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Abstract

Whilst general public accepts the operation of western designed nuclear power stations
as safe, waste management and decommission still figure as open problems, although such
views are not in agreement with technical and economic status of these operations. A concern
with imagined problems can have the effect of neglecting the real ones.

In considering the long term development of nuclear energy the real problems can be
associated with the wide use of plutonium and multiplication of national reprocessing and
enrichment installations. Nuclear proliferation safety could be retained and developed through
establishment of international nuclear fuel centres. Their operation would be particularly
beneficial for small or medium nuclear countries.

Several arguments are given why it is not premature to initiate a study which would
identify and analyze the problems of establishing an international nuclear fuel centre. Central
Europe could be a region which could be served by one of such nuclear fuel centres.

Introduction

With present 440 or so nuclear reactors in operation, nuclear energy participates with
about 15% in world electricity production and with about 6% in total energy production. What
can we expect in future, in view of the fact that fossil fuels, particularly coal are, CO2 emitting,
that gas and oil are scarce and that solar electricity is still too expensive. Twenty years for an
energy system is a close future, so let us have a look up to year 2050. Energy systems in the past
have required 60-70 years for a significant structure change. There is no reason to expect much
shorter periods in future, as the unit sizes have gone up, as have the lifetimes of power stations.
By the year 2050 no new energy source, which we do not know today, could give a significant
contribution. Nuclear fission was discovered in 1939, and in close to 60 years it has reached the
share of 6%, respectively 15% in energy production. Nuclear fusion is not yet there where
fission was in 1942, when the first chain reaction was sustained in Chicago pile. Well considered
forecasts of energy consumption for the year 2050 estimate it larger by a factor between two and
three above the 1990 rate, which was about 13.0 TWy.

This increase would result both from the population growth and from the consumption
increase, particularly in the developing countries of the world. An increase by a factor of two, i.e.
at the lower limit of forecast, implies very serious measures to control the population growth and
to improve the energy use efficiency. This is the optimistic view of future developments. Without
such measures extrapolations of prevailing trends lead to an increase of energy consumption by a
factor of 3, to over 40 TWy by the year 20501'1.

In view of the efforts that would be required to keep the consumption at the lower limit,
the more likely increase will be somewhere between the factor of two and three. In the year
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1994 energy consumption and production of 13.4 TWy, fossil fuels, oil, gas and coal contributed
with 10.2 TWy, hydro power and nuclear with 0.8 TWy each. Assuming an increase by factor of
2.5 by the year 2050, should it be covered by fossil fuels, it would mean a trebling of their
consumption.

Regardless of resource problems, which certainly would be very real for gas and oil,
such an increase of fossil fuel consumption could not be accepted from the environmental point
of view. World is running out of environment faster then out of the resources.

No serious study of the environmental effects of fossil fuel and biomass energy, such as
greenhouse effect, air pollution, deforestation could accept their threefold increase. The burden
on environment would be intolerable. What could be the acceptable alternative to fill the gap if
fossiJ fuel use increase must be restricted? Solar energy is, no doubt, attractive from the
environmental point of view. However, should solar energy reach a share of 15% in total energy
production, when it would start to be a significant contribution, it would have to multiply present
contribution by many thousand times. Rate of increase in the past decade does not give a ground
for optimism about reaching this goal. Without discussing sources which could give only a
marginal contribution, such as the waves or wind energy, one must consider nuclear energy. It is
environmentally benign, and, unlike solar energy, it is already technically and economically
viable source. Nuclear fission is available in time to reduce the burden on environment by
sharing in the energy production increase that would otherwise have to be covered by fossil
fuels. If the nuclear share could reach 20-30% of the total energy production, it would be a
significant contribution towards control of CO2 emission, though not enough without other
measures to cut CO2 emission. Even if solar and nuclear could together supply 40% of the
energy needs at the level of 30 TWy by the year 2050, a large increase of fossil fuel use would
still be required to cover the rest.

