization, to develop and
construct a new generation of nuclear power plants of enhanced safety, as well as new types of
fuel, including synthetic ones.

Ecological policy should focus on the reduction of environmental impacts from the fuel and
power industry. The fuel and power industry currently accounts for about 48% of harmful releases
into atmosphere, up to 36% of liquid effluent and over 30% of solid waste. A substantial lowering
of the pollutant releases shall be achieved through:

optimization of the fuel and power balance along with a maximum energy efficiency as well
as rationalization of the types and location of production installations, taking into account
ecological resources of the regions;

continuous environmental monitoring in the main regions of the production of power
resources (western Siberia, Kuzbass, etc) and basing emission control of the fuel and power
industry on maximum permissible stability of the environment instead of basing them on
maximum permissible releases;

transition from end-of-pipe pollutant emission control to prevention of the production of
these pollutants from the entire chain of energy conversion.

Implementation of these measures shall ensure a 30-40% reduction of atmospheric releases
by the year 2010. Fig. 2 shows the trends of carbon dioxide release for the Maximum and the
Minimum/"Required" scenarios of power industry development. These curves show a sharp
24-29% reduction in CO2 releases from 1990-1995 due to the national economic crisis of Russia
and a gradual growth after 1995 in case of an economic revival. In the latter case, lowering CO2

emissions by the year 2010 to 1990 levels will equal 9.6% for the maximum scenario and 25%
for the minimum scenario or 100 million tons of carbon and 260 million of tons of carbon, resp.
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Fig. 1. Scenarios of the gross domestic product and living standard of Russia.
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Fig. 2. Carbon dioxide release scenarios of Russia.
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6. ECONOMIC MECHANISM OF ENVIRONMENTAL PROTECTION AND
REDUCTION OF CARBON DIOXIDE RELEASE

The Law of the Russian Federation on Environmental Protection stipulates the following
activities for environmental protection in relation to economic development:

establishment of limits for the utilization of natural resources and for pollutant emissions;

establishment of tariffs and rates of payments for utilization of natural resources and for
pollutant emissions.

In order to comply with this Law in terms of lowering emissions of CO2 and other
greenhouse gases, power and fuel enterprises will aim at decreasing power consumption and using
less contaminating power resources. Such measures have beneficial side-effects such as reductions
of VAT, social expenses and company's taxes. Part of the taxes can be used for carrying out
R&D in this area, for introducing new technologies, and for establishing an ecological fund. A
new taxation on CO2 emission to be imposed on fuel consumers in power industry and transport
enacting July 1, 1994 is currently being discussed in Russia. Such taxation will result in an
increase of energy costs, will accelerate the process of energy-efficiency improvement and will
lead to larger diversity of the fuel mix for power generation: gas-fired and nuclear power plants
will be preferred over coal-fired power plants. Instead of carbon dioxide taxes it is also proposed
to introduce energy taxes or taxes on non-renewable power sources which will stimulate energy-
efficiency improvement and, therefore, are preferable from the ecological viewpoint. Levies for
reducing carbon dioxide releases are already effective in certain countries and are under discussion
in a majority of countries.

TABLE VII. EXAMPLES OF CARBON DIOXIDE TAXATION [4],[5],[6]

Author, country

- US Economy (Nordhaus) in the early 80-ies

- Evaluation of CO2 binding, made by US
experts
- Conservative party of Germany. Minister of
Environmental Protection
- Proposal by Great Britain

- Suggestions by the Commission of the
European Community
- Proposal by Japan

- Proposals by Russia

Taxation

- Universal International taxation of $ 10 per
tonne of carbon
- Binding costs of carbon are $ 24 per tonne
of carbon bound
- Taxation of 10 DM per tonne of carbon

- Gradually increasing fossil fuel taxation
amounting to UK£ 10 per barrel of oil
- Taxation of carbon content and energy
content of fuela

- 4000 Yen per tonne of CO2 formed above
1988 level
- Fuel taxation depending on its quality.
Future taxation on the amount of oxygen
consumed by fuel combustion

