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FOREWORD

One function of the IAEA is to assist developing Member
States in their efforts to utilize nuclear power in meeting
their needs for energy, in particular electricity.
In September 1990, the IAEA provided an opportunity to
take a fresh look at the problems and constraints of financing,
and possible means to alleviate them for nuclear power projects
in developing countries. To address the issues, the IAEA organized a "Topical Seminar on Financing of Nuclear Power
Projects in Developing Countries" from 4 to 7 September 1990.
The Seminar was held in Jakarta at the invitation of the
Government of Indonesia.
This document is a summary of the Seminar with presentation papers, in order to provide policy makers, nuclear power
planners and financial decision makers of Member States involved in the domain of financing of nuclear power projects in
developing countries with detailed information and possible
ideas or implications, on the perspective of nuclear generation
costs, the problems and constraints for financing of nuclear
power projects , and possible ways and means to alleviate the
problems.
The IAEA is especially grateful to the Indonesian BADAN
TENAGA ATOM NASIONAL for hosting the Topical Seminar, and appreciates all authors of presentation papers at the Seminar.

EDITORIAL NOTE
In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts as submitted by the authors and given some
attention to the presentation.
The views expressed in the papers, the statements made and the general style adopted are the
responsibility of the named authors. The views do not necessarily reflect those of the governments
of the Member States or organizations under whose auspices the manuscripts were produced.
The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.
The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the pan of the IAEA.
Authors are themselves responsible for obtaining the necessary permission to reproduce
copyright material from other sources.
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BACKGROUND AND SUMMARY OF THE SEMINAR

Y. Tatsuta
Department of Nuclear Energy and Safety,
International Atomic Energy Agency,

Vienna

Background
The IAEA has given great importance to stimulate cooperation among its Member States in the field of nuclear power
planning since its inception. It has acted as a catalyst in the
interaction among countries of different technical, industrial
and financial backgrounds. It is a fact, however, that so far and notwithstanding that the nuclear power option could make a
very useful contribution to energy supplies in a number of
developing countries - nuclear power has been introduced only
to a small extent in a few of these countries.
The reasons are complex: In some cases it is because of
the availability of alternative sources of energy, and in many
cases insufficient trained manpower, inadequate infrastructures, economic problems, and financial constraints twined
together are the reasons.
Among them, nuclear power project financing has been a focal issue of nuclear power development in developing countries.
It clearly is a major constraint that must be solved if nuclear
power is to find more widespread utilization in developing
countries. A recent World Bank study reported that the developing world will need approximately 1,000 billion dollars to meet
their additional capacity demands, including transmission and
distribution, over the next decade. The IAEA estimates for
nuclear power growth indicate that the nuclear power capacity
in the developing countries will increase from 18 GWe in 1989
to about 35 GWe by the year 2000, and for these additional
nuclear capacities, some $ 40 - 50 billion of capital expenditures will be necessary over the next decade. The question immediately rises where and how this amount of money could come
from, and especially how the developing countries could solve
problems of nuclear power financing derived from its natures of
high investment costs, long duration of project, and high degree of uncertainties. For financial institutions, these special characteristics have been the focal point to make financing difficult.
Efforts have been made internationally to try to discuss
and solve this problem. The IAEA Topical Seminar on Financing
of Nuclear Power Projects in Developing Countries held from 4
to 7 September 1990 in Jakarta was one of them.
To address the issues on financing, and mechanisms for alleviating problems and constraints on financing nuclear power
projects in developing countries, the Agency considered it
timely to convene a Seminar in order to exchange experience
that had been acquired in this field and to discuss ideas for
additional approaches and complementary mechanisms. This Seminar should be viewed as a continuing effort to assist in

strengthening and developing one of the important elements i.e.
adequate and supportable financing, which is indispensable for
the success of nuclear power projects in developing countries.

The Seminar dealt with three main topics: (1) perspective
of nuclear and fossil-fired generation costs, (2) assessment of
problems and constraints for financing of large power projects,
with particular attention to nuclear power projects, and (3)
mechanisms for financing nuclear power projects in developing
countries. Since most of the facets of financing nuclear power
projects apply also to other types of large energy projects,
this Seminar also could be of much value to a wider range of
professionals working in all fields of planning and financing
the development of energy and power projects in developing
countries, in addition to those dealing specifically with
nuclear power projects. The keen interest in these subjects was
reflected by the presence of some 110 experts from 17 Member
States plus ESCAP.
At the meeting, the Agency presented a global outlook on
energy and electricity demand growth in developing countries,
status and perspectives for nuclear power, and particular
issues and problems related to financing of nuclear power
projects in developing countries. Also the perspectives of
nuclear generation costs in comparison with other power sources
were presented based on IAEA studies, national experience, and
the work of other international organizations.

This Seminar was beneficial for all participants by
providing updated analyses on costs and financing constraints
of nuclear power projects, and some new approaches for large
energy project financing with implications to nuclear power
projects. Although since the last seminar of this kind held in
1985, no new nuclear power project financing has been realized
in developing countries, the seminar discussions epitomized the
problems and constraints on nuclear power project financing in
developing countries and provided a foundation for seeking
means of solving the problems and for outlining realistic and
acceptable solutions.
Summary of the Seminar

The Seminar was opened by Mr. B.A. Semenov, Deputy Director General of the IAEA, Head of the Department of Nuclear
Energy and Safety, with attendance of Mr. D. Ahimsa (DG-BATAN),
Mr. A. Arismunandar (DG-Electric Power and New Energy, Ministry
of Mines and Energy) and Mr. R. Amrollahi (President-Atomic
Energy Organization of Iran).
The following keynote session addressed the key issues as
framework setting for the following discussions.
(1) Keynotes
Mr. Semenov presented a global outlook on energy and
electricity demand growth in developing countries, status and
perspectives for nuclear power, and particular issues and
problems related to financing of nuclear power projects in
developing countries. In the presentation, it was shown that
8

the developing world would clearly require more energy, in particular electricity, and that there would be a need for nuclear
power in some developing countries. IAEA estimates show that
world electricity consumption growth would average 3.2 - 4.0 %
annually from the present 11,100 TWh to 18,300 - 20,900 TWh in
2005. In developing countries, the growth would be much higher,
from 2,500 TWh to 5,400 - 6,700 TWh, an increase of 110 % to
165 %. Along with the demand of electricity, present nuclear
capacity of 18.3 GWe in the developing world is forecast to
reach 40 GWe or more during the same period. This brings up the
financing of these capacity additions as a focal issue in the
developing world. The importance of the reduction of uncertainties was underlined, linked to specific nuclear project
characteristics of large investment costs and long project
times and five major domains for specific actions were discussed. Also for future prospects of nuclear power, environmental concerns and public acceptance issue were highlighted for
special considerations.
Mr. Amrollahi presented issues affecting the economies of
nuclear power projects in developing countries. Extensive
issues surrounding nuclear power today were cited, including
political, technical, and economical and financial issues.
Among them the problem of costs and financing were stressed.
Cases such as Mexico, Argentina and Iran presented a difficulty
for justification of the costs of nuclear power plants. For
reducing the costs and easing the financing, 5 measures were
proposed. i.e. dispelling erroneous theory of linkage to
military proliferation, intensifying standardization, encouraging consolidation of world nuclear industries, deleting redundancy and streamlining in licencing requirements, and refraining from such retroactive regulatory changes as to erode enforceability of agreements or contracts.
Lastly, Mr. Sudarsono (Chief-Energy Resources Section of
ESCAP) gave a brief summary on the performance of economies in
the ESCAP region, then presented the financing requirements
over the next dacade for the power sector of ESCAP's 15
developing countries of about US$ 474 billion (in 1989 value).
Concerning nuclear power, the speed of introduction in the
Asian region would depend on public acceptance of nuclear power
in advanced countries. Indonesia, Malaysia, Pakistan, Phillipines and Thailand are able to accomodate the deployment of
the first nuclear plant of 600-900 MW. China and India could
increase their nuclear share. Thus the estimates of nuclear
power capacity could reach 19,500 MW by 2000 and between 30,000
and 42,000 MW by 2010 in ESCAP region (excl. Japan and Taiwan).
(2) Perspective of nuclear generation costs

