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Abstract

An idea is presented as an alternative for the introduction of nuclear power in presently
non-nuclear countries. This idea involves going through an intermediate step between the
traditional research reactor and the first commercial nuclear power plant. This intermediate step
would consist of a very small nuclear power plant, with the principal goal of gaining in experience
in the country on all the processes involved in introducing commercial nuclear generation.

1. THE NEED FOR NUCLEAR POWER

All estimates of the future world-wide energy need indicate that the
demand for electric power will continue to increase strongly, especially in the
developing nations.

Looking at the means to satisfy this demand, it becomes quite clear that
while in the near future, in most developing countries, requirements might be met
by conventional methods (mainly fossil fuels and hydroelectric power) in a not so
far future the use of nuclear power to generate electricity will become necessary.
According to the projections, the rate of increase of the demand for electric
power in developing countries will make the availability of nuclear plants
mandatory around 2010.

At present, in many countries, public opinion is still quite strongly set
against nuclear power projects. However, it is increasingly realised that the use
of nuclear power cannot be avoided, and is indeed desirable. Nuclear power is in
fact one of the least contaminating ways of generating electricity. It can be
assumed that before 2010, public opinion will have recognised that the
generation of electricity by nuclear means is the one form of generation of
electric power that takes the best possible care of the environment. The final
disposal of nuclear waste is the real pending technological problem which
motivates public resistance to nuclear power, and it is most likely that by 2010
satisfactory solutions will have been implemented for dealing with radioactive
waste.

The increase both in energy demand and in public acceptance of nuclear
technology will lead to a revival of nuclear power in the second decade of next
century, in developing countries as well as in industrialised nations.

The latter are not unaware of this situation, and their governments sustain
a nuclear policy by which they can guarantee a prompt response to the
challenges that this second nuclear era might pose.
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Developing countries, where the main demand for nuclear power for the
generation of electricity will occur, should prepare in time for this future. The
concretion of any energy plan requires long time spans. The complexity of
nuclear plants only emphasises this need for foresight. Clearly it would not be
prudent to wait till the year 2010 to broach the subject.

2. INTRODUCING NUCLEAR POWER

In the "first nuclear era", most developing countries followed a standard
path to nuclear energy. This method involved three broad steps:

• At first the applications of radiation in industry and in medicine were
approached partly for themselves and also to gain experience in the
handling of radioactive materials.

• The second step involved the installation of a nuclear research centre,
frequently around a research reactor facility.

• Finally, a commercial nuclear power plant was purchased on a turnkey
basis, from one of the suppliers from the larger industrialised countries.

This process was frequently unsuccessful. Many countries covered the
first two steps, and then faltered or failed along the way to the third stage. Many
countries have been trying unsuccessfully for years to obtain a nuclear power
reactor. Other countries managed to purchase their first turnkey power plant, but
subsequently suffered a truly disastrous experience, putting the country's nuclear
development into jeopardy.

It is our belief that such failure to achieve the third step stems from the
fact that the technological and organisational distance between steps two and
three is far greater than is commonly realised. It is almost impossible to jump
over the chasm separating endeavours of altogether different orders of
magnitude. The conditions to be met before a nuclear power reactor can be
envisaged successfully are of many kinds and quite exacting:

• Economical effort, while a research reactor can be built using funds
coming from country's budget, a commercial nuclear reactor necessarily
entails the securing of financial assistance in the way of loans, which in
many cases are difficult to obtain.

• Industrial infrastructure: most components for a research reactor can be
built in practically any country. This is not true in the case of even minor
components for a power reactor, which may require substantial
industrial and technological infrastructure.

• Human resources: a research reactor requires qualified staff numbering
a few dozens. A power plant needs hundreds, even thousands of
qualified staff members involved in the project.

