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Electricity supply in Central and
Eastern European countries:
The role of nuclear energy

Throughout the region, countries are facing decisions about
how to meet a latent demand for electricity services

by
B.A. Semenov,

P. Oastidar, and
L.L. Bennett

Clectricity services are closely related to the
quality of life. In Central and Eastern Europe
(CEE) there is a vast reservoir of unsatisfied
demand in the residential sector, and economic
development will surely provide driving forces
for more electricity consumption in the industrial
sector.

Countries that once belonged to the Eastern
European bloc, which had a rather rigid and
centrally planned economic system, have
developed nuclear power on a considerable scale
as a source for electricity generation. As these
countries embark on a process of political and
economic reform, the question arises how these
changes will influence the future development of
nuclear energy.

This article looks at the situation from a num-
ber of perspectives. It will briefly review
electricity supply and demand in this region and
the present status of the nuclear programmes. It
will then deal in more detail with the main issues
related to nuclear energy and other electricity
generation sources, and with the role that the
IAEA can play in the planning, development,
and safety of nuclear power in the region.

Electricity demand and supply

Electricity consumption in the CEE region
has grown steadily during the last decade but at
a lower rate than in other regions of the world:
While the annual growth rate of electricity con-
sumption averaged 2.3% in CEE between 1960
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and 1990, it averaged 2.7% in countries of the
Organisation for Economic Co-operation and
Development (OECD) and 6.8% in developing
countries during the same period.

By 1990, the CEE's electricity consumption
had reached some 2300 terawatt-hours (TWh),
or about 20% of the world's total consumption of
11 600 TWh that year. The share of electricity in
primary energy consumption is roughly 28% in
CEE as compared to 38% in OECD countries
and 24% in developing countries. On a per
capita basis, the annual electricity consumption
in the CEE region is about 5.4 megawatt-hours
(MWh). This is considerably lower than in
OECD countries, where it is 7.7 MWh, but much
higher than in developing countries, where it is
only 0.7 MWh.

Throughout the region, the outlook for
electricity demand is dominated by uncertainties
about economic growth as well as institutional
and structural changes. The economy in some of
the countries is declining, which causes elec-
tricity demand to flatten or even decrease. Since
there is no historical analogy of transition from a
centrally planned economy towards a market
economy, it is difficult to foresee when and how
the recovery will take place. How this will affect
the energy and electricity sectors is even more
difficult to predict.

The potential for greater energy efficiency is
high both in the industrial and residential sectors;
significant savings are also possible in electricity
generation, transmission, and distribution. How-
ever, while the CEE's average per capita
electricity consumption is rather high, the
demand for electricity services is far from reach-
ing the saturation level.

Given the potential for efficiency improve-
ment, it may still be possible to reduce electricity
intensity; nevertheless, more supply is likely to
be needed for industrial development and to
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enable improved living conditions for the pop-
ulation. In the long term, as economic recovery
occurs, a substantial latent demand for electricity
services per capita will be the dominant charac-
teristic of the region.

The effect of institutional changes on
electricity demand will be complex, at least in
the near term. While higher prices and market
competition should encourage efficiency, social
and economic needs will lead to increased poten-
tial demand. Emerging regional environmental
concerns also could have an impact on consump-
tion patterns and policies, especially in the ener-
gy sector.

Concerning energy resources, the situation is
somewhat different from country to country. As
the successor to the Soviet Union, the Common-
wealth of Independent States (CIS) has vast coal,
oil, gas, hydro, and uranium resources, and
Poland has rich coal deposits. Other countries
have to import a large proportion of their energy
needs. Overall, the region has been a net exporter
of energy, mainly because of the large exports of
the former Soviet Union. The situation is dif-
ferent for some countries, however. At the begin-
ning of the 1990s, the share of imports in
primary energy consumption amounted to 66%
in Bulgaria, 37% in Hungary and 32% in what is
now the Czech and Slovak Republics.

Except in Albania, where hydropower
produces nearly 90% of the electricity, the main
source of electricity in the region is fossil fuels.
Other CEE countries have potential hydro
resources, but they have not been in a position to
develop them because of environmental con-
straints in many cases.

To reduce their dependence on imports, as
well as on coal transportation, the CEE countries
opted for the development of nuclear power.
This development was facilitated and en-
couraged by the existence in the former Soviet
Union of a large nuclear power and nuclear fuel
cycle infrastructure. The Soviet industry had the
capability of supplying components and services
in the nuclear sector throughout the region. Fur-
thermore several CEE countries having natural
uranium resources were able to produce uranium
concentrates for their own supply and even for
export.

