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ABSTRACT

Taking as basic premises a forseen growth in the world energy demand, a marked trend
towards more electricity in power generation, and an increasingly substantial share of the
nuclear in the latter the paper examines the part developing countries may play in the
process both as determining factors and subjects. Demography, resources, the natural
drive for the betterment of the economic performance and improvements in the standard
of living as well as for assertion on the international scene, and the awareness on the
disparities in these regards in comparison with the developed countries are indicated as
major incentives for the developing countries' seeking enhanced access to nuclear power
technology in the decades to come. Flaws in infrastructures, finances, labour force average
education, and management capabilities are, on the other hand, pointed at as inhibiting
factors, while a prolonged world economic recession and the uncertainties introduced by
the current political changes at world scale in conjunction with the intrinsic dual nature
of the nuclear technology are believed to further compound the situation. It is argued
that an internationally concerted monitoring and assistance involving cooperative donors
and acceptors is, probably, the only solution to ensure an orderly, economically sound and
politically safe expansion of the nuclear power technology in developing countries.
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1. Introduction

There are many differences in the evaluation of the growth of the world energy con-

sumption, especially between earlier and present forecasts. The assessment is further com-

plicated by the fact that some domestic statistics and projections, reported prior to the end

of the 9th decade, were distorted by some political biases. Notwithstanding such difficul-

ties, all experts seem to agree that in the next decades there will be a substantial increase

in the energy demand, particularly because of the need to have energy in all availalble

forms, thus facilitating economic growth and improvements in the quality of life in the

developing world [1], [2], [3], [4], [5], [6], [7].

The United States of America held in 1985 less than 5% of the world population while

consuming about 25% of the world energy production (320 GJ per capita); the entire

developing world, with 75% of the total planet's population, consumed the same energy as

the U.S.A., at an average consumption of less than 25 GJ per capita [2].

The large disparity between developing and industrial countries, in economic develop-

ment and also in energy consumption, must be reduced, this appearing as a wise strategy

for the future world and its stability. However, it is recognised that this will be a long

term and gradual process. According to realistic scenarios, the disparity is not expected to

be eliminated within the next fifty years.

As was recently demonstrated at the I.A.E.A. International Conference on Safety of

Nuclear Power {September 2-6, 1991), at present mankind is in the "age of electricity"

[8]. But, while the electric energy consumption per capita in the industrialized countries is

ranged between 23,100 kWh/year (Norway) and 3,200 kWh/year (Italy), in the developing

countries the consumption ranges between 1,460 kWh/year (Argentina) and less than 50

kWh/year (Bangladesh). A brief account of such figures is given in Table I, [lj.

The experts' evaluation of the dynamics of the total energy generation in developing

countries considers as probable a growth from 1,700 TWh (1986) to 12,500 tWh (2030).

That means an increase in the average per capita electricity consumption from 500 tWh. to

about 1,800 TWh [2], This evaluation is surely an overestimate because, even assuming a

zero growth in the industrialized countries for the next forty years (which is highly improb-

able), the total energy demand in 2030, using the above figures and the I.I.A.S.A forecast

(see Fig.l) would reach 20,800 TWh, which is a far projection from the extrapolation of

the I.I.A.S.A. estimates.



The electricity requirements of the developing countries can be met by a system, of

mixed options, consisting of an extensive use of conventional, thermal and hydro power

sources, together with the introduction of nuclear power plants in more developing coun-

tries, and an increased use of nuclear power in countries that have already introduced it.

2. Present Status of the Introduction of Nuclear Power

in Developing Countries

Using the data presented in ref. [3], with the necessary corrections imposed by the

evolution of the commissioning of new power plants, and of the suspensions and cancellations

during 1982 - 1991, a new table, containing the nuclear power plants (N.P.P.) in developing

countries, for 1992, is obtained (Table II).

In this table, the actual figures available (see Refs.[3], [4] and [5]) and the value of the

total electricity generatioA in 1986 [2], as well as the total amounts from the Table III, and

the more realistic scenario presented in Fig.2, were used.

The share of nuclear electricity in developing countries represents about 6% of the

total electricity generation in these countries in 1991, while in 'the industrialized countries

this share exceeds 21%.

In general, the possibility of an increased use of nuclear power supplying electricity in

the world market is recognized as being very important, both for its economic competitivity

and its minimal environmental impact. Indeed, nuclear power plants do not contribute

to the "greenhouse effect", and the technological radioactivity they release is safety and

readily managed and kept to low and harmless levels.

