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Abstract
The demand for electricity in developing countries of the world is expected to grow rapidly in
the coming decades as these countries undergo the process of industrialization, accompanied
by increased urbanization, and seek to improve the living standards of their growing
population.

The continued heavy reliance of the power sector on fossil fuels will result in an increased
dependence of a number of the developing countries on energy imports, with consequent
balance of payment difficulties and implication's in terms of reduced energy security, cause
severe degradation of the local and regional environment, and will also lead to increasing
emissions of greenhouse gases.

Increasing the share of hydropower in most of the developing countries is constrained by the
limited potential of hydro resources as well as environmental considerations. Other renewable
energy technologies such as solar PV and wind power are not expected to play a significant
role in the commercial supply of electricity in the foreseeable future in the most part of the
developing world.

Thus nuclear power as a non-fossil alternative with a proven and mature technology may be
called upon to play an increasing role in the future supply of electricity to developing
countries. The paper discusses the main factors that are likely to affect, both positively and
negatively, the deployment of nuclear power in developing countries and presents the results
of the recent IAEA projections on nuclear power capacity growth up to the 2020. The paper
also briefly reviews the prospects of nuclear power in Central and Eastern European
countries.

/. Introduction
The population of this already crowded planet is growing by almost 250,000 individuals per
day - or in one year by ninety million, a figure which approaches the combined population of
France and the United Kingdom. Within the next 35 years, the global population will
increase by about half South Asia's population will grow by two thirds, and that of Sub-
Saharan Africa will more than double. Most this increase occurs in the rural and remote areas
of developing countries Who will provide the incrementally new population with energy?
How will these relatively poor masses pay even for the minimum energy service they require?
What will be done to relieve the inevitable stress on the environment? These are very
difficult questions to answer. What is clear is that population growth represents a colossal
challenge for the world energy sector. The latest statistics tell us that average annual world
energy consumption per capita in developing countries is of the order of 0.71 tons of oil
equivalent (toe). Therefore, a yearly increase of almost 65 million toe will be required to
meet the needs of the growing population in the rural and remote areas of developing
countries, deprived of a well-developed energy infrastructure. Additional US$ 8 billion will

IL-2.1



be needed every year to satisfy the elementary energy needs, if conventional energy supply
schemes are to be used in the years to come [1 - 4].

The governments of developing countries put great emphasis on the improvement of living
conditions in rural areas while respecting cultural traditions. A better basic energy supply
structure, the creation of small-scale industry to recruit labor and to hinder migration to urban
centers are the major concerns.

Over the past few decades, scientists and environmentalists have improved their
understanding of the impact of conventional energy systems and resources on the
environment [1, 3]. Formerly, it was thought that the negative effects of the misuse of energy
resources and technologies would be felt locally by distinct populations and that these effects
would be manageable. In recent years, it has become clear that environmental pollution
caused by releases into the atmosphere of radioactive dust and/or greenhouse gases, has no
regard for frontiers. Ozone depletion and atmospheric warming have begun to undermine our
confidence in our ability to control and remedy their effects. The global impact of traditional
energy systems on the environment is fast becoming one of the world's most pressing
problems.

The United Nations Conference on Environment and Development (UNCED) - known also as
the Earth Summit - which was held in Rio de Janeiro in 1992, was called to focus on the most
fundamental and important challenges to the preservation of the natural human environment.
At the Earth Summit, it was considered essential to develop environmentally sound
technologies and industrial practices.

In chapter 9 of Agenda 21 of UNCEC, it was agreed that "Energy is essential to economic
and social development and improved quality of life. Much of the world's energy, however,
is currently produced and consumed in ways that could not be sustained, if technology were
to remain constant and if overall quantities were to- increase substantially. The need to
control atmospheric emissions of greenhouse and other gases and substances will increasingly
need to be based on efficiency in energy production, transmission, distribution and
consumption, and on growing reliance on environmentally sound energy systems, particularly
new and renewable sources of energy".

At the global level, climate change is the overriding concern. Of all the environmental
challenges facing us today, global warming is the most persuasive. The Intergovernmental
Panel on Climate Change (IPCC) reached consensus conclusions in June 1990 that increased
atmospheric concentrations of greenhouse gases may result in an additional warming of the
Earth's surface. In order to stabilize atmospheric concentrations at present-day levels,
immediate reduction of global man-made emissions of the long-life greenhouse gases carbon
dioxide (CO2), nitrous oxide (N2O) and the halo carbons - mostly chlorofluorocarbons (CFCs)
- by more than 60%, and methane emission by 15 to 20%, is necessary [1-4] .

