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Abstract

Is there a rationale for developing countries to adopt nuclear power? This paper explores this
rationale and the suitability of nuclear power for developing countries by surveying the prerequisites
for and implications of developing a nuclear power program: infrastructure availability, economics and
finance, environment, the needs for technology transfer, the regulatory and institutional frameworks
required and the awareness of public concerns.

1. INTRODUCTION

Providing adequate energy services - and especially the availability of abundant and
inexpensive electricity - are essential for economic development, human welfare, and higher
standards of living. Electricity shortages or lack of reliability can be a bottleneck to economic
development and human welfare. Without economic development, it is difficult to address the
environmental challenges associated with poverty.

Since the onset of the industrial revolution in the 19th century, production and the
accumulation of wealth in the industrialized North has been principally driven by the
increasing use of fossil fuels. Between 1960 and 1997, global energy use increased about
three fold. Since electricity is a clean and versatile form of energy, its demand has grown even
faster and the world consumption of electricity increased more than five fold over the 1960 to
1997 period. The fraction for electricity generation increased from 17% to 27%. As the 20th
century draws to a close, some two billion people living in developing countries do not yet
have access to modern, commercial energy services, especially those provided by electricity.
Per capita energy and electricity use mirror the level of economic development and welfare,
measured in income per capita. The economic and energy disparities between the
industrialized and developing countries1 are put into perspective in Figure 1. Three quarters of
the global population live in the developing South but account for a mere one quarter of the
global economic output.

More specifically, the average annual commercial energy and electricity consumption in
developing countries are about 0.6 tons of oil equivalent/per capita (toe/cap) and 800 kilowatt
hours/per capita (kWh/cap), corresponding to about one-ninth of those in the Organization for
Economic Cooperation and Development (OECD) countries and one-twelfth of those in North
America. Hidden in these statistics are the aforementioned two billion people, without access
to electricity or other commercial forms of energy. In countries like Bangladesh and
Tanzania, the average annual consumption of energy and electricity are less than 0.1 toe/cap
and 100 kWh/cap and the per capita income is among the lowest in the world. In addition,
because the energy needs are largely met from non-commercial forms (foraged agricultural

1 In this paper, the term "developing countries" covers all the countries of the world except the following:
Australia, Canada, Japan, New Zealand, the USA and the countries of West and East Europe, including all those
countries previously part of the former USSR.
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FIG. 1. North-South disparities, 1997.

waste and firewood), these countries also experience serious deforestation, top soil erosion
and subsiding water table problems.

Material wealth accumulated in the industrialized countries and fed by fossil fuel
combustion did not occur without pain, i.e., local and regional environmental degradation
partly undermined the economic gains. With increasing standards of living, modern societies
also began to express a preference for non-material values and quality of life: cleaner air,
pristine rivers and lakes, and healthy forests. In essence, the question arose as to the
environmental sustainability of "business-as-usual" development. Clearly, environmental
stewardship is first of all a matter of affordability; secondly, it is a matter of knowledge.
Measures have been implemented in most OECD countries to correct some obvious
environmental disturbances but others remain obscure. Alterations to the composition of the
atmosphere, largely caused by fossil fuel combustion and land-use changes, may already have
caused a discernible human impact on climate (IPCC, 1996). Although the extent of
anthropogenic greenhouse gas (GHG) emissions and potential climate change are not yet fully
understood, caution led world leaders to agree in 1997 in Kyoto to curb future GHG
emissions from industrialized countries.

To date, environment burdens in the developing countries are primarily local and
regional. However, this burden is likely to be more severe and more damaging than that in the
industrialized countries, due to the sheer size of the demographic explosion. It is projected
that world population will grow from about 5.8 billion people to over 10 billion by the year
2050 (UN, 1998), with some 95% of the increase in developing countries. Because short-term
economics necessarily take precedence over environmental protection, the transition from
unsustainable non-commercial energy to commercial energy supply in the developing
countries is likely to require using low cost fossil technologies (predominantly coal) with little
or no pollution abatement. This will lead to a rapidly degrading local and regional
environment and drastically increase greenhouse gas emissions.
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Economic development and demographic dynamics will reverse the regional disparities
in aggregate energy consumption within the coming two to three decades (although because
of high population growth, this does not translate into drastically improved per capita energy
use in developing countries). The economies of the industrialized countries have now slowed,
having reached near saturation in energy consumption, and further increases in energy service
are expected to be offset to a large extent by future gains in efficiency. Contrarily, the demand
for energy, especially electricity, in developing countries is expected to increase as they
industrialize, accompanied by increased urbanization, and as they seek to improve the quality
of life for their fast growing populations.

According to projections made in early 1998 by the International Energy Agency of
OECD (IEA/OECD, 1998), the primary energy demand in developing countries is expected to
increase by a factor of more than two, with demand for electricity increasing by a factor of
almost three between 1998 and 2020. Corresponding increases projected for the industrialized
countries are by factors of 1.1 and 1.3, respectively. By 2020, aggregate primary energy use
and GHG emissions in the developing countries will be nearly the same as those in the
industrialized world.

A relatively longer term perspective is provided by the joint study of the International
Institute for Applied System Analysis and the World Energy Council (Nakicenovic et al.,
1998). The study projects that, depending on economic growth and the extent to which
efficiency is improved, the demand for primary energy in developing countries will increase
3 to 5 fold by 2050, with an accompanying 5-7 fold increase in electricity demand. This
significant expansion of global energy production and use will require the utilization of all
available energy supply options, including nuclear power, as well as stepped-up efforts to
further improve energy efficiencies throughout the energy system. To dismiss a particular
option a priori would be imprudent.

