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IHTRQDUCTION 

The purpose of this paper is an attempt to define the conditions 

and the key issues in those developing countries which have nuclear power 

programmes or should consider such a programme within the next couple of 

decades. The paper is primarily- intended as a hackground for discussions 

in Working Group 3t but could also provide input to other working groups. 

It is noted that the terms of reference of Working Group 3 include 

not only the supply of nuclear materials and fuel cycle services but also 

nuclear technology which has a particular significance in the case of 

developing countries. The paper thus deals with all problems involved in 

the introduction of nuclear technology in developing countries and also 

the inherent limitations in applicability of nuclear power due to the present 

market structure. 

There is no clear definition of what constitutes a developing 

country. In this report developing countries are considered to be those 

Member States of IAEA which receive technical assistance under the Agency's 

or the UNIF programme. These countries are enumerated in Table 1.1. It is 

obvious that they represent a large number of individual situations and 

the common conditions represent exceptions rather than the rule. 

Introduction of nuclear power technology in a developing country 

entails problems and considerations which are specific to nuclear power and 

which makes studies of technology transfer in other areas of industrial de

velopment only partly relevant. These special problems and considerations 

include: 

- the long lead times involved in programme establishment and 

project realizationi 
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- the highly advanced technology involved in design, construction 

and operation of nuclear plants, which is without equivalence 

in other industrial fields{ 

- the strict safety requirements with corresponding requirements 

for a special regulatory structure and strict standards for da-

sign, manufacturing, construction, operation and maintenance; 

- the need for highly qualified and specially trained manpower 

at all levels} 

- the requiremv ts for non-proliferation measures (including 

international safeguards) in connection with the transfer of 

technology, equipment and materials and the provision of 

certain services. 

The paper has been developed by the IAEA secretariat with review and 

assistance of consultants from developing Member States. 

'V-



TABLE 1.1 DEVELOPING MEMBER 

Afghanistan 
Albania 
Algeria 
Argentina 
Bangladesh 
Bolivia 
Brazil 
Bulgaria 
Burma 
Chile 
Colombia 
Costa' Rica 
Cuba 
Cyprus 
Czechoslovakia 
Democratic Ka-puohea 
Dominican Republic 
Ecuador 
Egypt 
El Salvador 
Ethiopia 
Gabr»n 
Ghana 
Greece 
Guatemala 
Haiti 
Hungary 
Iceland • 
India 
Indonesia 
Iran 
Iraq 
Ivory Coaat 
Jamaica 
Jordan 
Kenya 
Korea, Republic of 
Kuwait 
Lebanon 
Liberia 

TATES OF THE IAEA 1978 

Libyan Arab Republic 
Madagascar 
Malaysia 
Kali 
Mauritius 
Mexico 
Mongolia 
Morocco 
Niger 
Kigeria 
Pakistan % 

Panama 
Paraguay 
Peru 
Philippines 
Poland 
Portugal 
Qatar 
Romania 
Saudi Arabia 
Senegal 
S i e r r a Lecr.s 
Singapore 
Socialist Republic of Viet Kam 
Sri Lanka 
Sudan 
Syrian Arab Republic 
Thailand 
Tunisia 
Turkey 
Uganda 
United Arab Emirates 
United Republic of Car;:en-on 
United Republic of Tanzania 
Uruguay 
Vcns'/.uela 
Yugoslavia 
Zaire 
Zambia 

! 



1. APPLICABILITY OP NUCLEAR PGUBR IN IEVELOPING COUNTRIES 

1.1. FORMULATION OF NUCLEAR POWER PROGRAMMES IN IEVBLCPIHG COUNTRIES 

Basic Considerations 

A developing country which is wishing to embark on the intro

duction of nuclear power into its electrical generating system would be 

required to examine its long-range power programme and to determine if 

the existing system would be in a position to accept a nuolear power re

actor. The study should take into consideration the availability of 

indigenous energy resources and the alternative energy options available, 

including the best estimate which can be made about future costs of plants 

and fuels and assurances about their availability. 

The long range power programme would identify the lead time 

necessary to develop its first nuclear power project taking into consider

ation the suitability of size and provenness of the system to be adopted. 

It should also comprise development of a long range nuclear power programme. 

In order to execute the programme t the country would depend on 

the availability of capital; 

- qualified and trained personnel; 

- the country's industrial infrastructure) 

- indigenous nuclear fuels which could determine the selection 

of the fuel cycle. 

- availability of technology. 

Availability of Capital 

Since a nuclear plant is very capital intensivef the finan

cial commitment to meet the total cost of the project must 

be identified and steps must be taken to provide the funds. 

Qualified and Trained Manpower 

The manpower requirement would include highly qualified and 

experienced professionals technical 

and crafts personnel. 
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Industrial Infrastructure 

At a minima, a country must he in a position to develop its 

industrial infrastructure to provide facilities to help in 

the construction phase. while the infrastructure may not 

be highly developed at the start of the programme v when 

the construction of the first reactor is initiated, steps 

should be taken to ensure the development of competence and 

capability within the country as the programme develops. 

Availability of Indigenous Fuels 

The availability of nuclear fuels within the country should 

be explored as this could dictate the selection of the fuel 

cycle to be adopted. 

Development of Nuclear Capability 

In order to obtain complete assurances of supply, every 

country would generally aspire to formulate a programme which 

would enable it ultimately to attain nuclear capability 

which could include every aspect of a complete fuel cycle. 

This aspect should be borne in mind when evaluating all the 

factors that should be taken into account when developing 

a nuclear power programme. 
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1.2 CRITERIA FOR JUDGING MARKET AVAILABILITY OF NUCLEAR POKER PLANTS 

Developing countries in the past have always initiated nuclear 

power programmes through import of a first nuclear power plant. With one 

exception, none of them have reached a stage of self-sufficiency, where 

they can construct cheir own plants, though several have development pro

grammes to gradually increase domestic participation. As the general de

pendence of foreign supply of reactors is likely to remain for most deve

loping countries at least in the near future and probably for several de

cades, the international availability of nuclear power plants and the criteria 

against which this availability must be judged becomes a critical aspect of 

| the feasibility of nuclear power programmes. 

Complex equipment which incorporates new technology, such as the 

construction of a nuclear power plant involves a certain element of commercial 

and technical risk. It is in the buyer's best interest to reduce his risk to 

as low a level as feasible. The concepts of "provenness" and of "demonstrated 

licensability" have in the past often been referred to in this context. 

1.2.1 "Provenness" 

Financing institutions have applied criteria of provenness in the 

past in order to reduce the risk to themselves. The IBRD has, for instance, 

applied a criterion to all equipment it finances, defined as follows: 

"When a complex mechanical plant is required [and this covers a 

broad range from thermal power plant to locomotives) a developing country 

should limit its consideration to makes and designs which have already been 

manufactured and operated successfully in some other country's system." 

A strict application of the above criterion could eliminate prac

tically all types of nuclear power plants from the market as no export plant 

has been a duplicate of an existing one. On the other hand, the supplier 

who intends to protect his standing in the export market shares - up to a 

point - the risks involved in the project, and hence will, in principle, 

not offer his product unless he satisfies himself as to the acceptability 

of his own risk. 
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Based on the above considerations, it seems reasonable to accept that 

those nuclear power plants which are available for export at present, in certain 

minimum unit sizes, can be considered as reasonable commercial risks from the 

Point of view of provenness. It should be emphasized, however, that the 

buyer's design review must be careful, detailed and well-informed, in par

ticular in order to ascertain where new, unproven components or features 

are involved. 
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1.?.2 "Demonstrated Licensability" 

Regarding "demonstrated licensability", the application of this 

concept helps to reduce the safety risk involved in a nuclear power plant, 

and facilitates the regulatory procedures even if it does not relieve the 

buyer's country of its basic responsibilities. It has often been recocrmended 

that licensability be demonstrated in the suppliers country through the use 

of a licensed reference plant, implying an acceptance of the supplier country' s 

licensing requirements and procedures. Usually, however, the selected reference 

plant shows significant differences, so the strict application of the criterion 

becomes impractical. Such differences are mainly due to the evolution of tech

nology, to site-related features or to new safety criteria, rules and guides, 

which have been developed since the reference plant has been licensed. An 

exported nuclear plant cannot be licensed in the vendor's country. However, 

what might be achieved is to comply with the condition that the exported plant 

should be licensable in the supplier's country if it were built there. This 

stresses the requirements for capability to perform a regulatory review in 

the buyer's country and extensive documentation to be provided by the supplier, 

often going beyond the documentation which he may have to provide to the re

gulatory body in his own country. 

1.2.3 Availability of Plants for Export 

Both provenness and demonstrated licensability are thus criteria of 

limited applicability in the present situation of rapid technological develop

ment and even more rapidly developing safety regulations and criteria in the 

supplier countries. Even though they cannot be fully complied with, they 

should be applied as far as practicable. 

Only a few reactor typeB are at present available for export. They 

are the LHRs (PWR and BWK) and the PHWR (CANDU type), in a minimum size range 

of about 600 MWe. In addition, a number of 440 MWe Novovoronezh type reactors 

(PWR type) have been exported. There may be additional reactor types such as 

the PHWR of the pressure vessel type which would be offered for export if 

requested* 
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CJCRs of the Magnox type would certainly be considered as "proven" 

reactors, but are no longer available. No AGR has so far been offered for 

export, nor the HTGR or fast reactors or any other type which has been or 

is at present under development in industrialized countries. 

The number of potential suppliers is also limited. Only the follow

ing seven countries have exported nuclear power reactors until the present: 

Canada, FRG, France, Sweden, UK, ISA, USSR. 

