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SUMMARY

The United Nations and many individual States and organisations have given increasing attention to the topic of
sustainable development in recent years. This has arisen because of concerns about the increasing population of the
planet, increasing levels of carbon dioxide in the atmosphere and other pollutants in the biosphere, and the need for
increasing amounts of food, water and energy. The paper will use the recent reports of these organisations as
background and give an overview of the perceived problems needed to be addressed in the 21 st Century to allow
sustainable development. The ways in which nuclear science and technology is already contributing to the solution of
these problems will then be summarised and comments made on how it can contribute even more in the future. Many
of the papers presented in the complementary Second International Conference on Isotopes illustrate the contributions
to sustainable development of isotopes in the fields of medicine, environment, industry and research.

1. INTRODUCTION

Sustainable development has been discussed worldwide
in recent years because of concerns about the increasing
population of the planet, increasing levels of carbon
dioxide in the atmosphere and other pollutants in the
biosphere, and the need for increasing amounts of food,
water and energy. Other requirements believed to be
necessary as a foundation for sustainable development
are increased efficiency in industry and agriculture; good
health and medical services, and security of life and
liberty. One of the most important requirements is
energy at an acceptable price and with minimum
environmental impact. A simple definition of sustainable
development is" the use of natural resources to improve
living standards without jeopardizing the wellbeing and
opportunities of future generations".

The United Nations (UN) published reports in 1989 of
the World Commission on Environment and
Development, and adopted an Environmental
Perspective to the Year 2000 and Beyond [1]. The
International Atomic Energy Agency (IAEA) published
a report on "Nuclear Energy and the Environment" for
the UN General Assembly in 1989 [2]. The
International Nuclear Societies Council (INSC) recently
published its report "A Nuclear Vision for the 21st
Century" [3]. The topic of sustainable development was
discussed widely at the 10th Pacific Basin Nuclear
Conference in Kobe in October 1996, and in it, Dr Blix
of the IAEA reminded delegates that the
Intergovernmental Panel on Climate Change stated that
nuclear power could replace baseload fossil fuels if
acceptable responses can be found to public concerns on
safety, waste and proliferation [4]. The present paper
will place nuclear energy in perspective in terms of its

present and potential contribution to sustainable
development with these reports as background material.

There are many other applications of nuclear science
and technology that are not associated with nuclear
power. Radioisotopes and radiation have been applied
in many ways over more than 100 years in fields as
diverse as medicine, industry, agriculture and research.
The IAEA has played a major role in encouraging these
uses worldwide. There have been many conferences
held, and papers written, on the applications of isotopes.
At the first International Conference on Isotopes held in
Beijing in May 1995, over 200 papers were presented
covering these fields. The Second International
Conference on Isotopes held in Sydney in October 1997
continued this pattern. These papers illustrate the
contributions of nuclear science and technology from
laboratories in many countries working in the fields
which are relevant to sustainable development.

2. ENERGY, THE QUALITY OF LIFE AND
SUSTAINABLE DEVELOPMENT

2.1 Energy and Population

The most important issues facing the world as it
approaches the 21st Century are the increasing
population of the planet, increasing levels of carbon
dioxide in the atmosphere and other pollutants in the
biosphere, and the need for increasing amounts of food,
water and energy.

The world's population is increasing by almost 100
million each year, mainly in the developing countries. It
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is expected to double by the middle of the 21 st Century
to nearly 10 billion people. During that period, possible
decreases in birth rates in developing countries will be
matched by increasing life expectancy brought about by
improved medical services. Demographers predict that
nothing will stop this increase short of a global epidemic
affecting hundreds of millions of people The magnitude
of this increase is brought out dramatically in a graph of
population growth over the period 1800 to 1997 and
estimated to 2100 [Figure 1 [5]].
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Figure 1. World population projection [5]

The quality of life is related to the wealth of society,
which is created through the use of energy to do work.
For most of human history this energy came from
humans and animals, augmented to some extent by wind
and water power. In the last two centuries, energy from
fossil fuels has replaced human and animal energy and
the citizens of many countries have had a better quality
of life. These people have an average energy use per
head of about 200 GJ*. Unfortunately, the problems of
hunger, disease and poverty still exist in many
developing countries in which the average energy use is
only about 20 GJ per head. From a social perspective,
the quality of life in the developing countries could be
greatly improved if their annual energy consumption
were to increase fivefold to 100 GJ per head, still only
half the average in the rest of the world.

World energy demand has increased at a steady rate
of 2.3% per year for the last 200 years [3]. If that
growth continued, the world would need 1500 EJ** in

Note:
•One gigajoule (GJ) equals 278 kilowatt hours (kWh);
**One exajoule (EJ) is one billion (1,000 million) GJ.

