
THE ROLE OP NUCLEAR POWER PLANTS IN THE
DEVELOPMENT OP A COUNTRY

1. RSASONS FOR INTRODUCING NUCLEAR POWER
Nuclear power plants oan contribute to the economic development of

a country in two ways - as generators of power and as stimuli for the
growth of new national industries. Some countries "build nuclear
power plants because other sources of cheap power are lacking. Other
countries engage in nuclear activities such as the production of
nuclear components and the purification of reactor materials before
there is angr immediate need for nuclear power in an attempt to plan
for future national requirements and to create a nuclear export industry.

A country can also import all or nearly all the components needed
for the construction of nuclear power plants. In this case the importing
country enjoys the benefits of facilities generating power without the
advantages of a national nuclear industry. Industrialised countries
generally find this solution undesirable save in exceptional circumstances,
for example in the initial stages of a nuclear programme or in the case
of specific nuclear components. Developing countries can also aim at
a phased introduction of nuclear energy and try to combine the advantages
of nuclear power production and the development of a national nuclear
industry.

Thus, in addition to the inherent advantages of nuclear plants as
sources of electricity there are various ways in which the establishment
of such plants can stimulate industry? namely through the use of nuclear
and other ores utilizable in reactors, the promotion of ore-exploration
activities, and the development of transformation industries.
2. WORLD SITUATION

All countries will inevitably tend to place increasing reliance on
nuclear power. The world's hy,dro resources will be fully utilized in
the not too distant future, perhaps even before the end of the twentieth
century, in some regions, and the world's economically utilizable
reserves of fossil fuels will be insufficient to meet energy requirements
beyond the first half of the twenty-first century.

It is expected that by the year 2000 the world1s annual energy con-
sumption will reach a level of 0.8 Q (Q = 252.2 x 10 * kcal), which is
equivalent to approximately 29 300 million tons of coal. If fully



-60-

utilized throughout the year, waterfalls could produce about 0.05 Q>
i.e. a little more than 6$ of the world's requirements in the year
2000. The remaining 94$» if necessary to be met from fossil sources,
would represent almost 0.8̂  of the total economically utilizable
reserves. Obviously these reserves (about 95 Q according to the
World Power Conference in 1962) will have diminished considerably
by the year 2000: if no contribution were forthcoming from other
sources, such as nuclear power, solar energy, tides, etc., the value
would be about 82 Q. Thus, without the support of other sources of
energy, economically utilizable fossil fuel reserves would be
exhausted by the year 2040 (assuming continuation of the present
annual rate of growth in consumption of

Thus, it is clear that the world will have to rely more and
more on nuclear power. As far as each individual country is concerned,
the question is to decide (a) when it will need nuclear power, (b)
when it will meet more than 5P?£ of its requirements by means of nuclear
energy and (o) when it should embark on a nuclear power programme. In
this connection two sets of data might be given.

The first after Hartley *- —/is shown in Table I, which con-
tains a breakdown of energy consumption by different sources in 1961
(statistical data) and 1984 (estimates).

Table I
WORLD ENERGY CONSUMPTION AND ITS DISTRIBUTION BY SOURCES

World energy consumption (million tons
of coal equivalents) fors

1961 1984

Solid fuels
Liquid fuels
Natural gas
Hydro plants
Nuclear plants

Total

2175 (47̂
1393 (3$672 (15$360 ( 8£

3000
3500
2300
800
400

3°£°35/0
23$8$
4$

4600 (100$) 10 000 (100$)
This estimate indicates that the contribution of nuclear power,

insignificant in 1961, will constitute about 4$ of the total in 1984. The
12value of 400 million tons of coal equivalent corresponds to 3.2 x 10 kWh.

At a mean load factor of 0.8 for nuclear plants, the total power required
in 1984 will thus be 3-2 x 1012/0.8 x 8760 or 457 000 000 kW. At the
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present time about a quarter of the world's power consumption is in the
form of electricity. If this proportion is maintained in 1984 the
breakdown for electricity production by different types of power plants
will be as followss(Table II)

Table II
ELECTRICAL POWER GENERATION IN THE WORLD

Percentage for:
1961 1984

Conventional thermal plants 17 13
Hydro plants 8 8
Nuclear plants - 4

__________________________25 25_____
Another more recent estimate^- —'indicates that by the end of 1965 the

total installed nuclear power will amount to 6285 M¥ and by the end of
1985 to about 371 600 MW.

At present (1965) ten countries possess nuclear power plants. In
order of decreasing installed nuclear power they are: United Kingdom,
USA, Italy, TPSSR, France, Japan, Canada, Federal Republic of Germany,
Belgium, Sweden.

In accordance with the above estimates the position will be as
follows at the end of the next four 5-yr periods (countries again in
decreasing order of installed nuclear power):

1970 - India, Spain, Switzerland, UAR, Philippines, Pakistan,
Czechoslovakia, Holland, Yugoslavia (10 +9 =19)

1975 - Portugal, Denmark, Romania, Brazil, Argentina, Mexico,
Taiwan, Israel, Finland (19+9-28)

1980 - German Democratic Republic, Union of South Africa,
Austria, Bulgaria, Hungary, New Zealand (28 + 6 = 34)

1985 - Cuba, Puerto Rico, Malaysia (34 + 3 = 37).
Obviously each of these countries would increase its installed

nuclear power from one 5-yr period to the next. The following
estimate (Table III) is derived from Ref. /|/.
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Table III
INSTALLED NUCLEAR CAPACITY

Brazil
Canada
France
Federal Republic of Germany
India
Italy
Japan
United Kingdom
USA
USSR

