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FINANCING OF NUCLEAR POWER IN DEVELOPING COUNTRIES 

Memorandum by the Board of Governors 

1. At the end of the report on the financing of nuclear projects which the Board of 
Governors made to the General Conference last year, it undertook to keep the Conference 
informed of the progress made by the Director General in the further investigations it had 
asked him to make. [ l ] The Board is accordingly communicating to the Conference, in the 
Annex to this memorandum, a study of the subject made by the Secretariat. 

2. The study has been prepared on the basis of further information provided by 
Member States in response to the Secretariat 's inquiries and questionnaires, the 
proceedings of the Agency's Symposium on Small and Medium Power Reactors held at Oslo 
last October, and the results of the four research agreements that have been concluded with 
institutions and corporations in Member States for studies of the technical and economic 
feasibility of smaller power reac tors . It also draws upon two more detailed working papers 
which the Secretariat has written, copies of which can be made available upon request. 

3. The study in the Annex shows that there is a gradual but significant trend in many 
developing countries to rely increasingly on nuclear energy to meet their electric power 
needs. This is attributable to the fact that nuclear power is becoming increasingly 
competitive in developing countries in which there is a substantial demand for 
electricity. The number of developing countries which are embarking on nuclear power 
programmes is also increasing, and there is a consequent increase in the amount of 
assistance requested from and the number of missions sent out by the Agency. It is of 
interest to note that the total investment that will be required by 1980 to meet the electric 
power needs of the developing countries will be of the order of $40-45 000 million; if only 
oil-fired plants were used, the investment would be of the order of $40 000 million, and if 
20% of the power was generated in nuclear plants the investment would be about 
$45 000 million. Another interesting conclusion is that over the next ten years there is 
likely to be a potential market in developing countries for nuclear power plants with a total 
capacity of from 40 000 to 60 000 MW(e). 

[ l ] GC(XIV)/436, para. 5. 
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4. The study represents the best evaluation of the financing of nuclear projects in 
developing countries that the Secretariat can make at this time with the data available to it. 
It should be borne in mind that all estimates of the economic competitiveness of nuclear 
power depend chiefly on three factors which have varied considerably in recent years , 
namely interest rates , the price of crude oil and the estimated construction costs of 
nuclear plants. The financing of nuclear projects in developing countries and the 
competitiveness of smaller reactors will, moreover, be discussed at the Fourth 
International Conference on the Peaceful Uses of Atomic Energy in Geneva next September, 
at which it is expected that the International Bank for Reconstruction and Development will 
be presenting a paper. The matter will also be kept under continuous review at smaller 
meetings of experts that the Director General intends to convene. These will include a 
panel on reactors of interest to developing countries which will meet shortly after the 
General Conference this year, following a preparatory exchange of views on the subject at 
a small meeting during the Geneva Conference. The advice of the panel will be sought on 
the possibilities of carrying out a market survey covering several areas of the world to 
determine the requirements for power reactors in the developing countries. 

5. It may be appropriate here to draw the Conference's attention to certain current 
activities of the Agency which have a direct or indirect bearing on the subject of the 
Secretariat 's study. Reference has already been made in paragraph 2 above to the research 
agreements that have been concluded with institutions and corporations in Member States 
for studies of the technical and economic feasibility of smaller power reactors. Missions 
have been sent to the Philippines, to assist in the review of an earlier United Nations 
Development Programme (Special Fund) study of the feasibility of introducing nuclear power 
in the Luzon area, and to Peru and Singapore, to help in making a preliminary evaluation of 
the prospects of a combined nuclear power and desalting plant in each of these countries, and 
staff members have visited Thailand, which is also considering the introduction of nuclear 
power. A mission sent to Romania at the end of 1970 advised the Government on proposals 
for the introduction of nuclear power. In Brazil, an Agency mission has this year given 
advice on several matters involved in the introduction of nuclear power, particularly the 
participation of local industry in the manufacture and maintenance of nuclear plant. The 
Secretariat is keeping in touch with the progress of nuclear power production in Argentina, 
and arranging for assistance in regard to the fabrication in that country of fuel elements and 
the testing of components, as well as with plans and progress in Chile, Greece, the 
Republic of Korea, Pakistan and other developing countries. The Agency has also arranged 
a training course to help economists from the developing countries to evaluate bids for 
nuclear power plants. Similar activities will, of course, be continued in 197 2. 

6. In the Board's opinion there are thus several decisions that the General Conference 
might take with a view to the Agency's continuing to make positive contributions towards 
the solution of the financing problems that are faced by the developing countries in the 
introduction and use of nuclear power. It accordingly submits the draft resolution set forth 
below for the lat ter 's consideration. 
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THE INTRODUCTION, USE AND FINANCING OF NUCLEAR POWER 
IN DEVELOPING COUNTRIES 

The General Conference, 

(a) Convinced that the Agency can be of valuable assistance to developing 
Member States in their efforts to introduce and use nuclear power, 

(b) Recalling Resolution GC(XIII)/RES/256 on the financing of nuclear projects, and 

(c) Having considered a memorandum from the Board of Governors on the financing 
of nuclear power in developing countries, to which a study by the Secretariat was 
annexed[l] , 

1. Decides that it will be in the interest of developing Member States for the Agency to 
continue, within the means at its disposal, its study of the financing problems which they 
face in their efforts to introduce and use nuclear power; and 

2. Accordingly invites Member States to continue to provide the Agency with information, 
as follows: 

(a) In the case of developing Members, information in respect of their plans for, 
and progress already made in, the introduction and use of nuclear power, and 
their relevant needs for external financing; and 

(b) In the case of industrialized Members, information: 

(i) In relation to relevant technological developments in the nuclear generation 
of power, and to the economics of such power generation; 

(ii) To the extent possible, in relation to the results of market surveys for 
nuclear power made by private industry, financing agencies and governmental 
or semi-governmental organizations, in respect of reactors of interest 
to developing countries; and 

(iii) In relation to the terms on which they would be prepared to make available 
the external financing that developing Members will need for the 
introduction and use of nuclear power. 

[ l ] GC(XV)/458. 
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A N N E X 

STUDY BY THE SECRETARIAT 

INTRODUCTION 

1. It has been possible, largely as a result of the Symposium on Small and Medium 
Power Reactors convened by the Agency at Oslo in October 197 0, to obtain more 
information on the economic possibilities of smaller reactors , and this is presented in 
paragraphs 4-9 and Tables 1 and 2 below. It has also been possible to bring up to date the 
information available on the demand for and the costs of nuclear power plants in 
developing countries, and this information is presented in paragraphs 10-14 and 
Tables 3-6 below. 

2. It has not been possible to obtain much information on the ways and means to secure 
financing for the projects in question from international and other sources to supplement 
the information provided in the Board's report to the General Conference last year [ l ] . 
The most likely method of financing continues to be through bilateral arrangements between 
the country buying a nuclear power plant and the country supplying it, and this is the way in 
which the reactors ordered recently have been financed. However, both the International 
Bank for Reconstruction and Development and the different regional banks finance 
conventional oil-fired power plants, and it is expected that in the future they will be 
prepared to finance nuclear power plants as well. 

3. Research agreements relating to smaller reactors and discussions with individual 
manufacturers indicate that the question of standardization, involving the use of components 
which have been developed and tested in existing reactors, is now being looked at much 
more carefully. This is a very welcome development and could lead to more competitive 
prices and quicker licensing procedures, but it should be borne in mind that the buyer of 
the plant would have to be prepared to accept the plant offered without demanding major 
changes which would involve the loss of the advantages of standardization. 

PRESENT COMPETITIVE STATUS OF NUCLEAR POWER 

4. As a result of the Oslo symposium and in the light of further information obtained 
during the year new estimates have been made of the economic competitiveness of smaller 
reactors , and in the Figure at the end of this study the present competitive status of nuclear 
power is expressed in t e rms of the range of "break-even" fuel-oil costs, as a function of 
plant size and of the annual fixed-charge rate on capital investment, for base load 
(80% load factor) applications. The break-even oil cost is a function of the financing te rms , 
expressed in the Figure in t e rms of the annual fixed-charge rate on the additional investment 
required for a nuclear plant, since the comparison with oil costs can only be made when 
the extra capital cost of the nuclear plant is offset by the savings in fuel costs. The break
even oil cost is a function of plant size since the additional investment required for a 
nuclear plant, expressed as cost per unit size (for example $/kW(e)), decreases with 
increasing size. However, it is not possible to give a single curve of break-even oil cost 
versus plant size for a given fixed-charge rate because the costs of both nuclear and oil-
fired plants, and especially the difference between them, vary from time to time and from 
place to place. 

[ 1 ] GC(XTV)/436. 
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5. Thus, for a 10% fixed-charge rate the expected range of break-even oil costs as a 
function of plant size is given in the Figure. When oil costs are above this range, nuclear 
plants would be expected to be more economical for base-load application; when oil costs 
are below this range, oil-fired plants would be expected to be more economical; and when 
oil costs are within this range a more careful study of the alternatives under local 
conditions would have to be made to establish the comparative costs. Given the actual oil 
cost, the same curves determine a range of plant sizes within which further study would be 
required to establish whether nuclear power is competitive; above this range, nuclear 
plants would normally be expected to be more economical and, below this range, oil-fired 
plants. 