Another important factor was the contractual
arrangements offered by the former Soviet
Union for supplying fuel cycle services. Of par-
ticular importance was the agreement to take
back the fuel supplied, after irradiation, without
requiring the countries operating nuclear power
plants to subsequently take back the high-level
radioactive waste produced from reprocessing
the fuel. These arrangements allowed the im-
porters of nuclear power plants to avoid invest-

Electricity supply (1990)
Total electricity
Electricity per capita
Share of electricity in primary energy

Nuclear power capacity (1991)

2 300 TWh (20% of world total)
5.4 MWh

28%

Installed capacity Electricity generation

Bulgaria
Czech and Slovak Republics
Hungary
Slovenia
Ex-USSR*
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6

8
4
1

45
64

GW(e)

3.5
3.3
1.6
0.6

34.7
43.7

TWh

13
22
13

5
212

265

Nuclear
share

(% of total)
34

29

48
6

13
12

'Includes Lithuania, Russia, and Ukraine.

ing in long-term storage facilities for spent fuel
or high-level waste.

Moreover, centrally planned economies do
favor a consistent implementation of nuclear
programmes. In such economies, once the tech-
nical and economic studies have been performed
and the political decisions taken, the governmen-
tal authorities in all the related economic sectors
have the obligation to support the implementa-
tion of the approved policy and programmes.

Current status of nuclear programmes

At the beginning of 1992, there were 64
nuclear power plants connected to the grids in
CEE countries. The plants have a total electrical
generating capacity of 43.75 gigawatts-electric
(GWe). This represents more than 13% of the
installed nuclear capacity in the world. Operat-
ing nuclear power plants are located in Bulgaria,
the Czech and Slovak Republics, Hungary,
Lithuania, Slovenia, and the CIS.

With the exception of Slovenia, and Roma-
nia where no nuclear plants are operating but
five are being built, all the CEE countries based
their nuclear power programmes on reactor types
developed by the former Soviet Union. In
Slovenia, a 660-MWe pressurized water reactor
(PWR), imported from the USA and manufac-
tured by Westinghouse, came into operation in
1983. The planned plants in Romania are of
Canadian design.

Two basic designs were developed industri-
ally by the former Soviet Union: pressurized
light-water reactors (WWER) and graphite-
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moderated water-cooled reactors (RBMK). Only
WWER units were exported.

RBMK plants, which were constructed sole-
ly for operation within the former Soviet Union,
are now operating in Lithuania, Russia, and Uk-
raine. Twenty units of this type, most of them
having a capacity of 1000 MWe, were connected
to the grid by the end of 1991, representing a
total capacity of some 16 GWe. These units are
refueled while operating, which provides a high
availability factor and leads to considerable
economic advantages. However, they have im-
portant safety shortcomings, as demonstrated by
the Chernobyl accident in 1986. Consequently,
the decision was made to discontinue the
RBMK's development and to significantly im-
prove the safety level of those under operation or
in an advanced stage of construction.

Three WWER models have been developed.
The first model — the 440/230 — has a capacity
of 400 MWe and was developed during the
1960s. The second one — the 440/213 — has the
same capacity but an improved design, mainly of
the safety equipment. The third and more ad-
vanced WWER model — the WWER-1000 with
a capacity of 1000 MWe — was developed in the
early 1980s and its safety concept is similar to
that of PWRs in operation throughout the world.

WWER-440 plants are operating in Bulgaria,
the Czech and Slovak Republics, Hungary, and
Russia, while WWER-1000 plants are operating
in Bulgaria, Russia, and Ukraine.

By developing their nuclear power program-
mes, CEE countries have considerably reduced
their reliance on coal for electricity generation.
At the beginning of 1992, nuclear's share of
electricity generation in the CEE region was
12%; this share was 48% in Hungary, 34% in
Bulgaria, 29% in the Czech and Slovak
Repubics, 13% in the CIS, and 6% in the former
Yugoslavia.

With a nuclear electricity generation of 212
TWh in 1991, the former Soviet Union was the
world's third largest producer of nuclear
generated electricity, exceeded only by the
United States and France. The former Czechos-
lovakia with 22 TWh, Bulgaria with 13 TWh,
and Hungary with 13 TWh also stood among the
largest nuclear electricity producers in the world
in 1991. In these countries nuclear power has
become a main source of electricity supply and
an established component of the energy mix.

In the face of environmental and other con-
cerns, more nuclear plants are being built in
some CEE countries. At the beginning of 1992,
36 nuclear units, with a total capacity of 28 GWe
were under construction in the region. This rep-
resents nearly 45% of the nuclear capacity under
construction in the world. Twenty-four units

were under construction in Russia and Ukraine,
six in the Czech and Slovak Republics, five in
Romania, and one in Lithuania.