2. Energy Outlook & Nuclear Power Potential

Provision of adequate energy services is essential for economic development and human
welfare. This has resulted in a three fold increase in the world demand for energy between
1960 and 1995. And electricity being a clean and versatile form of energy, its demand has
been increasing even faster.

There are large disparities among countries with respect to their levels of energy and
electricity consumption, owing to the fact that most of the growth so far has taken place in
only that group of countries which forms today's developed or industrialized world.
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Developing countries with about three quarters of the global population account for a mere
one quarter of the global energy and electricity consumption. As a result the average levels of
per capita energy and electricity consumption in developing countries are about one-tenth of
those in industrialised countries. Hidden under the statistics is the fact that about two billion
people in developing countries do not have access to electricity or other commercial forms of
energy.

The regional disparities in energy consumption are expected to get much reduced in the
coming decades. According to the projections made in 1996 by the International Energy
Agency (IEA) of OECD, the primary energy demand in developing countries is expected to
increase by a factor of 1.9-2.1 between 1993 and 2010, with their demand for electricity
increasing by a factor 2.4-2.5 during the same period [5]. The corresponding increases
projected for the industrialized countries are by factors of 1.1-1.2 and 1.2-1.4 respectively.

A relatively longer-term perspective is provided by the 1995 study of the International
Institute for Applied Systems Analysis (TIASA) and the World Energy Council (WEC) [6].
The study projects that, depending on the level of economic growth and the extent to which
efficiency improvement measures are adopted, the demand for primary energy in developing
countries will increase 3 to 5 fold by 2050, with an accompanying 5-7 fold increase in their
demand for electricity. By 2050 the shares of developing countries in global consumption of
energy and electricity are expected to become as high as 58-68% and 43-53% respectively.

The present pattern of electricity supplies in developing countries, like that of industrialized
countries, is heavily dominated by fossil fuels (68% versus 62%). However, while nuclear
power contributes about 22% to electricity generation in industrialized countries, the
corresponding share in developing countries is less than 4%. The main energy options
available in the foreseeable future will remain the same as at present, namely fossil fuels,
hydropower and nuclear power. Only a minor contribution may be expected from renewable
sources of energy other than hydropower, as all these sources are, in one way or the other,
severely constrained: geothermal energy is subject to resource constraints in most parts of the
world; wind power, photovoltaics and solar thermoelectric conversion are intermittent
sources of energy that do not remain economically viable if provided with energy storage or
back-up supplies; and biomass based electricity generation has large requirements of arable
land for raising plantations, which puts it in direct competition with food production in most
parts of the world, particularly in thickly populated developing countries with limited arable
land.

Nuclear power is an economically proven and well established energy option that forms an
important component of the electricity supply system of many countries today. The share of
nuclear power in electricity generation in 1997 was more than 40% in 8 countries and more
than 25% in 17 countries. Among developing countries, South Korea and Taiwan China are
meeting about one third of their electricity requirements through the use of nuclear power .

By the end of 1997, 437 nuclear power plants with a total generating capacity of some 352
GWe were in operation in 32 countries and another 36 units with a generating capacity of
close to 27 GWe were under construction in 14 countries. Nine developing countries
(Argentina, Brazil, China, India, Mexico, Pakistan, South Africa, South Korea and Taiwan
China) which are now making use of nuclear power have 38 operating reactors with a total
capacity of about 23 GWe. Of the 36 units under construction in 1997, 19 were in developing
countries, including two in a country (Iran) which does not yet have any operating nuclear
power plant.
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Besides the 10 developing countries which now have operating or under construction nuclear
power plants, a number of other developing countries have demonstrated interest in the use of
nuclear power in the medium or the long term. Among these countries are Algeria,
Bangladesh, Cuba, Egypt, Indonesia, Malaysia, Morocco, North Korea, Philippines, Thailand,
Turkey and Vietnam.