• Licensing: a research reactor involves practically no risk to the public. A
commercial power plant implies safety studies of enormously greater
scope and depth. Therefore the licensing of a research reactor does not
by itself constitute a valid precedent for that of a power plant, nor does
it necessarily provide the background significant enough to qualify a
local regulatory authority for the licensing of a commercial nuclear
power plant.
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General Cultural Attitude: while a research reactor generates an
environment of study and research, a power plant requires an attitude
centred on production.
Time scale: As was mentioned above, the time for the new "nuclear
age" will not be ripe for the next 15 years. Many countries have already
possessed research reactors for many years, and many of the research
centres and reactors are not very active because they are conceived as
intermediates towards the construction of full-size power plants which
are not to be built in the next future. In many cases the experience and
expertise gained with these nuclear research laboratories and research
reactors will have become lost, obsolete or irredeemable by the time
they become necessary to meet the demand of nuclear power plants
that is bound to occur.

3. BRIDGING THE GAP

This analysis leads us to propose an intermediate step between the
second and the third of the classical stages towards full command of nuclear
power as the best means to avoid many of the pitfalls and frustrations which are
otherwise quite likely to occur. We call it the "bridge project". It consists of a
small power reactor, which is able to generate electric power for local
consumption, and which features all characteristics and also all difficulties of a
full-size nuclear power plant.

Such a proposal is not such a novelty as it might seem at first glance,
because it follows the same path designed by the developed countries on their
own way toward the commercially mature nuclear generation of electricity. There
is hardly a case in which a small reactor, similar in size to modern research
reactors, was not followed by a small power reactor, in so-called "Nuclear
Demonstration" facilities. Only after successful operation of such a plant,
designed to provide electric power by nuclear generation, albeit on a small scale,
did developed countries advance toward commercial power plants.

In the late sixties this intermediate stage came to be regarded as an
unnecessary, and it was thought that countries that were newcomers to nuclear
technology would be able to benefit directly from foreign experience. It seems
now fair to say that this approach produced far more failures than successes.
Profiting from the experience of others, it turns out to be most preferable to follow
a slow and secure path toward success, rather than to attempt to reach a difficult
achievement by means of short cuts. We consider this intermediate step to be
mandatory. Today a relatively modest project can make a substantial contribution
for any country to be in a position to cope successfully with the nuclear
generation of electricity when the real need arises. The investment required for
such an installation will be amply repaid in electric energy generated, and also
through later savings on the full-size commercial power plants made possible by
the experience gained operating the demonstration plant for some years.

115



To fulfil its purpose, the Bridge Project must feature the following
characteristics:

• The electric power generated should be in the range of 100 to 500
MWth. This is a project of moderate size, to be faced with modest
resources in all aspects: financial, technological, manpower and
industrial infrastructure.

• Technologically it must be more complex than a research reactor but
less complex that full-size commercial power station.

• The safety of the reactor must be based on simple principles in order to
keep licensing, operation and maintenance at a minimum degree of
complexity.

• The reactor must produce saleable services: heat, steam and especially
electric energy.

• Drinkable water, produced from a seawater desalination plant, is also a
potential output of the plant. This service has attracted interest from
many countries.

The CAREM reactor, at present under development by the Argentine
Atomic Energy Authority, CNEA, and INVAP SE., is designed to fill this gap
between a research reactor and a full-scale commercial nuclear power reactor. It
can be used for the domestic development of nuclear energy, and will be offered
on the international market as a product fulfilling all of the conditions described
above.

In order to asses the market for this type of reactor, a study on the
introduction of nuclear energy in new countries was carried out. The idea is that
those countries which are planning to do not use at present nuclear energy, but
plan to introduce it at the beginning (first two decades) of the next century, are
clear candidates for installing a Bridge Nuclear Power Plant before installing
their first commercially competitive nuclear power plant.

For this study, the list of the two hundred and eight countries in the world
was screened, and eighty six of them were selected as potential candidates for
the introducing of nuclear energy. In a second step, each of these eighty six
countries was studied with more detail, taking in account social, economical,
energy sector and electricity sector information. The result of this study shows
that there are not less than ten but no more than thirty countries which have a
high probability of introducing nuclear power before the year 2015.
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