Eight speakers covered (1) the perspective of nuclear
power investment and generation costs in comparison with alternative power sources in various countries, (2) capital and O&M
costs reduction through standardization and advanced technologies, (3) economic advantages of new or advanced reactors,
and (4) suitable financial structures for nuclear power
projects. In this session, results were summarized, providing
an overall picture of economic comparison, practical ways to
reduce costs, and useful criteria for nuclear economics.

First, the projected costs of nuclear and conventional
base load electricity generation in 10 IAEA Member States were
surveyed and analysed. With a real discount rate of 5 % per
year, in most of the industrialized countries and in some
developing countries, nuclear plants are projected to have a
significant economic advantage over coal-fired plants. Coalbased electricity is cheaper under some conditions, such as in
the coal regions, when produced from low-cost imported coal,
and when discounted rates are higher. Nuclear economic advantage is most sensitive to the discount rate, future fossil
fuel prices, and plant capital costs.
Cost structures of USSR's WER-1000, incorporating additional environmental and safety requirements, were presented in
comparison with present cost structures. Also new generation
WER-82/1 and WER-92 projects were briefly presented with the
first unit entering construction in 1995-96 and commissioning
by 2000. From Canada, the evolution of CANDU system was traced,
and levelized unit energy costs for CANDU and coal-fired plant
lead to the conclusion that CANDU has economic advantages over
coal-fired plant with flue-gas desulphurization (and denitrification) in Ontario, Canada.

Standardization for cost reduction was emphasized. Studies
by the Republic of Korea, using data based on Japanese and
French experience, shows that the reduction of overnight costs
and time-related costs could reach 22 - 26 %. In addition, the
most significant economic effect of standardization was found
in the reduction of IDC due to shortening the construction
period. Japanese experience showed that capital cost (per kW)
has been reduced by some 45 % since the first imported original
design plant, through design standardization, rationalization
of design, shortening of construction period by both expansion
of parallel work operations and reduction of field work volume
itself. Further capital cost reduction of some 20 % is targeted
by the introduction of an advanced type technology (i.e.
Japan-US developed ABWR), although this large unit capacity
will not meet the needs of many developing countries smaller
grid systems. In addition to standardization, advanced
technology's economic advantage was discussed with quantitative
analyses in comparison with conventional nuclear power technology. For example, the supplier's presentation showed that AP600 is 30 % advantageous over its conventional 2-loop 600 MW
plant, and is estimated to have a vendor's overnight cost of
$l,370/kW and total completed cost of $2,900/kW.

Elements that impact on the financial structure of the
projects were reviewed from the suppliers' point of view in the
areas of available resource allocation, local financing,
financing currency, contingency arrangement, and the contract
structure. Important parameters for comparison, macro-economic
consequence of hard currency financing, and criteria for investments were also discussed in the session.
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(3) Assessment of problems and constraints for financing of
large power projects
Ten presentations were made, covering experience with the
financing of oil and gas projects, conventional power projects,
and nuclear power plants in some representative developing
countries, i.e. Indonesia, China and India. Supplier's,
lender's and borrower's views were presented. In addition,
views of export guarantee banks and agencies were presented,
i.e. those of US EXIM bank, EXIM of Japan, KfW of the FRG, and
BNP of France.
According to the well-summarized chairman's report by Mr.
El Saiedi of Egypt, the outcome of the presentations and discussions is as follows:
1) From the lender's side, the constraint for availability
of funding is not lack of funding but rather it is the
feasibility of the project and creditworthiness of the country.

2) Because of the large magnitude of funding requirements,
no one source can take the risk alone. Distribution of risk is
now the accepted mechanism.
3) Indigenous funding to the maximum possible extent
through the known mechanisms is highly recommended.
4) Commitment of the local authorities to guaranteed funds
for the local portion and securing its continuity and
availability in a timely manner is one of the main assurances
for successful project realization and meeting budget constraint. Examples of countries that did not do so, and experienced very high cost overruns, are Mexico, Brazil and Argentina.
5) It is recommended to allocate funds or secure sources
of funding for cost overruns to take care of it at the time
when needed. However, it is better to structure the contracts
and interrelation between entities involved to avoid such cost
overruns. One proven way to minimize cost overruns is the
turnkey or single responsibility approach.

6) The BOT model, although it can be applicable in case of
conventional power plants or major energy projects, is seen to
be difficult to apply in case of nuclear power plants because
of the nonconventional risks involved, which the supplier or
builder cannot take and could not be financed on the basis of
non-recourse financing.

7) A new model- Build/Own/Lease (BOL)- is under consideration in Indonesia. This model helps to reduce national debts
and could work well with conventional power plants.
8) The OECD Understanding (or Consensus) does not provide
favorable conditions for the borrowers as regards nuclear power
projects. There is a need to review the Consensus with a view
to make it more responsive to the developing countries' needs,
for the benefit of nuclear power as viable electricity energy
source.
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(4) Mechanisms for financing nuclear power projects in developing countries

Discussions covered capital requirements for the power
sector in developing countries, conventional and various new
financing options including SMPR (small and medium power reactor) and advanced reactor feasibility, countertrade and export
of electricity , Whole-to-Coal concept (meaning that the buying
utility and its customers are assured of being in the same
economic and financial situation they would have been in had
the utility constructed a coal plant rather than a nuclear
unit.)/ and the BOT (Build-Own(Operate)-Transfer) scheme.
Although some findings in the session were similar to
those in the session on assessment of problems and constraints
for financing of large power projects, very important aspects
were discussed in this session. Papers concentrated on different aspects of the matter. Mr. Eschenberg discussed capital
requirements for electricity generation in developing countries
and presented financial options for large energy projects. Mr.
El Saiedi presented an important topic for the future, on a
study of financial feasibility of small and medium nuclear
power plant, and also on the special fund created in Egypt to
finance local costs. Mr. Tian made an interesting presentation
on the Chinese situation of investment programmes and financing
approaches. Also interesting was a Yugoslavia idea of counter
trade combined with the export of electricity in financial
planning as a realistic approach. The Whole-To-Coal model is
also a very interesting idea, but may be a special case applicable in Canada and some industrialized countries with
stable situations.