Figure 2 puts the prospects of future demand into perspective, comparing cross-country
data of 1997 per capita income and per capita electricity use. Despite the numerous and
widely different factors that determine demand in individual countries, the income effect is
striking: Electricity makes possible economic development which, when compounded with
population growth, inevitably leads to substantially increased needs for electricity.

2. ELECTRICITY SUPPLY OPTIONS

Capital stock turn-over in energy supply in general, and particularly in the electricity
sector, has been slow compared with capacity expansion. To date, most existing generating
capacity was put in place to meet demand growth rather than to replace old capacity. Global
electricity generation expanded more than five-fold over the last 40 years - a time period
comparable to the life times of most generating stations. Consequently, this means that change
in the electricity supply structure is not only inherently slow, but investment decisions today
will impact the generating mix until the mid 21st century. This is of special importance for
greenhouse gas considerations. Investments in fossil fuel infrastructure and fossil-source
electricity generation locks this capacity into the system for half a century or so. Premature
retirement due to GHG mitigation pressures may prove quite costly. Figure 3 depicts changes
in global electricity generation between 1971 and 1995. Clearly, fossil fuels continue to
dominate, holding at a market share of 62% (down from 75% in 1971). Reduced oil use for
generation accounts for the lion's share of this decline, brought about by the oil price hikes of
the 1970s and supply assurance considerations. Coal use also declined from 41% to 37%,
which was almost offset by a corresponding increase in natural gas use. The overall
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decarbonization of the global electricity system, however, would not have materialized
without the rapid commercialization of nuclear power during the 1970s. The market share of
nuclear power grew from just 2% in 1971 to 17% in 1997. Over that period, hydropower did
not keep pace with total electricity generation and its market share declined from 23% to
19%. Renewables - solar, wind, commercial biomass, and geothermal energy - practically
non-existent some 25 years ago, now supply 2% of global electricity (the bulk of which
emerged in North America since 1990 as the result of strong incentive programs).

The electricity supply pattern in developing countries like that of industrialized
countries (see Figure 4), is heavily dominated by fossil fuels (73%), while hydropower
contributes some 22% and nuclear power about 4% to electricity generation. The share of
geothermal and other renewable, is about 1%. Unlike industrialized countries, developing
countries as a group have not made much use of nuclear power so far. At present, only 9
developing countries operate nuclear power plants, one in Africa (South Africa), five in Asia
(China, India, Pakistan, Republic of Korea, and Taiwan China) and three in Latin America
(Argentina, Brazil and Mexico). The nuclear share in these three sub-groups is 2.2% in
Africa, 4.7% in Asia and 1.5% in Latin America. The corresponding shares in the OECD
countries and reforming countries2 24% and 18%, respectively.

Fossil fuels, hydropower and nuclear power, will remain the main energy options for
supply of electricity in the foreseeable future. Modern renewables will expand as their techno-
economic performance improves with investment and experience. In areas distant from
existing transmission grids, wind and solar electricity can be economically feasible
alternatives, especially when avoided transmission costs are factored into the equation. Where
peak demand coincides with availability of an intermittent energy source, e.g., solar electricity
with peak air conditioning demand, renewable energy may well supplement base-load.
However, only minor contributions to base-load supply can be expected from renewable
sources of energy other than hydropower, since these are, in one way or another, constrained:
geothermal energy is unavailable in most parts of the world; wind power, photovoltaics and
solar thermoelectric conversion are intermittent sources of energy that are not yet
economically if provided with energy storage or back-up; and biomass-based generation
requires large quantities of land, putting it in direct competition with food production,
especially in thickly populated developing countries with limited arable land. The 1998 study
of IEA/OECD projects renewables (other than hydropower) to contribute some 1% to total
electricity supplies in developing countries by the year 2020.

2.1. Hydropower

Hydropower is an energy resource with essentially zero fuel costs and low operating
costs. Considerable hydropower potential exists in many developing countries. But further
exploitation is increasingly constrained by the high cost of constructing dams in remote sites
in difficult terrain, where most remaining potential lies, and by the adverse environmental
impacts of building large dams. Still, it is expected that sufficient new hydropower will be
developed in the coming decades to maintain the share of hydro at about the same as at
present, 20-30%, in electricity supplies of developing countries. Latin American developing
countries are expected to continue to meet 70-80% of their electricity needs through
hydropower.

2 Reforming countries are the countries currently undergoing the transition from centralized economic
planning to market economies. Essentially they include the states of the Former Soviet Union and Eastern
Europe.
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FIG. 2. Electricity use per capita versus income (GDP) per capita at 1995 market prices and
exchange rates.

2.2. Fossil fuels

Besides being the main source of electricity generation, these fuels are essentially the
only means (other than electricity) of providing commercial energy for transportation, process
heat in industry and heating and cooking in households. (Biomass-based noncommercial fuels
are also used in households of developing countries.) Thus, the use of fossil fuels for
electricity generation must compete with other applications for which no viable alternative
exists now or in the foreseeable future. However, the concerns of the 1970s and early 1980s
that fossil fuels are running out have now disappeared (Rogner, 1997). Thanks to
technological progress, even the proven global reserves of fossil fuels are so large that, at
present production rates, oil will last for more than four decades, gas for more than six
decades and coal for more than two centuries. Add to this the enormous occurrences of
unconventional oil and gas and the potential extends well through the 21st century (IPCC,
1996). At the same time, concern has increased about adverse environmental impacts - at
local, regional and global levels - from continued reliance on fossil fuels.

Although developing countries as a group are well endowed with fossil fuels (90% of
world proven reserves of conventional oil, 50% of natural gas and 30% of coal), these
resources are very unevenly distributed (BPAmoco, 1999). In fact, the vast majority of
developing countries are net importers of energy, with many meeting 30-50% of their energy
needs, or even 60-90% (e.g., Philippines, South Korea, Taiwan China, Thailand), through the
import of oil and gas.