Nuclear power has the potential to meet a large part of the future electricity needs of both
industrialized and developing countries in an environmentally congenial manner. The extent
to which various developing countries make use of nuclear power for meeting their future
electricity requirements will depend on a variety of factors such as:

• size of indigenous resources of fossil fuels and hydropower and constraints on their
exploitation;

• need to reduce energy import dependence and ensure national energy security through
diversification of supply sources;

• economic competitiveness of nuclear power and availability of adequate finances for a
capital intensive technology;

• environmental consideration at local, regional and global levels;

• size of the national grid and availability of appropriate sizes of nuclear power plants,

• indigenous technological capability and desire to assimilate an advanced and demanding
technology,

• public acceptance of nuclear technology and overall international environment in favour
of or against nuclear power, and

• international cooperation in the field of nuclear technology.

The following discussion provides an overview of most of these considerations.

3. Factors Affecting Choice of Nuclear Power
3.1. Energy Security and Need for Diversification of Supplies

Developing countries which do not have large easily exploitable hydro power potential and
are also short of indigenous fossil fuel resources are not only facing economic hardships and
balance of payment difficulties due to the high cost of their energy imports, they are also the
most vulnerable group from the point of view of energy security. Nuclear power can be of
particular advantage to such countries by helping them to reduce their energy import bill and
by providing them with a certain measure of energy security through diversification of supply
sources for power generation. These considerations have played a key role in the decision of
developing countries like South Korea and Taiwan China, as well as of industrialized
countries like France and Japan, to go for nuclear power on a large scale. In all likelihood,
they will also be major determinants in the decision of other countries placed in similar
situation.

While being of great importance for energy resource-poor countries, the diversification of
electricity supply system using nuclear power has also considerable appeal for developing
countries richly endowed with hydro or petroleum resources. Due to its low operating cost
and high availability factor, nuclear power is especially suitable for meeting base load
electricity demand. It is this aspect mat makes nuclear power particularly attractive for
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countries which have a large component of hydropower in their electricity supply system and
are thus vulnerable to vagaries of the weather (e.g. Argentina, Brazil, Chile, Peru, Turkey).

Besides its advantage as being an essentially pollution-free energy source, an important factor
underlying the interest in nuclear power of countries well endowed with oil and gas reserves,
would be their desire to save on domestic consumption of these fuels and use such savings for
export. Indonesia is a case in point.

3.2. Economic and Financial Issues

Economics of electricity is an important factor in the choice of electricity generation
technologies. As compared to fossil fuel fired plants, nuclear plants are more expensive to
build but much less expensive to operate. The specific capital cost in terms of $/kW installed
of a nuclear power plant (in the 1,000 to 1,500 MW range) is typically about two to three
times that of a oil or gas fired plant and one and a half times that of a coal fired plant.
Because of the much longer construction time for nuclear power plants, interest cost accrued
during construction aggravates its capital cost disadvantage. Smaller scale nuclear power
plants are, at least initially, even more expensive than current commercial size nuclear power
plants. Economies of scale achieved through high production (not size) volumes, however,
are likely to lower the specific capital costs below current commercial technology but, at the
same time, realize a higher level of operating safety. The operation and maintenance costs of
all the plants are comparable but the fueling cost of nuclear plant is much lower - only one
quarter to one third as much as that of a fossil fuel fired plant. The net result is that electricity
generation costs per kWh from all the four types of plants are comparable. The relative
economics of electricity generation from nuclear, coal, gas and oil fired plants in different
countries may however vary as the plant construction cost, interest rate, discount rate, O&M
cost and fuel cost for each type of plant will depend on'specific country situation.

Technological progress and changes in environmental protection and safety regulations will
have an impact on the competitiveness of nuclear power as compared to fossil fueled power
generation. Further gains are to be expected in the efficiency of gas fired combined cycle
technology, resulting in reduced fuel requirements and hence lower electricity generation costs.
Similarly, reactors of advanced designs which are now under development in several countries
are expected to have lower construction costs and improved fuel cycle efficiency, leading to an
overall decrease of nuclear electricity generation costs.

The implementation of environmental protection measures and policies, including more
stringent atmospheric emission limits are likely to increase the costs of fossil fueled power
plants that will have to comply with those regulations by adding pollutant abatement
technologies and/or relying on higher quality fuels (e.g. low sulfur coal) that are generally more
expensive. The cost of nuclear generated electricity will not be affected by such measures.