Some additional countries, already well advanced in developing 

their local capacities in nuclear power, might decide to enter the export 

market of power reactors. Advanced types of reactors, such as PBRs or HTRs 

may be launched for first commercial stations in highly industrialized 

countries, but it is unlikely that they would be offered for export before 

such projects are implemented and operating experience becomes available from 

them. There are thus severe limitations in the availability in sizes nd types 

of plants for export and the present situation is likely to remain without 

major changes up to at least 1990. 

1.2.4 Other Applications of Nuclear Power 

Electricity production is the primary application of nuclear power 

plants. There are other possible uses of nuclear energy, such as process heat 

production in single cr multipurpose plants, and propulsion. Past hopes, 

however, for an extensive use of such applications have not been fulfilled; 

there are only a few projects which have a minor importance when compared 

to electricity production in nuclear units. A few projects, in particular 

regarding multipurpose power plants combining electricity production and 

desalting, might be implemented in developing countries during the eighties 

and nineties. But these projects are expected to be isolated cases and would 

not constitute a general trend towards a more extensive use. 

Agro-industrial complexes have been the object of several pro

mising studies during the 1960s. It appears, however, that hopes for their 

implementation have now receded into the far future, mainly due to the vast 

capital investments needed and the availability of more convenient and fea

sible alternative solutions. 
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1.3 EFFECTS OP UNIT SIZE LIMITATIONS 

According to classic criteria for grid stability a generating 

unit size of 600 Mtfe would call for a grid with a minimum installed 

capacity of about 10 times that size and a spinning reserve of the same 

order as the maximum unit size. Through consideration of the present 

and forecast demands and integrated grid sizes this voula limit the 

number of developing countries which could accommodate a 600 MWe nuclear 

unit to 20 - 25 countries by 1990 and 30 - 40 countries by 2000, 

assuming that 600 MWe nuclear units will continue to be available on 

the world market. Unavailability of smaller power plants thus presents 

a serious limitation in the number of developing countries which could 

benefit from nuclear energy. 

It can be questioned whether the classic criteria should be 

applied to developing country situations. They are based on a degree of 

reliability of meeting demand which, as experience has shown, often 

are not met even in very large grids, and which may not be required 

in some situations. In some cases distribution grids have also been 

structured so that non-essential loads, e.g. irrigation pumping loads, 

can be shed if and when a generating unit drops out. It seems worth

while to keep this possibility in mind when grids are planned, because 

of the economies bigger units could introduce, whether nuclear or 

fossil-fired. 

One obvious possibility to make nuclear power more generally 

available would be if smaller unit sizes of nuclear plan+s would be 

obtainable on the market. The IAEA has since the early 1960s had a 

continuing programme to promote the availability of smaller nuclear 

plants in the range 5^ - 400 MWe. It has involved a aeries of meetings 

at which the availability situation has been assessed, contractual 

studies to assess costs of possible systems and a major market survey 

which was conducted over the years 1972 - 1974* The latter had as one 

of the stated objectives "to identify the specific market for small 

and medium power reactors in the participating countries", as a 

possible incentive to the manufacturing industry. These activities 
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have so far brought no concrete results, in spite of efforts to promote 

designs based on older small plants or existing ship propulsiou plants. 

Though designs have been produced and offered to potential customers 

none of them has been purchase:1 up to the present time. The IAEA's 

budget for these activities is limited and the available funds can, 

of course, make no contribution towards the actual production of a 

first-of-kind plant. 

The updated market survey of 1974 indeed indicated a sizeable 

potential market 1981 - 1990 for nuclear plants in 150 - 500 MWe range. 

These would be in 20 - 30 countries whioh could not use a 600 MWe unit 

during this period. There are, however, two inherent souces of errors 

in this type of analysis. The first is that the manufacturing industry 

is not likely to launch a new design for a foreign, and potentially 

uncertain market without definite expectations for a significant 

domestic market. The second is that the capital costs calculated in 

the market surveys, using scaling factors from known capital costs 

for plants in the 600 - 1200 MWe range, proved to be far too low 

according to recent bidding; experience. One bid for a small nuclear 

power plant (50 MWe) has been requested during the past few years, 

and the capital costs involved proved extremely high 

and far beyond any expectation. 

It is clear that it would be necessary to find radically 

new technical solutions to decrease construction costs, such as 

much more extensive shop fabrication of plants, in order to decrease 

the unit costs for smaller reactors. In this line there are now some 

encouraging signs. One French manufacturing firm would be prepared to 

bid on a small (125 MWe), completely or almost complstely shop-

fabricated unit. A prototype is in operation at the Cadarache Centre 

in Prance. One US manufacturer is also investigating the markets for 

a 400 MWe unit which, through extensive shop fabrication and consequently 

shorter site construction time, is aimed to be competitive with present 

plants in the 800 MWe range. It must, however, be stressed that so 

far neither manufacturer has actually produced a power plant for 

commercial application, and that it will be a period of some 7 - 1 0 

years before the first possible plants of these types can have gained 
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licensing and operational experience. Though there seems to he a 

slowly increasing interest for smaller power reactors in industrialized 

countries for the domestic market, it is uncertain if and when such 

an interest will result in actual units being built. 

Experience has indicated another problem of some importance, 

viz. the detrimental effects which the disturbances on a weak grid 

may have on the nu lear power plants through frequent power cyclings 

and stoppages which are forced on the plant by the grid. This 

emphasizes the need for careful advance planning of the grid before 

any nuclear plant is introduced, whatever its size. 



013 

1.4 PRESENT STAGES OP NUCLEAR POWER PROGRAMME IN DEVELOPING COUNTRIES 

Earlier global estimates of installed nuclear capacity up to 

the year 2000 ha-re been revised, as they are now considered to have been 

too high, for a number of reasons. These include: ^l) present lack of 

commercially available and proven small and medium power reactors, which 

many developing countries would need to expand their electric power syste-ns; 

(2) increased cost of nuclear plant construction, which has placed financial 

burdens on countries with existing nuclear power programmes; ^3) growing 

awareness of the developing countries of exploitation of indigenous energy 

sources; (4) diminished projections of the nuclear share of electrical ca

pacities. 

Current IAEA forecasts of growth of nuclear power in the develop

ing countries are now as shown in Table 1.?. 

There are at present sixteen developing countries with nuclear 

power programmes. Twelve of these have nuclear power plants under con

struction or in operation, indicating a confirmed commitment to a nuclear 

power programme. Of these, six have their first power plant in operation, 

with a combined output of about 3400 MWe, and six have at least their first 

power plant under construction. By 1985, these 12 countries expect to have 

49 nuclear power reactors in operation with a combined net output of 26000 MWe 

(Table 1.3), In most of these countries the nuclear power programme is linked 

with a programme for increasing the domestic participation in the construction 

of each project. 



Table 1.2 Reactor Units and Net Electrical Power (MWe) 

in Developing Countries in 1978/84 

Country 
Operating in 

1978 

Planned for 

1984 

Argentina 

Bulgaria 

Brazil 

Czechoslovakia 

Cuba 

Hungary 

India 

Iran 

Korea 

Mexi co 

Philippines 

Pakistan 

Polan-l 

Romania 

Thailand 

Turkey 

Yugoslavia 

1 (345) 

3(1257) 

2 (491) 

3 (602) 

1 (564) 

1 (126) 

2 (945) 

4(1677) 

3(3116) 

9(2971) 

2 (880) 

3d224) 

3(1689) 

6(6582) 

4(2698) 

2(1308) 

1 (621) 

1 (126) 

1 (408) 

1 (440) 

1 (620) 

1 (632) 

Totals 11(3385) 49(25937) 



Table 1.3 NUCLEAR AND TOTAL ELECTRIC GROWTH IN DEVELOPING COUNTRIES 

Year 
Installed 

Nuclear 
(GW(e)) 

capacities 
Total electric 
(GW(e)) 

Nuclear % 
of total 
electric 

Average 
Nuclear 

growth rate ' 
Total electric 

1980 6-11 270 2 - 4 

24 7.4 

1985 22 - 36 385 6 - 9 

26 7.3 

1990 72 - 121 550 13 - 22 

15 7.0 

1995 156 - 246 770 20 - 32 

11 6.6 
2000 281 - 419 IO65 26 - 39 

l) By 5-year periods 
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When a developing country determines it will become involved in 

nuclear fuel cycle activities, there are a number of different possible 

avenues of approach. But usually it would begin by involvement in ac

tivities concerning domestic nuclear raw materials. In connection with 

this, fourteen developing countries have operations in uranium mining and 

milling, prospecting, recovery, and deposits under development. Of these, 

one is also engaged in the mining of thorium. The total reserves of uranium 

involved in these mining and milling operations are 308 000 tonnes U 

•'reasonably assured resources" recoverable at a cost of less than S80/kg 

Ihe annual capacity at present for mining and milling operations amounts 

to about 29 000 tonnes \M 

The next stage of fuel cycle activities would usually concern 

the front end of the fuel cycle. 

At present, one developing country has plans for enrichment (by 

jet nozzle), with a pilot plant under construction and a small 

fuel fabrication facility. Another has a uranium conversion - uranium 

oxide fuel fabrication facility in operation with a capacity of 120 tons 

per year (HVTh) ar.d commercial plants producing heavy water for its own 

national requirements. One developing country has a pilot uranium oxide 

fabrication facility. 

Ultimately a country would consider some form, whether national 
the 

or multinational, of participation in/back-end of the fuel cycle activities. 