6. The curves for a 14% and 7% fixed-charge rate in the Figure show how the financing 
te rms affect the comparative competitiveness of nuclear and oil-fired plants. The curve 
for 14%, which represents a combination of a relatively high interest rate and a relatively 
short repayment period, relates to the upper range of estimated differences in capital 
costs between nuclear and oil-fired plants and is thus directly comparable with the upper 
curve for a 10% fixed-charge ra te , which represents a combination of medium interest 
rates and medium or longer repayment periods. The curve for 7%, which represents 
relatively low interest rates and relatively long repayment periods, relates to the lower 
range of estimated capital cost differences between nuclear and oil-fired plants and is thus 
directly comparable with the lower curve for a 10% fixed-charge rate . It will be seen that 
the effect of the financing te rms on competitiveness is quite substantial. 

7. Since the likely range of fuel-oil prices throughout the world is projected to be 
35-5 Ojt per million British thermal units (Btu), the Figure indicates that: 

(a) Nuclear plants of 500-600 MW(e), even with relatively high fixed-charge 
rates and capital cost differences at the upper end of the range can be 
expected to be competitive with oil-fired plants. In the near future some 
developing countries will be able to utilize plants of this size; 

(b) Nuclear plants of 100 MW(e) cannot be expected to compete with oil-fired 
plants unless there is the most favourable combination of very low fixed-
charge ra tes and capital-cost differences at the lower end of the range; and 

(c) Nuclear plants of 200-400 MW(e) should be competitive if financing te rms 
equivalent to a fixed-charge rate of 10% or lower are available, especially 
if, because of the potential cost reductions made possible by multiple 
orders , design standardization, e tc . , the capital cost difference as 
compared with oil-fired plants is reduced. 

FUEL COST CONSIDERATIONS 

8. One of the most important characteristics of a nuclear power plant is the lower fuel 
cost which can be expected as compared with that of an oil-fired plant. For a nuclear plant 
to be more economic than an oil-fired plant these savings in fuel cost must offset the 
additional capital cost of the nuclear plant. A 400-MW(e) nuclear plant might have an extra 
capital cost of between $65 and $135 per kilowatt installed, that is a total of $26-54 million. 
However, the annual fuel cost of such a nuclear plant is estimated as $6.3 million, and is 
largely unaffected by changes in the price of uranium. Table 1 below gives, for different 
oil pr ices , the annual fuel costs of a 400-MW(e) oil-fired plant and the additional annual 
fuel costs as compared with those of a nuclear plant. 
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Table 1 

Annual fuel cos t s of a 400~MW(e) o i l - f i red plant 

Oil p r i c e in yt p e r mil l ion Btu 

Annual fuel cost in mi l l ions of do l l a r s 

Additional annual fuel cos t s compared 
with t hose of a nuc lea r plant in 
mi l l ions of do l l a r s 

35 

10. 1 

3. 8 

40 

11.4 

5. 1 

45 

12.7 

6.4 

50 

14. 0 

7.7 

9. The number of y e a r s over which the accumulated savings would equal the additional 
capi ta l cost i s only an approximate indicat ion of economic compet i t iveness , a s ne i ther the 
i n t e r e s t r a t e no r the economic life of the plant a r e taken into account. More meaningful 
informat ion can be obtained by calculat ing the r e t u r n on additional investment to which the 
annual fue l -cos t savings a r e equivalent. Thus , the following table shows the r e t u r n on 
addit ional investment in the case of a 400-MW(e) plant , a s suming that the annual savings 
a r e effected for 25 y e a r s . 

Table 2 

Return on additional inves tment 
(percentage p e r y e a r ) 

Additional 
inves tment 
($/kW(e)) 35 

F u e l oil cost , (4 p e r mil l ion Btu 

40 45 50 

65 

100 

135 

14.2 

8.3 

5. 0 

19.5 

12. 1 

8.2 

24.6 

15.6 

11.0 

29.6 

19. 0 

13.7 

POTENTIAL DEMAND FOR POWER 

10. Dur ing the pas t y e a r a m o r e detai led survey h a s been made of the potent ial demand for 
e l e c t r i c a l genera t ing capacity in the developing count r ies and of the amount of power that 
could be genera ted in nuc l ea r p lan t s . Apar t f rom any quest ions of financing, t h e r e a r e 
l i m i t s to the l a t t e r amount, which a r e de te rmined by the s ize of exist ing and planned e l ec t r i ca l 
gr id ne tworks and the economic compet i t iveness of s m a l l e r nuc lea r p lan t s . The e s t i m a t e s 
of demand a r e based on information obtained from the a tomic energy commiss ions and 
e l e c t r i c a l au thor i t i e s in the individual coun t r i e s . In Table 3 below the es t imated total demand 
for the different r eg ions i s shown. 
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Table 3 

Es t ima ted demand for e l e c t r i c a l genera t ing capaci ty in 
developing coun t r i e s^ ' 

(in thousands of MW(e)) 

Africa 

Asia and Middle Eas t 

Lat in A m e r i c a 

Europe—' 

Tota l 

Tota l 

20 

67 

58 

66 

211 

1975 

Nuclear 

0 

2 .3 

0 .3 

0 .4 

3 

Total 

28 

111 

87 

100 

326 
\ 

1980 

Nuc lea r 

0 

10 

6 

7 

23 

Tota l 

40 

168 

127 

148 

483 

1985 

Nuc lea r 

1 

21 

19 

18 

59 

a/ F o r the pu rpose of the study, developing count r ies a r e defined a s those coun t r i e s 
for which a p r o g r a m m e under the Technica l A s s i s t a n c e component of the 
United Nations Development P r o g r a m m e had been approved by i t s 
Governing Council for 1969. 

b / Bulgar ia , G r e e c e , Hungary, Poland, Romania , Turkey and Yugoslavia. 

11. The following table shows the es t imated i n c r e a s e s in e l ec t r i ca l ins ta l led capaci ty in 
developing count r ies in thousands of MW(e) over the per iod 1975~85. 

Table 4 

Es t imated i n c r e a s e s in insta l led capaci ty in developing count r ies 
(in thousands of MW(e)) 

Pe r iod 1975-80 

P e r i o d 1980=85 

Pe r iod 1975-85 

Total 
i n c r e a s e 

115 

157 

272 

Nuc lea r 
component 

20 

36 

56 

Nuc lea r 
pe rcen tage 

18% 

23% 

2 1 % 

These es t imated i n c r e a s e s in ins ta l led capaci ty r e p r e s e n t the upper l imi t of what i s l ikely to 
be achieved; the ac tual i n c r e a s e s a r e unlikely to be l e s s than two t h i r d s of t he se e s t i m a t e s . 
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FINANCING REQUIRED 

12. Financing has to be a r r anged at the t i m e the p lants a r e o rde red , which i s some four 
o r five y e a r s before commiss ioning , that i s dur ing the per iod 1971-76 for p lan ts needed in 
1975-80, and dur ing the per iod 1976-81 for those needed in 1980-85. The ave rage amounts 
in d o l l a r s p e r kilowatt ins ta l led that a r e expected to be needed, which have been a r r i ved 
at by making some genera l a s sumpt ions , a r e given in Table 5 belo*-\ It i s to be noted that 
the locat ion and s ize of a p a r t i c u l a r power s tat ion may r e su l t in a cc.-t significantly 
different from the ave rage f igure. 

Table 5 

Average amount in do l l a r s p e r kilowatt ins ta l led 

Oi l - f i red Nuc lea r 
plant plant 

Cost of plant 150 250 

F o r e i g n exchange component (1971-76 o r d e r s ) 100 200 

F o r e i g n exchange component (1976-81 o r d e r s ) 75 150 

The reduct ion in the foreign exchange component during the per iod 1976-81 i s based on the 
a s sumpt ion that count r ies will then be able to finance a g r e a t e r p ropor t ion of the work 
involved with local cu r rency . 

13. On the b a s i s of the s a m e genera l a ssumpt ions it i s poss ib le to e s t ima te the financing 
r e q u i r e m e n t s for the ins ta l la t ion p r o g r a m m e r e f e r r e d to in Table 3 above. Table 6 below 
shows the financing r equ i r ed for a combined p r o g r a m m e of o i l - f i red and nuc lear p l an t s , 
a l l o i l"f i red p lan t s , and the ex t ra financing r equ i r ed for the combined p r o g r a m m e . 

- 8 
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Table 6 

Financing requ i red 
(in thousands of mi l l ions of do l la r s ) 

Combined p r o g r a m m e 

Oi l - f i red Nuclear 
plant plant 

Total 

All o i l -
f i red 
p lants 

Ex t r a 
financing 
r equ i r ed 

for 
combined 

p r o g r a m m e 

Financing r equ i r ed for 1971-76 14 

Financing r equ i r ed for 197 6-81 18 

Total 

Tota l 

32 

F o r e i g n exchange component for 
1971-76 9.5 

F o r e i g n exchange component for 
1976-81 9 

18.5 

14 

5.5 

9.5 

19 

27 

46 

13.5 

14.5 

17 

23 .5 

40.5 

11.5 

12 

28 23.5 

2 

3.5 

5.5 

2 

2.5 

4 .5 

14. The f igures show that the combined p r o g r a m m e , in which the installation in the 
developing coun t r i e s of about 20% of the r equ i r ed new e l ec t r i ca l genera t ing plant a s nuc lea r 
plant i s envisaged, would r e q u i r e financing amounting to $46 000 mi l l ion a s against 
$40 500 mi l l ion if a l l p lan ts w e r e o i l - f i red . Although the i n c r e a s e of $5500 mil l ion 
(about 14%) o r $4500 mil l ion in foreign exchange r e q u i r e m e n t s (about 20%) i s apprec iab le , 
the ex t r a inves tment would provide a nuc lea r power plant genera t ing capaci ty which would be 
about equal to the b a s e load r e q u i r e m e n t s , with an appreciably lower annual fuel cost than 
that of o i l - f i red p l an t s . 