21



6.000

5.000

4.000- -

Total: 13,254 TWh

1971 1995

Solids tZd Liquids SB Natural Gas ^Nuc lea r KS Hydro [ill Renewables

FIG. 3. Changes in the structure of the global electricity generation mix, 1971-1995.
Source: EIA, 1998

Developing Countries OECD

I Solids &2 Liquids SB Natural Gas 53 Nuclear K2 Hydro Hi] Renewables

FIG. 4. Electricity generating structure for developing countries and OECD. Source: Adapted
from EIA, 1998 and EC, 1998.

22



2.3. Nuclear power

Nuclear power is an economically proven and well established energy option and an
important component of the electricity supply system of many countries today. In spite of
thefact that it entered the market only four decades ago, it now generates some 2,300 Tera
Watt hours (TWh) of electricity per annum and commands an impressive 17% share of the
global electricity. Figure 5 shows the evolution of nuclear electricity generation and growth of
the nuclear share in global electricity between 1970 and 1998 (IAEA, 1999a). In 1998, the
nuclear share was more than 40% in 9 countries and more than 25% in 18 countries, but as
high as 77% in Lithuania and 76% in France. Among the developing countries, South Korea
and Taiwan China also meet between one fourth to one third of their electricity requirements
through nuclear power.

14,000

Total Electricity Supply

1950 1960 1970 1980 1990 2000

FIG. 5. Nuclear power contribution to global electricity supply, 1950 to 1998.

By the end of 1998, 434 nuclear power plants with a total generating capacity of
349 Giga Watts electric (GWe) were operating in 32 countries and another 36 units with a
generating capacity of 27 GWe were under construction in 14 countries. Nine developing
countries now using nuclear power, have 39 operating reactors with a total capacity of some
23 GWe. Of the 36 units under construction by the close of 1998, 19 were in developing
countries, including two in a country (Iran) without an operating nuclear power plant. The
total accumulated operating experience of nuclear power plants by the end of 1998 amounted
to over 9000 years, corresponding to an average operating period of almost 20 years per plant
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(see Table I). Besides the 10 developing countries which have nuclear plants operating or
under construction, others have shown an interest in using it. These are:

Africa
Middle East
South and East Asia

Latin America:

Algeria, Egypt, Libya, Morocco, Tunisia
Israel, Saudi Arabia, Syria, Turkey
Bangladesh, Indonesia, Malaysia, North Korea,
Philippines3, Thailand, Vietnam
Chile, Cuba4, Peru, Uruguay

Nuclear power has the potential to meet a much larger share of future electricity needs
than is currently forecast, in an environmentally friendly manner, for both industrialized and
developing countries. The use of nuclear power for non-electric applications has been limited
however, nuclear power has the potential to replace fossil fuels for a substantial part of this
market as well. For example, nuclear power can produce heat and steam for industry and
district heating. Processes requiring temperatures of up to 300°C can be supplied by the
current generation of water cooled reactors, while temperatures of up to 950°C can be
produced from breeders and high temperature, gas cooled reactors. Since severe shortages of
fresh water are expected in many areas of the world - including coastal areas - nuclear power
might become important in the desalination of seawater. A number of developing countries
are showing increased interest in this application.

3. FACTORS AFFECTING THE CHOICE OF NUCLEAR POWER

The extent to which developing countries use nuclear power to meet their future electricity
needs depends on factors such as:

- fossil fuel and hydropower resources and constraints on their exploitation,
- the need to reduce energy imports and ensure national energy security,
- the need for diversification of supply sources,
- the economic competitiveness of nuclear power,
- environmental considerations,
- size of the national grid and availability of appropriate nuclear plant capacities,
- the technological capability to assimilate an advanced and demanding technology,
- public acceptance of nuclear technology,
- the availability of financing for a capital intensive technology,

the desire to reap spin-off benefits from an advanced technology,
the tenor of the international environment for or against nuclear power, and
international cooperation in the field of nuclear technology.

3 In the Philippines, a 600 MW(e) plant was mothballed in 1986 owing to political and legal difficulties
between the manufacturers and the Government of the Philippines.

4 The work on the construction of two 408 MW(e) units was stopped in 1992 due to financial difficulties.
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TABLE I. NUCLEAR POWER REACTORS IN OPERATION AND UNDER
CONSTRUCTION, 31 DEC. 1998. Source: IAEA, 1999b

Country

Argentina
Armenia
Belgium
Brazil

Bulgaria
Canada
China
Czech Republic

Finland
France
Germany
Hungary

India
Iran
Japan
Kazakhstan

Korea Republic
Lithuania
Mexico
Netherlands

Pakistan
Romania
Russia
South Africa

Slovak Republic
Slovenia
Spain
Sweden

Switzerland
United Kingdom
Ukraine
USA

Total

Reactors

No of
units

2
1
7
1

6
14
3
4

4
58
20
4

10

53
1

15
2
2
1

1
1

29
2

5
1
9

12

5
35
16

104

434

in operation

Total
MW(e)

935
376

5,712
626

3,538
9,998
2,167
1,648

2,656
61,653
22,282

1,729

1,695

43,691
70

12,340
2,370
1,308

449

125
650
19,843

1,842

2,020
632

7,350
10,040

3,079
12,968
13,765
96,423

348,864

Reactors under
construction

No of
units

1

1

6
2

1

4
2
2

3

1
1
4

3

4

36

Total
MW(e)