Turkish BOT project for conventional power plants was discussed widely and the impression is that, although it is an interesting approach, it is very complex to implement.
Particular issues of a nuclear BOT as one of the innovative schemes for nuclear project financing were widely discussed. It would make use of project financing for part of the
investment requirements, but would also involve equity investors in the project. A distinctive feature of this approach is
the inclusion of foreign investors in the ownership and management of the nuclear power station. It must be emphasized that
while the BOT approach might offer an alternative financing
scheme for countries which have a generally acceptable creditworthiness, it does not in itself overcome the basic problems
of creditworthiness. The contractual arrangements which would
be necessary for identifying the responsibilities and risks for
the various involved parties are very complex and can, in themselves, introduce new uncertainties into the project.

To date, no nuclear power project has been implemented
using the BOT model. However, the BOT model is already evolving
for fossil power and the results from these efforts could give
an indication of the potential for this approach to be applied
to nuclear power projects in future.
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Closing remarks

The financing of nuclear power projects in developing
countries involves complex issues that need to be fully understood by all the parties involved. Considerations should be
given to the principal characteristics specific to nuclear
power projects as well as the overall complexities of nuclear
power projects and how these complexities affect nuclear power
financing. It is essential that every effort be made, by all
parties involved in the development of nuclear power, to reduce
the uncertainties linked to such large investments and long
project times. Reduction of uncertainties is essential to improving the overall climate for financing of nuclear power
projects in developing countries.
The Agency will continuingly study experience with conventional and innovative schemes for nuclear power financing and
also promote the exchange of information on financing schemes.
In this regard, it is planned to publish in 1991
a technical
report (a "Reference Book on Financing Arrangements for Nuclear
Power Projects in Developing Countries") reviewing the principal features of existing or proposed contracting and financing arrangements. Together with both the results of the Seminar
on the costs and financing of nuclear power programmes in
developing countries held in 1985
(IAEA-TECDOC-378) and this
document (IAEA-TECDOC-610), the Reference Book will be helpful
for policy makers, financial planners, and other relevant
nuclear power planners/decision makers in the domain of financing of nuclear power projects in developing countries.
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Chairman
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Indonesia

OUTLOOK ON ENERGY AND ELECTRICITY DEMAND GROWTH
IN DEVELOPING COUNTRIES,
AND STATUS AND PERSPECTIVES FOR NUCLEAR POWER

B. Semenov, Y. Tatsuta
Department of Nuclear Energy and Safety,
International Atomic Energy Agency,
Vienna

World Energy and Electricity Demands

Energy is the lifeblood of our societies. The increasing use
of energy has led to industrialization, improved transportation,
improved productivity and improved standards of living. Increase
in use of oil, coal, gas, hydro and nuclear power have contributed as major means of energy supply.
In developing countries, in spite of the serious economic
problems which many of them have encountered since the oil
shocks, their use of energy has continued to expand at much
higher rates than those of industrialized countries, reflecting
needs for energy to develop their economies as shown in Table 1.
Table 1. World energy demand outlook
(annual average growth rate %)
[First Oil [ S e c o n d [ O i l Price
Shock]
Oil Shock]
Declining]

\year
Country Group

\1969_____1973 _____1979________1986

OECD countries

4.2

1.1

CPE countries*

5.8

4.8

2.2

5.9

4.3

Developing countries
(South East Asia)

World Total

6.3
(11.1)

1988

-0.3 2.8

(8-0)

3.1
5.7
(
4
.
2
)

4 7 8 2 7 § Ï 7 Ï

JTs

(Source: BP Statistical Review of World Energy, July 1989)
* including some countries at present with economies in
transition period

Of course energy demand predictions for the future beyond
the year 2000 should be viewed with great caution since they involve taking into consideration many variables difficult to assess. However, general trends can be more or less reliably identified. They show that for at least 30 years from now, energy reguirements in general will continue to grow despite conservation

measures, in both industrialized, and particularly, developing
countries. Thus the latest predictions made at the recent World
Energy Conference show that between 1985 and 2020 world energy
consumption would rise by 50 % to 75 %.
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(10.7)

Table 2. Primary Energy Demand (in Mtoe)
Year
Total Industrialized Countries
Total Third
World

1973

1985

4,690

5,350

6,615/6,175

7,725/6,650

1,475

2,320

3,645/3,355

5,800/4,910

World

6,165

7,670

2000

2020

10,260/9,530 13,525/11,560

N.B. figures in top mean moderate case
and bottom, limited.
(Source:Global Energy Perspectives 2000-2020,
World Energy Conference 1989)
In accordance with almost the same framework hypotheses in
economic growth taken in the 14th World Energy Conference, the
IAEA has estimated the world energy consumption, together with
percentage used for electricity generation up to the year 2005.
Table 3 is the summary of the results of the estimates.

Table 3. Estimates of total world energy consumption (EJ),
and percentage used for electricity generation
Year
OECD countries

161.5 (37.5%)

CMEA countries

85.0 (25.9%)

1989

Rest of the
World

105.5

World Total

352.0 (30 .4%)

(23 .2%)

1995
170 (42%)
177 (42%)
92 (29%)
95 (30%)
123 (27%)
127 (28%)

2000
178 (45%)
191 (45%)
99 (31%)
103 (33%)
138 (30%)
147 (33%)

2005
181 (49%)
199 (49%)
104 (33%)
110 (36%)
151 (34%)
164 (39%)

385 (34%)
398 (35%)

416 (37%)
442 (38%)

437 (40%)
473 (42%)

N.B. The top and bottom figures for total energy consumption are
low and high estimates respectively.
(Source: IAEA Reference Data Series No. 1, July 1990 Edition)

The use of electricity has continued to rise with much
higher growth rates than those of the primary energy consumption,
especially in developing countries. The IAEA's Energy and
Economic Data Base shows that average annual growth rates during
the period of 1974 - 1989 in OECD countries were 0.8 % in total
energy consumption and 2.8 % in total electricity consumption. In
CMEA countries total energy consumption increased by 3.1 % annually and electricity consumption by 4.0 %, and in other
countries, mainly developing countries, total energy consumption
grew at 4.7 % per annum while total electricity consumption increased by 8.2 %.
It seems very likely that the future availability and use of
electricity will turn out to be a determining factor for development. The strong demand for electricity reflects the flexibility
18

of this energy form in satisfying the demand of users for energy
services. It can be controlled with precision to provide heat or
power at any time in the amount needed, whether for residential,
industrial or commercial uses. Increasing demand of electricity
is thus the logical future development, since this is also the
most efficient way of using primary energy.
Latest estimates of total electricity generation made by the
IAEA shows that total electricity consumption would grow at
average 3.2 % - 4.0 % annually from 11,100 TWh in 1989 to 18,300
- 20,900 TWh in the year 2005, with an increase by 65 % to 90 %
during this period. In developing countries, the leap would be
much higher than that of industrialized countries, from 2,500 TWh
in 1989 to 5,400 - 6,700 TWh in the year 2005, or an increase by
110 % to 165 %.