CONCLUSIONS 

15. It i s e s t imated that ove r the next t en y e a r s , t h e r e will be a potent ia l m a r k e t in 
developing count r ies for nuc lea r power p lan ts with a to ta l capaci ty of about 
60 000 MW(e). Even if th i s e s t ima te should prove to be too high by a s much a s a th i rd , 
a ma rke t in developing count r ies for 40 000 MW(e) of nuc lear power would s t i l l be 
cons ide rab le . 

16. To p rove economic, t he se s m a l l e r r e a c t o r s could have a capaci ty a s low a s 
200 MW(e) with advantageous financing t e r m s and high oil p r i c e s , and as high a s 400 o r 
500 MW(e) with l e s s advantageous financing t e r m s and low oil p r i c e s . 

17. T h e r e i s at p r e s e n t a l a r g e fac tor of uncer ta inty in the cost of t h e s e s m a l l e r r e a c t o r s , 
which could be reduced by s tandardiz ing r e q u i r e m e n t s . F o r t h i s s tandardiza t ion , the 
co-opera t ion of the potent ia l buye r s and suppl ie rs would be r equ i r ed . It i s to be noted that 
t he i r co -opera t ion should lead to a reduct ion not only in the capi tal cost of the r e a c t o r , but 
a l so in the cons t ruc t ion t i m e and hence the i n t e r e s t c h a r g e s dur ing cons t ruc t ion; i t should 
a l so reduce the t i m e needed for t he p r o c e d u r e s for l icens ing r e a c t o r s . 

9 -
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18. At present it seems that the most likely way in which such reactors could be financed 
would be through bilateral or multilateral arrangements with the countries supplying the 
reactor and the fuel services. Here again, the financing arrangements should be easier 
and more favourable to the country buying the reactor if the requirements could be 
standardized to some extent. It is hoped that international and regional banks will play a 
much larger part in financing nuclear power plants in the future. The Agency will 
continue to do all it can to contribute to a solution of the problem of financing by 
assembling information on the performance and reliability of existing plants through 
discussions with the suppliers and operators of such plants. 

19. The Agency will also continue to promote the standardization of nuclear plants in 
order to reduce their additional capital cost. With a view to assessing the competitiveness 
of nuclear plants in relation to oil.fired plants, the Agency can do no more than keep 
itself as well informed as possible on current and future trends in oil prices throughout 
the world. 

- 10 -
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F I G U R E 

BREAK-EVEN F U E L - O I L COST AS A FUNCTION OF PLANT S I Z E , 
FIXED-CHARGE RATE ON INVESTMENT, AND EXPECTED RANGE 
OF ADDITIONAL CAPITAL COSTS OF NUCLEAR PLANTS AS 
COMPARED WITH OIL-FIRED PLANTS 
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CAPITAL COST DIFFERENCES 
10% FIXED-CHARGE RATE, LOWER RANGE OF 
CAPITAL COST DIFFERENCES 
7% FIXED-CHARGE RATE, LOWER RANGE OF 
CAPITAL COST DIFFERENCES 
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RANGE OF 
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NOTE: THE CURVES FOR H °/o F I X E 0 - C H A R 6 E RATE LOWER R A N 6 E OF 
CAPITAL COST DIFFERENCES AND FOR 7 . / 0 F I X E D - C H A R 6 E RATE, 
UPPER RANGE OF CAPITAL COST DIFFERENCES WOULD EACH LIE 
ABOUT MIDWAY BETWEEN THE TWO CURVES FOR 10 °/o FIXE0-CHAR6E 
RATE. 
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Potential Demand for Nuclear Power in Developing Countries 

and the 

Associated Capital and Foreign Exchange Requirements 

Introduction 

This report presents estimates of nuclear power demand in developing 

.countries to 1985* an<* the associated'capital and foreign exchange require

ments, based on revision and expansion of earlier studies —' —' „ 

For the purpose of this presentation, "developing countries" are re

garded as those countries for which a programme under the technical 

assistance component of the United Nations Development Programme (UNDP) 

has been approved by the UNDP Governing Council. Table I lists the 

74 IAEA member countries for which a programme has been approved by UNDP 

for the year 1971. Of these countries only about 20 to 25 now seem likely 

to be in the market for nuclear power plants for operation by I985. There 

are another 57 developing countries, based on the 1971 UNDP programme, that 

are members of the United Nations (UN) but not of IAEA; however, none of 

these, except perhaps Hongkong, now seem likely to have nuclear power plants 

in operation by 1985. The list of countries receiving UNDP technical 

assistance changes from year to year} for example, Czechoslovakia and Spain 

were not included on the 1969 list. 
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The projections presented in this paper of total installed electrical 

capacity an.? of nuclear capacity in developing countries to I985 are "based 

in part on the replies received to a circular letter addressed to developing 

member countries of the IAEA by the Director General in November 1°69. 

The information supplied by the countries has been updated and supplemented 

by information from other sources and by IAEA staff estimates, especially 

in the cases v/here no answers were received from the countries. Because 

Spain and Czechoslovakia were not on the 1969 UEDP list, they were not sent 

the November 1969 circular letter and questionnaire. 

Projections of Installed Capacity 

Table II summarizes the projected total installed electrical capacity 

and nuclear capacity in 1975? 1930 and 19-35 for countries which sx® con

sidered to be in the "developing" category in 1971 and which are expected 

to have nuclear plant3 in operation by I985. The 1970 installed capacity-

figures are included for reference* The present and projected total in

stalled electrical capacities in other developing countries are also in

cluded, in groups according to major geographical region, for comparison 

purposes? these figures include UN members who are not IAEA members5 

Since the nuclear capacity shown for 1975 ^aK already been ordered, the -

future nuclear demand in developing countries is indicated by the increases 

from 1975 to 1980, and from I98O to 1985. In addition to the countries . 

indicated in Table II as likely to have nuclear power plants in operation 

by 1985 or sooner, other developing countries which have teen indicated a3 

possible candidates for nuclear power giants in this time period include 

Algeria, Columbia, Hongkong, Iran, Jamaica, Morocco, Nigeria, Peru, Rhodesia, 

Singapore and Venezuela. It is felt that possible nuclear additions in 

these countries are within the uncertainties in the I98O and I985 figures 

for total nuclear capacity in developing countries given in Table 2, which 

uncertainties probably are greater than + 20 % and _+ 30 $? respectively. 
. 

Table III summarizes the projected nuclear installed capacities in the 

"industrialized" countries. The 1980 - 85 estimates for Canada, Denmark, 

Prance,' Germany (Fed. Rep. of), Italy, Japan, Netherlands, Portugal, Spain, 

Sweden, Switzerland, U.K. and U.S.A. are based on information supplied by 

national sources to a joint ENSA/1AEA Working Party for the purpose of pro

jecting uranium demand —'. In order to complete the table, this information 
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nas supplemented by information from other sources and by IAEA staff 

estimates. Ireland and Luxembourg have not been included in the Euro

pean section of the table though the possibility of nuclear plants in one 

or- both of these countries by I985 is not excluded. 

Part A of Tabic IV gives a projection of total electrical capacity 

in the industrialised countries} together with the comparable figures 

for developing countries taken from Table II. The projection for the 

industrialised countries is based on tho 1970 total•and an assumption of 

a doubling time of approximately 10 years (equivalent to a growth rate of 

7.l8 fo/ye&r) for electrical capacity in these countries. This assumption 

is debatable, of course, since some industrialised countries presently-

have lower growth rates than this and since a declining growth rate in the 

future is often arrumed,, On the rther hand, some of the major industria

lized countries are still experiencing growth rates of 9 ~ 10 $/year 

and are projecting such grov/th rates for some time to come. 

Canital Investment and Foreign Exchange Requirements 

Table IV presents a comparison of the projected growth of electrical 

and nuclear capacity in the developing countries and the industrialized* 

countries. In Part A of Table IV, in spite of what might otherwise be con

sidered to be an impressive increase of about 260 fo in total electrical 

capacity in the developing countries over the next 15 years,' the share of 

the developing countries in the world total electrical capacity is pro

jected to increase only from about 14 fo to about 17 f<>. Since the de

veloping countries have about two-thirds of the population (not counting 

mainland China, which is not included in Tables II, III and IV) this 

means that according to these projections they are "catching up" with 

the industrialised countries only very slowly, Since the developing 

countries typically have higher birth rates than the industrialized countries, 

the rate of "catching up" is even slov/er than indicated in Table IV. 

In Part B of Table IV, which compares projected nuclear electrical -

capacities in developing countries with those in industrialized countries, 

the.rate of "catching up" l>y the developing countries is higher than was 
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the case for total electrical capacity. The developing countries are, how

ever, starting out even further "behind in the nuclear "race" and are pro

jected to have only 11 % of the world nuclear electrical capacity by 1985. 