692

1,229

4,420
1,824

1,450

808
2,111
1,863

2,550

300
650
3,375

1,164

3,800

27,536

Nuclear electricity
supplied

TW(e).h

6.9
1.4

43.9
3.3

15.5
67.5
13.5
12.4

21.0
368.4
145.2
13.1

10.2

306.9
0.1

85.2
12.3
8.8
3.6

0.3
4.9

95.4
13.6

11.4
4.8

59.0
70.0

24.4
91.1
70.6

673.7

2,293.7

in 1998

%of
total

10.0
24.7
55.2

1.1

41.5
12.4

1.2
20.5

27.4
75.8
28.3
35.6

2.5

35.9
0.2

41.4
77.2

5.4
4.1

0.7
10.4
13.1
7.3

43.8
38.3
37.2
45.8

41.1
27.1
45.4
18.7

Total. Operating
Experience to

31 Dec. 1998

Years

40
31

156
16

101
405

17
50

79
1,052
570

54

159

863
25

137
26
13
54

27
2

613
28

73
17

174
255

118
1,168
222
2,351

9,012

Months

7
3
7
9

1
2
5
8

4
1
7
2

1

5
6

5
6

11

3
6
6
3

11
3
2
2

10
4
1
8

6

Note: The total includes the following data in Taiwan, China:

6 units, 4884 MW(e) in operation;
1 unit 1300 MW(e) under construction;
35.4 TWhe of nuclear electricity generation, representing 24.8% of the total electricity generated
there;
104 years 1 month of total operating experience.
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3.1. Energy security and the need for diversification of supplies

Developing countries without large, easily exploitable hydropower and short of fossil
fuel, not only face economic hardships and balance of payment difficulties due high cost
energy imports, they are also the most vulnerable group with respect to energy security.
Nuclear power can benefit them by reducing their energy import bill and by providing a
certain measure of energy security through diversification of supply. These considerations
have been key in the decision of developing countries like South Korea and Taiwan China, as
well as of industrialized countries like France and Japan, to go nuclear on a large scale. In all
likelihood, these will also be determinants in the decision of countries in similar situations.

The annual fueling cost of a nuclear power plant is lower than that of an equivalent
fossil fuel fired plant by a factor of 3-4. Thus, nuclear power can substantially save recurring
annual fuel costs over the 30-40 year working life of the plant, thereby reducing the energy
bill even of countries needing to import nuclear fuel.

The uranium fuel required for annual operation of a 1,000 Mega Watt electric (MW(e))
nuclear plant is about 30 tons. About 60,000 tons of natural uranium a year are required to
operate all the nuclear reactors in the world, compared to some 1.5-3 million tons of fossil
fuel to operate only 1,000 MW(e) capacity oil or coal fired plant. Several years supply of
uranium fuel for a nuclear plant may be kept in reserve as a precaution against possible future
disruption. Such disruptions are also unlikely since uranium resources are widely distributed
in the world. In any case, building a nuclear fuel reserve for several years supply, does not
pose a storage problem.

There are sufficient known uranium reserves worldwide to last for at least 75 years at
current levels of once-through use, without reprocessing spent fuel. In addition, there exist
enormous uranium occurrences at lower geological concentrations that can be mined at higher
than today's costs but with little effect on total electricity costs given the typically low share
of fuel costs in nuclear generating costs. As well, recycling plutonium from reprocessed spent
fuel in thermal reactors and introduction of fast breeder reactors would increase the energy
potential of today's known uranium reserves by up to 70 times, enough for more than 5000
years at today's levels of use. There is no imminent danger of uranium scarcity or of a rapid
increase in uranium prices.

3.2. Economic aspects

The economics of electricity is the single most important factor in the choice of
electricity generation technologies. Compared to fossil fuel fired plants, nuclear plants are
more expensive to build but much less expensive to operate. The capital cost of a nuclear
power plant is typically three to four times that of an equivalent oil or gas fired plant and one
and a half to two times that of an equivalent coal fired plant. 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 roughly comparable.
The relative economics of electricity generation from nuclear, coal, gas and oil fired plants
vary in different countries with the plant construction cost, localization factor, plant site,
environmental regulation, interest rate, O&M costs and fuel cost for each type of plant.

For example, since the early 1990s, the principal incremental electricity capacity
addition in industrialized countries with a natural gas infrastructure in place, is based on
natural gas and the highly efficient combined cycle gas turbine. Short construction time, low
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capital costs compared to coal or nuclear, smaller incremental unit sizes, considerably lower
emissions compared to coal and oil, and inexpensive natural gas make it the fuel of choice.
However, where a natural gas infrastructure is lacking - which includes most developing
countries - this is not an option, at least in the short to medium run. Further performance gains
are expected in the efficiency of combined cycle technology, resulting in reduced fuel
requirements and capital costs, and hence lower generation costs. Natural gas or coal sourced
fuel cells in the 10 to 200 MW(e) range are other high-efficiency generating options rapidly
approaching commercialization, with the potential to challenge combined cycle technology.

Because of high capital costs and long lead times, the competitiveness of nuclear power
is highly sensitive to interest rates. At relatively low interest rates, e.g. 5%, nuclear power is
competitive with some coal power plants and even some natural gas combined cycle plants
(see Figure 6). At a higher interest rates5, e.g. 10%, gas fired combined cycle units are much
more attractive investments (Figure 7). Within this range, there can be substantial differences
in relative plant costs depending on the technologies and pollution abatement schemes
required.

The competitiveness of natural gas combined cycles (NGCC) is highly sensitive to gas
prices which may vary greatly even within one country and might enter a period of high
volatility if gas demand grows substantially.