Financial Issues: The high up-front cost of nuclear power plants is a serious deterrent for
capital-short countries even in situations where nuclear power has clear economic merit and also
looks appealing on energy security and environmental considerations. Because of its higher
investment requirements as compared to that of an equivalent fossil fired plant, a nuclear power
plant has to compete for scarce financial resources with the investment needs of other
developmental sectors such as education and health. This has delayed the initiation of nuclear
power projects in several countries, prolonged the construction periods of many and, in some
cases, even necessitated the abandonment of work on partly completed projects.
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Until recently the power sector in most of the developing countries used to be an exclusive state
owned monopoly. It still is in many cases. The state-owned utilities are generally required to
provide electricity to the under-privileged sectors of the economy at subsidized rates. Besides
reducing the self-financing capacity of the utilities, this also undermines their credit worthiness
for raising capital through foreign borrowing. The net result is that capital intensive projects
have to be abandoned in favor of less costly projects irrespective of their relative economics.

With the increasing current trend towards privatization and deregulation of the electricity sector,
the financing of nuclear power plants in developing countries is becoming even more difficult
because of their high up-front costs, long construction times and the higher economic risk
associated with investments with long amortization periods. Private investors are generally
more interested in quick financial returns on their investment rather than in long-term economic
advantages. And local, regional or global environmental benefits are not an issue of their
concern, at least under the current national regulations and policies.

The overall financing environment for nuclear power, even in a deregulated and privatized
power sector regime, would become more favorable once the new generation of smaller,
modularized reactors with reduced capital costs and shortened construction times become
available on the market and also if the governments decide to include consideration of
environmental externalities into the cost of electricity generation.

3.3 Environmental Concerns

Global warming: While the fear of global warming resulting from an increasing concentration
of carbon dioxide in the atmosphere is a major global concern, it is the industrialized countries
which are responsible for more than two thirds of the current CO2 emissions. These countries
have now agreed in a meeting held at Kyoto in December last year to accept binding
commitments for reducing their CO2 emissions, compared to the 1990 level, by at least 5% by
the year 2010.

Although at present developing countries have been spared from making any similar
commitments, the stabilization of global CO2 concentration at some acceptable level will not be
possible unless they too make an effort to contain the CO2 emissions. Thus, with the passage of
time, developing countries are likely to become under increasing international pressure to slow
down and gradually stabilize their emissions of CO2, not withstanding the need for increased
energy services to support their socio-economic development.

Developing countries will then have to make full use of all the three main options that are now
available for reducing CO2 emissions, namely energy efficiency improvement, shift to low
carbon fossil fuels and increased use of non-carbon energy sources.

Improvement of energy efficiency is certainly a very welcome option every where as it reduces
the overall energy requirements and also helps to cut down the emission of all types of
pollutants, not just CO2. But there is a limit to which efficiency may be improved in a cost-
effective manner.

Among the fossil fuels, natural gas is the least carbon intensive form of energy, followed by oil.
But with industrialized countries also seeking to shift more and more to less carbon intensive
fossil fuels, developing countries short of indigenous petroleum resources may well find
themselves out bided in getting sufficient share in the limited future supplies of oil and gas in
the international market.

The role of hydropower and other renewables in meeting the future requirements of energy and
electricity in developing countries is also expected to remain rather limited in the foreseeable
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future in view of various environmental, economic and technical constraints associated with
these non-fossil forms of energy.

Thus, with its demand for energy services rising rapidly, an increased use of nuclear power by
the developing world will have to be an essential part of its response to the climate change
problem.

Local and Regional Environmental Degradation? Of more immediate concern to developing
countries is the issue of degradation of their local and regional environment. A number of large
cities in developing countries are now facing increasing levels of smog caused by NOX

emissions. And regional acidification due to emissions of sulfur and nitrogen oxides has already
become a serious problem in parts of major coal consuming countries, China and India. This
problem is expected to aggravate further and spread to a number of countries in South and East
Asia, as the fossil fuel consumption in these densely populated countries increases. Based on
local and regional environmental considerations, the use of nuclear power will then become
even more attractive to these countries than it is today.

It may be pointed out here that, although some radioactive materials are released to the
environment during normal operation of a nuclear power plant and other nuclear fuel cycle
facilities, the amounts released are very small and limited strictly by regulations to levels far
below those of any health significance, as laid down by international organizations (ICRP and
IAEA). How small such releases are may be judged from the fact that, in some cases, even the
amount of radioactivity released from a coal-fired power plant exceeds that from the normal
operation of an equivalent nuclear plant.