With tax introduction coal prices will increase by 0.48 ECU/GJ, and gas prices by 0.37 ECU/GJ.
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Table VII presents some of the proposed tax systems which might lead to reduction of CO2

releases. Table VIII presents the price increases of various types of Russian coal and gas, taking
into consideration the CEC taxation proposals for carbon dioxide releases from energy use.
Evidently, the recommended procedures for taxing industrial carbon dioxide releases do not fully
reflect the economic value of the utilization of the earth atmosphere. As shown in the last column
of Table VIII, production of the same quantity of energy requires approximately the same quantity
of natural oxidizer - atmospheric oxygen, and the tax imposed on gas combustion is much lower
than the tax on coal combustion. Therefore, we believe that the taxation of fossil fuels should be
rather based on the quantity of atmospheric oxygen consumed and not on the quantity of carbon
dioxide released. Such taxation should have a pronounced regional nature because industrial
consumption of atmospheric oxygen can be compensated only through increased photosynthetic
activity, i.e. through forestation. Such an approach will allow a more reliable ecological and
economic comparison of nuclear and fossil-fueled power generation, in view of their use of
different fuels.

TABLE VIII. CARBON DIOXIDE TAXATION OF DIFFERENT TYPES AND GRADES OF
FOSSIL FUELS, ASSUMING PROPOSED CEC TAXATION [7]

Kuznetsk coal

Kansk-Achinsk
coal

Natural gas

Calorific
value

(kJ/kg)

22 733

14 307

45 852

CO2

release
(tonne/t-fuel
equiv.)

2.76

3.10

1.62

Price

($/t-fuel
equiv.)

76

76

156

CO2 charge
on fuel price

(%)

24.7

28.6

7.10

Atmospheric
oxygen use
(tonne/t-fuel

equiv.)

2.3

2.45

2.35

7. ASSESSMENT OF CARBON DIOXIDE RELEASE FROM NUCLEAR POWER
GENERATION IN RUSSIA

Natural resources are consumed and harmful substances are released into the environment at
all stages of the nuclear fuel cycle. The nuclear fuel cycle consists of the following stages:

-front end: uranium mining and enrichment, fabrication of fuel assemblies;

- electric power production at nuclear power plants;

- back end: spent nuclear fuel reprocessing and radwaste disposal.

The front end of the nuclear fuel cycle is the basic source of environmental pollutants.

Table IX shows the amounts of pollutants released into the atmosphere together with the waste of
nuclear fuel cycle activities. The largest amount of carbon dioxide releases originates from the
production of electric power which is required for the activities of the front end of nuclear fuel
cycle. This power is generated, in this case, by coal-fired power plants.
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TABLE IX. ATMOSPHERIC EMISSIONS FROM THE FRONT-END OF THE NUCLEAR
FUEL CYCLE [7],[8] (in tonnes/GWy)

-Ore mining

-Ore
processing

-UF 6

conversion8

- Uranium
enrichment

- Fuel element
fabrication

Total"

Coal
combustion0

SOX

10

0.1

9

10

-

30

1 400

NO,

10

14

5

9

-

40

800

co2

-
-

-

-

-

-
402 000

Aerosols

1

2

0.1

0.6

9

13

70

QHy

0.6

2

0.6

0.1

-

3.3

10

Fluorides

-

-

0.07

0.04

0.01

0.12

-

* Per GWy 1 tonne of NH3 is released to the atmosphere.
b Only front-end emissions are significant.
c Emissions (tonnes/GWy) from coal-fueled power generation.