Figure 8 depicts the greater sensitivity of fossil-sourced electricity generating costs for
France. These data reflect the change in incremental generating costs caused by technical
performance/efficiency improvements (especially for NGCC), fuel cost differences within
France, and prevailing short-term fuel import prices. In 1997, natural gas represented a least-
cost alternative but only within a small margin. Slightly higher gas prices could quickly
undermine its competitiveness while nuclear power generating costs are quite stable over a
wide range of fuel price scenarios.

Nuclear generated electricity remains competitive with coal generation for base load
supply in many countries which have developed and implemented nuclear programs (see
Figure 6 and Figure 7). However, its competitiveness is challenged by continued high costs,
by relatively low long-term fossil fuel prices, and improved efficiencies in coal and natural
gas conversion technologies which are being made far faster than comparable gains in the
efficiencies of nuclear plants.

Technological progress and changes in environmental protection and safety regulations
continue to affect the competitiveness of both nuclear and fossil fueled power generation.
While technological progress improves the economics of power generation, environmental
protection policies and measures, including more stringent atmospheric emission limits are
likely to increase the costs of fossil fueled power plants that must comply with regulations by
adding pollutant abatement and/or by relying on higher quality, more expensive fuels (e.g.,
low sulfur coal). The cost of nuclear generated electricity is not affected by such measures but
might increase due to more severe safety and radiation protection standards.

5 The commercial sector tends to demand a premium on interest rates for projects with longer amortization
periods or when the return-on-investment may be subject to abnormal risk perceptions.
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3.3. Financing6

The high up-front cost of nuclear power is a serious deterrent for countries short of
capital (both developing and industrialized), even where nuclear power has clear economic
merit and is attractive for energy security and environmental reasons. Because of higher
investment costs compared to equivalent fossil fired plants, a nuclear plant competes for
scarce financial resources with obligate investments in other essentials such as education and
health. This delayed nuclear power projects in several countries, prolonged construction in
many (e.g., Argentina, Brazil and India, as well as the Czech Republic, Romania, Slovak
Republic, and Ukraine) and, in one case (Cuba), necessitated abandoning work on partly
completed projects.

Until recently, power in most developing countries was an exclusive, state-owned
monopoly and still is in many cases. State-owned utilities are usually required to provide
electricity to under-privileged sectors of the economy at subsidized rates. Besides reducing
the self-financing capacity of the utilities, this undermines their credit worthiness for raising
foreign capital. The net result is that capital intensive projects must be abandoned in favor of
less costly projects, irrespective of their relative life-cycle economics.

The trend to deregulate and privatize electricity markets places great emphasis on
competitive returns on investment and on risk minimization. Utilities will increasingly need to
adopt (the generally higher) market interest rates as discount rates, especially if privatization
stems from decreasing finance support from the public sector for energy infrastructure.
Because of high up-front costs and long licensing and construction times, financing nuclear
power plants in general, and especially in developing countries, is becoming more difficult.
Private investors are usually more interested in quick, low risk returns than in long-term
socio-economic advantages. Local, regional or global environmental benefits are not an issue
of immediate concern, at least under current national regulations and policies. Investors'
environmental concerns focus on minimizing liabilities, and on the cost of pollution
abatement to meet government standards, which serves to highlight the importance of

' See also Key Issue Paper No. 2.
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adequate government environmental regulation. From the perspective of the private sector,
ideally, generating technologies should have the following characteristics: low capital costs,
modular and small unit sizes, short construction schedules, short amortization times, capacity
closely matching load, siting flexibility, and minimal regulatory/public acceptance problems;
i.e., attributes largely met by natural gas combined-cycle (NGCC) plants but not necessarily
by contemporary nuclear plants.

The challenge to the nuclear industry is to develop advanced reactors with these
characteristics without compromising safety. Reactors of advanced designs now under
development are expected to meet some of these goals: load following capabilities, shorter
construction times, lower capital costs, improved fuel cycle efficiencies all leading to more
competitive costs for nuclear generation. The financing environment for nuclear power, even
in a deregulated and privatized power regime, would become more favorable once these new
smaller, modularized reactors become available and if governments include environmental
externalities in the cost of generation. However, commercial use of the new designs, will
require adjustments in licensing, which has a tendency to stymie and frustrate innovation.

Besides a lack of credit worthiness of their utilities, such factors as political stability,
inconsistent national policies and high external indebtedness may also deter the inflow of
foreign capital into developing countries. The recent financial crises in developing countries
of East Asia underscores the uncertainty and high risk factor that foreign investors assign
investments in all developing countries. In spite of this, the nuclear industry in industrialized
countries, now short of domestic markets, might be willing to provide sufficient levels of
supplier credit for power plant construction under suitable guaranties. To exploit these
opportunities, developing countries must implement fiscal and regulatory policies to build
vendor confidence. At the same time, international monetary establishments should facilitate
confidence by financial back-up of the national guarantees. Whether such changes can occur
in international financing within the next two decades is highly uncertain.

3.4. Environmental considerations

Besides its merit as a cost effective generating option and a means to provide energy
security to energy resource-poor developing countries, nuclear power is also attractive
because it is essentially pollution free. Today, fossil fuels are a major source of worldwide
environmental degradation, with coal the most polluting followed by oil and then gas. Fossil
fuel combustion causes the atmospheric release of large quantities of the oxides of nitrogen,
sulfur dioxide, carbon dioxide and particulates and have serious adverse environmental
impacts at local, regional and global levels. For example, the type of pulverized coal plants
that will meet a large part of the incremental electricity demand in China and other developing
countries for the coming one to two decades will, on average, release the following pollutants
per kWh generated (without emission mitigation)7: 9.1 grams of sulfur dioxide (SO2), 3 grams
of nitrogen oxides (NOX), 0.2 gram of particulates and 321 grams of carbon as carbon dioxide
(CO2). Assuming equivalent full power operation of 6,500 hours per year of such a 600
MW(e) plant, the annual emissions amount to 35,500 tons of SO2, 11,700 tons of NOX, 780
tons of particulates, 1.25 million tons of carbon and 148 tons of heavy metals including
radionuclides. Nuclear plants do not directly produce such emissions, and those from the
operation of the rest of the nuclear fuel cycle are negligible.