Part C of Table IV presents the same data as Parts A and B in a somewhat 

more optimistic light. It can be interpreted as indicating that the de

veloping countries are lagging behind the industrialized countries in the 

rate at which they are converting their electrical systems to nuclear pov/er 

by only about five years. 

Attaining the goals for nuclear power capacity in developing countries 

given in Tables II and IV, which seem "modest" enough when expressed in 

terms of percentages, actually will require quite an ambitious programme 

in terms of money. The indicated 74.000 MWe increase in nuclear electrical 

capacity from 1975 to 1985 in developing countries will require more than 

$ 18,000 million of capital investment, of which probably more than 

$ 12,000 million -represent foreign exchange requirements. These totals are 

based on an average coat, expressed in 1970 dollars, of $ 250/kWe or more 

for nuclear plant and first fuel loading with an average foreign exchange 
% component of $ 200/kWe for plants coming into operation during 1976 - 80 

and of $ 150/kWe for plants coming into operation during I98I - 85 . These. 

amounts will have to be committed during the coming decade, even though the 

expenditures themselves will stretch over the period until 1985. and this 

represents the "potential demand" for nuclear power orders during the next 

10 years. That this is ambitious in the context of international financing 

can be seen by comparing it with the total current level of international 

aid, bilateral and multilateral, including both "hard" and "soft" loans for 

electric power in developing countries, which is of the order of $ 1000 million 

per year. (This level will have to increase substantially by I98O - 85, 

of course, whether for nuclear or conventional power, if the overall growth 

targets are met.) Thus, though the total projected nuclear electrical capa

city in developing countries in I98O - I985 represents only about half of 

the uncertainty in the estimates of nuclear power in the industrialized 

countries in the same time period, the achievement of these goals will be 

contingent on the availability of very substantial amounts of foreign 

capital financing on terms which the developing countries can afford. 
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Re-defining the term "developing country" "by dropping out some of 

the more "advanced" ones, which already have relatively high rates of 

per capita energy consumption, would make the problem appear smaller in 

terms of megawatts or money, bxit would not change the apparent difficulty 

of "catching up" or the difficulty of obtaining the required foreign 

financing except to add emphasis since the poorer countries have even 

bigger problems in this regard.(The relatively advanced European developing 

countries account for approximately half of the total potential demand for 

nuclear- power in developing countries ~t>y 1985j &s projected in Tables II 

and IV, with Spain and Czechoslovakia accounting for about one fourth of 

the total.) 

It should be kept in mind that it is the additional capital invest

ment in a nuclear power plant compared to a conventional plant which must 

be justified. Very approximately, a medium-size nuclear power plant has 

a total capital cost of about $ 100/kWe more than the same-size oil-fired 

plant and also has about $ 100/kWe in extra foreign exchange requirements 

for most developing countries -~J. The incentive for making this eytra 

investment is the resulting savings in fuel costs. As discussed in 

. Reference 4, for the expected range of fuel oil costs of 35 ~ 50 ĵ /1O BTU 

~~ an extra $ 100/kWe investment in a nuclear plant should be recovered in 

a^out 5 - 1 0 years out of lower fuel costs, and these also are usually ~ 

mostly foreign exchange costs for the developing countries concerned. 

Summary and Conclusions 

Table V summarizes the potential level of orders for nuclear plants in 

developing countries to be expected during 1971 - 75 and 1976 - 80, assuming 

that an order is placed five years before a plant comes into operation and 

based on the projections of Table II. Obviously, the current rate of 

orders will have to increase substantially in the next few years if it 

actually is to average 6000 MWe/year during 1971 - 75 as the table in

dicates . 

These nuclear power plants for developing countries will not necessarily 

all be in the "small and medium power reactor" (SMPR) category, as currently 
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defined^ Already, China (Taiwan), Korea and Mexico have firm plans for 

power reactors larger than 50^ MWe during 1976 - 19^0. Spain has plans 

for several 500 *̂ 's plants during this period and presumably will he 

ready for larger sizes by 1980. Brazil's first power reactor apparently 

will be about 5^0 MWe in size. India aiid Argentina have started with 

200 MWe and 300 MWe reactors, but have indicated an interest in 500 MWe 

sizes during 1976," 19S0* Greece, Israel, Thailand and Turkey have plans 

for first power reactors in the 300 to 500 HWe size range. The Eastern 

European countries seem to be standardising on 440 MWe unit size for their 

initial phase of power reactor installation. The Philippines, Chile and 

Cuba apparently would prefer sizes under 500 MWe until 1985° 

l* In addition to the developing countries, there could develop some 
5/ demand for SMPR in the industrialized countries M'* In the IAEA's May 

1970 edition of "Power and Research Reactors in Member States" —', there 

are 14 such power reactors of 500 MWe or less listed as planned by 

industrialized countries for 1976 or later, though some of these are already 

on order and a fev; represent fast breeder reactor proto-types. 

7/ 
It was suggested at the Oslo symposium -̂  that the SMPR category be 

defined relatively as including units smaller than about half the size 

of the largest commercial units on order, rather than defining an arbi- -

trary fixed upper limit such as 50O MWe. 

It seems reasonable to conclude that there is considerable potential 

demand for nuclear power in developing countries, but that the projections 

presented in this paper are subject to substantial uncertainties. Whether 

the potential demand is actually satisfied depends strongly on competitive 

pricing, especially for reactors smaller than 500 MWe, and on availability 

of acceptable financing terras for the foreign exchange component of the 

cost. 

JTHsrbb 
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'Table I 

Beveloping Countries * Membt of the IAEA 

Afghanistan 
Albania 
Algeria. 
Argentina 
Bolivia 
BrasiI 
Bulgaria 
Burma 
Canbodis. 
Cameroon 
Ceylcr 
Chile 
China 
Colombia 
Congo-, Democratic Republic of the 
Costa Rica 
Cuba 
Cyprus 
Czechsolovak Socialist Republic 
Dominican Republic 
Ecuador 
SI Salvador-
Ethiopia 
Gabon 
Ghana 
Greece 
Guatemala 
Haiti 
Hungary 
India 
Indonesia 
Iran 
Iraq 
Israel 
Ivory Coast 
Jamaica 
Jordan 
Kenya 

Xoroa, Republic of 

Lebanon 
Liberia 
Libyan Arab Republic 
Madagascar 
Mai ays ia 
Mali 
Mexico 
Morocco 
Kigcr 
"iTigeria 
Pakis tan 
Panama 
Paraguay 
Peru 
Philippines 
Poland 
Romania 
Saudi Arabia 
00x10,3 3.1 

S i e r r a I.eono 
Singapore 

Six dan 
Syrian Arab Republic 
•Thailand 
'Jtenisia 
Turkey 
Uganda 
IFsited Arab Republic 
Uruguay 
Venezuela 
Viet-Hara 
Yugoslavia 
Zambia 

* "Developing countries" are regarded as those countries for which a 
programme under the technical assistance component of OTDP has been 

. approved by the U1JDP Governing Council. This classification has been 
accepted by the IAEA Board of Governors in relation to the Review of 
the Agency's activities carried out in 1967. The list of countries 
changes from year to year: the above" list shows the countries for which 
a programme has been approved for the year .1971* 



Table II 

Projections of total installed electrical capacity 
and nuclear capacity in developing countries 

(GWe) 

The Americas 

Argentina, 

Brazil 

Chile 

Cuba 

Mexico 

Others 

Subtotal 

.=.=.=..=.===.=.. 

Africa 

U.A.R. 

Others 

1970 
Tot, 

7 

10 

2 

1 

7 

11 

38 

. = • = = . = = : 

4 

9 

Mucl. 

0.0 

0,0 

0,0 

0.0 

0.0 

0,0 

0.0 

======== 

0.0 

0„0 

t 

Tot. 

11 

16 
2 

2 

101 

16 

58 

======= 

6 

14 

1975 
Sucl. 

r$ 5 
. 0 

0.0 

0.0 

0,0 

0.0 

0.0 

0„3 

..:_... 

0,0 

0.0 

; 

Tot. 

16 

24 

5 

3 

161 

23 

87 

========= 

78 

20 

1980 
Kucl. 

1.6 

1.51 

.4 

.4 

2.01 

0.0 

6 

==^== = === 

0.0 

0.0 

1985 
Tot. 

23 

35 

7 

5 

25* 
32 

127 

======= 

12 

28 

Mucl. 

3.0 

6.01 

1.2 

1.4 

7-51 

0.0 

19 

======== 

1.0 

0.0 

Subtotal 13 0,0 20 0.0 28 0.0 40 

Europe 

Bulgaria 

C • S.S.R. 

Greece 

Hungary 

Poland 

Romania 

Spain 

Turkey 

Yugoslavia 

Others 

Subtotal 

4 
10 

2 

3 

14 

7 

17 

3 

6 

1 

0.0 

0,0 

0.0 

0,0 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

Q-. 

14J 

41 

5j 

20 

133 

26 

5 

9 3 

1 

0.4 

0.1 

0.0 

0.0 

0.0 

0.0 

1.1 

0.0 

0.0 

0.0 

14J 

203 

61 

7 3 

28J 

22 3 

37 

8 

143 

1 

0.9 

1.3 

1.0' 

0.4 

1.0 

1.3 

7.0' 

0.8' 

1.2 

0.0 

20 

27 3 

10 

10* 

403 

34 

52 

12 

203 

2 . 