3.4 Advanced Technology
Nuclear power is a multi-disciplinary advanced technology that has many spring-off benefits for
developing countries but also several prerequisites before they can reap the benefits. For
example, a nuclear infrastructure needs to be established to cater to the highly demanding
requirements of design and engineering, precision manufacturing, nuclear materials
processing and fuel fabrication, radiation monitoring and quality control; a regulatory
mechanism needs to be established and institutionalized in accordance with the international
norms; and, above all, a corpse of highly qualified and skilled technical manpower needs to
be developed through advanced science and engineering education and on-the-job training in
specialized institutions, both at home and abroad, so as to man the infrastructure facilities and
regulatory institutions. The benefits include improvement of indigenous technological
capability, improved quality control in local industries, introduction of safety culture in major
technological undertakings, development of highly skilled technical manpower, greater
emphasis on science and technology in the educational system. Important as these benefits may
be to many developing countries, they are unlikely to play a significant role in the decision of a
country to go for nuclear power unless its need is already well justified based on considerations
related to economics, environment, energy security, diversification of energy supply, etc.
Its being an advanced and demanding multi-disciplinary technology may also be a deterring
factor against the use of nuclear power in the decision of those developing countries which do
not have the necessary technological infrastructure and human resources to assimilate a
complicated advanced technology. This problem may however be partly alleviated if nuclear
plants and associated infrastructures in such countries are built and operated by fully competent
outside agencies e.g. under Build, Own and Operate (BOO) scheme or even otherwise.

3.5 Special Needs of Countries with Small Grids
Most of the nuclear power plants completed or initiated in industrialized countries in recent
years are based on large units in the range of 700-1500 MWe. Some units in this very size range
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have also been built or are now under construction in some developing countries with large
interconnected grids (Brazil, China, Iran, South Africa, South Korea, Taiwan China). Smaller
units on which construction started since the beginning of 1990 are of sizes 650 MWe (South
Korea), 600 MWe (China), 440 MWe (Slovak Republic), 300 MWe (Pakistan) and 220 MWe
(India).

The grids of a large number of developing countries are quite small and can not accept large
reactor units of size 700 MWe or more. Many of them can not accommodate even unit sizes in
the range 300-700 MWe. At present nuclear power plants of unit size below 300 MWe are
generally not considered to be economically competitive with fossil fired alternatives. The use
in India of the 220 MWe unit of indigenous design has been an exception. But even India now
plans to forego this size in favor of an indigenously designed larger unit of 500 MWe capacity.

There now seems a revival of interest in the design of medium and small reactors (SMRs) of
size from 700 MWe down to a few tens of MWe. The primary purpose of SMRs in unit sizes
above 150 MWe will be base load electricity generation in an interconnected electricity grid but
it will be possible to use most of them as co-generation plants supplying both electricity and
heat.

Very small reactors (< 150 MWe) will still not be suitable for grid applications because of their
relatively higher electricity generation costs. They will be meant for specific applications such
as captive generation of electricity and/or heat in industries, district heating, desalination, oil
extraction, propulsion of vessels or for energy supply of concentrated loads in remote areas.

As many as 50 new SMR designs are in different design stages at present. All these new
generation designs seek to achieve improvements in reactor safety, reliability and economics.
However, barring a few exceptions, not much development effort is being directed to bring
these new designs to fruition. Potential technology developers are waiting for signals from the
market place, i.e., demand pull, before committing additional R&D resources.

In 1996 the Agency performed a questionnaire on the SMR market potential. Based on the
responses received from various countries, the overall market is estimated at about 60 to 100
SMR units to be implemented up to the year 2015. About three quarters of the SMR market
potential would lie in developing countries. The survey also indicated that a very substantial use
of SMRs below 300 MWe unit size would be for sea water desalination.

3.6 Public Acceptance
Following the Three Mile Island accident in 1979 and the Chernobyl accident in 1986, nuclear
power has been facing increasing public opposition in countries of North America and Western
Europe. Although various other factors (e.g., slow growth of electricity demand, existence of
surplus power generation capacity, reduction in petroleum prices, easy availability of gas and
development of more efficient combined cycle gas technology) have also been responsible for
the stagnation of nuclear power in these countries, the part played by adverse public opinion in
the slow down, moratorium or even abandonment of nuclear power in some countries can not
be downplayed.