Installed
1965

—
20
400
65
-
620
160

3 400
1 000
600

nuclear capacity (MW) for:
1975 1985

250
2 600
4 400
4 000
5 200
5 ooo
5 250
10 265
32 250
6 000

6 000
14 500
26 000
26 000
16 000
19 ooo
15 ooo
26 000

125 000
38 ooo

3. COMPETITION AND CO-OPERATION BETWEEN POWER PLANTS
When studies on the industrial use of nuclear energy were initiated,

it was realized that nuclear power might not be competitive with conven-
tional power for some time to come. Despite this a number of countries
embarked on large-scale programmes for the construction of power-plant
prototypes. Thanks to these efforts they succeeded in developing
various devices for the transformation of nuclear fission energy into
industrial heat, propulsion or electricity and, in so doing, they
were able to stimulate industrial development through the utilization
of thorium and uranium reserves, the generation of power, and the
establishment of new industries. The production of cheap power is
thus not the only factor in nuclear power planning.

The situation is now different from that in the early days, inas-
much as nuclear energy costs are constantly decreasing and in some
countries have even become competitive.

Electricity costs are not the only factor in the selection of
power plant types. In a country such as Brazil, for example, it
might be advisable to build a hydro plant in a certain area even
though costs might be high. Cost drawbacks can be offset by such
advantages as the establishment of a reservoir to control the
course of a large river, the assurance of regularity in the water
supply to a nearby city, provisions for irrigation, improvement of
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navigational conditions or even facilities for recreational activities.

Moreover different types of power plant should be regarded as
complementary rather than as rival sources of power. A nuclear or
fossil-fired plant can often be used in conjunction with a hydro
plant (thermal "complement") to achieve maximum use of available
resources. A good example of co-operation between different systems
is provided by the 17-MW HWR reactor Carolinas-Virginia, which has
been in operation in the United States of America since 1963 and
which operates in conjunction with and in the close proximity of a
hydro and coal-fired plant.
4. THE THRES KEY DATES

Each individual country must decide (a) when it will need
nuclear power, (b) when it will meet more than 50$ of its require-
ments by means of nuclear energy, and (c) when it should embark on
a nuclear power programme. The conditions affecting these three
decisions are discussed below.

The construction of nuclear power plants will obviously become
essential in any given country when conventional sources are no
longer able to supply power under reasonable economic and technical
conditions or when there are other powerful economic and technical
arguments in favour of using nuclear power. Hydro power utilization
will tend to reach a peak as greater use is made of available
resources. The power available from conventional thermal plants is
also limited by the quantity and quality of available national
and foreign reserves. Rising fossil-fuel costs and the preference
to use fossil fuels as industrial raw materials for plastics, etc.
also constitute limiting factors.

*

Inevitably nuclear energy will be the predominant source of supply
in the years ahead, at least between the end of the twentieth and the
middle of the twenty-first centuries, when new energy generation
processes may possibly take over. Nuclear power will be installed

ct
increasingly in each country and at/certain date it will account for
over one half the total power production.

In deciding when to establish nuclear power programmes, countries
must bear in mind that the elaboration of a power plant project can
take over a year and that actual construction and preliminary testing
require between 4 and 6 yr. Thus work should get under way at least
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7 yr "before the date when nuclear power plants can "be expected to
become necessary* In actual fact however even more time should be
allowed for the following reasons:

(1) Nuclear plants can be used in conjunction with hydro-
electric plants to reduce costs.

(2) A country might be interested in producing plutonium
or uranium-233 for use in reactors based on these fuels
or for studies in connection with weapons. These fuels
can only be obtained from operating reactors. Thus
the first reactors built in any country can be used
not only for electricity production but also for the
conversion of fertile into fissile materials.

(3) Dual-purpose reactors can be used to obtain fresh
water in arid areas.

(4) Ample time must be allowed for general technical pre-
paration and the creation of an industrial infra-
structure*

5. OTHER ASPECTS
Some countries have to import the materials, components and

know-how required for their first reactors. Subsequently, however,
the aim should be to reduce the foreign contribution and embark
on national nuclear activities. Decisions relating to fuel cycles
should be taken in the light of national resources} in the case of
Brazil account should be taken of the considerable reserves of
thorium available.

Once a country needs nuclear power plants, a good case can be
made for including reactor construction in its economic development
plan. The construction of reactors facilitates full-capacityv
operation of a country's heavy industry and stimulates industrial
growth. The creation of installations for the fabrication and
reprocessing of fuel elements tends to encourage the establishment
of new specialized industries. In this connection it should be
pointed out that the absolute value of fuel costs as an item in
kWh costs is much lower in the case of nuclear than in the case of
coal-fired plants, and that the fabrication of fuel elements
presupposes the availability of a whole series of sophisticated
industrial facilities.
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Thus, in addition to encouraging the effective use of national

ore resources, the construction and operation of nuclear power plants
promotes the development of the mining industries, creates new trans-
formation industries (particularly in the field of metallurgy) and
increases the opportunities open to the manufacturing industries
through the development of specialized "branches and the training of
qualified manpower.

Moreover, it is obvious that nuclear power plants also con-
tribute to national progress as sources of power. In this connection
it should "be recalled that nuclear electricity can already be
obtained at costs comparable to, and in some cases lower than,
electricity from conventional sources.

Brazil, as a rapidly developing country, cannot afford to
ignore the possibilities offered by nuclear energy. An objective
and determined approach must be adopted to the problem of drawing up
guidelines for a nuclear programme geared to the essential interests
of the country.
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