In Russia and the Ukraine, most of the reac-
tors under construction, 21 units, are of the
WWER 1000 type; three RBMK units, whose
construction started before 1986, also are
projected to be completed with enhanced safety
levels. For most plants under construction in
these countries, the civil works started some 10
years ago and they should be put into service in
the coming years. However, given the present
economic situation, some delays are likely to
occur. If construction stays on schedule, the total
nuclear capacity in these countries by the mid-
1990s would equal the present operating nuclear
capacity in France. It should be mentioned that
the former Soviet Union's nuclear programme
has been substantially reduced, first after the
Chernobyl accident and then by the economic
crisis. Of 43 units on which construction work
had begun, 12 have been cancelled and the pace
of construction of the others has been slowed by
new licensing procedures and shortage of funds.

In the Czech and Slovak Republics, the four
WWER-440s at Mochovce and the two WWER-
1000s at Temelin, whose construction started in
the mid-1980s, are expected to be in commercial
operation before 1995. Their operation would
double the total combined nuclear capacity of
these countries, from 3.5 GWe to 7 GWe.

In Romania, the construction of five units of
Canadian design started in 1980. These units,
supplied by AECL, are being built with strong
support by the Canadian industry. The start of
operation of the first unit is scheduled for 1993
and the total capacity of some 3 GWe is expected
to be fully operational by the end of the decade.

Beyond the units under construction,
nuclear plants are planned in most CEE
countries, including those which have none
under construction today. Hungary, which al-
ready produces half of its electricity from
nuclear power plants, is heavily dependent on
imports for its electricity supply and is likely to
order new nuclear plants of Western type by the
turn of the century. Poland decided in December
1990 to discontinue the construction of its first
nuclear power plant, two units of the WWER-
440 type imported from the former Soviet
Union. At that time, 40% of the construction had
been completed, but the project was abandoned
mainly under the pressure of public opinion; the
decision was also supported by technical and
economic analyses in the context of a recession.
However, the nuclear option remains attractive
in this country. It is seen mainly as an alternative
to coal-fired power plants, taking into account
both the environmental impacts of coal burning
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and the possibility of relying on Western nuclear
technology.

In Russia, the government was reported to
have approved plans in early 1993 for construc-
tion of more than 25 nuclear plants over the next
20 years. The plans are subject to local govern-
mental approvals and the availability of funds.

Safety and environmental issues

Concern over the health and environmental
effects of human ac t iv i t i e s is g rowing
everywhere but perhaps more strikingly in the
CEE region. There, it has emerged in the context
of drastic socio-political changes over the past
several years.

Public hostility to nuclear power became
acute after the Chernobyl accident, since it was
felt that the level of safety of nuclear plants of
Soviet design was inadequate. Also at that same
time, health and environmental impacts associ-
ated with burning of fossil fuels, especially coal,
and with hydropower plants became an impor-
tant concern for the population. Hydropower
development is rather limited in Central Europe
because of environmental constraints, as was
demonstrated over the past year by the
withdrawal of some large hydroelectric projects.

Regarding nuclear facilities, it should be
recognized that some aspects of the centrally
planned economic system were not conducive to
the attainment of a high level of safety, neither in
the design nor the operation of nuclear facilities.
The current international safety reviews of nu-
clear power plants in the region will certainly
provide a better assessment of the problems and
help to design programmes for enhancing the
safety of these plants. For the new generation of
nuclear power plants, CEE countries will benefit
from exchange of information and transfer of
technology made easier by the political and
economic changes.

Atmospheric pollution has proven to be an
important problem in CEE countries. Their eco-
nomic development was based mainly on energy
intensive industries and environmental protec-
tion measures were not considered a priority.
Carbon dioxide emissions per capita in this re-
gion are rather high compared to the level of
Western European countries. Annually these
emissions average four tonnes of carbon per cap-
ita in Bulgaria, the former Czechoslovakia, and
the former Soviet Union; three tonnes in Poland
and two tonnes in Hungary. This compares to
two tonnes per capita in Japan; 1.6 tonnes in
France; and more than five tonnes in the United
States (a level that was also reached by the for-
mer German Democratic Republic). (See graph.)

Other gaseous emissions from burning fossil
fuels also are rather high in the region and have
already resulted in noticeable health and en-
vironmental impacts. The large use of low-grade
fuels such as brown coal, lignite, and peat is one
of the main sources of atmospheric pollution in
the region. This situation is a strong incentive to
develop alternative sources for electricity
generation.