7 Assuming coal with the following characteristics: 1% sulfur, 12% ash, 8% moisture (all by weight), and
a heating value of 22 MJ/kg.
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3.4.1. Local and regional environmental degradation

The degradation of their local and regional environment is of immediate concern to
developing countries. A number of large cities in developing countries now face increasing
levels of smog caused by NOX emissions and regional acidification from emissions of sulfur
and nitrogen oxides is already a serious problem in parts of major coal consuming countries,
China and India. This problem is expected to spread to countries in South and East Asia as
fossil fuel consumption increases in these densely populated countries. Based on local and
regional environmental considerations, nuclear power will become even more attractive to
these countries than it is today.

Flue gas desulfurization and de-noxing equipment or more highly efficient plants would
lower emissions of SO2 and NOX by as much as a factor of 10 and more. But these abatement
measures do incur cost penalties of up to 25%. Table II compares two types of pulverized coal
plants, the Chinese capacity expansion model and a modern European plant designed to meet
current air emission codes. The 25 percent increase in generating costs may tilt the economics
of generation toward nuclear even where it is not otherwise economically competitive.

Although some radioactive materials are released to the environment during operation
of a nuclear power plant and other fuel cycle facilities, the amounts are small and strictly
limited to levels far below those of health significance, by regulations laid down by
international organizations (ICRP8 and IAEA). The quantity of such releases may be judged
by the fact that, in some cases, radioactivity released from a coal fired plant exceeds that from
the normal operation of an equivalent nuclear plant. Coal, like most natural materials,
contains natural radionuclides that are released during combustion. In coal there is an average
of 2.08 parts per million (ppm) of uranium, 4.58 ppm of thorium and 0.054 ppm of potassium-
40. Most of the more than 4 tonnes of uranium, 9 tonnes of thorium and 0.1 tonne of
potassium-40 contained in the coal burnt annually in 1,000 MW(e) coal fired plant (40%
efficiency, load factor of 6,500 hours/year, average US bituminous coal) end in the fly ash
and are disposed of "uncontrolled"9.

3.4.2. Climate change concerns

While the fear of global warming from increasing concentrations of GHGs in the
atmosphere, especially carbon dioxide, is a major global concern, the industrialized countries
are responsible for more than two thirds of the current CO2 emissions. These countries agreed
at the Third Conference of the Parties (CoP 3) held at Kyoto last year to binding commitments
to reduce the emissions of six GHG gases, of which CO2 is the single most important, by at
least 5% below 1990 levels during the commitment period 2008 - 2012.

Although developing countries were spared from similar commitments, the stabilization
of atmospheric GHG at acceptable levels will be impossible unless they too try to contain
emissions, especially from fossil fuel combustion. Thus, with time, developing countries are
likely to feel increasing international pressure to slow down and gradually stabilize emissions

8 International Commission on Radiological Protection.
9 The determination of the impact on human health of these radioactive material emissions is very
complex and depends on numerous factors including the concentration in the coal, combustion
temperature, the portion of fly ash in total ash, the efficiency of the emission control devices, the actual
composition of radionuclides generated, their half-life times, the location of the emission source,
population density, etc. Thus, radiation exposure comparisons are difficult to generalize. But it is fair to
say that electricity generation from coal may result in radiation exposures to the public that exceed those
associated with the full nuclear fuel cycle chain.
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of CO2, notwithstanding the obvious need for increased energy to support socio-economic
development.

Developing countries must then make full use of the three main options available for
reducing CO2 emissions, namely, improved energy efficiency, a shift to low carbon fossil
fuels and increased use of non-carbon energy sources. Improvement of energy efficiency is a
welcome option every where as it decreases energy requirements, reduces emission of all
pollutants, not just CO2, and reduces costs. But there is a limit to which efficiency may be
improved cost-effectively. Going beyond that could be counter productive for economic
development. Among the fossil fuels, a shift from coal to oil may reduce CO2 emissions by
20% and that to gas by 40-45%. But since industrialized countries also seek to shift to less
carbon intensive fossil fuels, developing countries short of petroleum resources may well find
themselves outbid in securing a sufficient share at acceptable costs in the international oil and

TABLE II. TECHNO-ECONOMIC PERFORMANCE COMPARISON BETWEEN TWO
INCREMENTAL COAL-FIRED ELECTRICITY GENERATING STATIONS

Characteristics

1. Technical

Net Capacity
Load factor
Net efficiency
Sulfur abatement (SO2)
Nitrogen oxides (NOX)
Particulates

2. Economic
Overnight investment costs
Localization
Discount rate
O&M costs
Fuel costs

Total generating costsd

3. Emissions

Heavy metals6

Sulfur dioxide SO2
Nitrogen oxides NOX

Carbon monoxide CO
Nitrous oxide N2O
Particulates
Carbon dioxide CO2

Total GHG emissions

MW(e)
hours/year
% (LHVb)
%
%
%

US$/kW(e)c

%
%
US$/kW(e).year
US$/GJ
mills/kWhe

gHM/kWh
g/kWh
g/kWh
g/kWh
g/kWh
g/kWh
gC/kWh
g C/kWh equiv.