Moreover, the extensive use of nuclear power in industrialized countries could also ease

the energy problem in developing countries, both by reducing the world demand on fossil

fuels and by increasing international trade, by capitalization of the uranium resources of

the Thirld World.

3. Technology Transfer

AIL the developing countries with generating N.P.P.s started the construction of their

first nuclear power plants before 1975. with the exception of Yugoslavia (1975) and Mexico

(1976) (see Table II). The average construction time span is presented in Table IV [8].



Several remarks are in order:

- for the first units, which were done under turn-key contracts, the average construction

time span is shorter than for the subsequent ones;

- the domestic efforts to self-sustain the technology of N.P.P. construction lead to

prolonged construction times, and on several occasions resulted in unsuccessful experiences;

- some countries have secured shorter construction time spans, even for subsequent

plants, and the domestic contribution was uniformly very important;

- between 1982 and 1986 there was a general increase in the construction time in the

world, because of the large number of N.P.P.'s in construction at the time.

These remarks would support the familiar notion that, as an advanced technology,

the nuclear know-how cannot possibly be developed globally in the developing countries,

which means that the technology transfer is the only conceivable way to have the nuclear

power promoted there.

Keeping in mind that nuclear power is both an energy source and a development means

for the socio-economic status of the country, some developing countries, such as Korea and

Taiwan, had given this activity a high priority, and the results obtained confirmed the

adopted strategy.

Great Asian nations, India and China, have perceived the many-faceted importance of

nuclear power, and developed considerable R. & D. and financial efforts in this direction.

Argentina and Brazil are developing countries in the upper range of potential, and

though they started earlier with both R. &: D. in nuclear power and the construction of

their first N.P.P.'s, estimates made in 1990 [6] indicate that the commissioning dates might

be approximately ten years behind initial schedule, mainly due to dispersion of the national

efforts and changes in the financial conditions and postures.

The Eastern and Central European countries, except Romania, used the Soviet tech-

nology for implementing WWER-440 plants. WWER-440 plants were designed without

containment and currently undergo a careful scrutiny on behalf of the international com-

munity. Efforts are contemplated to raise their safety level.

In Romania, soon after the Second World War, several Romanian scientists were

influential and instrumental in the foundation of the Institute of Atomic Physics, Bucharest

(1952), which concentrated research groups in atomic and nuclear physics, radioprotection,

radiochemistry, nuclear engineering and so on. Related institutes had later emerged in

Cluj, Iasi, Timisoara, Rm. Vilcea, Pitesri. dwelling on nuclear technology, especially in



respect of nuclear fuels, heavy water, industrial applications of radioisotopes and advanced

engineering.

A feasibility study (1967-1969) laid grounds for a domestic commitment of nuclear

power. The study recommended the utilization of heavy water reactors in Romanian

N.P.P.s. The R. & D. activity was effectively supported and a firm growth was observed in

the scope and volume of this activity and in the manpower used. Romania was assisted by

the I.A.E.A. through many technical assistance and U.N.D.P. programmes (nuclear reactor,

nuclear fuel, irradiation testing and post-irradiation examination, quality assurance testing

facilities, waste management, radioprotection, nuclear safety, etc.).

In the years 1977-1980, agreements were concluded with the Canadian Goverment and

a commercial contract was signed with AECL, for supplying CANDU reactors of 660 MWe

(licensing agreement, engineering agreement, supply agreement, etc.). The contract is a

kind of a multi-package approach, with major contributions from the Romanian industry.

At present, because of the (delays, the situation was reconsidered and an arrangement with

AECL-ANSALDO was established, providing for a turn-key contract, to complete the first

660 MWe unit, scheduled to be connected to the grid by 1994.

The transfer of technology for N.P.P.s is performed by commercial contracts. Several

approaches can be described. In fact, there are three main types of contract approaches

that have been applied for N.P.P.s so far, namely:

1. turn-key contracts, where a single contractor or a consortium of contractors takes

the overall responsibility for the whole project;

2. split-package contracts, where the responsibility is divided between a relatively

small number of contractors; the involvement of architect-engineering (A.E.) is needed;

3. multi-package contracts, where the owner, by himself or with the help of his

A.E. assumes the overall responsibility for engineering the plant, issuing an appropriate

number of contracts to various contractors for carrying out parts of the work.