The detailed figures of electricity generating capacity required are summarized in Table 4, together with estimates of
contribution of nuclear power, which will be discussed later in
this paper. In Latin American, Eastern European, African, Middle
East and South Asian, and Far Eastern regions, electricity generating capacity would be almost or more than doubled up to the
year 2005.
Table 4. Estimates of total and nuclear electricity
generating capacity
(IAEA low estimates case in GWe)
Year
North America
Latin America
Western Europe
Eastern Europe*
Africa
Middle East and
South Asia
South East Asia
and the Pacific
Far East
World Total

1989
1995
2000
2005
871(110.5) 1035(118) 1133(119) 1268(120)
159( 2.2) 224 ( 5.6) 285( 6.4) 347( 6.4)
564(116.3) 616(128)
477( 44.5) 586( 66)
73( 1.8)102( 1.8)
142( 1.5)195( 2.6)
75( - )

92

365f 41.4) 453 r 55)
2725(318. 3) 3304(378)

675(125)
676( 76)
131( 1.8)
243( 4.8)

731(136)
759 ( 94)
161( 1.8)
288( 9.2)

107

122

551( 71)
3801(404)

646( 83)
4322(450)

OECD countries
1642(256.1) 1905(285) 2098(294) 2319(316)
CMEA countries
468( 43.8) 574( 67)
662( 77)
745( 95)
Rest of the World 615( 18.3) 825( 26) 1041f 33) 1258f 40)

N.B. figures in parencesis mean nuclear power capacity in
GWe.
* including USSR
(Source: IAEA Reference Data Series No. 1, July 1990 Edition)

Nuclear Power - Current Status

Today 26 countries, whose populations total more than 2 billion, benefit from nuclear electricity. In addition, four other
countries with more than 1 billion people, i.e. China, Cuba,
Iran, and Romania, have their first nuclear power plants under
construction.
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At the end of 1989, 426 nuclear reactors were in operation,
with a total installed net nuclear capacity of about 318 GWe, accounting for about 5,200 reactor years of operating experience.
There were also 96 nuclear reactors under construction totalling
nearly 79 GWe, mostly in the USSR (22 GWe), France (12 GWe),
Japan (11 GWe), Czechoslovakia (5 GWe), USA (4 GWe), and Canada
(4 GWe).

Table 5 shows the percentage distribution by country of the
world's installed nuclear generating capacity as of the end of
December 1989. Developing countries account for 18,332 MWe or 5.7
% of the total, while states belonging to the Organization of
Economic Cooperation and Development (OECD) accounted for 256,113
MWe, corresponding to 80.5 % of world capacity in 1989, and the
states belonging to the Council for Mutual Economic Assistance
(CMEA) contributed 43,826 MWe, corresponding to 13.8 % of the total.

Table 5. Distribution by country of the world's
installed nuclear generating capacity (end of 1989)
CMEA countries

OECD countries

43.826MW6 (13.8 %)

256.113MW6 (80.5 %)

MWe
98,331
52,588
France
29,300
Japan
Germany , Fed . 22,716
USA

%
30.9
16.5
9.2
7.1

Pep. of
12,185
Canada
United Kingdomll,242
9,817
Sweden
7,544
Spain
5,500
Belgium
2,952
Switzerland

Finland
Italy
Netherlands
World Total

2,310
1,120
508
318,271 MWe

3.8
3.5
3.1
2.4
1.7
0.9
0.7
0.4
0.2

MWe
USSR

34,230
Czechoslovakia 3,264
2,585
Bulgaria

%
10.8
1.1
0.8

German , Demo .
Rep. of
2,102
Hungary
1,645

0.7
0.5

Other countries
18.332MW6 (5.7 %)

MWe
Korea, Rep. of 7,220
South Africa
1,842
India
1,374
Argentina
935
Mexico
654
632
Yugoslavia
626
Brazil
125
Pakistan

%
2.3
0.6
0.4
0.3
0.2
0.2
0.2
0.04

N.B. The total for 'other countries' includes 4,924 MWe of
generating capacity in Taiwan, China, representing 1.5
% of world capacity.
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In energy terms, nuclear power plants generated about 1,855
TWh of electricity during 1989, an increase of 3.3 % over 1988,
and accounted for about 17 % of the world's electricity production.
Figure 1 shows a historical development of nuclear
electricity generation and its contribution to total electricity
production since 1960. After more than 30 years of development,
nuclear power is today providing a sizeable portion of the
world's electricity. In the period since the first oil shock in
1973, nuclear based electricity production increased by sixfold.

Nuclear Share %
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18.8% 1854.3
17.1% 1794.0TW

1.6% 7fl.7TWh
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year
Figure 1. Nuclear electricity generation and share of total
electricity generation for 1960 - 1989

However, the importance of nuclear power is very different
in different countries. France is the world highest with 75 % of
its electricity coming from nuclear power and exported surplus
electricity of some 38 TWh to its neighbors in 1988. Belgium got
61 % of its electricity from nuclear plants, the Republic of
Korea and Hungary 50 %, and Sweden 45 %. There are now 10
countries which get more than 30 % of their electric energy from
nuclear power.
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Country
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Figure 2. Nuclear share in the electricity production
in 1989

Although the Chernobyl accident has drastically influenced
nuclear power developments and plans in a number of countries,
the worldwide evolution of nuclear power is continuing with,
however, much lower rates. In 1989, 12 reactors were connected to
the electricity supply networks increasing the world nuclear
capacity by 10.4 GWe. In the period since the Chernobyl accident,
although stagnated situation of nuclear power programme covered
many countries, some 60 GWe have been built up to contribute to
the world electric power sector, while about 8 GWe have been shut
down or canceled.
Future Outlook of Nuclear Power

Projecting future nuclear power growth has become a most
difficult task. The past does not portend the future, certainly
not the immediate future. Not only have the growth rates for
electricity consumption in the industrialized countries been
lower over the past decade or more, due to either cancellation or
delays in previously planned capacity additions, but also the
overall psychological concerns regarding nuclear power have
seriously affected nuclear power growth. Thus, on a worldwide
basis, actual growth has consistently been lower than forecast.
Due to the continuing long period for nuclear implementation, including planning, licensing, construction and startup, nuclear
generating capacity additions in the short term (up to about the
turn of the century) will largely be determined by past decisions, although construction or licensing delays or policy
changes could still have an effect. In contrast, the situation
after the year 2000 is less predictable.
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The IAEA's most recent estimates of installed nuclear generating capacity and nuclear electricity up to 2005 are shown in
Figure 3.
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Figure 3. Projected growth in nuclear generating capacity
and nuclear electricity generation up to 2005
(based on IAEA low growth estimates)

The total projected increase in nuclear generating capacity
from 318.3 GWe in 1989 to 450 GWe in 2005 corresponds to an
average annual growth rate of 2.2 % and a total increase of 132
GWe during this period.
During the same period,

nuclear generating capacity in

developing countries (here the word "developing countries" is
used to mean states which are neither OECD members nor CMEA members) is expected to reach 40 GWe by the year 2005, corresponding
to 21.7 GWe of nuclear capacity additions and an average annual
growth rate of 5.0 %. Nuclear power in developing countries is
expected to continue to gain an increasing share of electricity
generation, from 3.8 % in 1989 to a 6.6 % share by the year 2005.
In capacity terms, 16 % of all new nuclear generating capacity to
be placed in commercial operation in the world by the year 2005
is expected to be in developing countries.