2050 for a population of about 10 billion. However, the
energy-devouring developed countries are expected to
achieve greater efficiency of energy use in
industry, agriculture, transport and in domestic use.

Forecasts made for 2050 by the World Energy Council
in 1993 [3] were in the range 650 to 1200 EJ,
depending on various assumptions. Therefore, a round
figure of 1000 EJ for the world by 2050 was
recommended for long-term planning purposes. The
world energy use was about 340 EJ in 1995.

2.2 Energy sources

The main sources of energy since the middle of the 19th
Century have been coal, oil and natural gas and these
provide nearly 85% of energy use today. Nuclear energy
began to make a small contribution after 1970 at the
time coal and oil had peaked in their use and it now
provides about 7% of world energy use. The relative
contributions of these sources is shown in the simplified
graph in Figure 2 [based on 5], which shows the global
market penetration of these sources.

If this pattern of use continues, then natural gas and
nuclear could be the dominant sources of energy. The
future use of fossil
fuels may be constrained by the growing concern about
the impact of carbon dioxide on the global environment
and acid rain on local environments. Conversely, more
efficient use of fossil fuels such as coal, eg. by using
high temperature fluidised bed technology, will prolong
the life of these sources.

The reduction of CO2 is proving to be difficult, both
technically and politically. A target was set at the
discussions in Rio in 1992 to return to 1990 levels by
2000. However, since 1990, CO2 emissions in OECD
countries have increased by 8% [6 ].

Many of the supporters of sustainable development
believe that the continued dependence on fossil fuels is
not sustainable for two main reasons. The first is
pollution and the second is the finite nature of fossil
fuels for which reserves at the present level of usage
may only last 200 years.

As to other energy sources, hydroelectricity is the only
renewable energy used commercially to any significant
extent (about 7% of world energy use today). The
potential for increased use is limited to about doubling
present hydro capacity, but this expansion may have
environmental consequences on land use. Biomass
energy, a renewable source of chemical energy, is not
commercially significant globally, but is important in
many developing countries. Its contribution might be
doubled to provide up to about 10% of future demand.

The prospects for increasing use of solar, wind and
wave power are arguable. Increases in the efficiency of
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Figure 2. Global market penetration rate of
major energy sources

use of solar energy are continually being made, but is is
unlikely that it will be a significant contributor to world
demand in the next 50 years, certainly not for base load
generatioon of electricity.

2.3 The Contribution of Nuclear Energy

Nuclear power and its related nuclear fuel cycle can
contribute to providing sustainable energy with
minimum environmental impact for countries entering
the 21st Century. This technology should be considered
as one part of the mix available of fossil fuels, nuclear
power, and renewable technology, for at least the next
50 years. However, some critics of nuclear energy
believe it has only limited potential for a sustainable
future because of the limited reserves of uranium. These
could last at least 200 years at present rates of use and
assuming only the present type of fission reactor.
However, the life of the reserves could be extended
considerably if plutonium fuelled fast breeder reactors
were used coupled with reprocessing and recycle of
spent fuel.

Some countries with few fossil fuel resources will
depend upon nuclear power to an increasing extent,
while others may not require its contribution for many
years. The decision will depend partly upon the national
and international responses required to combat the
effects of the addition of large quantities of carbon
dioxide and components of acid rain into the
environment.

2.3.1. Nuclear Power in the International Scene

Nuclear power is a proven technology that is already
contributing significantly to electricity supply worldwide
with some 17% of the total generation [7]. In April
1997, there were some 442 nuclear power reactors
connected to the electricity supply networks in 32
countries, with a total installed capacity of 353 GWe
[8]. In 18 countries, nuclear power plays a major role in
the electricity system, providing one quarter or more of
the total supply; in France it is 77% (Fig.3). Some of
these countries have been able to minimise their
emission of CO2 because of the contribution of nuclear
power to their grid systems. The accumulated operating
experience of commercial power plants exceeds 7000
reactor-years and performance has improved
substantially over the last decade, the average energy
availability being close to or higher than 70% since
1984.

Country

Lithuania
France
Belgium
Sweden
Slovakia
Switzerland
Ukraine
Bulgaria
Hungary
Slovenia
Armenia
Korea
Japan
Spain
Germany
Taiwan
Finland
UK
USA
Czechoslovakia
Canada
Russia