Real problems of long term nuclear development

Rather than argue for a obviously necessary larger share of nuclear by 2050, we want to
discuss what would it mean to increase nuclear share in energy production by about 4 times from
the present share of about 6%. A the 2050 energy production level and the nuclear share of
about 25%, about ten times the present number of nuclear reactors would be needed, that is
some 4000. Looking at the nuclear fiiel required, with open fuel cycle, these 4000 reactors
would for their life time require close to 20 million tones of uranium. We can immediately
conclude that the present utilisation of uranium cannot be adequate for the nuclear energy use on
such a scale121. Uranium and plutonium recycling offer a modest improvement, whilst preserving
essentially the same reactor technology. More radical solution, which can increase uranium
utilisation by a large factor, are breeder reactors. In both cases fuel reprocessing and plutonium
use become the obligatory links in the nuclear energy production chain. With 4000 reactor
distributed in many more countries than today, a similar trend can be expected with reprocessing
and enrichment installations. To those who follow the nuclear disarmament process this would
be an undesirable development. Production and traffic in plutonium present a risk from the
nuclear proliferation point of view. Even though five nominal nuclear powers, USA, Russia.
China, UK, and France, did not reach this status through the path of peaceful use of nuclear
energy, it is accepted that the technologies used in nuclear power production can be also used to
produce nuclear explosives. This applies primarily to reprocessing of spent fuel and to uranium
enrichment. These fuel cycle operation were identified as proliferation sensitive in the 1979/81
International Nuclear Fuel Cycle Evaluation, 1NFCE. Annual amount of spent fuel from 4000
reactors would contain several hundreds of tons of plutonium, a quantity sufficient for many
thousands of the Hiroshima size bombs.
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Tables 1. and 2. be|low give the reprocessing and enrichment installations outside of five
nuclear weapon countries.

Unfortunately, the possibilities to abuse peaceful technologies, arising from the
possession of respective installations, have not remained only the theoretical ones. Nuclear
explosives have been produced by South Africa, India, Israel, their production attempted by
North Korea, Pakistan and Iraq.

Country
Argentina

Brazil
Germany

Japan

Netherlands
Pakistan
Rep. of
South Africa

Iraq

Type
Diffusion
Diffusion
Jetnozzle

Centrifuge
Nozzle

Chemical
Centrifuge
Centrifuge
Centrifuge
Centrifuge
Centrifuge
Centrifuge

Helikon

Helikon

Capacity in

Plant
Pilcaniyeu 1
Pilcaniyeu 2

Resende
Urenco D

Steag
Hyuga

Nyngyo-Toge (P)
Nyngyo-Toge(D)
Rokkasho-Mura 1
Rokkasho-Mura 2

Urenco N
Kahuta

Pelindaba

Valindaba

operation, total: 2

Capacity SWU/y
20000

100000
10000

530000
50000

2000
50000

200000
600000
900000

1200000
5000

10000-20000

300000

357 000 SWU/y

Status
operation

constr.
constr.

operation
operation
operation
operation
operation
operation

constr.
operation
operation

out of
operation
operation
destroyed

Table 1. Enrichment installations outside of nuclear weapon countries
(about 4000 SWU required for one Hiroshima size bomb)

Country
Argentina
Belgium
Brazil
Germany

India

Italy
Japan
North Korea (DPRK)
Israel

Plant
Ezeiza

Mol
Sao Paulo

WAK

Kalpakkam 1
Tarapur
Trombay

Kalpakkam 2
Saluggia

Rokkasho Mura
Yong-ding

Capacity t/y
5

100

40

125
100
50
100
10

800
80-100 (estimate)

Status
operation 1989
operation 1974

construction
oper. 1971, shut

down 1990
operation 1986
operation 1977
operation 1985

construction
operation 1983
operation 1997
operation 1997

operation

Table 2. Reprocessing facilities outside of nuclear weapon countries
(about 2 tons light water reactor spent fuel contain plutonium for one Hiroshima size bomb)
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When this was happening with about 400 reactors in operation, and with the largest part
of their number in the posession of the nuclear weapon countries, it must be rather clear that the
real problem of the long term nuclear development is how to reconcile the need for plutonium
use with the requirement of nuclear proliferation safety.

We are all aware that in order to gain public confidence nuclear power must be shown to
be safe, economic and environment friendly. However, looking at the longer time scale, nuclear
power must be also sustainable, or else the very large development efforts would not be justified.