In order to quantify the reduction of the CO2 emissions by nuclear power production, let us
consider the replacement of a six operating nuclear power plants in two regions of the European
part of Russia by a power equivalent of six fossil-fueled power plants, coal-fired and gas-fired as
well. The estimated releases of pollutants resulting from fossil fuel combustion within the regional
power structure account for: balances of atmospheric oxygen consumption and its natural
reproduction, and the CO2 releases resulting from the combustion of different types of fuel and the
natural absorption of CO2. Table X displays the results of these calculations and shows that this
replacement of nuclear power plants by an equivalent capacity of fossil-fueled power in the
Central and North-West regions leads to additional releases of 100 Mtonnes of CO2 by the coal
fired power plants and 44 Mtonnes of CO2 from gas-fired power plants, compared to 4.6 Mtonnes
originally from an equal capacity of the nuclear power plants in terms of greenhouse effect
reduction. This example illustrates the obvious advantage of nuclear power over fossil-fuel fired
power generation. However, safe and ecologically benign operation of nuclear power remains a
key factor in nuclear power development.
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TABLE X. POLLUTANT RELEASES IF SIX NUCLEAR POWER PLANTS (NPPS) IN THE
CENTRAL AND NORTH-WEST REGIONS OF THE EUROPEAN PART OF RUSSIA WERE
REPLACED BY A POWER EQUIVALENT OF SIX FOSSIL-FUELED POWER PLANTS:
THREE COAL-FIRED AND THREE GAS-FIRED POWER PLANTS (COAL FPPS AND GAS
FPPS, RESP.) [7]

Powei

Nuclear power plants

plants

Fossil-fueled power plants

Pollutants emissions(ktonnes/year)

sox NO, CO2 Ash

Central region of European Russia

Kalinin NPP

Kuznetsk-Coal FPP

Stavropol-Gas FPP

Kursk NPP

Kuznetsk-Coal FPP

Stavropol-Gas FPP

Novo-Voronez NPP

Kuznetsk-Coal FPP

Stavropol-Gas FPP

2.1

43.9

3.6

87.8

2.1

43.9

1.25

18.8

14.02

2.1

37.5

28.04

1.25

18.8

14.0

609

12.6X103

5.6X103

1035

25.2X103

l.lxlO3

609

12.6X103

5.6xl03

-

22.2

-

22.2

North-West region of European Russia

Leningrad NPP

Kuznetsk-Coal FPP

Stavropol-Gas FPP

Kola NPP

Kuznetsk-Coal FPP

Stavropol-Gas FPP

Smolensk NPP

Total Nuclear power plants

Total Fossil-fueled
power plants

Kuznetsk-Coal FPP

Stavropol-Gas FPP

Kuznetsk-Coal FPP

Stavropol-Gas FPP

3.4

70.2

2.0

41.5

3.0

61.4

16.2 xlO3

348X103

lllxlO3

1.99

30

22.4

1.2

17.7

13.2

1.74

26.3

19.6

9.53 xlO3

149X103

44X103

974

20xl03

8.9xlO3

575

11.9X103

5.2xl03

852

17.6X103

7.8X103

4.6 xlO3

lOOxlO3

-

35.5

-

21

-

31.1

-

176
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8. NUCLEAR POWER GENERATION IN RUSSIA

8.1. Nuclear power plants in operation in Russia

At present, fifteen nuclear power plants with a total installed capacity of 21242 MW are in
operation in the Commonwealth of Independent States (CIS). Nine of these are located in Russia,
producing 119.2 TWh in 1993 which accounts for 12.48% of the total Russian electricity
production (Table XI).

29 power units were in operation at 9 nuclear power plants in Russia in the late 1993. Of
these, 13 power units were of the WWER type (comprising 6 WWER440 reactors and
7 WWER-1000 reactors), 11 RBMK reactors, 4 EGP reactors (channel-type water-graphite
reactor) at the Bilibino nuclear cogenerating plant, and one BN-600 fast-breeder reactor. Power
units of all types operate in the base load mode, excluding the Bilibino nuclear cogenerating plant
which operates in load-follow mode to comply with local heat and electricity demand. The average
load factor for all nuclear power plants was 67.22% in 1993, compared to 67.28% in 1992. Table
XI shows the availability factor and the basic safety performance of Russian nuclear power plants
compared to those of some countries with a major nuclear programme.