No. of
reactors

1997
2

58
7

12
4
5

15
6
4
1
1

12
54
9

20
6
4

35
109

4
21
29

GWe

2.8
61.4

5.6
10.0
1.6
3.2

13.0
3.5
1.7
0.6
0.4
9.8

43.7
7.4

22.2
4.9
2.3

12.8
100.3

1.6
14.7
19.8

% elec.
1996

83
77
57
52
45
44
44
42
41
38
37
36
33
32
30
29
28
26
22
20
16
13

Figure 3. Nuclear Power in Selected Countries

By the turn of the century it appears that the current 353
GWe of nuclear capacity will increase to 370-380 GWe,
depending upon construction and licensing lead times of
the plants under construction. Most of this extra
capacity will be in Asia and eastern and central
Europe. In western Europe and North America, there
will be few new base load electricity generating plants
commissioned of any type since the demand for
electricity is not growing significantly.
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The IAEA and NEA believe that, up to 2015, rapid
changes in electricity supply strategies are unlikely to
occur owing to the relatively long lead times prevailing
in the electricity sector [7]. Therefore, projections can
be based on a review of nuclear plans in the different
countries of the world. These plans indicate that there
will be almost no change in the installed nuclear
capacity by 2015 in North America and Western
Europe. Ageing plants of small capacity will be
replaced with a small number of new plants of larger
capacity. However, there will be a doubling of installed
nuclear capacity in the far east and in several developing
countries. Overall, world nuclear capacity will probably
only increase by about 12% by 2015, and the
uncertainties are too great to estimate the likely capacity
reliably in 2050.

The above discussion relates only to the use of nuclear
power for electricity generation and does not consider
other possible uses for nuclear power. Nuclear power is
also used to a limited extent in some countries for
district heating and waste heat is used for process
industries. The continued development of small and
medium size reactors, ie. those having a capacity of less
than 600 MWe, may allow their use for such purposes
as heat supply, marine propulsion and potable water
production if shown to be economic. The development
of economically competitive electricity driven road
vehicles could provide an additional market for base
load electricity generation and reduction of emissions of
CO2 and greenhouse gases from the transport sector [7].

Nuclear power plants operating at present are fuelled
with natural or enriched uranium, and to a smaller extent
with mixed fuel containing uranium and plutonium
extracted from reprocessed nuclear fuel. The presently
known and medium grade uranium resources are
sufficient to support the expected nuclear electricity
generation up to about 2030. However, additional
exploration and production development would be
needed in the world to ensure that the resources would
be available in a timely manner [10].

Fusion power may become a significant energy source
in the long term. Fusion reactors could contribute to
alleviating environmental impacts of the electricity
sector. The primary fuels, ie. deuterium and lithium, are
abundant in nature and the development of advanced
deuterium-deuterium fusion reactors would provide an
inexhaustible source of energy. However, nuclear fusion
is still under development and many issues have yet to
be addressed in order to demonstrate net energy
production in industrial scale facilities, which may not
be achieved until well into the next century.

The conclusion reached in the IAEA report [7] was
that "Population growth and economic and social
development will require additional electricity
generation capacities, especially in developing
countries. New technologies will have to be

competitive and environmentally benign. Nuclear
power is one of the technological options that can
provide electricity at relatively low cost and with low
health and environmental impacts".

2.3.2 Nuclear Power in Australia

Energy policy studies in Australia generally ignore the
nuclear option, even in the medium to long term, but
include renewables. The economic argument for using
renewables in the Australian context of low cost fossil
fuel resources (see below), is no better and possibly
worse than that for nuclear, which is established as a
mature industrial technology.

Australia has large resources of coal, natural gas and
uranium and exports all of these commodities. It has
only moderate resources of oil. The Australian
electrical energy situation was recently reviewed by
Hayes [9]. The likely growth in electrical energy over
the next 10 years is 2-2.5% per year. The
Victoria/NSW/South Australia grid has a current
capacity of 18,800 MWe and it has 35% spare capacity
over maximum demand. There is little likelihood of new
capacity being needed in this area before 2005 when
excess capacity is estimated to be about 11%. The
Queensland grid has a capacity of 5,700 MWe and
about 25% spare capacity, but demand is likely to equal
supply by 2000.

Current electricity generation in Australia uses coal for
about 90%, with most of the balance being provided by
hydro resources and natural gas. Mr Hayes' view was
that future sources of fuel for electricity generation will
most likely be natural gas, coal bed methane and coal
gasification (and possibly renewables). The use of
natural gas is very promising for generating plant in the
early 2000s because of its good economics in gas
turbines in small sizes, eg. capital cost of a gas turbine
combined cycle 200MW plant was now only $800/kW,
or half the cost of a coal-fired plant, plus the added
advantage of a short lead time of 12 months and no ash
for disposal.

Comparison of the capital and fuel costs for coal
(with/without flue gas treatment), gas and nuclear
(PWR/BWR) show the disadvantage for nuclear in
Australia at present [10]. One major reason is the
current low level of costs of coal ($20-40/tonne) and gas
(S2-4/GJ) in Australia. The cost of coal would have to
double to about $70/tonne for a nuclear plant to break-
even with an advanced coal-fired plant near to a
coalfield in Australia and the cost of gas would similarly
have to double to about S6-9/GJ for break-even with a
gas-fired plant, all at 10-15% rate of return. Renewable
technologies under development will also have to
compete with these low fossil fuel prices in Australia.