While the nuclear generating capacity in the industrialized
countries is forecast to increase by 111 GWe, corresponding to
annual average growth rate of about 2.0 %, which is somewhat
lower than the growth rate of 2.6 % forecast for total
electricity consumption during the same period. Indeed, starting
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in 1995, nuclear power is forecast to levelize at 14 % of the
generating capacity in industrialized countries and remain at or
slightly decline from this level for the remainder of the
forecast period. Due to their utilization as base-load capacity,
the nuclear plants are expected to produce, however, about 20 %
of total electricity between 1995 and 2005.

Hopefully long-time continued safe operation of nuclear
power plants without major accidents and the development of advanced new generation reactors which promise to be safer, smaller
and cheaper, may change the prospects of nuclear power by the end
of the century.

In any discussions of future prospects of nuclear power,
serious consideration must be given to environmental issues and
also public acceptance.
Environmental Concerns;
Over the past three years, the environment has become an
issue of concern to the whole world.

The greenhouse effect is caused mainly by CO2 emissions
through the combustion of fossil fuels. And one-third of CO2
emission comes from the electric power sector. In planning for
future electricity generation, global warming together with acid
rain and other impacts must be an indispensable element to be
taken into account.
Since there is currently no economically viable way in which
C02 can be eliminated in the combustion of fossil fuels, any action to reduce CO2 emissions would have to involve limitation on
the use of fossil fuels or a shift between them, together with
great efforts for energy conservation by both more efficient and
more discriminate use of energy, and move in the direction of increased utilization of non-CO2 emitting sources of energy.

We should carefully, responsibly and realistically consider
all available options from the view points of environmental impacts, technical availability and economic viability.
Oil is a versatile energy, but it is expected that the
supply and demand situation would become tight in the mid- and
long- term and that the price would consequently increase. Oil is
ecologically better than coal in burning, but the environmental
burden is inevitable. For coal, the environmental burden is much
larger than oil. Demand for natural gas as a means to ease environmental problem will increase, but leakage problem might offset some of the gains. Geothermal power is a very small fraction
in the energy mix and is site specific. For new and renewable
energies much work is needed to reduce the costs to become
economically competitive to large scale power plants and their
environmental impacts have not yet been analysed.
There are now only two energy sources which are technically
and economically proven on a large scale and which can produce
large amounts of energy without adding significantly to C02, NOx
or SO2 emissions. These are hydropower and nuclear power.
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For hydropower, there is still a very large undeveloped
potential, in particular in developing countries, and this should
certainly be used where environmental concerns can be met. In industrialized countries, there is a limited exploitable potential
left.
Regarding the environmental problem, nuclear power is seen
by many as one of the most feasible sources now available to generate electricity in the quantities needed and without producing
greenhouse gases.

Regarding the magnitude of contribution to environmental
protection, nuclear power is already contributing to avoid significant volumes of CO2 emissions. It now provides 17 % of the
world's electricity and 5 % of its primary energy, a little less
than that of hydropower. Were this electricity to have been generated using coal, it would have resulted in about 2 billion tons
of CO2 annually. Compared with the 4 to 5 billion tons which the
Toronto World Climate Conference proposed should be cut by 2005
from the present emission level of 20 to 25 billion tons annually, to avoid possible irreversible climate changes, the 2
billion tons already being avoided annually by the nuclear power
is NOT an insignificant volume.
The future impact of nuclear power on C02 emission reduction
is clearly dependent on the rate of electricity growth and on the
fraction supplied by nuclear power.
If we assume that all adittional electrical capacity introduced between the year 2000 and 2020 would be coal-fired, this
would result in additional annual C02 emissions from electricity
generation in 2020 of about 12 billion tons, thus increasing the
total annual amount produced compared with 1990 by 60 %, instead
of the Toronto goal of a 20 % reduction by 2005. (Table 6.) Even

Table 6. Estimates of Carbon Dioxide Emissions in the
Electric Power Sector
Year
Nuclear Generation (TWh)
Fossil Generation Growth Rate
CO2 Emissions (million tons)

1988
1,795
1.0
6.184

2000
2,710
1.3
8.221

2010
2,710
1.75
12.074

2020
2,710
2.44
17.836

N.B. Assumptions:
1. Nuclear generation increases up to 2000 according to the
planned installations of nuclear power plants, due
primarily to plants already under construction or
committed for construction.
2. After 2000, it is assumed that nuclear generation remains
at the level reached in the year 2000. That is, there is
no further increase in nuclear power capacity, but the
existing capacity continues to operate out to 2020.
3. Up to 2000, CO2 emissions are based on the estimated mix
of fuels (coal, oil, natural gas) used in fossil-fired
power plants.
4. All increases in electricity generation after the year
2000 are assumed to be met by coal-fired power plants.
5. CO2 emissions from coal-fired power plants: 0.262 mega-t
C (0.962 mega-t C02) per TWh of electricity generation.
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an unrealistic total switch from coal to natural gas electricity
production would still increase the annual release in 2020 by
about 30 %. All these demonstrate, clearly, that nuclear power is
objectively one of the best available options able to meet growing energy requirement of the world in the years beyond 2000.
However, it is not intended to claim that a continued or
even expanded use of nuclear power would be a panacea against
global warming. Rather, nuclear power offers a significant contribution to the world energy balance almost entirely free of
gases causing acid rain and global warming. Therefore, it seems
clear that nuclear power needs to be used together with energy
saving and renewable sources in an overall strategy to reduce
emissions of greenhouse gases.

Public Acceptance:
The Chernobyl accident heightened public concern on nuclear
risks and has had a direct and strong influence on nuclear
programmes worldwide. A new feature of these days is the desire
by the public to be involved in deciding the key directions of
policy development. Energy decisions are no longer the sole
domain of government and industry. Future development of nuclear
energy will depend, to a considerable extent, on the nuclear
community's efforts in reducing the public concern about safety

and waste disposal, and restoring public confidence in nuclear
energy. In this regard, the ability to explain to the public why
nuclear power is needed and to clarify the main features of this
particular technology is much more important than before.

The Role of Nuclear Power in Developing Countries
To ensure the required economic growth in developing
countries, the electricity consumption in these countries must
grow at rates above those of their economic growth and total
energy consumption, probably even at rates higher than those experienced in industrialized countries at similar stages of
development.

Table 7. Estimates of average annual growth rates (%) during
the period 1989 - 2005

C o u n t r y T o t a l T o t a l N u c l e a r
groups
Population
Energy
Electricity Energy
Nuclear
Consumption Consumption Production Capacity
OECD

0.5

0.7 - 1.3

2.5 - 3.0

1.5 - 2.1

1.3 - 1.8

CMEA

0.8

1.3 - 1.6

3.0 - 3.7

5.2 - 7.1

4.9 - 6.7

Others

1.7

2.3

4.8 - 6.3

8.4 - 10.8 5.0 - 7.8

"™

2*O

(Source: IAEA RDS NO.l 1990)
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On the basis of the above considerations, the total
electricity generation of all developing countries is projected
to increase from the present level of around 2,500 TWh to around
5,400 TWh by the year 2005. This projected electricity generation
corresponds to an increase of average per capita electricity consumption from the present 660 kWh to around 1,070 kWh, compared
with a present average of 6,520 kWh in industrialized countries.