. 2.4 

3.2 

2.6 

1.2 

2.4 

4.1 

17.0 

2.4' 

2.4 

0.0 

67 0.2 106 1.6 157 15 227 38 

x s= s= SK ei ss zz sr s= ss w ss ss CS JS S 

V 
cont'd 



Table I I con t 'd 

1970 1975 1980 1985 
Tot. Rucl. Tot, jfacl. Tot. Nucl. Tot. Rucl. 

Asia + Middle Bast 

China (Taiwan) 

India 

I s r a e l 

Korea 

Pakis tan 

Ph i l ipp ines 

5hailand 

Others 

Subtotal 37 0.4 67 2.3 111 10 168 21 

WORLD TOTALS ^ 155 0.6 251 4.2 383 30 562 78 
(Developing count r ies ) 

Notes: 

(1) Based on official response to IAEA questionnaire. 

(2) Based on May 1970 estimates of the ENEA and IAEA Secretariat, as reported 
in Table 4 of "Uranium Resources, Production and Demand", a joint report 
of the European Nuclear Energy Agency and the International APomic Energy 
Agency (published Sep. 1970) 

(3) Based on "Energetyka Jadrowa 1969" (Nuclear Energy 1969) published by 
Osrodek Inforraacji o Energii Jadrowej (Nuclear Energy Information Center) 
Warsaw, Poland 1970 

All other figures are estimates by IAEA Secretariat (Economic Studies Section, 
Division of Nuclear Power and Reactors). 

3 
18 

1 

3 

2 

1 

1 

8 

0 . 0 

0 . 4 

0 . 0 

0 .0 

0.0 

0.0 

o.o1 

0 . 0 

6 

30 

2 

6 

4 1 

a 
2 

14 

0 .6 1 

1 .0 

0 . 0 

0 .6 1 

0.1 

0.0 

OoO 

0 . 0 

9 

50 

3 

10 

81 

51 

3 

23 

2 .0 1 

2.7 

0 . 4 

2 .7 1 

1.0 1 

0.4 1 

2 
0.4* 
0 . 0 

13 

78 

4 

15 

l l 1 

81 

5 
34 

3,6 
6 . 0 

1 . 0 

5 .4 1 

2 .6 1 

0 .9 1 

I . ! 2 

0 . 0 



Table III 

Projections of nuclear installed 
capacity in industrialised countries-,' 

1970 - 1985 1/ 

(GWe, end of year) 

1970 ' 1975 1980 I985 

Europe 

Austria 

Belgium 

Denmark 

Finland 

France 

Germany? 

Germany, 

Italy 

Fetherlai 

Korv.'ay 

Portugal 

Sweden 

Fed;- Rep. of 

Eas tern 

rids 

Switzerland 

U.K. 

U.S.S.H. 

Others 

0,0 
2 

0.0* 

0,0 

0.0 

1.62 

2 
0.9" 

2 
0.1 
0.6 

0.1 

*0.0 

0.0 

0.4 

0.4 

4.72 

1.62 

o.o2 

0 
0,0 

1.5 

0*0 

0,4 

2.6 
2 

7.0* 

0.82 

1.4 

0,5 

0.0 

0.0 
2 

3.2 

1.8 

10.52 

6.82 

O.O2 

1.8 

3.6 

0.6 

. 1.42 

9.2 

25.O 

2.62 

8.0 

2,0 

0.5 

0.5 

7.5 

3.5 

26.2 

27.52 -

o.o2 

3.8 

6.6 

1.8 

2.4 

25.O 

45.0 

4.62 

20.0 

4.0 

2.0 

1.1 

17.0 -

5-8 

46.0 

67. o2 

O.O2 

Subtotal 10.4 36 120 252 

America 

Canada . O.52 2 .5 8.0 18.0 

U.S.A. 7 . 5 2 65.O 150.0 277.0 

Subtotal 8.0 67. 158 295 

CONT'D 



Table H i con t ' d 

Asia 

Aus t r a l i a 

Japan 

JTev,' Zealand 

Subtotal 

1970 

0„0 

0.0 

1.2 

1975 1980 

28 

L985 

0.0 
2 

7 .1 
0.0 

1.0 

27. o 2 

0.8 

2 .0 

60.0 

3.1 

65 

Africa 

South Africa 0 , 0 0 ,0 2 . 0 AsL 
Subtotal 0 . 0 0 . 0 2 . 0 

WOKLD TOTALS 
(Industrialized 
countries) 

19.6 110 
± 10 56 

308 
- 20 H 

617 
t 30 $> 

Notes; 

(1) Unl ess otherwise indicated, based on May 1970 estimates of the ENEA 
and IAEA Secretariats, as reported in Table 4 of "Uranium Resources, 
Production and Demand", a joint report of the European Nuclear Energy 
Agency and the International Atomic Energy Agency (published Sep. 1970) 

(2) Estimate by IASA Secretariat, Economic Studies Section, Division of 
Nuclear Power and 3eactors 

(3) Based on "Energetyka Jadrowa 1969", (Nuclear Energy 1969) published bj 
Osrodek Infox-macji o Energii Jadrowej (iSuclear Energy Information 
Center), Warsaw, Poland, 1970 



Table IT 

Comparison of t o t a l e l e c t r i c a l 
capac i ty and nuclear e l e c t r i c a l 
capac i ty in developing count r ies 
and i n d u s t r i a l i z e d count r ies 

A. Total E l e c t r i c a l Capacity, GWe (and % of t o t a l ) 

,1970 • 1975 1980 - 1985 

Indus-trial ized C o u n t r i e s ^ 945 1336 I89O 2672 

Developing Countries -~' 155 251 383 562 

World Totals . 1100 I587 2273 3234 

B* Nuclear E l e c t r i c a l Capacity, GWe (and jo of t o t a l ) 

-1970 1Q.75 1980 1985 

I n d u s t r i a l i z e d ' C o u n t r i e s 3 / 19.6 110 30.8 617 

Developing Countries 2 / 0,6 4 30 78 
• - ^ i 3 A _ _ _ L j ^ L . _ (9 ft , (11 fl 

World Totals 4 / - 2 0 . 2 114 33.8 695 • 

Ce Percentage of Total E l e c t r i c a l Capacity -which i s nuclear 

1970 1975 1980 1985 

I n d u s t r i a l i z e d Countries 2 ,1 

Developing Countries 0.4 

World 4 / 1.8 

8 

2 

16 

8 

15 

23 

14 
22 

JTotesi 

l/ Based on IAEA estimate for 1970 and an assumed doubling 
time of 10 years, 

2/ Based on Table II 
3/ Based on Table III 
4/ Excluding Mainland China 



Table V 

Potential Level of Nuelear Power Plant Orders 
by Developing Countries during the Coming 

Decade l/ 

(GWe) 

1971-1975 1/ 1976-1980 3/ 

Americas 

Argentina, Brazil, Chile, 
Cuba, Mexico 5.6 13 

Columbia, Jamaica, Peru, 
Venezuela ? ? 

Africa 

U*A.R. 

Algeria, Morocco, Rhodesia 

Europe 

Bulgaria, C.S.S.R., Hungary, 
Poland, Romania 

Greece, Turkey, Yugoslavia 

Spain 

Europe : Subtotal 

Asia + Middle East 

China (Taiwan), Korea, Philippines, 
Thailand 

India, Pakistan 

Israel 

Singapore, Iran, Hongkong-

Asia: Subtotal 

TOTALS 

0.0 

? 

4.4 
3.0 

5.9 
13.3 

4.3 

2.6 

0.4 
•> 

7.3 

26 
£S ?S £5 . SS SC SS S3 S 35 S3 

1 

? 

9 

4 

10 

23 

' 5 

5 

1 
•? 

11 

..s......l§,..s.„ 

Notes s 

l/ Based on Table II 
2/ Equal to the increase in nuclear capacity between 1975 and 

I98O, assuming orders placed five years before plant comes into operation. 
3/ Equal to the increase from I98O to 1985 (see Note 2/). 



International Atomic Energy Agency 

Division of Nuclear Power and Reactors 
Economic Studies Section 

May 1971 MPH/71-5-2 

Influence of Financing Terms 

on the 

Competitive Status of Nuclear Power 

Introduction 

As a result of the differing fixed-cost and variable-cost character

istics of the various types of electric power generation plants, an 

optimal system usually consists of a balancee. mixture of the types, de

pending on local fuel costs, capital charges, and system load character -

istics. Nuclear power is at present a strong competitor for the base-load 

part of system capacity, at least for plant sises above 500 MWe. Of the 

various types of conventional power plants, the most widespread and 

toughest compeiition to nuclear plants is offered by oil-fired steam plants. 

Oil is relatively easy to transport, especially with the help of large'-

tankers. The capital cost of an oil-fired station is typically legs than 

that of a coal, hydro or nuclear station, but its fuelling costs are. typi-

cally higher, so that the competitive position is determined by striking 

a proper balance between the two types of costs. This balance is strongly 

influenced by the terms under which the plant capital cost is financed. " 

Before comparing the generating costs of power from nuclear and oil-

fired stations some general comments may be in order on the three major 

cost components, namely capital, fuel, and operation and maintenance. 