One developing country is now plaining a pilot facility with a reprocessing 

capacity of 10 tons per year (uranium oxide), and another has a reprocessing 

facility with a capacity of 125 tons per year (oxide), another similar plant 

under construction and a pilot facility which reprocesses 30 tons per year 

(natural metal). 

l/ Data from "Uranium, Resources, Production and Demand", 

0ECD/NEA and IAEA, Paris, December 1977. 



1. ¥br issues: 
0 

a) The formulation of a nuclear power programme with reasonable 

and attainable targets. This will involve the taking of 

decisions with longer lead times than have normally been 

experienced in developing countries in other investment areas. 

t>) The adequacy and efficiency of bilateral and multilateral 

assistance for development of a nu.«oar power programme. 

c) The limitations in availability on the market in sizes, types 

of reactor plants and suppliers for them. In particular, the 

uncertainty about the future availability of power reactors in 

the small and medium size range which limits the number of 

developing countries which would use nuclear power. 
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2.1 DOMESTIC PARTICIPATION AND DEVELOPMENT OP INDUSTRIAL 

INFRASTRUCTURE 

Some degree of domestic participation by the project 

planning group is always required in a nuclear power project. As 

for participation in the construction activities and industrial 

supplies, there is no general rule as to what can and should be 

supplied locally; different countries have different characteristics, 

and conditions. Ultimately, the existing stage of domestic industrial 

development will determine the possibilities of domestic participation 

(varying between about 20$ and 8o£ - 90$ of all supplies). 

The interest in maximum use of domestic resources is a 

common characteristic of all countries, the benefits arc usually well 

known. The overall economy of the country is improved; foreign exchange 

expenditures are reduced; wealth is produced; industry is developed; 

technical standards are raised; technology and know-how is acquired 

and improved; and, the degree of independence of the country is 

increased. 

In considering domestic participation and development of 

industrial infrastructure for nuclear power programmes in developing 

countries, it is also necessary to determine the national 

conditions for the transfer of technology. There are certain minimum 

requirements e.g. on the educational infrastructure (manpower) and 

the industrial infrastructure (technical development) of the developing 

country, which in turn effects the nature and extent of the country's 

capability and decisions for domestic participation. The amount of 

domestic participation in a nuclear power project which a developing 

country decides it wishes to achieve is also a matter of national 

policies on economic and industrial development, self-sufficiency 

and other matters. Technology transfer is thus inherent in the idea 

that a nuclear power programme has the potential of raising the general 

level of industrial and manpower capabilities, and in the goal of 

increasing domestic participation and self-sufficiency in a nuclear 

pewer̂ nprogrSmffie* Therefore, one of the goals of the long-term nuclear 

power prograinme should be to increase the domestic participation with 

each successive nuclear power project, and with increasing involvement 
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in other activities of the nuclear power programme. It is likely that 

turn-key contracts will be required at the beginning, with quite 

small participation from local industry, but participation should 

progressively increase with future contracts. 

The existing capability will determine the degree of 

participation in each individual project, An increase in the domestic 

participation during a sequence of nuclear power projects will require 

a gradual development of the industry. 

A single nuclear power project without the framework of a 

nuclear power programme is not considered justified. Similarly, a 

serious effort in domestic industrial development for nuclear power 

requires a sequence of power projects in order to be effective. 

Nuclear power programmes and industrial development programmes are 

interrelated; they should be planned and implemented together. 

The desire to increase domestic participation is in itself 

not sufficient. The main question to be answered is what can be done 

effectively without undue risks and within an optimal economic and 

industrial development of the country. It should be emphasized that 

there will be competition for national resources between nuclear and 

other industries. 

Nuclear power must be considered in relation to the industrial 

base and the overall industrial development schedule. Thus, technical 

and manpower development for a nuclear power programme must be 

considered within the broader context of the overall concept of 

industrial development and should be geared to each other. The high 

standards required of both manpower and industry for effective 

participation in a nuclear power programme can have the effect of 

raising the general level of manpower and industrial capabilities. 

In addition to the training obtained from vendors, universities, 

technical schools, national and international agencies, etc. industry 

is uniquely qualified to provide certain on-the-job training. For 

special nuclear expertise, such on-the-job training is usually 

unavailable in the developing countries. But in other areas of required 

technology, they could supply their own manpower with a good foundation 

for further specialized nuclear training. In this connection, the 

relationship between industrial standards and the star, iards of manpower 

qualification should OR mentioned. 
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Industrial capability implies "being able to produce 

according to specifications. The manufacture of equipment and 

components of nuclear power plants poses a serious problem to the 

industry of any country, whether it is "highly industrialized" 

or "developing". The strict requirements regarding quality standards 

are difficult to meet and, as past experience shows, not always met. 

As countries and industries advance on their learning curves, 

results tend to improve but, even after considerable experience is 

accumulated, problems may, and often do, turn up. Deficiencies in 

quality reduce plant reliability and availability, and even safety 

might be adversely affected. 

For nuclear power plants, the need for establishing 

competent quality assurance systems is essential. This applies both 

to imported goods and domestic participation. Quality assurance 

involves the owner, regulatory body, consultants and suppliers. 

The ultimate responsibility is always •? the owner-operator, who 

may be assisted by his consultants. But it must be remembered that 

the consultants do not share the responsibility of the owner; their 

role is advisory. The regulatory body*s role is to provide, through 

regulations, licensing and inspection, a basis for securing a 

reasonable assurance that nuclear installations can be constructed 

and operated without undue risk to the public health and safety, and 

without harm to the environment. The regulatory body does not relieve 

the owner-operator of his responsibilities; it is there to see to it 

that the owner complies with and ensures compliance by the suppliers 

of the nuclear safety requirements. The suppliers' responsibility is 

to produce according to the owners' specifications and quality standards. 
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2.2 MANPOWER AVAILABILITY AND MANPOWER DEVELOPMHIT PROGRAMMES 

The technical complexities and unique safety requirements of a 

nuclear power programme, as well as the economic consequences of unreliable 

operation, make it essential that highly qualified manpower be available 

at the beginning of the programme* In fact, the availability of such 

manpower is likely to be one of the important factors which determine the 

decision on the scope and schedule of a nuclear power programme in a 

developing country. 

Developed countries have also faced and in some categories still 

face a shortage of qualified manpower, and this fact is not unrelated to 

the manpower problems of the developing countries, insofar as it indicates 

that (l) not all kinds of qualified manpower could be imported, even if the 

financial burden of such measures were no problem; (2) development of 

qualified manpower is an essential and long—range proposition; (3) retention 

of such manpower is also a problem to be solved, es ecially in the developing 

countries. 

2.2.1 Manpower Planning 

To ensure availability of qualified manpower when it is needed 

will involve national policy commitments on the planning, scheduling and 

financing of a manpower development programme which are consistent with 

the national energy plan and with the national industrial development plan. 

A developing country's nuclear power programme must have at its core 

the highly qualified indigenous talent to evaluate critically the project, to 

manage the planning, implementation, and construction and to be prepared 

effectively to start up and operate the power reactor. Further, experienced 

managers and engineers with the necessary years of experience in nuclear 

power plant design, construction and operation will contribute immeasurably 

to the self-sufficiency of a country in planning and implementing a nuclear 

power project, as well as to the cost-effectiveness of the project. In 

some highly specialized areas, importing manpower through the hiring of 

foreign consultants will be the most economic measure and could be indis

pensable for certain tasks. In general, importing qualified manpower is 

a short-term partial solution that only delays solving the problems associated 

with an insufficient manpower infrastructure. 
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Definitions and assessments of realistic manpower requirements 

must take into account the specific conditions prevailing in each particular 

country on a case-by-case basis. Some of the variables that will influence 

these requirements are: 

- Conventional thermal power plants in operation; 

- Types, sizes and numbers of reactors to be constructed; 

- Rate of investment; 

- Economic plans, policies and conditions; 

- Socio-economic conditions; 

- Schedule of planning, construction and operation; 

- Definition of functions to be performed nationally and those 

to be provided by consultants, suppliers and contractors from 

abroad; 

- Organizational structure for carrying out the programme; 

- The capability of the national educational infrastructure 

to provide the basic education and disciplines required on schedule; 

- The capability of the national conventional industries to 

provide the experienced manpower to fill management, technica? 

and crafts requirements on schedule; 

- Lead times to train and replace experienced personnel 

Staffing needs for nuclear power projects in developed countries 

do not correspond to those of the developing countries, owing to the existence 

of supporting infrastructure in the developed countries. 

Such alternative sources of manpower are not generally available 

to developing countriec. Because of the extremely long lead times involved 

in training, the staffing in developing countries must be substantially 

increased to compensate for attrition and for staffing new plants. 

An equally serious problem is the retention of manpower, because 

there is strong competition for such experienced, qualified individuals in 

the international nuclear power field. The effects of this problem of 

retention of both professional and technician staff could be greatly reduced 

through economic incentives and through the creation of a professional and 

social environment that is conducive to satisfactory career development. 



2.2.2 Educational Infrastructure and On-The—Job Training for Manpower 

Development 

It is necessary to make a thorough assessment of the potential 

which the developing country's educational infrastructure (universities, 

technical schools, vocational schools, research laboratories, training 

centres, crafts and trades schools, etc.) has to provide the basic 

disciplines and training required on schedule. 

Providing qualified manpower for a nuclear power programme will 

place new demands on the educational system. The curricula must be care

fully examined and formulated so that there is a coupling of scientific 

and technical knowledge with the needs of nuclear and related technology, 

including a functional balance between theoretical knowledge and practical 

training and experience. 