Safety assistance and the IAEA's role

Within the framework of its overall safety
services, and in response to requests from Mem-
ber States of the CEE region, the IAEA has
developed programmes to assess and enhance
the safety of nuclear power plants of Soviet
design. More than a dozen missions have been
sent to power plants in the CEE region under
IAEA programmes known as OSART and
ASSET. These programmes assist national
safety authorities and operating organizations in
their efforts to ensure safety in the construction
and operation of nuclear power plants.

Separately, an international programme in-
itiated in late 1990 and now largely completed
involved a broad review of the WWER-440/230
plants and safety review missions to ten of these
operating reactors. The programme identified

CO2 emissions per
capita in 1988

United States 5.33

Czech & Slovak Republics 4.09

Ex-USSR 3

Bulgaria 3.

Poland 3.29

Japan 2.2
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China

France 1.

I India 0.2

1.71

56

.82

76

2 3 4

Tonnes of carbon per capita
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and evaluated deficiencies of safety signifi-
cance, and issued recommendations and guid-
ance on priorities for corrective measures. The
IAEA also convened a meeting of international
experts to provide a technical basis for a com-
prehensive safety review of RBMK reactors, as
the first step of a co-ordinated programme to
improve their safety.

In addition to these safety services, the IAEA
carries out activities in energy, electricity, and
nuclear power planning. The aim here is to pro-
vide information and support to Member States
for planning the introduction of nuclear power in
their energy supply system, when it constitutes a
viable option.

Specific overall objectives address several
areas: strengthening the capability of Member
States for analyzing the future evolution of ener-
gy and electricity demand and supply; planning
the possible role of nuclear power in electricity
supply based on comprehensive assessments of
the various options, taking into account their
economic potential and their health and environ-
mental impacts; assessing the infrastructure,
staffing, and financing capabilities in the country
and the need for their improvement; and assist-
ing in the implementation of nuclear projects.

Since the planning for electricity services is
becoming more and more complex, the IAEA is
making a major effort to develop improved
methodologies for comprehensively assessing
different options. They incorporate not only eco-
nomic aspects but also health and environmental
risks and impacts. This programme is carried out
in close co-operation with other international
organizations.

Methodologies developed by the Agency for
energy, electricity, and nuclear power planning
have been transferred to most of the CEE
countries (Albania, Bulgaria, Czech and Slovak
Republics, Hungary, Poland, Romania, Russia,
and Slovenia). In connection with this transfer,
substantial training in the use of these tools has
been supplied to specialists from these countries
who attended training courses organised regular-
ly by the IAEA. In 1991, for instance, a project
was carried out in Romania on the conduct of
studies for energy demand forecasting and elec-
tricity planning; the project is being extended to
examine the overall energy supply system in the
long run, taking into account the infrastructure
requirements and the environmental impacts.
Additionally, a national seminar was held to help
upgrade the capabilities of Czech and Slovak
engineers and economists with respect to com-
parative technical and economic evaluation of
bids from different nuclear plant suppliers.

The introduction of nuclear power in a
country requires careful planning, and decisions

need to be based on a series of interrelated
studies and analyses, each one with a specific
objective. These need to be conducted in a logi-
cal sequence, from the pre-feasibility stage with
an analysis of the overall viability of the nuclear
option, to the detailed feasibility study of the
nuclear power programme, and finally to the
planning and implementation of the nuclear
power plants. The IAEA has developed method-
ologies and tools and offers assistance to inter-
ested Member States in all phases of such
studies. This assistance could be useful for CEE
countries in transition from centrally planned
economies to market driven economies by help-
ing them to improve their approach to planning
and decision-making in the electricity sector,
taking into account the full costs to society of
alternative strategies.

Participation of specialists from CEE
countries in IAEA training programmes and
technical assistance projects has created a core of
experts in the area of energy, electricity, and
nuclear power planning. These specialists are
already working on the improvement of the
IAEA's methodologies and on their adaptation
to the specific conditions of their countries.

Future developments

It is well known that the development of
nuclear power programmes requires stability and
predictability in the political and institutional
situation of a country. The nuclear programmes
of CEE countries have obviously been seriously
affected by the transition to market economies
and its consequences on the decision-making
framework within the context of overall
economic conditions.

However, nuclear power has reached the
stage of commercial development in most CEE
countries and regionally it represents a main
component of electricity supplies. As a conse-
quence of present uncertainties and economic
recession, the installed nuclear capacity in the
region is likely to remain unchanged until about
1995. There are likely to be delays, however, in
completing units under construction because of
more stringent safety regulations, financing dif-
ficulties, and in some cases public opposition.

In the longer term, economic and environ-
mental factors are likely to stimulate the expan-
sion of nuclear power, provided that the safety
levels of nuclear power plants in operation and
under construction are enhanced—and the pub-
lic is convinced that this has been achieved. D
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