Sustajnability requires reprocessing and plutonium use. We must therefore add a
criterium of proliferation safety to those three mentioned before, if we want to gain and preserve
the public confidence in nuclear power.

It must be understood that the nuclear the disarmament process of five nuclear weapon
countries, now in the stage of implementation of START 1 and START 2 agreements, is
essentially dependent on proliferation safety. Furthermore, in parallel with the reduction of
nuclear arms level, conditions of proliferation safety will have to be increasingly stringent. At the
very low armament level, aimed at after the START 2 implementation, a clandestine production
of even few bombs would be a serious setback for the disarmament process.

A peaceful use of nuclear energy must not be seen by the public as an obstacle to nuclear
disarmament. If such perception developed, it would be a serious problem for nuclear energy
development.

However, when we look at the installations listed in the tables 1. and 2., and when we
recal the unfortunate experience of their use and abuse, it is difficult to be optimistic about the
future when perhaps 4000 reactors would be in operation, served by a correspondingly larger
number of national reprocessing and enrichment installations. Clearly, the continuation of past
practices into the future could not be acceptable, of else the world might be faced with the
choice between the nuclear disarmament and the nuclear energy.

Perhaps a more likely outcome of the uncontrolled spread of proliferation sensitive
installations would be a stalemate in disarmament process and a discouragement of the nuclear
energy development outside of the nuclear weapon countries. A group of present and future
small and medium nuclear countries would be the looser in such development.

Small and medium nuclear countries in the long term development

We can therefore understand that the interests of small and medium nuclear countries are
not necessarily identical with the interests of large nuclear countries. Large nuclear countries,
particularly nuclear weapon countries, will not be prevented in the use of nuclear energy even if
disarmament process was stalemated. Small and medium nuclear countries should in that case
expect problems in obtaining proliferation sensitive technologies or services. We are considering
here a future, of 25 to 35 years, when these technologies and services will be required.

What should be the long term policy of small and medium nuclear countries to assure the
unhindered nuclear development?

Technical measure which can help are those that could postpone the need for the fuel
reprocessing. Reactors at present in operation have not been optimised for fuel utilisation. With
fast breeders in sight, plutonium content in spent fuel was considered a valuable feature. Reactor
cores and fuel cycle could be redesigned for burning maximum amount of plutonium in situ.

A long term way to stop the multiplication of national reprocessing and enrichment
installations would be the establishment of international nuclear fuel centres. That would be an
efficient break of the connection between peaceful use of nuclear energy and its military abuse.
For the small and medium nuclear countries international nuclear fuel centres would mean
security of fuel services, without other conditions then those from international agreement such
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as NPT. From the economy point of view international nuclear fuel centres have been
considered by IAEA in 70-ties'31. Economy of scale offered by large international installations
would be an additional attraction to small and medium nuclear countries, where national
installations would be too small for economic operation. Of course, the most important wider
gain would be in the creation of proliferation safety required for progress to very low levels of
nuclear armament. Compared with this gain the enormous problems of creation of such centres
and of closing or internationalizing of existing national ones, appear worth tackling.

The question could be asked is it not too early to consider international nuclear fuel
centres, when the need for them could be expected around the year 2030 or so. There are
several reasons why the study of the problem is not premature.

First is the disarmament argument. If the implementation of START 1 and START 2
agreement goes according to schedule, by 2003 the level of nuclear arms of two nuclear
superpowers would be reduced to 3000 - 3500 warheads each. Next stages, after 2003, going
well bellow this level, would be increasingly dependent on proliferation safety. A commitment by
non nuclear weapon countries to abandon the national enrichment and reprocessing installations
would be very helpful at that stage.

Secondly, an early discussion, and perhaps agreement in principle, about the building of
international nuclear fuel centres could discourage planning or constructions of national
installations, thus easing the problems of introduction of international nuclear fuel centres when
the time for them comes.

Small and medium nuclear countries can only gain through these centres, from the point
of services security and economy and by contributing to conditions for nuclear disarmament.
This group of countries should thus have the initiative in discussing and developing the concept,
as the interest of large nuclear countries are not necessarily the same. An useful starting point, to
identify the problems and approaches, could be a study coordinated by IAEA of a regional
nuclear fuel centre for Central Europe.
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