There is also % need to develop specialized multidisciplinary 

training for nuclear professionals, as well as to train the trainers of 

qualified technicians and skilled crafts workers. 

It is now recognized that an area of most critical need is 

opportunity for on—the—job training at on-going nuclear power projects. A 

major effort has been made to enlist the full co-operation of Member States 

to make such jpportunities available to the developing countries. Without 

such co-operation, lack of on-the-job training opportunities could become 

the most serious bottleneck to staffing with qualified manpower. 

One of the problems in this regard may be that, for the host 

country, on-the—job training is both costly and complex to accomplish 

effectively. Another problem is the proprietary nature of certain 

information which would be involved in some on-the-job training. 

2.2.3 Manpower Requirements for a Nuclear Power Project 

Experience has shown that the most serious problems which the 

developing countries have had to date have not been of the type which require 

additional manpower with advanced academic training in nuclear science and 

technology, but are rather of the type which require (a) manpower vith 
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practical experience and training in the technical, organization, 

contractual and administrative aspects of large projects and (b) technicians 

and skilled craft labour. 

For a successful nuclear power project, it is necessary to have 

qualified manpower for each of the basic activities of the project. A 

general indication of the overall manpower requirements and 

schedule for a nuclear power project is given in Table 2.1. 

Internationally accepted standard guidelines for the qualifi

cations, education and training of personnel engaged in nuclear power 

programmes do not as yet exist. However, the IAEA has a programme for 

establishing Safety Codes of Practice and Guides for nuclear power plants, 

and has developed Safety Guides on personnel qualification: Staffing, 

Recruitment, Training and Authorization of Operating Personnel; 

Qualifications and Training of the Regulatory Body Staff; and Quality 

Assurance. These guidelines are general in nature. 

To indicate the order of magnitude of the manpower requirements, 

the construction of one 600 - 1200 MW(e) light-water power reactor requires 

at the present time 12—15 million man-hours* This includes about 10-12 million 

man-hours of crafts such as welders, electricians, operating engineers, 

pipefitters and boilermakers, and well over one million man-hours of 

project engineering (mechanical, electrical, civil, chemical, 

nuclear), quality control, vendor surveillance, cost engineering, and 

other project management activities. 

The operations activity of a nuclear power project requires 

about 150-200 trained staff in such functions as station management, 

operations, maintenance, technical services, health physics and quality 

assurance. 

A competent effective regulatory organization requires a minimum 

staff of 15 for the first nuclear power plant, and for 5-10 plants, a staff 

of about 50 managers, engineers and experts on siting and environment, 

mechanical systems, instrumentation, radiation protection, fuel management, 

operations and other qualified personnel* 



F*fi 

a 

! 

V* ' 1—' 1 r-r*i I i ! j I 

<; •» 
-» s 

3 s 

1~ o » R R J s 
S • s * » s 
N. 

« 2 i 
R 5 j 5 

" » • 5 * 
„!J a 1 R 

* 1 ! 
i 
R 

- S * 1 g s 
- " I " I S > r £ 

s : 
» s i 
* ? i ! 
* ! S • 

i t 

8 

* 5 5 
x | S 
* 1 ! 
S S R 

z 
> 
*» 

» : S 8 | 8 3 

s 

n 5 ? 
s • 5 
R t g 

R 

R 

R 

* R R S 

R « ! 

ft 

R 

R 

C 

R R ! 

X R f R 

r R R 
R R R 

R r. t 

i R R R • * 
r» R R - • 

• 

* i 

R 

R 

R 

R 

* • 

» R ' 8 

Bi 
R 
41 

•«!• 4) 

l l ! - f 

• "1" 
R | " 

o 

« 
* 

> t i -

& 1 1 n 

s I 
; t 

2i • • 

F!' I 
8 

t " 

SS g 
5s i 

| I 

! 

» 
i 
1 ! 

! 
1 
i 

.1 
1 

i= ! g 
I1!! 1 1 

l i s 



026 
The numbers, qualifications, training and scheduling of the 

manpower necessary for the functions in each of the activities of a 

nuclear power project depend sensitively on the special conditions 

prevailing in the individual country, such as the economic development 

policy; possibilities of financing; industrial infrastructure; domestic 

participation; educational infrastructure; institution-legal framework 

for the project; national legislation including laws concerning nuclear 

safety and environmental protection, adoption and enforcement of regulatory 

standards and codes, etc. 

Safe and reliable operation of a nuclear power plant requires 

not only well-qualified operations manpower but also the availability of 

qualified manpower for maintenance and repair. It should be emphasized 

in this connection that requirements for personnel for these purposes must 

be planned for well in advance and their training incorporated into on-the-job 

training programmes. 

2.2.4 Manpower Requirements for the Fuel Cycle 

Policy decisions on nuclear power programme activities will 

determine the nature of the manpower requirements. Involvement in fuel 

cycle activities demands an expansion of a country*s manpower development 

programme both in depth and numbers, for a large amount of additional 

highly qualified manpower must be available. The manpower development 

programme in this case would not only be related to the entire nucieai 

power programme but also would require an extensive and, for certain 

activities, advanced industrial infrastructure to support a viable fuel 

cycle, which involves such activities as; exploration; mining; milling; 

uranium conversion; enrichment; fuel fabrication; reprocessing; storage; 

waste management; transport* 

Every country with a nuclear power programme will engage in 

some of the above activities, such as storage, waste management and transport. 

Other activities would be determined by political and economic development 

policies. 
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The training problem in some areas of the fuel cycle are 

furthermore compounded by the fact that in many cases, training can 

only be obtained outside of the country. Also, non-proliferation and 

technology transfer considerations would play an important role in 

determining training possibilities abroad. 

Another problem is that data concerning requirements for the 

types and number of personnel needed for the different steps of the fuel 

cycle are much less available than for nuclear power plants* A general 

indication of the manpower requirements for the back-end of the fuel 

cycle activities is given in Volume II of the Project Report on Regional 

Nuclear Fuel Cycle Centers (IAEA, 1977). 

2.2.5 Manpower Organization and Management 

Management (planning, organization, control, communication) of 

a nuclear power project or of any other project in a nuclear power programme 

does not differ substantially from any other large industrial project or from 

a conventional power plant, from the point of view of organizational require

ments. However, it does differ in its need to comply with regulatory and 

quality assurance requirements. This places extra demands on the management 

requirements and organization plan, as well as on the training programmes 

for operations and maintenance staff. 
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2.3 AVAILABILITY OP TECHNOLOGY 

The entirely domestic development of highly complex technology would 

probably not be feasible or advisable in most developing countries in a reason

able time schedule. Acquisition from abroad is the commonly used manner to 

obtain new technologies also for many smaller industrialized countries, but 

this requires, particularly in the case of nuclear power, governmental involve

ment, assurance of continuity of supply of the technological know-how and 

equipment. Bilateral and multilateral agreements normally provide for this. 

In this context it is also worth noting that bilateral and multilateral 

arrangements between developing countries have been proposed to be explored. 

Basic considerations for nuclear technology are the choices of 

which nuclear power plant techr.jlocy the country desires to acquire, the 

rate of increase of domestic participation desired and the extsnt to which 

fuel cycle activities should be carried out domestically or jointly with 

other countries. In each case, the decision will have implications in 

the three areas mentioned above, viz.: industrial development, manpower 

development and economic investments. It must be assumed that the choices 

of technologies would have inherent limitations to those which have 

achieved a certain degree of experience in practical applications. There 

are at the present also other limitations of both political and 

commercial natures. 

Successful technology transfer will always require two partners: 

one who has the technology and is willing to transfer it, and the other 

who is able to receive and absorb it and is willing to expend the effort 

which is required to complete the transfer, an effort villi ch in the nuclear 

case is considerable* 
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2./\ ECONOMICS 

Some of the major distinctive economic features of nuclear power programmes, 

such as for instance high plant capital costs, strong sensitivity of unit 

costs to size and sharply increased cash flow requirements of electric utilities 

during the initial phases of nuclear expansion have given rise to problems 

which have proved difficult enough to handle for industrial countries. Their 

impact on developing nations planning or having already embarked on nuclear 

power programmes is even more significant considering the severe limitations 

of their capital and foreign exchange resources. Although the variety of 

situations limits the value of general considerations, it is nevertheless 

worthwhile reviewing briefly the consequences of the above-mentioned charac

teristics for developing countries in the fields of economics and financing. 

P.4.1 Capital Costs and Competitive Status of Nuclear Power Plants in 

Developing Countries 

It has often been argued that a nuclear cower plant of a given size 

will cost less to build in many developing countries than in the country of 

origin. The argument rests essentially on the fact that wage rates for con

struction labour are very low in most of the developing countries anri that 

substantial savings in construction costs can therefore be achieved. Sxnerience 

shows, however, that this factor is largely offset by a variety of counter

vailing elements such as lower labour efficiency, special training reouirementp 

for locally recruited workers, a lack of industrial infrastructure, high costs 

of resident foreign supervisory and technical staff and wide cost variations 

of locally supplied construction materials. In addition, an endeavour to 

secure a large domestic industry participation will usually lead to increased 

costs, at least for the first units of nuclear power programme. This last 

point underlines the desxrability of estimating costs of entire programmes 

rather than those of a single unit, a counsel of perfection easier to give 

than to follow. It emphasizes at the same time the heavy financial burden 

which will be borne in the initial stages of a nuclear programme and the 

difficulty of allocating first-of-a-kind expenditures over a series of power 

plants whose size and time of commissioning are often not clearly defined. 