According to the World Bank's "Capital Expenditures for
Electric Power in the Developing Countries in the 1990s"
(February 1990), electricity use is expected to increase at an
average annual rate of 6.6 % in the developing countries during
the 1990s, and the installed generating capacity is expected to
increase from 471 GW at the end of 1989 to 855 GW at the end of
1999, an increase of 81.5 %, requiring capital expenditures in
the order of US 745 billion dollars in 1989 terms. The capacity
breakdown and the electricity production breakdown by sources of
power generating capacity are summarized in the Table 8 below. It
should be noted that the nuclear power growth in Table 8 is
higher than the Agency estimates, partly due to a different
coverage of countries.
Table 8. 1989 and 1999 Electricity Supply Capacity
and Production in Developing Countries
Type

GW m

Hydro
Geothermal
Nuclear
Oil thermal
Gas thermal
Coal thermal
[Net Imports]
TOTAL

1989__________________1999

185 (39.3)
2 ( 0.4)
14 ( 3.0)

TWh f%i_____GW f%i TWh m

674
11
80
224
70 (14.8)
120
31 ( 6.7)
907
169 (35.8)
14
471 (100) 2,030

(33.2)
( 0.6)
( 3.9)
(11.0)
( 5.9)
(44.7)
( 0.7)
(100)

322
5
38
84
65
341

(37.7)
( 0.6)
( 4.4)
( 9.7)
( 7.8)
(39.8)

855 (100)

1,207
(31.5)
29 ( 0.8)
212 ( 5.5)
255 ( 6.6)
332 ( 8.6)
1,793
(46.6)
16 ( 0.4)
3,844 (100)

(Source: The World Bank Energy Series Paper No.21, February 1990)

Table 9.

LDC Power Capital Expenditures in the 1990s

Generation
Transmission
Distribution
General
Total

1989$ Billions
448
81
152
64
745

%
60.0
10.9
20.9
8.6
100.0

(Source: The World Bank Energy Series Paper No.21, February 1990)
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The electricity requirements of the developing countries can
only be met through a more extensive use of conventional thermal
and hydro power sources together with an introduction of nuclear
power programmes in additional developing countries and increased
use of nuclear power in those countries which have already introduced it. In this context it is significant that nuclear power
programmes are already under way in some of the developing
countries which presently generate more than half of the total
electricity production of all developing countries. However,
nuclear power in developing countries today contributes only
about 3.8 % of their total electricity production, compared with
about 20.5 % for industrialized countries.
The expanded use of nuclear power in industrialized
countries could also ease the energy problem in developing
countries by reducing world demand on fossil fuel supplies
together with alleviating the global enevironmental problems.
During 1989, nuclear power plants produced more than 1,850 TWh of
electricity worldwide. To generate this amount of electricity by
other means would require substantial resources - for example,
more than 600 million tones of coal, which is approxiately fourfifths of the annual coal production of the USA; or 418 million
tonnes of oil equivalent, corresponding to a production rate of
8.4 million barrels per day, which is about half of OPEC's idle
oil production capacity. It is clear that if these additional
amounts of fossil fuels were being required for electricity generation, the upward pressures on coal and oil prices could have a
significant impact, particularly on developing countries.

In contrast to the proven status of nuclear power, the
present technical and economic uncertainties surounding solar
power, wind power, biomas, etc., do not permit dependence on them
for large scale electricity generation in the foreseeable future,
although they could play a role in supplying electricity in villages and remote areas not connected to a centralized grid.
Coal based power with suitable environmantal protection
standards, hydro power when environmental concerns are met, and
nuclear power with high reliability and safety standards, could
become significant substitutes for oil in the generation of the
large amounts of electricity necessary for general socio-economic
development in developing countries. The task of energy planners
is to determine the appropriate mix of the various energy sources
(coal, oil, gas, hydro, nuclear and renewables) to satisfy the
growing energy needs at minimum cost and with an acceptable environmental impact.

It is clear that the developing countries will require more
energy, in particular electricity, and that there would be a need
for nuclear power in some developing countries. Experience has
shown that nuclear energy generation is in many situations
economically competitive with other sources of energy, and that,
notwithstanding the Three Mile Island and Chernobyl accidents,
nuclear power is a proven and acceptably safe technology, available for meeting growing environmental concerns.

28

Problems and Constraints with Particular Attention to Financing
of Nuclear Power Projects in Developing Countries
Based on the study results by the Senior Expert Group on
"Promotion and Financing of Nuclear Power Programme in Developing
Countries" (IAEA 1987 publication), financing is one of the major
constraints that developing countries may face in the introduction and execution of a nuclear power programme.

There are three principal characteristics specific to
nuclear power projects which make financing difficult:
(a) High investment costs of nuclear power plants
The investment cost of a nuclear power plant will be of the
order of a few billion US dollars. Experienced costs range from
1,300 to over 6,000 US dollars per KWe, depending on the plant
size, construction period, interest rates and other factors. This
large capital requirement may approach or even exceed the available credit limits identified by bankers for individual developing countries. Lenders likely would be reluctant to concentrate
their financial risk in a single project of this magnitude.

(b) Long duration of construction
Construction periods in various countries have ranged from 6
to 14 years. It was recognized that the longer periods were
usually due to a variety of non-technical problems. It was judged
that for planning purposes a value of about 8 years should be
used for the construction period in a developing country, especially in the case of the first nuclear power plant. Also, site
preparation and development of local infrastructures
(construction of roads and a harbour for transport of heavy
equipment, development of housing for workers, etc.) may take
more time in developing countries than in an industrialized
country.

During the construction period the owner is confronted with
two complementary problems, which are more severe for nuclear
power projects than for other kinds of projects owing to the
longer construction period;
(i)

Lack of revenue from the project, as the plant under
construction is not yet producing electricity;

(ii) The requirement to pay interest during construction:
for example, for a duration of 8 years and with an
interest rate of 7 - 10 % per year, the interest during
construction will amount to some 30-45 % of the plant
investment cost.

(c) High degree of uncertainty with respect to costs and schedule
of a nuclear power project
Owing to the large amount of money invested and the long
construction period, as well as uncertainties about the eventual
outcome with respect to both factors, lenders generally consider
that financing of nuclear power projects is a highly complex undertaking. Experience in various countries has indicated that
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construction of a nuclear power plant may face many uncertainties
which can lead to longer than expected construction periods and,
as a consequence, to large cost overruns and to higher and
protracted financing requirements. Unpredictable additional costs
due to escalation can also be a problem, in particular when supplies come from countries with high inflation rates.
In addition to the above characteristics, the Senior Expert
Group identified the main issues affecting the financing of
nuclear power projects and proposed specific actions that each
party involved (lenders and export credit agencies; suppliers and
investors; multilateral organizations; developing countries)
could undertake in order to reduce economic and financial risks
and to make a nuclear project more predictable.
The various issues are grouped into five major domains:
programme-project-related factors, investment climate, financing
plan, export credits, and creditworthiness.
(1) Programme/Project related factors
It is important that all possible efforts should be made to
reduce as far as possible the uncertainties surrounding the cost
and schedule of a nuclear power project. In this respect, the
buyer government's commitment to and demonstrated backing of the
nuclear power programme is essential. The government should take
early and strong actions to put in place the legal and institutional arrangements which are required for the programme.
The owner organization, together with other relevant organizations in the buyer country, should carry out long term
energy and power sector studies to determine the role appropriate
for nuclear power in the national energy plan. Feasibility
studies for the nuclear power project should include exploration
of financing possibilities and determination of the financial
feasibility of the project.