The current public opposition to nuclear power in industrialized countries stems from three
main issues, namely, operational reactor safety, safe disposal of high level radioactive waste and
risk of nuclear proliferation. These issues need to be, and indeed are, addressed by technology
development work to improve safety and the non-proliferation regime through safeguards.

Reactor safety: As far as operational safety is concerned, the past performance record of nuclear
power has better than that of any other major power generation technology including
hydropower. Suffice it to say that, based on the past experience, an objective comparative
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assessment of nuclear power and other major options for electricity generation with respect to
human health risks associated with the operation of their full energy chains puts nuclear power
among the least risky power generation technologies. Still the fear of a nuclear accident and the
release of radioactivity therefrom, are on the minds of many. The only workable remedy would
be prolonged nuclear power operation without any other serious accident or major release of
radioactivity into the environment. The nuclear industry is working hard towards this end.

The safety of all operational and under construction reactors has already been beefed up and is
continuously being upgraded further, although this has a negative impact on their capital costs.
The advanced reactors based on evolutionary as well as innovative designs, now under
development, will have even greater operational safety due to the incorporation of features such
as inherent or passive nuclear safety.

Waste disposal: Safe disposal of high level radioactive waste from a nuclear power plant and
associated fuel cycle facilities is not a problem that can not be handled by present day
technology. The quantities involved are quite small - only some 30-40 tonnes per year for a
1000 MWe nuclear capacity operation, as compared to 3-4 hundred thousand tonnes of ash
containing several hundreds of tonnes of toxic heavy metals (e.g., arsenic, cadmium, lead,
mercury) produced annually by a 1000 MWe coal fired plant. Suitable technical solutions to
safe disposal of high level radioactive waste have already been found through extensive
research and development in many countries. It is due to public skepticism or opposition
coupled with lack of political will that these solutions have not yet been put into practice. Until
some appropriate policy decisions are taken, the present practice of storing such waste above or
below ground will have to continue.

Non-proliferation: The risk of nuclear proliferation is a political problem rather than one linked
with nuclear power. For years the IAEA has been operating an effective safeguards system to
check any possible misuse of nuclear materials from the safeguarded nuclear facilities under its
control, to prevent illicit trafficking of nuclear materials and to ensure strict adherence to
various treaties related to international non-proliferation regime. It may be hoped that these
measures - further strengthened - will minimize the risk of nuclear proliferation.

The public opinion in developing countries is generally not opposed to nuclear power at
present. However, it is possible that, with the passage of time, the public opinion there too
sways in the other direction. Such a shift, if it comes about, could well have a negative impact
on the decision of governments in developing countries to go for nuclear power or to increase
its use. On the other hand, a revival of interest in nuclear power in industrialized countries
would pave the way for increased support by both governments and public in developing
countries in favour of nuclear power.
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3.7 International Cooperation

Enhanced international cooperation in technology transfer and financing of nuclear power
projects will be a key factor in the deployment or increased use of nuclear power in many
developing countries. The technology of nuclear power was largely developed in industrialized
countries and it is those countries which still posses and control most of the know-how of this
rather sophisticated technology. Only a few developing countries, most notably Republic of
Korea, China and India, have so far been able to acquire/develop a sufficiently high level of
self-reliant capabilities in various technological aspects of nuclear power plants and related fuel
cycle.

New entrants in the field of nuclear power will need international assistance/cooperation in
practically all aspects of nuclear power technology: plant design and construction, training of
manpower for plant operation and maintenance, supply of spare parts, provision of services for
the front-end of the nuclear fuel cycle, fabrication of fuel locally, setting up of an appropriate
regulatory regime etc. Those already making some use of nuclear power but now interested in a
much greater deployment of this technology will also need similar support to varying extent.
But, even more important, they will need international cooperation for the gradual development
of self-reliant indigenous capabilities in various aspects of nuclear power technology through an
effective transfer of know-how at reasonable terms. With public opinion in many industrialized
vendor countries not being favourable to nuclear power at present, it is difficult to say if such
international cooperation will be forthcoming. It is also too early to assess the extent of mutual
cooperation that may develop among developing countries themselves to facilitate greater
deployment of nuclear power in these countries.