PC 600a

China

600
6,500
33.8

0
0

99.5

700
100

8
21.13

1.7
24.09

0.038
9.09
3.01
1.08
0.02
0.20
321
325

PC 6004

Europe

600
6,500
47.5

90
80

99.5

1329
30

8
43.87

1.7
30.02

0.027
0.65
0.43
0.77
0.02
0.14
230
233

Ratio

1
1

1.4

1

1.9
n.a.
n.a.

2.08
1

1.25

1.4
0.07
0.14
0.71

1
0.7

0.71
0.72

a PC 600 is a 600 MW pulverized coal fuelled power plant.
b LHV = Lower heating value.
0 At 1995 prices and exchange rates.
d Including interest during construction.
e Including uranium, thorium, potassium, arsenic, cadmium, lead, mercury, selenium, zinc. Not considered are

non-toxic materials such as aluminium, magnesium, titanium or vanadium which would another 15g/kWh of
metal emissions.
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gas markets. Thus, with increasing energy requirements, increased use of nuclear power and
other non-fossil energy sources, whenever feasible, by developing countries may be part of
their response to the climate change challenge.

In this connection, it is instructive to note that by increasing the nuclear share of
electricity generation from some 25% in 1980 to over 78% in 1997, France was able to reduce
its CO2 emissions from the power sector by a factor of four, in spite of a two fold increase in
generation during this period. It may also be pointed out that the current use of nuclear power
is helping the world avoid some 700 million tonnes of carbon emissions (Mt C)10, equivalent
to about 8% of the present global GHG emissions from use of fossil fuels. By contrast, the
Kyoto Protocol envisages a 5% reduction from 1990 emission levels in industrialized
countries only.

3.5. Special needs of countries with small grids

Most of the nuclear power plants started or completed in industrialized countries in
recent years are large units in the range of 700 - 1,500 MW(e) because of economies of scale.
However, grids in a large number of developing countries are quite small and cannot accept
reactor units of 700 MW(e) size or more. Many cannot even accommodate unit sizes in the
range 300-70011. At present, nuclear power plants below 300 MW(e) are not considered
economically competitive with fossil fired alternatives. The use in India of the 220 MW(e)
unit of domestic design is an exception, but even they now plan in favor of a larger unit of
500 MW(e) capacity. Units in the 700 - 1,500 MW(e) size range were also 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 600-700 MW(e) (three in South Korea and
four in China), 300 MW(e) (one in Pakistan) and 220 MW(e) (two in India).

There seems to be a revival of interest in the design of medium and small reactors
(SMRs) from 700 MW(e) down to a few tens ofMW(e). The design purpose of SMRs in unit
sizes above 150 MW(e) is base load generation in an interconnected grid but it is possible to
use most of them as co-generation plants supplying both electricity and heat. Very small
reactors (< 150 MW(e)) are not economically attractive for grid applications because of their
relatively higher electricity generation costs. They are intended 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 SMRs are in different design stages at present; these new designs seek
improvements in reactor safety, reliability and economics. However, with a few exceptions,
little development effort is being directed to bring these new designs to fruition.

3.6. Public acceptance12

Following the Three Mile Island accident in 1979 and the Chernobyl accident in 1986,
nuclear power has faced increasing opposition in countries of North America and Europe.
Although other factors, including slow growth of demand, surplus capacity, reduction in fossil
prices, availability of gas and development of more efficient combined cycle gas and cleaner

10 In terms of carbon dioxide the emissions avoided by nuclear power amount to 2,600 million tonnes (Mt CO2)
11 System operational considerations limit the size of the largest unit in an interconnected electric grid to about

one tenth to one sixth of the grid size. The optimal size may be even smaller.
12 See also Key Issue Paper No. 5.
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coal technologies are also responsible for the stagnation, the effect of adverse public opinion
in the slow down, moratorium or even abandonment of nuclear power cannot be downplayed.

Public opposition to nuclear power in industrialized countries stems from three main
issues, namely, reactor safety, safe disposal of high level radioactive waste and risk of nuclear
proliferation. Only the first of these is a direct consequence of the Three Mile Island and
Chernobyl accidents. The other two were simply raised by those opposed to nuclear power, to
help mobilize public opposition to the technology.

Regarding operational safety, the performance record of nuclear power is better than
any other major generation technology including hydropower. Without going into detail,
suffice it to say that an objective, comparative assessment of nuclear power and other major
options for electricity generation puts nuclear among the least-risk technologies with respect
to human health impacts associated with the operation of their full energy chains. Still, fear of
a nuclear accident and the release of radioactivity, is on the minds of many. The only
workable remedy is prolonged nuclear power operation without other serious accidents or
major releases of radioactivity into the environment and the nuclear industry is working hard
toward this end. The safety of all operational reactors and those under construction has
already, and is continuously being upgraded, although this may have a negative impact on
capital costs. Advanced reactors based on evolutionary and innovative designs now under
development, will have even greater operational safety due to the incorporation of inherent or
passive nuclear safety features.

The long-term, safe disposal of high level radioactive waste from a nuclear power plant
and associated fuel cycle facilities should not pose an insurmountable problem even for
present day technology. Temporary storage of high level radioactive waste in spent fuel has
been carried out for over 40 years in storage pools, storage tanks and, in some cases, in dry
storage facilities, normally at power stations which produced the spent fuel. The quantities are
quite small - only some 30-40 tons per year for a 1,000 MW(e) capacity operation, compared
to three to four hundred thousand tons of ash containing several hundred tons of toxic
heavy metals (e.g., arsenic, cadmium, lead, mercury) produced annually by a 1,000 MW(e)
coal fired plant. The storage of highly radioactive spent nuclear fuel material has not
presented any technical problem, nor has it caused any significant environmental damage or
damage to public health. Technical solutions to the safe disposal of this high level radioactive
waste on a permanent basis have already been the subject of extensive research and
development and are ready for implementation. It is due to public skepticism or opposition
coupled with lack of political will that these solutions are not yet practiced. Until appropriate
policy decisions are taken, temporary storage of such waste above or below ground will
continue.