There are considerable uncertainties in the capital costs of nuclear power 

stations in all sizes, especially in the under-500 JlWe range. Costs have • 

varied by a factor of two even for large nuclear plants, depending upon 

the location, the time v/hen purchased, escalation, delays due to regulatory 
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and safety reviews, and other reasons. There have also been considerable 

variations (of the order of 50 $)s *n ^ e cost of oil-fired stations for 

some of the same reasons. In general, however, the cost of oil-fired 

plants has stabilized within a comparatively narrower range because of re

petitive designs, strong competition among a large number of suppliers and 

the experience gained by architect engineers in building these plants around 

the world. Further, the utilities purchasing usually have prior experience 

with similar units and are able to negotiate more effectively. 

In contrast, it is the conventional fuels which have exhibited large 

fluctuations in prices together with uncertainties in supply, while the 

quoted and projected nuclear fuel cycle costs have varied relatively little 

over the past several years. Unlike the unit capital costs, the fuel cycle • 

costs for intermediate-si7,ed nuclear power plants do not differ very much 

from those for large plants„ Even a smaller nuclear plant can benefit 

greatly from the existence of large facilities for fuel enrichraent, fabri

cation and reprocessing. 

The operation, maintenance and insurance costs for nuclear power 

plants are somewhat higher than those of corresponding oil-fired plants,' 

largely because of higher insurance coverage required. However, the 

difference is not controlling in comparing costs of power generated by nuclear 

and oil-fired plants. 

This report presents an updating and enlargement of previous IAEA 
l/ 2/ 

studies of the subject —' ~/. 

Fuel Costs . -

An analysis of the main elements comprising nuclear fuel cycle costs 

shows that the total costs are likely to remain fairly stable within a 

narro?/ range and can be predicted with reasonable assurance. For example, 

the contribution of uraniura to the overall fuel cycle cost of an enriched-

u.ranium reactor is about 20-25 i<> of the total. If credit is taken for the 

Plutonium produced? the net cost for the fuel material may be of the order 

of 10 fo only. Continuing exploration and discoveries for new uranium reserves 
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indicate that there is no likelihood of uranium shortages and that uranium 

prices should not he expected to increase very rapidly as far as one can 

analyse at present M Further, the net effect of any uranium price in

creases on the overall fuel cycle cost is relatively small and is likely 

to be offset by improvements and adjustments in other areas. The largest 

segment of the enricbed-urahium nuclear fuel cycle cost is attributable to 

industrial-type operations such as conversion, enrichment, fabrication and 

reprocessing, which together account for about 2/3 of the total. The unit 

-costs for these operations are a function of the plant throughput and are 

expected to be reduced significantly as the scale of operations increases 

with the growth of the nuclear industry. There already exists an over

capacity for the near-term future and competition between suppliers will 

tend to keep prices low. For the enrichment plants, where the scale of 

operation is already large, economies resulting from improvements in techno

logy will tend to offset inflationary increases in costs. The capital charges 

on fuel inventories constitute the remainder of the enriched-uranium fuel 

oycle cost, about /4 of the total, depending on the interest rate and the 

hold-up times. With improvements in fuel cycle technology and fuel manage

ment schemes and with the emergence of centralized fuel services the hold-up 

times should be reduced. It may be noted that a decrease of .1 $ in interest " 

rates would offset an increase of almost $ l/kg in the cost of uranium oxide. 

As an illustrative example, Table 1 presents a breakdown of estimated fuel 

cycle costs for a 200 MWe PWE with a 10 $/year fixed-charge rate on fuel 

investment. These costs are given for assumed 1980 conditions, expressed in 

1970 dollars. Tables 2 and 3 give estimated total fuel cycle costs for 

plant sizes of 100 to 600 MWe and for fixed-charge rates of 7 $ to 14 ?£. 

Fuel oil price predictions are subject to large uncertainties, as shown 

by events of the past few years. In 1968, fuel oil prices in major harbours 

of the world typically varied from 25 cents to 35 cents per million BTJ, 

depending on the amount purchased, shipping costs, and individual contract 

conditions. This corresponds to $ lO-14/ton, including $ 8-10/ton for 'the 

fuel oil and $ 2-4/ton for transportation. The cost of delivery to power 

stations and on-site storage added another 2-5 cents/1O BTU for locations 

reasonably close to the harbours." Thus, a price range of 27-40 ̂ /1O BTU 

covered most locations not far from major harbours. In 1970-71 the price of 

fuel oil registered a very sharp rise, climbing to $ 20-25/ton ( 50-62 £ per 

10 BTtJ) in major ports in Western Europe and the USA. This resulted . 



primarily from a large increase in taiiker rates and a smaller increase in 

taxes and royalties to producing countries. The tanker shortage is likely 

to Toe temporary and the fuel oil prices are expected to come down, though 

not to'"the lovr levels of 1968* It tsay be reasonable to assume that, after 

the situation normalizes, a price range of 35~5^ p Y ^ BTU, not including 

escalation or duty and taxes to the consuming country, will cover most 

cases. Very approximatelyf a typical breakdown for Persian Gulf crude oil 

might be-as £'ollo7/ss 

JfeSE&L. S/ton 6/1Q6 BTU 

Exploration, production, 
marketing, profit 0,4 3 7 

Taxes + royalties to 
producing country 1,2 8 20 

SubtotaljFOB Price 1.6 II 27 

•Tanker transport to Europe 
via Cape of Good Hope -__J^tiL~_ 11 27_ 

Delivered cost at 
European port (not 
including escalation) 3*2 22 55 

=2 = rzz sz vz % 

By comparison, Algerian crude oil has a lower transport cost to Europe but 

the FOB price has been set high enough hot only to offset the lower trans

port cost but to command a premium price for its low sulfur content, which 

is in demand as a result of increasingly restrictive air pollution regu

lations. Fuel oil prices are normally lower than crude oil prices, so that 

the above estimate of 55 P/10 BTJ for crude oil at the port might correspond 

to 40 fi/10 BTD" for fuel oil at the port, or 42-45 p'/1O6 BTO at the power . , 

plant. The escalation provision in recent agreements vail add an estimated 

6-7 p/barrel per year to the payments to producing countries. In five years 

this will increase crude oil costs by the equivalent of 5~6 p'/1O ' BTU. 

(Note; the "posted" price for Persian Gulf crude oil is about $ 2„30/barrel 

in 19715 subject to automatic escalation for five years. For Algerian oil 

the posted price is about $ 3.6o/barrel„ The posted price is important for 

purposes of determining the araount of taxes and royalties to the producing 

country, but the actual FOB selling price is usually signficantly lower than 

the posted price.) 
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Capital Costs 

There is a serious lack of reliable and up-to-date information on tha 

capital costs of nuclear plants in the intermediate size range even though 

a considerable number of them have been built and ordered. The cost data 

are not generally released by the manufacturers or the utilities and the 

figures reported in the literature are hot clearly identified as to what 

they contain and exclude. Since 19&5 n o large manufacturer has published 

a detailed list price for nuclear plants. At present the best sources 

of information are the engineering estimates prepared by responsible 

organizations and consulting groups and occasional reports made available 

on the results of competitive building. 

The estimates used on this paper are based upon the data presented at 

the Agency's Symposium on "Small and Medium Power Reactors" held in late 

1970, the proceedings of which have now been published -". An allowance 

has been made for indirect costs, to take care of architect-engineers fees, 

owner's general and administrative expenses, miscellaneous construction 

and engineering costs, start-up training, licensing, spare parts, and site 

'.development costs. Interest during construction has been estimated at 

8 5̂ /year with a total construction time of 55 months. The cost figures 

shown in Table 2, expressed in 1970 dollars, refer to 1976 start-up and 

are representative of conditions in the suppliers' countries, with no extra

polation to any specific overseas application. 

The costs of conventional plants shown in Table 2 also refer to conditions 

in the supplying countries. They are somewhat higher than the prices which 

have been paid for some plants as a result of international competition and 

independent financing. It is reasonable to expect that prices of nuclear 

plants ordered under similar conditions could also be lower. The capital 

costs of a nuclear and a conventional plant at a particular location could 

vary considerably from the average or representative current figures. The 

cost difference between nuclear and conventional plants, however, may not be 

as sensitive to local conditions since they are likely to affect both plants 

in the same way if not exactly to the same degree. Even so, the difference 

may vary substantially, as indicated in Table 3. Using this difference as the 

basis, calculations can be made of a "break-even" price of fuel oil at which 

the nuclear and conventional plants would have equal generation costs at a 
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given fixed-charge rate. 

Nuclear Generation Costs and 

Equivalent "Break-Even" Fuel-Oil Costs 

For purposes of presenting an illustrative example, a PWK-type nuclear 

plant has been used in Table 1, 2 and 3. in Table 3 a range of estimated 

additional capital investment required for a nuclear plant compared to an 

ell-fired plant has been indicated for each plant size. The range is in

tended to indicaxe the variations which mnv be encountered due to varying 

local conditions and fluctuations in bid prices with market conditions. 

For example, in Table 2 the difference in capital cost between nuclear and 

oil plants of 300 ffiVe is indicated to be $ 120/kWej however, if the nuclear 

plant bid price were 8 $ higher and the oil plant bid price 8 $ lower than 

the "mid-range" numbers shown in Table 2 the difference w ould. be $ 160/kWe. 