4. Nuclear Power Outlook up to 2020

The IAEA keeps the nuclear power projects and programmes of its Member States under
regular review and makes projections of nuclear power capacity in the world and in different
regions over a period of next two decades by taking into account various technical, economic,
environmental and policy factors. These projections are not predictive and do not reflect the
whole range of possible futures from the lowest to the highest feasible, but provide a plausible
range of nuclear capacity growth by region and worldwide. The most recent projections of the
IAEA provide high and low estimates for nuclear capacity out to 2020 [7].

In the low case, owing to the large number of units that would be shut down at the end of their
scheduled operating lifetime and the slow pace of new capacity additions, the nuclear capacity
in the world would start to decrease after 2010 and would be some 320 GWe in 2020 as
compared to 352 GWe in 1997. In the high case, the total installed nuclear capacity worldwide
would reach some 575 GWe in 2020.

While the nuclear capacity in industrialized countries and in Eastern Europe region would
decline in the low scenario, that in developing countries is expected to increase in both the high
and low cases. In the low case, it would increase more than three fold - from about 23 GWe in
1997 to some 70 GWe in 2020. In the high case, the projected increase is more than 6 fold - to
a level of some 150 GWe by the year 2020. Three highly populated and rapidly developing
countries: China, Republic of Korea and India account for most of this increase: some 40 GWe
in the low case and 80 GWe in the high case scenarios. The growth of nuclear power in other
developing countries is expected to be rather modest.

It may be pointed out here that, even in the high case, the production capability of the world
nuclear industry would exceed the demand for new reactors. A higher rate of nuclear power
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development would be technically feasible and economically viable in a number of countries.
However, a substantive revival of nuclear power programmes would require policy measures,
including a removal of the de facto moratoria in several countries and the introduction of
mechanisms for providing funding support to nuclear projects in developing countries, which
seem unlikely to be implemented in the short term.

5. Prospects of Nuclear Power in Central and Eastern Europe
As this conference is being held in Eastern Europe, it is appropriate to say here a few words
about the prospects of nuclear power in this region.

At present there are 69 nuclear power plants, with installed capacity of 46 GWe, operating in
11 countries of Central and Eastern Europe and meeting about 10% of the electricity needs of
this region. Reliance on nuclear power varies considerably among different countries:
Lithuania gets some 80 percent of its electricity from nuclear reactors; five other countries:
Ukraine, Bulgaria, Slovak Republic, Slovenia and Hungary get 40 - 45 percent. Although
Russia, the largest user of nuclear power among the East European countries, gets only 13
percent of its electricity from nuclear power plants, its two largest industrialized regions: the
Central European region and the North-West European region, rely heavily (some 40%) on
nuclear energy in their respective electricity sectors.

In the past, the main reason for nuclear power development in all East European countries has
been the lack of indigenous energy resources combined with local environmental concerns.
Although Russia has significant fossil fuel resources, they are located far from the above
mentioned industrialized regions and are largely being used for exports in exchange for hard
currency. The same considerations will also play an important role in the future use of nuclear
power by the countries of Eastern Europe.

All the reactors now operating throughout Central and Eastern Europe are Soviet designed (of
WWER or RBMK type) with the exception of two, one in Romania (CANDU) and one in
Slovenia (PWR). After the Chernobyl accident the primary endeavor of the international
community and the IAEA has been the assessment and improvement of the operational safety
of the Soviet designed reactors, particularly of Chernobyl type (RBMK) and old WWER
reactors.

In addition to the operational safety of their existing nuclear power plants, the countries of
Central and Eastern Europe are faced with problems associated with the management of spent
fuel and, in the long run (30-50 years), with the disposal of radioactive waste. The challenge
for each country will be to develop a national infrastructure for the back-end of the fuel cycle
and to find satisfactory geological conditions for a repository within its own territory. There
is considerable scope for cooperation among the countries of the region for addressing these
issues in an economic and environmentally sound manner.

Despite the above challenges, none of the East European countries has decided to phase out
its nuclear power plants. On the contrary, the operation of the existing units may be extended
by 5 to 10 years. In the near term Russia, Ukraine and Slovakia are planning to commission
the reactors - four in each country - that have been under construction for long periods of
time. Similarly Czech Republic and Romania are planning to complete their reactors under
construction - two in Czech Republic and one in Romania. Some countries including Russia
also have ambitious plans for building additional nuclear power capacity based on new
generation of reactors.With the potential for future nuclear power projects uncertain, the
region's nuclear capacity is projected by the IAEA to decline in the low scenario from 46
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GWe in 1997 to about 35 GWe by 2020 and, in the case of the high scenario, to increase to
around 63 GWe over the same period (5). Of course the prospects for realization of the high
scenario nuclear capacity will depend heavily on economic growth in the Central and East
European countries, as well as on their ability to mobilise the necessary financing.