The risk of nuclear proliferation is a political and military problem that developed
independently from nuclear power. No established nuclear weapon state evolved its weapons
through the development and use of nuclear power. The world environment towards non-
proliferation has improved since the end of the Cold War and accelerated dismantling of
nuclear weapons in the USA and the Russian Federation. Nuclear weapon-free zones were
established in Latin America, Africa, the South Pacific and South East Asia, the Non-
Proliferation Treaty was extended for an indefinite period, and the Complete Test Ban Treaty
was approved by the United Nations last year. For years, the IAEA has operated safeguards,
checking for possible misuse of nuclear materials from facilities submitted to that system
under its purview, to prevent illicit trafficking of nuclear materials and to ensure strict
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adherence to treaties related to international non-proliferation. It is hoped that these measures,
further strengthened if necessary, minimize the risk of nuclear proliferation.

Present public opinion in developing countries is generally not averse to nuclear power.
However, it is possible that, in time, public opinion there will oppose it influenced by strong
lobbying by NGOs. Such a shift, should it occur, could have a negative effect on the decision
of governments in developing countries to accept or increase nuclear power use. On the other
hand, a revived interest in nuclear power in industrialized countries could increase support by
the governments and public in developing countries.

3.7. Advanced technology13

Nuclear power is an advanced technology with many spin-off benefits for developing
countries, such as the improvement of domestic technological capability, improved quality
control in local industries, introduction of a safety culture in technology, development of
skilled manpower, greater emphasis on science and technology in the educational system and
enhanced public awareness of related issues. However, important as these benefits may be,
they are unlikely to affect decisions toward adopting nuclear power unless the need is already
justified based on economics, environment, security, and diversification of energy supply.

Being an advanced and demanding multi-disciplinary technology may deter its use in
developing countries without the technological infrastructure and human resources to
assimilate it. Technology transfer can overcome some of these problems, especially through
joint ventures, preferably in terms of risk allocation, local responsibilities and long term
effectiveness.

3.8. International cooperation14

Enhanced international cooperation in technology transfer and financing of nuclear
projects will be key in its deployment or increased use in many developing countries. This
technology was largely developed in industrialized countries and it is they who possess and
control most of the expertise. This is changing: a few developing countries, most notably the
Republic of Korea, China and India, have acquired/developed a sufficiently high level of self-
reliance in technological aspects of nuclear power plants and related fuel cycles. But
cooperation between developing countries in the field of nuclear power is rare; a notable
exception is the 300 MW(e) plant under construction in Pakistan with the help of China.

New entrants in the field need international assistance/cooperation in practically all
aspects of nuclear power technology: plant design and construction, manpower training for
operation and maintenance, supply of spare parts, services for the front-end of the fuel cycle,
local fabrication of fuel, establishing an appropriate regulatory regime etc. Those already
using but now interested in greater deployment of this technology need similar support to a
varying degree. But, even more important, they need international cooperation to develop
self-reliance through a transfer of expertise at reasonable terms. With public opinion in many
industrialized vendor countries now unfavorable to nuclear power, it is difficult to determine
if such cooperation will be forthcoming. It is likewise too early to assess the extent of mutual
cooperation between developing countries themselves to facilitate greater deployment of
nuclear power there.

13 See also Key Issue Papers No. 3 and 4.
14 See also Key Issue Papers No. 3 and 4.
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4. CONCLUDING REMARKS

Electrification and the supply of affordable energy remain the single most important
prerequisite for industrialization and socio-economic development. In countries with limited
domestic resources or with resources distant from demand centres, nuclear power offers a
proven and economically viable option for base load electricity generation.

Fossil fuels, particularly coal, remain attractive fuels for electricity generation for many
developing countries. Several have sizable domestic coal resources or access to the
international coal market with very attractive current prices. The economics of coal-fired
generation and nuclear power are largely comparable and in the final analysis, depend on
local (infrastructure related), regulatory and institutional factors. For countries without
domestic fossil resources, nuclear power creates long term price stability by buffering against
potential market volatility. Probably more important is that its use resolves problems of air
quality and regional acidification with little or no incremental costs for pollution control.
When air pollution related environmental and health damage costs are factored into an
economic comparison between nuclear and other generating options, the environmental
advantages of nuclear are clear. Nuclear power, in its life cycle emits lower GHG by orders of
magnitude, than fossil fueled generation, requiring essentially no additional abatement costs.
Although nuclear power may seem a distant prospect for some developing countries now, the
stabilization of atmospheric GHG will likely require them to control GHG emissions in the
future. Nuclear power is one avenue for doing so. Indeed, from today's perspective, nuclear
power appears to be one of the most economically viable and environmentally benign
alternatives for GHG mitigation for base load electricity generation.

"Public concerns" about reactor safety, safe radioactive waste disposal and nuclear
proliferation are not written in stone and may change within the span of a decade or less when
the public is better informed about the realities, and risks of the various options. Many views
on nuclear power reflect a lack of knowledge and the nuclear community must respond with
objective public information. In the past, the nuclear industry has been secretive about its
affairs which is, to a large extent, at the root of public opposition. Open and honest
information is a necessity in addressing public concerns.

This does not suggest that nuclear power is the solution to all global energy problems,
but it is clearly already part of the solution. Nuclear power alone cannot ensure secure and
sustainable electricity supply worldwide, nor is it the only means of air borne pollution
control. But with clean fossil technologies, renewables and improvements in energy efficiency
throughout the energy systems, nuclear power can play a strategic role in providing
sustainable energy services.
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