If the 8 io variations were in the opposite direction .the difference would 

be only % 80/kWe. Such variations could easily occur and thus in Table 3 

a range of % 80-l60/kV/e is shown. This range corresponds to a range of 

-equivalent generation costs, depending on the fixed-charge rate on invest

ment and on the plant load factor. In Table 3 the load factor has been assumed 

to be 80 fo and' the fixed-charge rate has been varied as a parameter with 

illustrative values of 7 $. 10 $ and 14 $>/year. The 7 ia value corresponds 

to fairly-favourable financing conditions; the 10 9. value is typical of many 

state-owned electric utilities; and the 14 /* value corresponds to fairly-

high interest rates or to cases where taxes more-or-less proportional to 

investment are included in the fixed-charge rate. (See also Table 4. discussed 

subsequently.) • , 

Table 3 also shows the additional operation and maintenance costs of 

nuclear plants compared to oil-fired plants, and representative nuclear fuel 

cycle costs as a function of plant size and fixed-charge rate on investment 

in fuel-cycle inventories. Adding the generation-cost equivalent of the 

additional capital investment in nuclear plants to the additional operation 

and maintenance costs and to the nuclear fuel cycle cost gives a range of 

costs, in mills/kWh, which could be allowed for fuel-oil costs to give 

equal total generation costs for nuclear and oil-fired plants. This total 

is shown in Table 3? and is converted to a range of equivalent "break-even" 
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oil costs, expressed in cents/1O BTU. For example, Table 3 indicates that 

for "a 300 MWe plant at 10 % fixed-charge rate the expected competitive range 

of oil costs is 33-45 //1O BTO, For electric utilities with oil costs 

in this range, and with fixed-charge rates of 10 $ (or less), nuclear plants 

of 300 MWe (or larger) should be considered as potentially serious competitors 

for oil plants for base-load applications $ and detailed cost estimates under 

local conditions should be made to narrow down the range of uncertainty in 

the comparison. For oil prices above this range, 300 MWe nuclear plants are 

indicated to be more economic than oil plants, at 10 $> (or lower) fixed-

charge rate, even if the capital cost difference is at the upper end of the 

indicated range- Figure 1 is a plot of the break-even oil costs indicated 

in Table 3 as a function of plant size and fixed-charge rate. 

Since a likely range -of world fuel oil prices of 35-50 i^Ao BTU" is 

projected, Figure 1 and Table 3 suggest that 

1) 100 MWe nuclear plants cannot be expected to compete with oil-fired ' 

plants except under the most favourable combination of capital-cost 

difference at the low end of the indicated range and a low fixed-

charge rate 1 

2) 5OO-6OO MWe (and larger) nuclear plants can be expected to be competitive 

for base-load applications even with relatively high fixed-charge 

rates and with capital-cost differences at the upper end of the indicated 

range; 

3) 200-400 MWe nuclear plants may be competitive for base-load applications 

if financing terms equivalent to a 10 % (or lower) fixed-charge rate are 

available, especially if the potential cost reductions associated with 

multiple orders, design standardization, etc., push the nuclear-oil 

capital cost difference toward the lower end of the indicated range. 

It should be noted that the industrialized countries are mostly ordering 

larger size plants than these sizes which are of most interest to developing 

countries. In 1970 the average unit size of nuclear plant ordered was almost 

900 MWe, with the largest being more than 1200 MWe, and with only one being 

smaller than 500 
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The Relationship "between Financing Terras 

and Fixed-Charge Bate , __ 

Table 4 shows the basic fixed-charge fates corresponding to a veriety 

of combinations of interest rate and length of capital recovery period. 

The basic fixed-charge rate is defined as equal to that constant fraction 

(or percentage) of the initial investment which if set aside at the end of 

each year of the capital recovery period would be sufficient to pay the 

interest each year on the unrecovered balance of the investment and to re

duce the unrecovered balance to aero by the end of the last year. It is 

also referred to as the "uniform series capital recovery factor". Actual 

fixed-charge rates may be greater than the basic rate in some cases; for 

example, some electric utilities add to the basic rate an amount sufficient 

to cover taxes related to investment or to return on investment and to cover 

property insurance and interim replacement of items with a physical life 

shorter than the capital recovery period. Also, the financing terms may 

specify larger payments in the,earlier years and lower payments in later 

years rather than constant annual payments, and this is equivalent to an 

effective fixed-charge rate somewhat higher than the basic rate. Further 

'-,compli cat ions in calculating the appropriate fixed-charge rate to use in 

making economic comparisons between nuclear and conventional power ( or 

between any two alternative investments) may be introduced when the loan 

repayment period is shorter than the economic life of the plant, as is fre

quently the case. There is also the question of what is the most appro

priate interest rate to use for evaluation. 

As can be seen in Table 4> at zero interest rate the basic fixed-charge 

rate is simply the reciprocal of the capital recovery period, equal to the 

"straight-line" depreciation factor. As the interest rate increases the 

basic fixed-charge rate can be thought of as equal to a straight-line 

depreciation allowance plus interest on the average unrecovered investment, 

or as equal to a "sinking fund" depreciation allowance plus interest on the 

original investment. For long capital recovery periods the basic fixed-

charge rate is only slightly higher than the interest rate. 

PoY/er plant financing usually involves an initial "grace period" during 

which- no repayment of principal is required and during which interest may be 
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either accumulated or paid currently. The grace period is usually equal to 

or somewhat greater than the construction period. In our calculations we 

have assumed that "interest during construction" is accumulated and becomes 

a part of the initial capital investment to which the fixed-charge rate is 

applied. 

As examples of financing terms, IDA terms of 10 years grace period 

and 50 years repayment period, with no interest "but with a service charge of 

3/4 of 1'$, represent extremely favourable terms, but are available only 

in very special circumstances. (IDA loans for power during the 1960.s 

were only about 5 $ of IBRD** power loans.) IBRD terms for (conventional) 

thermal power plants have been about 3~5 years grace period, depending on 

oonsturction period, with repayment period averaging 20 years; the current 

interest rate is about 7 Yi ft. (IBRD loans also carry a commitment charge 

on the undisbursed loan balance of 3/4 of 1 /o). Bilateral financing terms 

for power plants in developing countries have varied over a wide range, in

cluding some approximately as favourable as IDA/1BRD terms. For example, 

in the case of KAKTJPP nuclear power plant in Pakistan approximately half of 

the financing was by the Export Development Corporation of Canada under 

•̂ terras of 6 ft interest and 20 years maturity, and the remainder was by the 

Canadian International Development Agency under terms of 3/4 ft interest -

and 50 years maturity. Another example is U. S. Export-Import Bank (EIB)' 

financing of conventional and nuclear power plants and nuclear fuel, which 

can be summarized briefly (and approximately) as follows: 

(1) For power plant equipment - - 10 ft cash investment by purchaser, 45 ft 

financing by EIB at S.ft interest, 45 ft financing by other U. S. or foreign 

.institutions (whose loans may or may not be guaranteed by EIB) at negotiated 

interest rates, interest payments semiannually on amounts outstanding from 

dates when disbursements are made, )'2 ft/yeax commitment fee on the undisbursed 

balances of authorized credits, Y2 $/year fee for financial ..guarantee of 

other loans by EIB, repayment of principal spread over up to 15 years after 

plant startup. 

(2) For initial nuclear fuel inventories, the terms are similar to those for 

plant financing except repayment of principal spread over five years after use 

of fuel commences. Fuel sold separately from the plant can also be financed 

* IDA . International Development Association 
**IBED . International Bank for Reconstruction and Development 
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on slightly different terms. 

(3) Local cost financing - - BIB can assist by guaranteeing repayment of 

loans made by non-U.S. institutions to finance local costs in amounts not 

exceeding 15 $ of the U.S. costs of equipment and services. 

'Payout Time" for the Additional Investment 

in Nuclear Plants from Savings in 

Fuel Costs 

As has been mentioned already, the additional investment in a nuclear 

plant compared to an oil-fired plant must be justified by the subsequent 

savings in fuel costs. This is sometimes expressed as the number of years 

required for the fuel cost savings to equal the additional investment, which 

may be thought of as a "payout time". As an example, consider the following 

estimates of annual fuel cost plus operation and maintenance cost for 400 MWe 

nuclear and oil plants, based on Tables 2 and 3s 

Kuclears $ 6 310 000 

Oil - at 35 //106BTU:$10 150 000 

- " 40 £ $11 440 000 

- " 45 £ $1? 730 000 

- " 50 / $14 020 000 

The annual savings of the nuclear plant vary from % 3.8 million to 

$ 7.7 million per year, depending on fuel-oil costs. The extra capital ©ost 

of the nuclear plant is estimated at % 65-135/^We, or a total of % 26 million 

to $ 54 million. Thus the payout time for the additional investment could, 

range from 3.4 years to 14 years, depending on actual oil cost and actual 

additional nuclear plant cost. 

Return on Additional Investment 

in Nuclear Plant 

The .payout time is only an approcimate indication of economic competi-

tivity as neither interest rate nor economic life of plant enter into its 

calculation. It is more informative to calculate the return on additional' 
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investment to which the annual fuel cost saving is equivalent. Thus, the 

following table shows the return on additional investment to which the 

annual fuel-cost savings are eqiiivalent in the 400 MWe example mentioned 

in the preceding section on payout time,, assuming that the annual savings 

are^realized for 25 yeaxss 

Fuel Oil Cost, A'/106 BTU Additional 
Investment 35 40 45 pO 

§/kWe Keturn on Additional Investment, $/yeai 

65 

100 

135 

14.2 

8=3 

5.0 

19-5 
12.1 

8.2 

24.6 

15.6 

11.0 

29.6 

19.0 

13.7 

In general <> the return on additional investment should he at least as high 

as the interest rate paid on the additional capital required and preferably 

as high as or higher than the return which could be obtained in the best 

alternative use of this capital. The latter criterion often is difficult 

to apply as the loan may be "tied" to the equipment purchase, directly or 

indirectly, and thus is not necessarily available for an alternative use. 