The evaluation, of course, has to take into account all costs incurred for 
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the life-time of the plants, some of which now are uncertain such as those, 

associated with the back-end of the fuel cycle and ultimate decommissioning 

of the plant. 

Thus, in most developing countries the capital investment costs of nuclear 

power plants of a given size are at least as high and, in several cases, 

higher than those in industrial nations. There is, however, another element 

which affects the competitive status of nuclear versus fossil fired stations. 

Due to less stringent regulations, oil or coal fired power plants in develop

ing countries are often planned with much less sophisticated environmental 

control systems. As a result, their capital investment costs could therefore 

be smaller than those in industrialized countries. However, equivalent cost 

reductionc are not possible for nuclear units since they are designed to 

meet the licensing requirements of the country of manufacture. Of course, 

it would be misleading to apply this argument as a general rule, but it should 

be borne in mind for many specific cases in which the capital cost differential 

between nuclear ar.d conventional stations appears to be particularly wide. 

?«4.? Sensitivity of Unit Capital Costs to Size 

Pavings of scale are much more significant for nuclear than for fossil 

fuel fired stations. The cost of a 600 MWe unit is now in industrialized 

countries estimated to be only about ?>.,>.• smaller than that of a 1000 MWe unit. 

Consequently, the unit cost per MWe is about one third higher for the former 

than for the latter. Hence, there is a strong economic incentive to choose 

the largest possible nuclear unit size which can be incorporated in a given grid. 

This factor has led the manufacturers of nuclear power plants in industrial 

countries to concentrate on the maximum sizes acceptable to the interconnected 

syscems of their own countries. As a result, subject to a few exceptions, 

600 MWe is the smallest unit size of proven nuclear vovrr plant currently 

available commercially. Furthermore, economic analyses of optimal expansion 

patterns of electric power systems for which 600 MWe nuclear stations are 

being considered usually show that substantial savings would be achieved by 

choosing a larger size of (J00 MWe or more which would either be commissioned 

later or operated at a lower load factor in the initial years. In any event, 

the total | amount of capital required will be larger. 
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?-4»3 Annual Investment Requirements of Nuclear Power Programmes 

The economic objective of nuclear oower is to recoup through fuel 

savings the higher capital costs initially encountered. Tt should be rea

lized, however, that these savings are expected to occur over an extensive 

period of time of 20 to 30 years and that the initial stages of a nuclear 

power programme involving the sequential construction of several stations 

give rise to capital requirements which may be two to three times higher 

than those which would have prevailed if only fossil fuelled stations had 

been built. The evolution of the cash flow is a function of many factors 

such as length of construction, rate of growth of the system, capital and 

fuel costs of possible alternatives but, in many cases, it may take more 

than ten years from the commissioning of the first nuclear power plant before 

the annual savings in fuel costs begin to offset the increased investment costs. 

There is, therefore, a long period of extreme financial stringency which will 

pose particularly acute problems to the utilities of developing countries. 

A concrete illustration of these points is provided i:i Figure 2.2 

based on the actual case of a rapidly developing country whose expansion 

plans for its interconnected power system are grossly summarized in Table 2.2, 

It will be seen that the additional capital requirements of a mixed fossil/ 

nuclear programme starting with the commissioning of a second nuclear unit 

in 1983 and aimed at achieving a nuclear penetration o; 43'' by 1993 increase 

rapidly over a period of more than ten years and begin to be jffset by fuel 

cost savings only at the end of this transitional period. 

2. 4.4 The Impact of Financing Constraints 

The total capital investment for 600-1200 MWe nuclear power plants 

expressed in constant 1978 US* ranges between * 850 per kWe and * 1300 T>^T 

kWe. This includes all direct and indirect costs as well as interest during 

construction, but excludes escalation. The initial fuel loading adds about 

* 120 per kWe to these costs. The transition to a higher voltage level and 

the expansion of the transmission and distribution system may also be necessary 

and require an additional " 300 per kVJe. The country must therefore finance 

a total investment of the order of * 700 - 1000 Million. 

Because of these high investment reauirements, financing may prove 

a limiting factor in nuclear electric ,-rowth. According to studies by the 
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International Bank for Reconstruction and Development, power expansion invest

ment reouirements have remained at about 7-&; of the gross fixed capital for

mation. It is estimated, however, that a shift to higher capital cost nlantp 

(nuclear, hydro, lignite) will foi-cj developing countries to raise this pro

portion to about 10-12;;.. I'his, in turn, would correspond to a '-an-'je of abo";* 

?-45 of the gross domestic product forecast for developing countries. Khile 

these figures do not represent an insuperable burden v;hcn considered as lor?-

term averages, they tend to conceal the critical difficulties whi^h will be 

encountered by "nany develoning countries over the transitional oe^io^ cha

racterizing the introduction of several capital intensive technologies in 

the power producing sector. It must be recognized that the nuclear power 

programme is only one of several development programmes which will 

compete for the available investment funds. 

The acuity of the problem of financing the introduction of r.vclcir 

power plants will, of course, be a function of the balance of payments si

tuation of the countries concerned which, in most cases, is critically de

pendent on the import or export of oil. As a resxilt, some major oil-exportinr 

countries might be best equipped to carry the financial burden of the transiti<y 

from fossil fuelled to nuclear power. 
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?. 4.5 Financing Modalities of Nuclear Power Plants 

All nuclear power plants built or tinker construction in developing 

countries have up to now been finance?! through bilateral contracts, '.'hile these 

contracts have sometimes involved financing by countries other than that cf th» 

main supplier, it is worth emphasizing that not a single nuclear power project 

in a developing country has yet been financed by an intergovernmental organization. 

The terms of financing have, as a matter of fact, been an essentia"' 

ingredient of the bids submitted by the various vendors, "'hey were in all 

cases equivalent to substantial rebates, the extent and value of which were 

a decisive factor in the final selection even though the concessionary elements: 

did not lend themselves easily to ctû rrtLtative comparisons. 

As a result, financing was usually project related and there was 

no guarantee that similar terms would be offered again in the future. 

Consequently, decisions had to be made on a one-shot basis,making the ad

vanced planning of an homogeneous nuclear programme exceedingly difficult. 

It seems clear, therefore, that a system of international financing 

offering some prospects of stability in the conditions and terms of loans de

signed to assist the developing countries to bridge a particularly difficult 

financing gap in their energy development planning would prove a great 

assistance towards meeting their potential needs of nuclear power. 



Table 22 

EXAMPLE OP POtfSR SYSTIT-I DATA 
< 

Tear Peak 
Demand 

Installed 
Capacity 

Huclear 
Capacity 

£ Kuclear 
Capacity 

1977 4.4 (W) 5.8 (CW) 0.6 (CW) 10 (£) 

1985 12.0 15.8 1.8 11 

1990 20.0 26.5 6.3 24 

1993 26.6 37.3 15.9 43 

034 

Average growth rate for Peak Demand: 12j£ 

Economic Data 

ars Discount rate: 10$. Plant l i f e : 30 ye ars 

Size 

Capital Costs 600JIW 900MW 1200MW 

Nuclear (J/KW)^ , 

Oil fixed ( S / O K 
1284 997 843 Nuclear (J/KW)^ , 

Oil fixed ( S / O K 470 435 435 

Fuel Costs 

117 
• 

114 Kuclear fuel Inventory 117 
• 

114 • i n «/KW 

Direct nuclear fuel cost 205 200 196 c/Gcal 

Bunker C. 849 849 849 c/Gcal 

Heat Rates 

2587 2585 nuclear plant 2587 2585 2584 K a l $cwh 
Oil fired plant 2340 2325 2315 ^Vr . ih 

1/ US$ of 1978 purchasing poweri 



\33^~*)o\ </3' (%') 

l/ USS of 1978 purchasing power 
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2. Key Issues 

a) The 1 imited efficiency of existing bilateral and multilateral 

agreements and industrial arrangements in making nuclear technology 

available and supporting the efforts of developing countries in 

assimilating and developing nuclear technology, ways for improving 

these means and measures, as well as for adapting them. Identification 

of new means and measures and definition of conditions which will 

assure the availability of nuclear technology for transfer to 

developing countries. 

b) Co-ordinated planning, including assessment of need for and 

competitivity of newly developed domestic industry serving nuclear 

projects. 

c) The work o:i establishment of international industrial quality 

and safety standards applicable to the nuclear field needs to be 

accelerated in order to ease the difficulties for authorities in 

developing countries to establish and apply domestic standards. 

d) National policy commitments for timely planning and implementation 

of a manpower development programme. Social and economic problems 

associated with retention and recognition of qualified manpower. 

e) International assurances and opportunities will be needed for 

education and particularly for on-the-job training which is largely 

unavailable in the developing countries or through commercial contracts. 

f) The limited availability of investment capital as measured against 

overall investment needs. Development of new international financing 

mechanisms to make investment capital available to meet the needs of 

developing countries. One particular aspect concerns the problem of 

financing in development of new smaller reactor systems. 
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3. SUPPLY OF NliCLEAr- FUEL ANP FUT5I. CYCLE SB: VI^ES ANT! HEAVY WATgR 

Although initially most of the developing countries may find it 

advantageous to buy the fuel for the first core loading as well as for some 

of the subsequent replacement loadings from the power reactor vendor as part 

of a package arrangement, they will wish to plan ahead for the future supplies 

if they foresee a growing contribution from nuclear energy in their total 

energy requirements. In the long term, the aspirations would often be to 

set up the entire fuel cycle industry in the country; but to achieve this, 

the priorities to be assigned to establish each step of the fuel cycle would 

have to be determined on the basis of national policies and available 

resources as well as the time scale during which the capabi

lities could be established. Some of the more important steps related to 

the fuel cycle which are reviewed below include uranium exploration, mining 

and milling, uranium enrichment including conversion, fuel element fabrication, 

spent fuel storage and transport, spent fuel reprocessing, radioactive waste 

management including final disposal, and possible recycle of recovered plu-

tonium and uranium involving fabrication of mixed oxide fuel. 