6. Concluding Remarks

From this presentation it should be clear that nuclear power could have considerable appeal
for the developing world, particularly for countries with large population and fast growing
economies but not adequately endowed with hydropower and clean fossil fuel resources.
Whether these countries will be able to make use of nuclear power in the coming decades will
depend heavily on the extent of international cooperation in financing and technology sharing
by the industrialized countries as well as on the effort of the nuclear industry to respond to the
needs of their new clientele.

The latter aspect calls for the development of a new generation of reactors with improved
economics and enhanced safety features. This effort should include development of modular
small and medium reactors and particularly aim at reducing the construction periods and
lowering the capital costs of nuclear power plants. The world's nuclear industry seems to be
fully capable of meeting these challenges and its production capabilities are also large enough
to meet the worldwide demand for new nuclear capacity as embodied in the Agency's high
scenario.

Assuming these two changes are forthcoming, nuclear power will continue to play an
important role in meeting the global electricity needs in the coming decades in spite of its
continued stagnation in the western industrialized countries. However, the focus of the
activity for new capacity additions will shift from the industrialized countries to the
developing world, with the East European region also providing a significant market for new
nuclear capacity. This development will also be helpful to the western industrialized countries
if they, in their quest for a suitable carbon-free technology, at some stage find it necessary to
redeploy nuclear power.

References

1. World Energy Prospects to 2020. IEA: Report for the G8 Energy Ministers' Meeting.
Moscow 31 March 1998.

2. The Atlantic Council of the US. Global Seminar on the Future of Nuclear Power.
Cannes, France, 10-12 May 1998.

3. Energy Security in the Third Millennium: Scientific and Technological Issues. Como,
Italy, 14-16 May 1998.

4. An appropriate Role for Nuclear Energy in Asia's Power Sector. The Atlantic Council of
the US. December 1997.

5. World Energy Outlook. International Energy Agency (IEA), OECD, Paris, 1996.

6. International Institute for Applied Systems Analysis (IIASA) and World Energy Council
(WEC) Global Energy Perspectives to 2050 and Beyond. WEC, London, UK, 1995

7. Energy, Electricity and Nuclear Power Estimates for the Period up to 2020. Reference
Data Series No. 1. International Atomic Energy Agency, forthcoming (1998).

IL-2.12



. I r j I f ) Hrvatsko nuklearno drustvo

JJ.2 iS\JES Croatian Nuclear Society

m/t
in co-operation with IAEA SPONSORED

Session 1

ENERGY OPTIONS IN COUNTRIES WITH SMALL
AND MEDIUM GRIDS

Chairmen: Y YANEV, IAEA
V. KNAPP, Faculty of Electrical Engineering and Computing, Zagreb

S-J.l. Bosevski T., Causevski A.
Needs and possibility of involving nuclear power plant in the Macedonian power system

S-I.2. Bozicevic M., Tomsic Z., KovacevicT.
Possibilities for carbon dioxide emission reduction resulting from nuclear power use

S-1.3. CurkovicA., Vrankic K., MagdicM.
Soundness of Krsko nuclear power plant performance in terms of energy and finance

S-1.4. Fere tic D., TomSic Z, Kovacevic T.
The roll of the nuclear power in sustainable development of the Croatian power system

S-1.5. Knapp V.
Global warming; can nuclear energy help?

S-1.6. Knapp V.
A Comment on Kyoto and Electricity Generation in Croatia

S-1.7. Novak I.
Role of nuclear energy in the energy strategy of Slovenia

S-1.8. PlanteJ.
Projected costs of generating electricity

S-1.9. TothA.
The roll of the nuclear power in Slovak Republic. Safety upgrading program for WWER reactors

S-1.10. Woite G., Konishi T., KupitzJ.
Experience and prospects of nuclear heat applications

S-l.ll. ZeljkoM, BajsD.
Needs for constructing and possibilities of nuclear power plants interconnection to the Croatian electricity grid

International Conference: Nuclear Option in Countries with Small and Medium Electricity Grids
Dubrovnik, Croatia, 1998