Manpower development programmes should be established at an
early stage in preparation for project execution. The exact manpower requirements will depend upon the contractual arrangements
for a project, and much can be gained by paying special attention
to this aspect in the contract with the supplier and with an experienced utility in the supplier country. It is possible to
overcome local deficiencies to a great extent through outside
consultants and architect-engineering firms and through the services that can be offered under a turnkey contract, which is the
customary form of contract for the first plant in a country.

(2) Investment Climate
Considering the complexities of nuclear power financing, it

is very important that the investment climate surrounding a
nuclear power project be favorable. The investment climate can be
enhanced if the government and owner organization of the buyer
country establish a record of consistent and fair dealings with
lenders and investors, as well as an electricity tariff structure

adequate for the financial strength of the utility.
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The World Bank plays a useful role by assisting the buyer
organizations to determine tariff structures which would be appropriate to meet the needs of investment programmes, for instance on the basis of long-run marginal costs of generation. The
IAEA methodologies for economic evaluation and optimization of
electricity generation systems could be usefully applied in
cooperation with the World Bank.
(3) Financing Plan

The financing plan must be designed to meet the special
needs of nuclear power project financing, such as a long construction period, a large capital requirement at terms which are
extraordinary in comparison with other projects, and the
likelihood of cost overruns.
All possible steps should be taken to alleviate the special
needs of a nuclear project, such as taking steps to shorten the
project period and reduce costs as well as minimizing the
likelihood of delays and cost overruns.
(4) Export Credit
The present schemes of export credits and commercial financing do not adequately meet the needs of nuclear power financing
in terms of repayment periods and profiles, or in terms of
flexibility to meet delays and cost overruns. In particular, the
profile of the required repayment schedule (equal instalments on
principal, plus the interest payments) imposes a high annual
capital charge requirement. Furthermore, some of the conditions
on interest rates and exclusion of aid credits tend to disfavour
nuclear projects in comparison with conventional projects.
Some specific steps could be taken to alleviate the problems
of export credit. In particular, opportunities for multivendor
and multibuyer projects should be investigated and where
apropriate promoted as a means to overcome limitations on export
credit guarantees and distribute the financial risk.

(5) Credit Worthiness
Doubts about the credit worthiness of the buyer country can
be a very serious obstacle to nuclear project financing. Indeed,
it is unlikely that any scheme could be found to finance nuclear
power projects in countries with very poor credit worthiness,
especially in view of the large investment cost of nuclear power
plants. However, for countries with generally acceptable credit
ratings, some steps could be taken to improve possibilities for
financing a nuclear power project, for example in terms of
economic policies, debt management and project risk sharing.
Workable arrangements to share the economic and financial
risks, such as multisupplier and multibuyer projects, and cofinancing with multilateral financing institutions (e.g. the
World Bank), would also be very helpful in obtaining financing
for a nuclear power project. To date, no nuclear power project
has been implemented using any innovative schemes including BOT
(Build-Operate-Transfer) model. It is essential that every effort
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be made to improve the overall climate for financing of nuclear
power projects and to present new mechanisms to alleviate the
constraints and problems linked to such large investments and
long project times.
Closing remarks
Needless to say, the availability of energy is essential for
the world economy. The demand for energy in developing countries
has been increasing at 5.7 % annually in average since 1986, in
comparison with the world average growth rate of 3.3 %.
Electricity is a prefered end-use energy form for both
developing and industrialized countries due to its convenienece,
efficiency and overall versatility. Increasing demand of
electricity is thus the logical future development, and it is
clear that it will assume growing importance in the future especially in developing countries.
Based on the long term prospects of world energy and environmental evolution, nuclear power will remain an important
element both in the world energy supply mix and in global environmental protection.

Concerning financing, considerations should be given to the
principal characteristics specific to nuclear power projects and
also overall complexities of nuclear power projects and how these
complexities affect nuclear power financing. In particular, it is
essential that every effort be made, by all parties involved in
the development of nuclear power, to reduce the uncertainties
linked to such large investments and long project times. Reduction of uncertainties is essential to improving the overall
climate for financing of nuclear power projects.
As an international co-operation organization, the Agency
will continue to play an instrumental role in assiting developing
member States in planning optimal energy and electricity systems,
considering also the financing constraints.
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ISSUES AFFECTING THE ECONOMIES OF NUCLEAR POWER PROJECTS
IN THE DEVELOPING COUNTRIES

R. Amrollahi
Atomic Energy Organization of Iran,
Teheran, Islamic Republic of Iran
Nuclear power has had a checkered history. It has been hailed as
the cheapest and the cleanest form of power generation. It has also been
branded as a potentially catastrophic and economically uncompetitive energy
alternative. This may appear as a paradox but, needless to say, both

views have been correct at one time or another.
Nuclear power, in its forty-odd years of history has gone through
many peaks and troughs. However, it is regretable to say that as yet it

cannot be called a fully established industry since its evolution is still
continuing. It is worth noting that a time span of almost half a century
should have been sufficient to consolidate any industry no matter what the
complexities. Evidently this has not happened in the case of nuclear industry
and consequently nuclear power is not considered as a viable option in the
energy mix of many countries.
The reasons for this unfortunate state of affairs are wide and varied.
Basically such reasons fall into political, technical and economical categories.

Some of the salient issues within each category are :
a)

Political Issues ;

1 - The unfortunate and deep-rooted association of nuclear technology and

military applications has made this industry highly politicized. Therefore,
politicians rather than technicians set the course for its progress.

2 - The hypothetical principle of "linkage" has become so well entrenched
in the minds of the politicians that any country intent on utilizing
peaceful applications of nuclear technology becomes automatically

suspect of having military applications in mind.
3 - Severely restrictive export license procedures and criteria, unique to
each supplier country, has limited the accessibility of the developing
countries to the peaceful applications of nuclear energy in general and
nuclear power in particular
4 - London's nuclear supplier's "Club", which was established in the 70s
to regulate the export of nuclear technology to the developing countries,
further limited the options of the developing countries in this respect.
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5 - Unilateral and retroactive "non-proliferation" laws adopted by some
supplier countries have produced further and often insurmountable
barries in this field.
b)

Technical Issues :

1 - Periodic incidents and accidents have severely erroded public confidence
in this technology.
2 - Over-regulation which has ensued pursuant to the various incidents

and accidents has gradually turned nuclear power into a highly complex
industry.
3 - The variety and non-standard designs of the NSSS and auxilary systems
have not only hampered full development of any one particular system
but have given rise to frequent new proposals.
4 - Non-standardization has made each nuclear power plant unique in
features and charactristics, often resulting in unique problem areas.
5 - Uniqueness of each nuclear power plant has created problems of
operating personnel training and qualification.

c)

Economical and Financial Issues :

1 - Over-regulation and arbitrary pricing techniques by the manufacturers
and technology proprietors have made the cost of nuclear power an
uncertain issue.
2 - Enormous capital cost of nuclear power, which no doubt reflects in part
costs associated with the development of new systems and techniques,
has effectively placed this energy alternative outside the reach of many

developing countries.
3 - Non-standard and evolving licensing criteria leading to many instances
of retrofitting have made construction scheduling practically meaningless with delays of several years being considered as normal in this
industry. Such delays, of course, have strong influence on the final
cost of nuclear power projects.
4 - Capital intensiveness nature of nuclear power projects has placed this
energy alternative beyond the financial means of almost all developing
countries thus making foreign financing schemes almost inevitable.
5 - It is often difficult for the developing countries to economically and
financially justify such capital-intensive projects particularly at times
when the low prices and abundance of fossil fuels have erroded operating
cost advantages of nuclear fuel.
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The above list, although formidably extensive, is by no means exhaustive
and many other factors can be added which currently, when combined, make
the accessibility of the developing countries to nuclear power on political, technical and economical grounds practically impossible except under very rare
and exceptional circumestances.
It is not the intention here to discuss such diverse factors in any detail
since it would take us somewhat outside the scope of the present discussions.
On the other hand they are all, directly or indirectly, relevant to our discussion in that they have, in one way or another, influence on the cost and thus
financing methods of nuclear power in the developing countries. The factors
mentioned above are also the prime reasons for the checkered history of
nuclear power which was mentioned at the begining.