The main factors and considerations for the evaluation and selection of the type of

contract are the following:

- local factors and conditions, including existing management, engineering and con-

struction capabilities, industrial infrastructure, national planning and implementation pol-

icy for the first, and of subsequent projects in the long-term nuclear power programme:

- experience in project management of similar projects, particularly in fossil-fueled

power plants;



- economic and competitiveness considerations;

- foreign financing possibilities;

- potential contractors and their capabilitiy, reliability and experience with different

contractual approaches;

- safety considerations.

Technology transfer can generally be arranged only if there exists a bilateral inter-

governmental agreement. This agreement can in itself serve as an essential instrument

for transfer in non-commercial sectors, notably general manpower development, R. &; D.

activity, establishment of capabilities in safety evaluation and regulation, radiation protec-

tion and waste management. Weakness in a country's capability to absorb the transferred

technology can create constraints in this domain.

A turn-key contract is normal for the first plant in a developing country. It can help

to assure that the plant is constructed within the time schedule and overall budget, and

it can also serve as an effective tool of technology transfer.

I.A.E.A. promoted a permanent activity in order to support the enlarged use of nu-

clear power in the world, and especially, to assist the developing countries in this field. A

Senoir Expert Group (S.E.G.), established by the Director General in February 1986, has

investigated out and put forward a study on "Mechanisms to Assist Developing Countries

in the Promotion and Financing of Nuclear Power Programmes" [2].

4. Possible Ways to Enhance the Introduction of Nuclear Power

in Developing Countries

The current economic situation of the world must be thoroughly studied, in view of

deriving appropriate conclusions for ways and means of the introduction of nuclear power

in developing countries.

Some directions of action may be outlined:

- use of innovative modalities, like the build-operate-transfer (B.O.T.), for the nuclear

project financing;

- mobilization of international companies as suppliers, and for multi-financing nuclear

projects;

- introduction of small and medium power reactors (S.M.P.R.) in industrialized as well

as in developing countries;



- increasing the level of standardization of nuclear power plants, with special reference

to S.M.P.R.s, and more emphasis on safety;

- improvements in energy and nuclear power planning in developing countries;

- a good management of the activities concerning the public acceptance;

- increasing the role and the activity of the I.A.E.A., by innovative ways with re-

spect to the assistance to developing countries in enhancing their commitments to the

peaceful nuclear power implementation, including observance of internationally-accepted

safety standards and cultures, safeguards and strict observance of nuclear weapon non-

proliferation.

5. Conclusions

Trends in the energy demand will eventually terminate the current "zero-growth" in

nuclear power development. This process may precipitate by the growing international

concern for enviromental safety, so that in the nineties a significant increase in fission power

reactors is expected, not only in the advanced, but also in many developing countries [12-

15]. In fact, the current situation has recently got a particular meaningful characterization

by the Director General of the International Atomic Energy Agency: "Sustainable devel-

opment without nuclear energy is a contradiction in terms ... However, nuclear energy

alone will not be able to solve problems of sustainable development: what the world needs

is a mix of various measures, some of them rather radical in nature - perhaps more radical

even than the acceptance of nuclear power"' [16]. Based on the available experience and on

the recent judgements concerning the penetration of nuclear power in developing countries,

it is believed that:

(i) the construction of the first N.P.P. in a developing country should follow the "turn-

key contract" strategy. The subsequent N.P.P.s may entail a gradual participation of the

national industry, consistent with the specific national economic objectives and resources:

(ii) both prior to and concurrently with the construction of the first N.P.P., it is neces-

sary to develop the specific infrastructure and to engage in adequate R. & D. programmes

in nuclear technology;

(iii) the personnel training in both the operation of the N.P.P., and the main ac-

ticities involved in the national nuclear programme (technical, financing, administrative,

regulatory, etc.) must firmly be supported through: R. &: D. projects, I.A.E.A. technical

fit ft



assistance, international cooperation, contractual arrangements with suppliers, etc.

(iv) a developing country's commitment to nuclear power requires a substantial na-

tional effort (financial, industrial, scientific, organizational, etc.) as well as sound and

substantial international cooperation.

Such a commitment has chances to success only if the country has reached a certain

level of industrial development. Below a critical level, the introduction of nuclear power

may be made only by B.O.T. channels, or by other adequate ways, in which the required

national involvement is very low.