TABLE XI. CHARACTERISTICS OF RUSSIAN NUCLEAR POWER PLANTS, 1991-1993

Installed capacity (MW)

Power production (TWh)

Share of total capacity (%)

- incl. United Power System of Center

- incl. USP of Middle Wolga

- incl. USP of North-West

Capacity utilization factor

Average disconnection (per unit) of the
automatic protection system

Violation in nuclear power plant
operation
- total number of violations

- INES counts

- due to human failure

1991

20 242

120.0

11.4

21.3

13.6

47.4

67.7

1.04

172

38

48

1992

20 242

119.6

11.8

22.7

17.9

43.9

67.28

1.32

205

31

33

1993

21 242

119.2

12.7

23.9

16.4

47.8

67.22

0.79

154

29

48
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TABLE XII. AVAILABILITY FACTORS AND SAFETY INDICATORS OF
RUSSIAN NUCLEAR POWER PLANTS, COMPARED TO THOSE OF
OTHER COUNTRIES FOR THE PERIOD 1992-1993 [3]

Russia

USA

France

Japan

Availability
factor

81.9

76.5

75.4

73.9

Automatic
shutdowns per
unit, per year

1.1

1.1

1.1

0.0

Collective
dose

(Sv/year)

1.4

1.93

2.06

1.65

Unpreparedness
of safety
systems

0.001

0.004

0.001

0.000

The operating nuclear power plants were commissioned in 1977-1993 and are of different
designs. Therefore, in terms of their compliance with modern safety requirements, these nuclear
power plants can be divided into two generations:

a first generation of 12 power units of 5800 MW total installed capacity, which were built
prior to enactment of the basic nuclear safety regulations in nuclear industry;

a second generation of 16 power units of 14,500 MW total installed capacity which took
into account the NPP operation safety requirements.

During 1986-1989 the power units of the first and second generation were subject to priority
safety enhancement in order to exclude accidents due to fast uncontrolled reactor runaway. Since
1990, the power units of the first generation are operated in a special mode which, among others,
envisages publication of annual safety reports and granting permits for further operation.
Long-term measures are underway to ensure further reliable operation of the first and second
generations of nuclear power plants.

8.2. Role and position of nuclear power in the Russia fuel and power system.

The development of nuclear industry depends on the restructuring of national economy of
Russia. The Energy Strategy envisages three scenarios of nuclear power industry development in
Russia (Table XHI):

a minimum scenario constrained by a total electric power production with 130 TWh;

an average scenario assuming 30-34 GW installed nuclear capacity and 1350 TWh
electricity consumption in 2010 in Russia;

a maximum scenario assuming 39.5 GW of installed nuclear capacity and 1400 TWh
electricity consumption in Russia in 2010.
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TABLE XIII. NUCLEAR POWER SCENARIOS FOR RUSSIA 1995-2010
(in GW; share of total Russian power generation in parenthesis) [3]

Scenario

Minimum

Average

Maximum

1993-1995

23.3(14.1)

23.3 (14.2)

23.3 (12.7)

1996-2000

23.3 (12.6)

26.5 (14.5)

26.5 (13.4)

2001-2005

21.6(10.6)

28-31 (13.5-14

30.7 (14.0)

•9)

2006-2010

25.5(11.0)

30-34 (12.6-14

39.5 (16.0)

• 3)

Each scenario assumes decommissioning during 1995-2010 of ca. 9 GW installed capacity of
the first and second generation nuclear power plants. The schedule of commissioning and
decommissioning of nuclear power units for the period ending in the year 2010 relies on the
maximum scenario of nuclear electricity production at the level of 224.4 billion kWh (39.5 GW
total installed capacity) and is based on a new generation of WWER-type water-cooled
water-moderated reactors of large and medium capacity. In addition, a multiloop channel-type
water-graphite power reactor MKER-800 is considered as an option for replacing RBMK type
reactors. The BN-800 fast-breeder reactor is viewed as an option for the development of
Beloyarsk and South-Urals nuclear power plants.
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