3.1 UPANIUM EXPLORATION AND ESTABLISHMENT OF DOMESTIC UHANIUM PPODUCTION 

It is clear that initiation of a nuclear power programme in a country 

could be a strong incentive for uranium exploration and production. Of the 

17 developing countries which, according to the NEA/TAEA report or. Iranium, 

Pesources, Production and Demand (1977). have reported uranium resources, 

only 8 have, however, embarked on a nuclear power programme and only two 

have any reported uranium production at the present time. It is clear that 

in the future, with increased exploration activities, it can be expected that 

the exploitable uranium reserves in the developing countries will become of 

increasing importance. The rate at which their uranium production capacity 

will develop will, however, depend on a number of factors, the most important 

being availability of the technical know-how and the financial and organizational 

resources,which will to a great extent originate abroad. fn order to overcome 

some of the constraints, it is found that essentially three different modes 

have been followed in the past by some of the developing countries as follows: 

1) Entering into bilateral or multinational arrangements for ex

ploration and production activities s'jch as in the case of labo"., 

Zaire, Niper, Hra7.il and to som" extent rran. 

http://Hra7.il
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2) Initiating national programmes in a planned manner as in the 

case of Argentina and India. 

3} Obtaining assistance from international organizations such as 

the IAEA with UNTF funding to initiate exploration as in the case 

of Chile, Ireece, Turkey and Pakistan. 

A consultant group in .k'S,' has recently reviewed the geology of 

the world in regard to the geological favourability for uranium, and they 

hd'/e identified 35 developing countries with good potential but presently 

inadeauate exploration effort. It is quite probahle that many of those 

countries may find any one, or some combination, of the three possible modes 

referred to above for initiating a programme on uranium exploration and pro

duction. 

Tt has also been suggested that international organizations in

cluding the NEA and the IAEA could initiate certain activities related to 

preliminary investigations and reconnaisance in these 35 identified developing 

countries by approaching thsm to permit such an intprnational assessment. If 

such work oroduced favourable results then complete evaluation of deposits 

could be taken up in a nlsnned manner. Preliminary estimates prepared for 

the above referred approach have been worked out as follows: 

ost Uo 

Stage 1) Preliminary Investigation Missions 3,000,000 

^approx. 6 man/mcnths each) 

Stage ?) Preliminary Reconnaissance 

(Airborne and "leochemical surveys) 100,000,000 

Stage 3) Complete Evaluation of Deposits 

assumirg discovery of 1,000,00V) 

tons uranium 11,000,.>00,>KV' 

These preliminary estimates which have been prepared for the iJ'I 

Peport on Natural Resource Exploration N'esds of Developing Countries over 

the next 10 - 15 years, are indicative of the financial resources needed 

for a planned programme of world-wide uranium exploration and production 

in those developing countries which have favourable geologic formations. 

As regards mining and milling, the reauired technology is not 

difficult to acmiire. 
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3.? FUEL ENRICHMENT SERVICES INCLUDING} CONVERSION 

Proven enrichment technologies are not available commercially and 

at the present time there is only one developing country v/hich is acquiring 

enrichment technology through a bilateral agreement. Both the scale and 

advanced technology required would olace domestic development of uranium 

enrichment out of the reach of any developing country. Thus they are ne

cessarily dependent on enrichment contracts with the few industrialized 

countries which are able to supply these. 

The availability of enrichment services on a competitive and long-

term assured basis is essential for planning any nuclear power programme 

based on light-water reactors or any other reactors which use enriched 

uranium. For the developing countries it is necessary to consider entering 

into long-term contracts for their enrichment needs but, due to the increase'! 

uncertainties in regard to ti;,.3 schedules, the nee*' for flexibilities in such 

contracts is emphasized. 

It can be noted that there is a possibility to enter as shareholder 

in a multinational enrichment companies which may offer certain advantages in 

assured supplies. This aspect may be of particular interest to those deve

loping countries who have identified uranium ore reserves but it requires 

large funds for the capital investments. 
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3.3 FURL KLSMENT FABRICATION 

Fabrication of the fuel elements may be one of the important steps 

that the developing countries may find most advantageous to concentrate on 

in the initial stage of the programme. Compared, to some of the other fuel 

cycle activities, the investment in a fuel fabrication plant is relatively 

io'rf. Fuel fabrication also involves relatively large number of man-hours 

input per kilogram of fuel throughput which,combined with comparatively 

lower salaries of the workers in the developing countries,may be advantageous 

towards production of fuel elements at an economic cost even in a snail-siaed 

plant. On the other hand, fuel fabrication technology is sophisticated and 

commercial secrets are involved which would reouire bilateral commercial 

agreements in the form of licensing or other arrangements to start an operation. 

Also, guaranteed performance of the fuel in the power reactors is of crucial 

importance,which requires a high degree of assurance both with respect to the 

quality of the materials, including the cladding used, and the quality control 

measures carried out during each step of the manufacture. Any independent 

launching of fuel fabrication will reqruire a substantial development effort 

including testing in test reactors. 

As considerable operating experience has already been gained by 

the established fuel element fabricators, it may be advantageous for the 

developing countries to enter into long-term agreements for technology 

transfer which may then be supplemented by their own development programmes 

for building up their manufacturing and quality assurance capability. 
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}.4 FUKL CY<'LB SSPVTCES mATl'.D TO THA UACK-BMI) SUCH AH SPSNi FUEL. 

STOPA'JF:, F-EPKV"H:KSSINI, •••ADIOACTIVB HASTF: MANAT-isrwr TUCLIJPITJ 

PINAL DISPOSAL, AMD P.TSSIHLK R30YCLS OF KEfrovjjXsn PLU'iVWTliM AMD 

URANIUM 

There are several activities which 

a power reactor operating authority must plan to perform an they are imme

diately necessary to his operation, in particular spent fuel storage and 

preparation for transport away from the reactor site, whether to an away-

from-the-reactor (AFF.) storage or to a reprocessing plant. In addition 

reprocessors will at least at present commit future customers to accept 

the high level waste from the reprocessing operation and the storage and 

ultimate disposal of such waste would then have to be planned and prepared. 

In several industrialized countries there are now regulatory requirements 

which call for an advance programme for the assured disposal of radioactive 

waste generated in the fuel. 

It is obvious that spent fuel storage is going to be a problem 

for most reactor operators over the next several years as the storage ca

pacities provided at the LWIi plants are normally not adequate to accept 

spent fuel from several year's operation and still provide the full core 

spare space which is a normal safety requirement. This problem will, of 

course, be aggravated in developing countries which have only a few nuclear 

plants, For existing plants storage compacting would seem the only 

feasible solution. An AFT? storage at the national level would carry with it 

unproportionally high unit costs and also a-.high cost for a transportation 

operation which would not be fully utilized. The RFC(, study published by 

the IAfHA in May 1977 has indicated the economic problems which are inherent 

in too small-scale operations. International AFR storages could, naturally, 

be a solution but the desirability of a coupling to at least planned repro

cessing or disponal operations would seem obvious. The possibility of inter

national APR storages would be discussed within the context of WCS/6. 



As the potential value of the contained fuel material in the spent 

fuel is considerable, the financial implications of any decisions as 

regards long range programme planning in this area would be very signif

icant. Prom a very practical point of view a developing country would not 

be able to obtain any credit for the contained fuel material but continuing 

expenditure will have to be incurred through storage of spent fuel. In 

this regard, efficient utilization of nuclear fuel resources is also an 

important factor. 

The establishment of the activities related to the back-end of the 

fuel cycle should be examined very carefully by the developing countries 

and also by the industrialized countries with relatively small nuclear 

power programmes. In all of these activities, economies of scale of 

operations are very significant, and hence decisions regarding repro

cessing and recycling of fuel materials can be influenced considerably 

on economic grounds depending on the size and expected rate of growth of 

the nuclear power programme in any country. For example, in the Agency's 

RPCC Study it was found that the unit costs of fuel reprocessing, mixed 

oxide fuel fabrication and waste management were two to three times higher 

when carried out in plants built to handle materials from 30C tonnes of 

spent fuel per annum as compared to 15CC tonnes. 

The developing countries should carefully study the long range 

implications as regards their financial commitments, the requirement 

of scientific and technical staff and their specialized training, the 

need for appropriate transfer of technology and the assurance that they 

will have as regards the supply of nuclear fuel on a long term basis. 

Many of these questions have been examined in the Agency's study on 

Regional Nuclear Fuel Cycle Centres which was presented at the Salzburg 

Conference on Nuclear Power and its Fuel Cycle, and the results are 

available in a 1977 IAEA study project report. 
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Hence, with regard to the nature and extent of back-end of the 

fuel cycle activities, the developing countries must carefully study the 

long range implications as regards their commitments and the potential 

economic and other penalties which may be involved in small scale processes 

designed to meet a fairly low quantity level of needs. 

As indicated above all countries using nuclear power must deal 

with storage and transport and most likely with waste management and disposal 

problems. Waste management and disposal will present particularly difficult 

problems for countries with small nuclear programmes or limited technical 

capabilities. Comprehensive waste management and disposal facilities many 

of which are characterized by large economies of scale, would reauire in

vestments not immediately justified by small nuclear power programmes, with

out major economic penalty. Moreover, many countries will lack geological 

formations appropriate for permanent disposal. This problem area is expected 

to be treated in WG/7, also with specific reference to the situation cf de

veloping countries. 