The conclusion drawn by Mr Hayes was that there was
no place for nuclear power in Australia in competition

63



with cheap coal and gas unless the removal of CO2 and
other emissions became a major factor and the present
concerns of the public about nuclear power were
overcome. The main social/political issues are air
quality and global wanning from fossil fuels on the one
hand and the public's perceived concerns about reactor
safety and nuclear waste management on the other.

3. NUCLEAR
TECHNOLOGY
DEVELOPMENT

SCIENCE AND
FOR SUSTAINABLE

The discoveries of X-rays by Roentgen in 1896,
radioactivity by Becquerel in 1897 and radium by
Madame Curie in 1898 led in the next 40 years to many
applications of radiation and radioactive isotopes in
medicine, industry, agriculture and research. The
discovery of nuclear fission in 1939 and the enormous
effort to develop atomic bombs in the early 1940's
opened up the prospects for nuclear power and the
availability of a large number of new radioisotopes and
stable isotopes. These discoveries led to a large
expansion in non-power applications of nuclear science
and technology over the last 50 years.

The applications of radioactive materials and radiation
are widespread (see Fig.4). Over 200 papers covering
these applications were presented at the International
Confereence on Isotopes held in Beijing in May 1995
and over 180 were accepted for presentation in the
Second International Conference on Isotopes held in
Sydney in October 1997. These papers presented the
latest work from laboratories all over the world.

Industry - production, process control, quality
control, R&D, radiography,

Agriculture - improved breeding of plants
and animals, pest control,

Nuclear medicine - diagnostic and therapeutic;
Food - production, processing, preservation;
Water - improvement of supplies and treatment

of wastewater including sewage;
Resources - development, exploration,

processing of minerals;
Environment - protection and analysis of

air, water and soil;
Research - in all sectors.

Figure 4. Examples of Isotope Applications

The widespread applications and benefits of nuclear
science and technology and radioactive materials are
not widely known, especially by the general public. A
report prepared in 1994 by an American consulting
company [11] reveals the economic and employment
benefits of these applications in the USA. Similar
benefits would be found in many other developed and
developing countries. The study assessed at the US

federal level the output, sales and jobs in each of 80
industries. It also assessed at the US State level outputs,
sales, jobs and tax revenues generated. The estimates
included both direct and indirect effects of the persons
and industries involved in the production, processing,
transportation, and use of radioactive materials.

In 1991, radioactive materials in the USA were
responsible for: US$257 billion in total industry sales
(gross output); 3.7 million jobs; US$11 billion in
corporate profits; and US$45 billion in tax revenues to
local, state and federal governments. About 25% of the
jobs were in the health, education and non-profit
sector.About 10% of the jobs were in the federal
government sector, a reflection of the government's
extensive R&D activities.

Of course, not all benefits of radioactive materials can
be quantified. The relief of pain, the saving of lives, and
greater convenience and safety in products, are in this
category. However, the US report quoted goes some
way to making the magnitude of the benefits better
understood. The magnitude of these figures will astonish
even those working with radioisotopes.

This paper would not be complete if it did not give
credit to the enormous influence exercised over the last
40 years by the International Atomic Energy Agency
(IAEA). From its commencement in 1957, the IAEA
has encouraged the peaceful uses of nuclear energy in
the widest way, and has helped developed and
developing countries to access the benefits of nuclear
power and nuclear science and technology. The IAEA
has published a large number of reports, safety guides
and training guides, held a large number of conferences
and courses all over the world, assisted research in many
countries, and carried out advanced research in its own
laboratories. Much of this work, direct and indirect, has
contributed to the goal of sustainable development. The
IAEA's work has been summarised periodically in
special reports and in its contributions to major UN
discussions on the topic, eg. within the UN General
Assembly.

4. CONCLUSIONS

There is uncertainty in the likely increase in world
population in the next century, and there is similar
uncertainty in the estimates of the future demand for
energy and the likely effects of global warming. The
rational response to uncertainty is flexibility. This can be
achieved by applying the "precautionary principle" of
the UN Convention on Climate Change, that both
nuclear energy and various renewable energy sources
are options to become major energy sources during the
next 50 years. Nuclear energy has the major advantage
that it is a mature industrial technology and has a
minimal contribution to the production of greenhouse
gases.
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The applications of nuclear science and technology in a
wide range of areas include improved health, increased
efficiency in industry and agriculture, and the
minimisation of energy, materials and the environmental
impacts of technology. These continued and even
expanded applications in the future will be an important
component of ways to attain sustainable development.
The magnitude of the contribution is only just being
quantified and realised.

Taken together, nuclear power and the applications of
nuclear science and technology can make a significant
contribution to achieving sustainable development in the
next century.
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