JTRobertsjrbb 
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Table 1 -

Example of Fuel Cycle Costs for a 200 MW(e) PWR 

1. Fuel Material 

a) - U3O0 purchase, gross 
- Credit for U->0g equivalent in recovered 
uranium 

b) Credit for recovered plutonium 

Subtotal 

2. Industrial Operations 
a) - Conversion, gross 

- Credit for conversion equivalent in 
recovered uranium 

b) - Enrichment, gross 
- Credit for enrichment equivalent in 

recovered uranium 

c) Fabrication 

d) Hecovery 

Mills/kWh(e) 

Subtotal 

3* Fixed Charges on Fuel <;ycle Investment 

TOTAL 

0.572 

(0.155) 

(0.250) 

0.167 

O.O65 

(0.01s) 

0.784 

(0.084) 

0.310 

0.150 

1.207 

. Q-475 

1.85 

10.417 

10.047 

10.700 

% of Total 

22.5 

(*3-S) 
9.0 

2.5 

37.9 

16 .8 

8.1 

65.3 

100 

Notess Assumptions and Ground Hules 
1) U308 s $ 7*5/1b 
2) Lossesi conversion 0.5 %•> fabrication 1.0 ̂ , recovery 1.0 $ 
3} Biffusions plant tails essay — 0.2 % TJ-235 
4) Separative work costss $ 32/kg SMJ 
5) Conversion costsi $ 2.20/kg U 
6) Plutonium credits $ 9/gra fissile Pu 
7) Fabrications $ 70/kg U 
8) Recovery including reprocessing, shipment and reconversion: $ 35/kg u" 
$) Hold-up times? 3 months for each step (pre-irradiation, fabrication, enrich

ment, post-irradiation and recovery) 
10) Fixed charge rate on fuel inventory and working capitals 10 ̂  p.a. 
11) Initial enrichment: 3.5 % 
12) Final enrichments 1.14 5& 
13) Fissile Pu (239 + 241)* 6.5 gm/kg U discharged 
14) Burnups 30,000 MWD/MT 
15J Specific powers 3273~'KWth/kg U 
16) Thermal efficiency? 31 % 
17) Plant capacity factors 80 $ 

\ 



Table 2 

MID-RANGE COST ESTIMATES FOR INTERMEDIATE-SIZE NUCLEAR AND OIL-FIRED POWER PLANTS 
(1970 Basis) 1/ 

Ret output, M¥e 100 200 300 400 500 600 

NUCLEAR PLANTS 

Capital cost, $/k¥e 

- Direct 

- Indirect 

- Interest during 
construction 2/ 

TOTAL 

- Operation and 
maintenance cost, 
mills/k¥h 

- Fuel cycle cost, ^ 
mills/k>Jh 

OIL-FIRED PLANTS 

3/ 

345 

76 

74 

495 

1. 

2. 

80 

10 

255 

51 

54 

360 

1.00 

1.85 

214' 

41 

45 

300 

0. 

1. 

75 

75 

191 

34 

40 

265 

0. 

1. 

60 

65 

174 

30 

36 

240 

0. 

1. 

50 

60 

161 

26 

33 

220 

O.50 

1.60 

- Capital cost, $/kWe 

- Direct * 186 

- Indirect 45 

—-• - In te res t during 

construction j j / 24 

TOTAL 255 

- Operation and 
maintenance cost, 
mills/kHh 1.05 0.60 O.50 0.40 0.35 0-35 

- Fuel cost, mills/kWb. - - Varies widely, depending on fuel oil price — 

Notes: 

159 

27 

19 

205 

142 
21 

17 

180 

130 

* 19 

•16 

165 

125 

15 

15 

155 

119 

13 

13 

145 

l/ For 1970 cost levels, without allowance for escalation during construction. 
2/ Accumulated interest during 55 months construction period at rate of 8 $/year, 

total about 17.5 $ of direct and indirect costs. 
3/' Includ ing nuclear liability insurance. 
&J Including 10 $/year fixed-charges on fuel cycle working capital. 
_5_/ Accumulated interest during construction period at rate of 8 ̂ /year, total 

about 10.5 % of direct and indirect costs. 



Table 3 

Comparative Economics of Small- and Medium-Power Kuclear 
and Oil-Fired Power Plants 

Net output, MWe 

Hange of estimated add-
• itional capital invest
ment required for 
nuclear ~olant 

— S/kWe , , / 
— mills/kWbA7 

- a t 7 1° PCH 

100 200 300 400 500 600 

160-320 105-205 80-160 65-135 55-115-

IO96- FOR 
14$ FOR 

Es t ima t ed a d d i t i o n a l 
o p e r a t i o n & m a i n t e n 
ance c o s t s of n u c l e a r 
p i a n t s mil 1 s /k\Vh 

1.6-3.2 
2.3-4.6 
3.2-6.4 

0.75 

1.0-2.0 
1.5-2.9 

0.40 

0.8-1.6 
1.1-2,3 
1.6-3.2 

O.25 

O.6-I.4 
0.9-1,9 

1.3-1.7 

0.20 

0.6-1.2 
0.8-1.6 
1,1-2.3 

0.15 

Indicated range of com
petitive fuel oil cost, 
mills/kWh 2/ 5 

- a t 7 $ ? C R 
- . 10 fo PCH 
--*" 14 fi FCS 

Average b e a t r a t i n g of 
o i l - f i r e d plant,BTtf/kV/h 

E q u i v a l e n t c o m p e t i t i v e 
o i l c o s t s , ! 
^ / m i l l i o n BTCI ^ : 

- a t 7 / o PCR 
-"' - . 10 ?£ FOR 

- " 14 f° FCE 

4.3-5-9 
5.1-7.4 
6.2-9.4 

10 700 

3.2-4.2 
3.8-5.2 
4.6-6.6 

10 000 

2.6-3.4 

3 . 8 - 5 . 4 

9 500 

2,4-3.0 
2.8-3.8 
3.3-4.7 

9 200 

2.2-2.8 
2.5-3.4 
3.0-4.2 

50-100 

0.5-1.0 
O.7-I.4 
1.0-2.0 

0.15 

Estimated nuclear fuel 
cycle c o s t , mills/kWhs 

— ax l jo i\rR 
- " 10 fo FOR 
- " 14 f. PCH 

1.95 
2.10 
2.30 

l . " 0 
1.85 
2.05 

1.60 
1.75 
1.95 

1.50 
1.65 
1.80 

1.50 
1.60 
1.75 

1.50 
1.60 
1.75 

2.2-2.6 
2.5-3.2 
2.9-3.9 

9 000 8 9<.0 

40-55 
48-69 
58-88 

32-42 
38-52 
46-66 

28-36 
33-45 
40-57 

26-33 
30-41 
36-51 

24-31 
28-38 
33-47 

24-30 
28-36 
33-44 

Notess 

l/ Calculated at 80 $ load factor for the annual fixed-charge rate on invest
ment indicated (including interest, depreciation, and any other capital 
charges)„ 

£/ For oil costs lower than the lower end of the indicated range nuclear is 
unlikely to be competitive. For oil costs higher than the upper end of 
the indicated range oil is unlikely to be competitive. For oil costs 
within the indicated range a closer estimate of capital, operation and 
maintenancej and fuel costs of nuclear and oil-fired plants under local 
conditions is required to determine competitive status. 

V 
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Table 4 
Basic Fixed-Charge Hate Table ( ?fc/year) —' 

I n t e r e s t . 
Ba te 

0 

2 

4 

6 

8 

20 

12 

10 

. 1 0 . 0 0 

1 1 . 1 3 

1 2 , 3 3 

13 .59 

1 4 . 9 0 

1 6 . 2 7 

1 7 . 7 0 

15 • 

6 .67 

7 . 7 8 

8,99 

1 0 . 3 0 

11068 

1 3 . 1 5 

1 4 . 6 8 

Cap i Ltal Recovery P e r i o d 

20 

5 .00 

6.12 

7 , 3 6 

8.72 

1 0 . 1 8 

1 1 . 7 5 

1 2 . 7 5 

25 

4 . 0 0 

5-12 

6 , 4 0 

7 .82 

9 .37 

11 .02 

13 .39 

( y e a r s ) 

30 

3 .33 

4 . 4 6 

5-78 

7 .26 

8 .88 

1 0 . 6 1 

12 .41 

40 

2 . 5 0 

3 .66 

5 .05 

6 .65 

8 .39 

1 0 . 2 3 

1 2 . 1 3 

1 / The bas ic f ixed-charge r a t e , a lso re fe r red to as the uni form-ser ies 

c a p i t a l recovery f a c t o r , i s given hyt 

F.C.H. 1. (1+1)1 
(l*i)n - 1 1 - (l+i)~n 

multiplied by 100 to convert from a fraction to-a percentage . 
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Fig. 1 

Breakeven Oil Cost as a Function of Plant Size 
and Fixed-Charge Rate 

Legend: SSSSSSSSSSS indicates range for 7% FCR 
TTTTTTTTTTT indicates range for 10% FCR 
FFFFFFFFFFF indicates ranfte for 14% FCR 

+ "indicates estimated range 
of expected fuel-oil prices 