Although some costs have been quoted in this discussion it must 

be recognized that the cost elements in the back end of the fuel cycle still 

are very uncertain due to lack of industrial scale experience and to un

certainty about regulatory requirements for industrial scale facilities 

and operations. Data given have generally been obtained from the Agency's 

PFCC study but it is expected that these will be updated through the work 

of various TNPCE working groups which would then also permit a more accurate 

estimation of the actual economic penalties involved in small scale processes. 

In the back end of the fuel cycle it is clear that the regulatory 

requirements in the industrialized countries are still in most cases in the 

process of development, e.g. as regards reprocessing and ultimate spent fuel 

or waste disposal. Developing countries thus face the problem of an inadequate 

base for technology transfer while in some cases reaching a situation where 

policies need to be formed. 

It is clear that developing countries will need particular support 

both as regards meeting the immediate needs in storage and transport and in 

formulating regulations, m the "necessary" operations of fuel storage and 
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t r anspor t and u l t imate waste d isposal i t i s a t l e a s t a t present necessarv 

for each covntry with a nuc lear power prolamine to c r e a t e a competence 

and a regu la to ry background f o r the future o p e r a t i o n s . 

3 .5 MULTINATIONAL 01? R31I0NAL F-J3!. CYCLE CKSTiiKS TSVO'.VTUT ALL OF- PAPT 

OF THrJ FACILITIES FOR THE BACK SNP OF TilS FLKI CYCL5 

This approach to the establishment of fuel cyc le s e r v i c e s has been 

s tudied by the lAiSA, and many of the ques t ions discussed in Sect ion }.*> were 

examined in t h i s study ( the r e s u l t s of which have been published in a ^-volume 

r e p o r t : Regional Nuclear Fuel Cycle Centers , Kay 1977). (See P i g s . 3 .1 and 3-? . ) 

Sconomies of scale of opera t ions are p a r t i c u l a r l y . s ignif icant and 

these would be ava i l ab l e t o the p a r t i c i p a t i n g countr ier . in an equ i t ab l e manner. 

I t would the re fo re be important t h a t the p a r t i c i p a n t s take ea r ly dec i s ions on 

the miTiber of coun t r i e s and the t o t a l nuc lear power rrenerat in^ capac i t y tha t 

should be serviced by any proposed fuel cycle c e n t e r , so t ha t both p o l i t i c a l 

and economic v i a b i l i t y are assured. The presence of a number of pa r tne r s 

would a l so tend to reduce the economic burden and f i n a n c i a l r i s k . Also, any 

changes in the nuclear power programme of any p a r t i c u l a r pa r tne r could poss ib ly 
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Reactors with mixed oxide fuel 
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be accommodated by other partners, thus enabling the fuel eyclr facilities? 

to be operated with reasonably hi<jh utilization factor. 

Increased technological and financial resources would be available 

not only for construction and ooeration but also for research and develoo-nent 

as well as for safety-related matters and better procedures arii control of 

activities that are of environmental concern. En particular, management, of 

highly radioactive waste would be of considerable importance. Such an 

arrangement would improve the technical and economic possibilities a^d means 

for solving problems of spent fuel storage, wa^te management, transport of 

radioactive materials. Yhere would al-vj be m\jor economic an] operational 

advantages from location of a multinational fuel cycle center at the site of 

geological disposal. 

A multinatioraj fuel cycle centre could provide several 

advantages within its institutional frcjneworl: in regard to non-

proliferation assurances, reduction of incentives for national 

reprocessing and by providing a broader basis for technology transfer, 

fuel contracting etc. These have been discussed in the report on tne 

IAEA study. A prerequisite is, however, that the fundamental problems 

of the objectives and structure of such a centre, who participates 

and how decisions are arrived at are resolved. As probably smaller 

partners in such a centre, these problems have a special significance 

to the developing countries. 
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}.6 THS SUPPLY OP IfHAVY Y.kW 

This subject has been disc\:sr;ed in genera l in f^o-Chai^men/v'13/?7. 

Some p a r t i c u l a r a spec t s a re of" importance t o developing c o u n t r i e s . F i r s t l y 

the con t rac t for supply of W: s normally include o r provide fo r the f i r s t 

inventory of heavy water which for a 6:\"> W;'e p lan t i s of the o^dor of /i8n 

tons ^0.8 tons/?'f''e n e t ) . The r e a c t o r p lan t i s normally a l s o equipped with 

small unf^radin.^ u n i t s for downgraded heavy water. Losses should r e q u i r e 

l e s s than 1^/year of the i n i t i a l inventory in addi+ion. 

A reasonable un i t a ize for heavy water product.ior us in^ the nroven 

l i r d l e r sulphide process i s about tyX? tons/j/ea^. ihe technology i s not secre t 

tout t h e p l an t cons t ruc t ion and opera t ion are d i f f i c u l t . I t i s c l e a r t h a t i t 

would not be economic fo r a country with a small HWf- power programme to 

e s t a b l i s h i tw own production c a p a c i t y for the r e a c t o r i n v e n t o r i e s . Thus, 

procurement of heavy water has to be done on an i n t e r n a t i o n a l market which 

i s very l imi ted in regard to the number of p o t e n t i a l s u p p l i e r s . For l a rge 

supp l ies t he re i s in p r a c t i c e only one vendor a t the present and t h i s s i 

t ua t ion does not seem l i k e l y t o change a t l e a s t in the fo reseeab le f u t u r e . 
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2- Key Issues 

a) Possible forms of multinational or international institutions 

or arrangements, more responsive to the needs of developing countries 

than bilateral arrangements in assuring supplies and services in 

connection with certain activities of the fuel cycle. 

b) Uranium exploration in the developing countries has been inadequate 

and should be increased, but funding needs are considerable. Ways, 

such as co-operation between developing countries, which could help 

to accelerate exploration and resource development, should be explored. 

c) In view of the accentuated schedule problems in developing countries 

it would seem that the present enrichment contracts do not provide 

enough flexibility. A bank or pool arrangement would seem to be 

particularly beneficial to the developing countries. 

d) Definition of infrastructure requirements including industrial 

quality standards, industrial support, and manpower availability 

needed for launching fuel fabrication, and availability of appropriate 

bilateral technology transfer arrangements. 

e) In view of the generally smaller nuclear power programmes of developing 

countries it seems desirable to clarify the feasibility of international 

APR storages. 

f) Effects of assurances of supply of nuclear fuel and fuel cycle 

services on a country's decisions regarding its activities in the 

back end of the fuel cycle. It is to be noted that every country, 

with even a small nuclear power programme, must plan to meet at least 

its minimum national responsibilities for the back end of the fuel 

cycle. 

g) In spite of the advantages of multinational fuel cycle centres 

the main problems are objectives, structure, participation and the 

decision-making mechanisms. 
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h) The l imi ta t ions in the heavy water supply market and a v a i l a b i l i t y 

of production technology. 

I 
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4* Nuclear Regulation 

4»1 Riabling Legislation 

Nuclear regulation is guided by the principle that protection of public 

health, safety and security, preserving the environment, safeguarding nuclear 

materials and facilities against diversion for unauthorized uses, and 

ensuring adequate financial protection of the public in the event of a 

nuclear incident are concomitant requisites for the implementation of a 

nuclear power programme. In any country, the Government has 

overall and ultimate responsibility for such matters; it should therefore 

be provided with the legislative authority and n regulatory structure which 

should enable it to regulate, control and supervise effectively peaceful 

nuclear activities carried out under its jurisdiction. Enabling legislation 

is thus aimed at providing a legal framework broad enough to cover 

forseeable developments iifithin a national context. 

The objectives of nuclear legislation are: 

- to provide legislative authority for regulating and ensuring ths 
safe development and use of nucle-ir energy in the national interests; 

- to entrust a specialized body with responsibilities and powers for 
the enforcement of legislative provisions and regulatory determinations 
made thereunder; 

- to set out principles and conditions under which the regulatory authority 
may authorize the carrying out of nuclear activities without undue risk 
to the public health and safety, with adequate physical protection of 
nuclear materials and facilities, with proper regard to protecting the 
environment, and in accordance with relevant treaty obligations entered 
into by the State; 

- to establish the principles and rules to govern third party liability 
in the event of a nuclear incident and to ensure adequate indemnification 
for nuclear damage. 
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In the light of these objectives, the najor components of nuclear 

lepisl.ition nay be identified as follows, dealing respectively with: 

- radiation protection and connected matters (such as special transport 
provisions for nuclear materials); 

- licensing authority and licensing requirements for nuclear installation?-; 
and 

- a special regiae of liability to third parties for nuclear dasir^e. 

4.2 Ifte Regulatory Authority 

Within such a legislative frairev.'ork, the establishment of a specialized 

regulatory authority is to he regarded as essential for the effectiva 

discharge of governmental responsibilities with respect to the peaceful 

uses of nuclear energy. In order to foster public confidence in its assessmer.tr: 

and determinations, it should not be responsible for or functional 1;.-

involvc-1 in the promotion and development of nuclear enorvy. 

Cumulative experience under various national regulatory systems and 

licensing practices has shown the key-role of safety assessments and reviews, 

of quality assurance and control, PT\3 of refill at or;/ inspections and 

continuing supervision in ensuring the safe siting, design, construction 

and operation of nuclear facilities. The regulatory authority should accordingly 

be vested with a broad statutory cr functional autonomy and sufficient 

discretion to carry out its licensing control and enforcement functions 

independently of applicants, manufacturers, suppliers end operating organisation.:*. 