The increased need for energy, associated to the care for the efficient utilization of

the resources and for a minimal enviromental impact, will rally the nuclear communitty

efforts and will lead to innovative and effective ideas, based on an intense international

cooperation, great expectations being attached to the I.A.E.A.'s activities.
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Table Captions

Table 1 : Electric energy consumption per capita in Industrialized and Developing Coun-

tries (1986)

Note (1) : Nuclear share in the electricity generation in 1989 [6]. Besides these data some

other are remarcable:

Koreea - 50.2 % Czecho-Slovakia - 27.6 %

'Hungary - 49.5 % Yugoslavia - 5.9 %

Bulgaria - 32.9 % Pakistan - 0.2 %

Table 2 : N.P.P.'s in Developing Countries (1992)

Note (1) : Construction start of the first N.P.P. in the country (compiled from Refs. [2],

[3], [4] and [5]).

Table 3 : Estimates of the total installed capacity and electricity generation and share

of nuclear power in Developing Countries.

Table 4 : Average construction time span in Developing Countries.

•>M. = Months

10



Table 1

Country Category Annual consumption

Norway
Sweden
U.S.A.
France Industrialized
U.S.S.R.
Japan
Italy

Argentina
Brasil
Mexico
Egypt
Thailand Developing
China
Marocco
Ghana
India
Indonesia
Bangladesh

(per capita) in 1986
(kW(h))

23 100
16 200
10 700
6 200
5 600
5 500
3 200

1 460
1 460
1 140

520
480
420
300
270
270
176
50

Remarks Share of nuclear
generation (1)

(%)

0
45.1
19.1

Average 74.6
7 200 12.3

27.8
0

11.4
0.7
0
0

Average 0
500 0

0
0

1.6
0
0
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Table 2

Capacity
No. of
units

Operating Under Construction

Capacity
MW(e)

Share of the
world nuclear
capacity (%)

No. of
units

Capacity
MW(e)

Developing countries, excluding Europe

(1)

Argentina
Brasil
Cuba
China
India
Korea
Mexico
Pakistan
Taiwan

(1968)
(1971)
(1983)
(1985)
(1964)
(1971)
(1976)
(1966)
(1972)

2

—
1
7
9
1
1
6

935
626
-
288
1374
7220
654
125

4924

0.3
0.2
-
0.1
0.4
2.3
0.2
0.04
1.54

1
1
2
2
7
3
1

692
1245
816

1812
1540
2550
654

SUBTOTAL 28 16146 5.08 17 9309

Developing countries in Europe

Bulgaria (1970)
Czecho-Slovakia

Hungary
Romania
YugoSlavic

(1974)
(1974)
(1980)

i (1975)

6

8
4
-
1

3538

3264
1645

—
632

1.2

1.1
0.5
-
0.2

6

5

3336

3125

SUBTOTAL

T O T A L

19

47

9079

25225

3.0

8.08

11

28

6461

15770
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Table 3

Installed
capacity
(GW(e))

'Electricity
generation

(TW<e))

Nuclear installed
capacity

(GW(e))

Nuclear electri-
city generation

(TW(e))

1983
1991
2000

398
510
650

1590
2200
2800

8.2
24.0
41.1

2.1
4.7
6.32

36.5
133.0
235.0

2.3
6.04
8.4
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Table 4

Operating and shut down reactors
(year of grid connection)

1967
to

1971

1972
to

1976

1977
to

1981

1982
to

1986

1987 1988
Country

No. M.*) No. M. No. M. No. M. No. M. No. M.

Argentina 1 69 1 108

Brasil 1 131

Bulgaria 2 59 1 86 1 103 1 88

Czecho-Slovakia 1 172 2 64 5 93 1 107

Hungary 3 101 1 94

India 2 54 1 95 1 149 2 167

Korea 1 67 6 70 1 73

Pakistan 1 62

Taiwan 3 64 3 72

Yugoslavia 1 80



Figure Captions

Figure 1 : World energy demand (total amount, using the evaluation from ref. [2]).

Figure 2 : Scenarios of possible development of installed capacity and electricity produc-

tion in Developing Countries;

1 and 2 - estimates from ref. [3] for the installed capacity and the electricity generation,

•respectively;

3 and 4 - estimates taking into consideration the real figures in 1983 and 1986.
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