It should be enrpowoved tr. adopt or establish regulations, standards and 

rules to govern activities involving nuclear materials and facilities. However, 

since its regulatory functions ?r. this regard could overlap with those 

relating to other connected arctic (such as public health, labour safety, 

public security, environmental protection, transport) and for which other 

governmental bodies are competent, the regulatory authority should ensure 

and maintain close co—ordination and co-operation with them and, similarly, 

it should provide procedure" for seeking the advice of (Qualified organir-atitr.r. 

in the discharge of its specific responsibilities. 

http://lepisl.it
http://assessmer.tr
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When proceeding to the implementation stage, the national 

competent authority will be confronted with the pressing need for 

enacting a special liability regime for nuclear damage that could -

and should - simplify the negotiation of contractual arrangements for 

the supply of reactor components and systems, nuclear fuel and related 

services. In these legislative matters as well as in connected regulatory 

areas, the IAEA can assist Member States in the framing of requisite 

legislation and specialized regulations. 

The law-making process usually takes time; any such lead-

time should, therefore, be availed of for scheduling and implementing 

a manpower development programme for regulatory purposes and for 

recruiting or designating a nucleus of regulatory staff in the early 

stages of a nuclear power programme, who should get prepared to perform 

regulatory functions through appropriate training and participation in 

such activities as site review and assessment, safety analysis report 

discussions and evaluation, quality assurance and control. Some use can 

be made at the early stages of outside experts to back up the regulatory 

authority in the performance of its functions, but it is essential that 

the goal is to establish domestic capabilities. The regulatory staff 

will have to be expanded with increased functional specialization in 

order to be able to carry out various reviews, assessments and 

inspections for regulatory purposes as the implementation of a 

nuclear power programme is progressing. 

4.3 The Regr.latory Basis 

Effective implementation of an enabling law for nuclear 

regulatory control calls for the promulgation of regulations setting 

out basic safety standards from which safety criteria, detailed 

technical requirements and implementation procedures could be worked 

out, upon which regulatory actions are to be based, and to which applicants 

for and holders of permits should conform. In the absence of internationally 

acceptable m'.nimum standards for the safety of nuclear power plants, a 

number of developing countries have adopted the practice of using the 

standards applicable in the exporting country as a regulatory basis 

for safety reviews and assessments for licensing purposes. However, 

it is clear that such an interim solution consisting in regulatory 
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determinations "based on foreign standards and criteria is not a proper 

way of coping with the safety and safety-related issues involved 

in the licensing of nuclear power plants over a longer term. 

Developing countries embarking on a nuclear power programme 

thus particularly face the need for a homogenous and comprehensive 

body of basic principles and minimum requirements in nuclear power 

plant safety and safety-related matters that could provide an 

internationally acceptable basis fc» regulatory developments and 

determinations within the context of national nuclear control 

requirements. 

The IAEA has carried out since 1975 a programme for 

establishing codes of practice and guides on the safety of nuclear 

power plants, which is aimed at making available to Member States 

recommendations deemed essential to provide a basis for regulatory 

developments and to serve as a standard frame of reference for 

safety analysis, review and assessment. 

International standards and criteria supplemented by 

procedures recommended to implement them as set out in the IAEA 

Codes of Practice and Safety Guides can be of considerable assistance 

to developing countries in particular in providing a formalized 

approach to the regulation of nuclear power plants. 
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4. Key issues; 

a) The necessity of statutory or functional independence of the 

regulatory authority and the establishment of a nuclear 

liability regime. 

b) The scarcity of internationally agreed standards and criteria 

which should not need to be developed independently by each 

country and which now in practice makes it difficult to achieve 

safety assurance through inspection and review, particulez>ly in 

developing countries. 

c) Early planning and progressive development of manpower capability 

for regulatory activities. 
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The institutional arrangements for nuclear supplies to developing 

countries generally have the same structure as similar arrangements 

"between industrialized countries, viz. a bilateral intergovernmental 

agreement which serves as a framework for more detailed co-operation arrange

ments and commercial contracts for the supply of equipment, material and 

services as well as for financing arrangements. The bilateral agreements, 

as a rule, state the safeguards requirements. Bilateral nuclear co-operation 

and supply agreements are normally for fairly long terms, aimed at providing 

a comprehensive framework for supply, research and development in the 

peaceful uses of nuclear energy. It is, of course, one of the tasks of WG.3 

to assess the value of bilateral agreements in general for long-term 

assurances of supply and as an umbrella for commercial contracts. In this 

contert ,it must be stressed that any uncertainty is likely to have more 

severe consequences for developing countries than for industrialized recipient 

countries because of the inherent weaker infrastructure of developing countries 

in all areas. 

In the case of supplies to developing countries,experience has shown 

the need for broadly scoped assistance and co-oreration under the bilateral 

agreements, in particular in the manpower and infrastructure development areas. 

This can be based on a step-by-step approach first defining a co-operative 

framework for scientific research and development, then specifying co-operation 

arrangements between research establishments, universities,technical and 

professional institutions, regulatory agencies etc. The areas of commercial 

supply contracts and industrial co-operation could be defined only in a third 

stage (see, e.g. Co-Chairmen WG.3/22). An approach where the bilateral agree

ment provides a basis only for commercial contracts and financing is likely 

to have serious deficiencies which only partially could be remsdied through 

other mechanisms, particularly multilateral aid. 

Bilateral or multilateral agreements for assistance are not limited 

to transfers from an industrialized to a developing country. Within some in

stitutional frames, developing countries have established technology transfer 

agreements and in some cases have gone beyond this to the supply of materials 

and equipment. For instance, the Regional Co-operative Agreement for Research, 
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Development and Training Related to Nuclear Science and Technology 

(RCA),sponsored by the IAEA,played a certain role in South and South-

East Asia; within CENTO there has been some exchange of information 

and experience between the developing countries involved. The recent 

bilateral co-operation agreement between Argentina and Peru which 

involves the transfer of a research reactor and its fuel is,however, 

still uniô ie. 

The multilateral mechanisms for supplies to developing countries 

have mainly been limited to assistance activities of the IAEA and 

UNDP projects for which the IAEA has served as executing agency. Most 

of these activities and projects are, by nature and due to the limited 

resources available, in the fieldsof planning, training, technical 

assistance and advisory services. The IAEA has also a statutory fuel 

supply function, which has been used chiefly by developing countries. 

For power reactor fuel, there have been two IAEA supplies, both to 

developing countries. The conditions of supplies have generally followed 

the pattern of bilateral arrangements with the requisite safeguards in 

relation to the fuel, the reactor and certain aspects of fuel cycle 

technology. 

While the IAEA undoubtedly has been the main international source 

of assistance in this regard, there are other multinational organizations 

which have played a certain role such as the Council for Mutual Economic 

Assistance (CMEA) and the Colombo Plan. In the activities of these 

organizations, however, the nuclear components are of a peripheral importance 

compared to the overall programmes. 

The history of nuclear power development has several examples of 

successful multilateral undertakings, but they were so far mainly limited to 

industrialized countries. For instance, major multinational projects were 

launched under the auspices of NEA/OECD in advanced reactor technology 

(the Dragon and Halden projects) and also in reprocessing (Eurochemic). In 

enrichment major international undertakings are in operation or under 

construction (UHENCO, EUR0DIF, COREDIF). Uranium resource development 



- 3 -

058 

in developing countries has in the past almost always involved co

operative arrangements with one or more industrialised countries. 

A joint undertaking within the CMEA countries involves the joint 

planning for multinational development and construction of nuclear 

power plant equipment (interatomenergo). As regards co-operative 

research in areas of common interest, the RCA between mainly developing 

countries in the South and South-East Asia and the tecific Region has 

proved to be of practical value. These undertakings represent a very 

large variety of structures in relation to assurances of supply, 

access to and transfer of technology. In the beginning such joint 

undertakings were generally directed towards research and development 

and only recently they involve industrial scale activities. 

The financing of nuclear supplies has been secured almost exclusively 

by bilateral arrangements on ar> individual project basis. Neither IBRD 

(with one early exception) nor any regional development banks have so f*ir 

been involved in any nuclear power projects. IBRD has stated a positive 

attitude towards nuclear power projects but it is unlikely to play more 

than a seed role in any one project,due to the limited fimds available 

for loans in the energy sector. For some nuclear power projects,financin/r 

on concessional terms has been made available bilaterally in the pnst, 

but future availability of such financing terms must be regarded as highly 

uncertain. 

In this context, it can be noted that the IAEA Statute provider; for 

the Agency to assist upon request any Member State or group of Member 

States to make arrangements to secure necessary financing for projects 

from outside sources, but the Agency is not authorized to provide any 

guarantees or to assume any financial responsibility for such projects 

(Article XI. B of the Statute). 

i 
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5. Key Issues 

a) The non- uniform effectiveness of bilateral agreements as framework 

for long-term supplies not only of material and services but also of 

technology and equipment. 

b) The limited adequacy and effectiveness of existing multilateral 

mechanisms in connection with assurances of supply of technologyf 

equipment, materials, and services. In the context of nuclear power 

plant projects, multilateral arrangements have played only a marginal 

and supplementary role to bilateral ones. Multilateral mechanisms 

could, however, be of great importance in the fuel supply area, in 

particular, if properly defined. 

c) The possibilities of substantive co-operation between developing 

countries to assure supplies of materials services and technology 

should receive more attention. 