Considering the above one can reach a regretable conclusion and that is
any discussion regarding the financing of nuclear power in developing
countries would tend to be primarily of academic rather than practical value.
This may appear to be a pre-emptive statement but it is not intended

in such a context and is quoted only as an inevitable result of what has been

mentioned and what will follow, It is also stated in the hope of directing
the discussions towards some real issues of concern in this field. It is
hoped that in this way the present topical seminar may achieve, through
lively discussions, conclusions which are of real benefit to the developing
countries.
Up to now nuclear power has not had any impact as an energy alternative in the developing countries. According to the IAEA published
figures, by the end of 1988, of the total nuclear generating capacity installed world-wide only 5.7% was related to the developing countries. Similarly
of the total electrical energy produced by the nuclear power plants worldwide the share of the developing countries was only 4.1%. For the reasons
given above the developing countries have been kept outside this rather
exclusive club, the conditions for membership in which have become increasingly difficult in the recent years. Membership fees are only one aspect
of the problem. Many developing countries find that even if they agree to
pay the fees they are still barred from joining the club.
A survey of nuclear power programmes of the developing countries
reveals many dormant nuclear projects and many unfinished nuclear power
plants to which some of the issues mentioned earlier have been applied.
In this respect nuclear power programmes of Argentina, Brazil. Mexico,
Egypt, Turkey and of course Iran are noteworthy examples.
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Among the developing countries only a very few have been fortunate
enough to recognize the future constraints at an early date thus being able to

establish the relevant indigenous industries and infrastructures and thus
minimizing the portion of the required foreign participation both technically
and financially. India and to some extent Pakistan are basically the only
developing countries to be in such a position,
Under the present conditions very few developing countries can econo-

mically justify a nuclear power programme, let alone finance one. Nevertheless most developing countries committed to nuclear power programmes
do recognize the importance of this technology, not only as potentially the
only reliable energy alternative in the future but also as a means to vitalize
and upgrade various local industries. Furthermore, construction and
operation of a nuclear power plant has a tremendous impact on the development of other peaceful applications of nuclear technology in such countries.
Perhaps the most important contribution of nuclear technology in general,
and construction and operation of nuclear power plants in particular, towards
the progress of the developing countries is that it provides for the most fertile

environments for the congregation of the respective country's best available
minds. It also provides the best means for training of highly qualified technical
and scientific manpower. The above attributes are currently very prominent
in the developing countries by their abscence.
Recognizing the above, therefore, the first problem a developing country
faces when embarking on a nuclear power programme, assuming of course

that it has managed to pass all the prevalent obstacles, is to establish how
much their first plant is going to cost. Then the cost has to be justified
economically by the financial planners. Finally the problem is how to finance
the capital cost of the project.
Resolution of these problems, considering that the nuclear industry
even in fully developed countries is still on its learning curve, is no easy

task. Of course, usually bids are received from potential suppliers as an
initial indication of costs. However, based on our own experience even
the suppliers do not know the true and final cost of a nuclear power plant
project. This tends to make the original tender offers rather meaningless
because of the artificially large contingency margins which the suppliers tend
to include in their offer to protect themselves against various eventualities.
This is true for almost all turn-key contracts which are usually best suited
for initial projects. Cost-plus type of contracts can hardly be recommended

for the construction of a first nuclear power plant in a developing country. In

addition to this the developing country concerned should bear in mind that
there are many hidden costs which appear during the project implementation
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some of which can be foreseen and allowed for, but others cannot be forecasted. There are also associated cost which although not directly connected
with the project but are generated as a result of it. General upgrading of the
infrastructure of the country such as roads, ports, power transmission systems
etc. are amongst such hidden costs.

Technical changes, resulting from some ongoing technical or scientific
development, or changes in the requirements of the regulatory bodies, whether
in the supplier's country or domestically, account for hidden costs which
cannot be foreseen and thus allowed for.
Delays in construction and manufacturing which lead to project interuption
and the consequent interest costs and loss of power generation revenue are
also another source of extra project cost. The contribution of all such additional costs to the final cost of the project can be considerable. All in all
a nuclear power plant, especially the first unit, may prove to be a prohibitively expensive undertaking.
Such problems are, of couse, not unique to the developing countries. For
example we find nuclear power plants of similar design and specification in
the U.S. having cost anywhere in the range of $ 2000-5000 per installed kW.
Although the problems may be common in both industrialized and developing
countries the causes and the consequent impacts are vastly different. This is
a very important issue to consider. A powerful utility in the U.S. can easily
survive such cost overruns. After all there are always rates and rates-payers.
However, such cost overruns in developing countries can have devastating
effects on their often fragile economies. Mexico, Brazil and Argentina are
countries which have suffered in this respect and are still struggling with
their incomplete plants.
To give an example we should consider Argentina which has been
attempting by various means to raise capital in order to complete its
692-MW Attucha 2 nuclear power plant. So far it is estimated that Attucha 2,
which is about 60% complete and was originally scheduled to come on line
in 1987, has cost Argentina $ 1.48 billion in loans from its West German
supplier, State and private banks and other suppliers.
In addition to plans for smaller loans from West Germany to finance the
local share of the construction, the Argentine Government has studied
proposals to sell State shares to local and foreign private investors in order
to raise part of the US $1.4 billion estimated investment capital needed for
completion of the plant.
Even so the future is not certain and even if all goes well with this
unique scheme and the Argentinians manage to bring the plant on line in
1994 as is presently hoped, the final capital invested would amount to over
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$3 billion or more than $4300 per installed kW. The final figures of course,
assuming that the project is ever going to be completed, would undoubtedly
be higher than the present estimates.
Having been in a similar predicament for years, recently Mexico finally
managed to bring one of the two 1300-MW units of its Laguna Verde nuclear
power plant on line-20 years after its inception. The future of the second unit
which is about 60% complete is uncertain. In accordance with conservative
estimates so far this project has cost Mexico some $ 5 billion; 50% of which
has been financed by foreign sources. The eventual cost of the poject is
unknown but, disregarding the second unit, the currently operational unit
has cost more than $ 3800 per installed kW.
As for our own nuclear power programme the situation is somewhat
different from those of Argentina and Mexico. The construction of Iran's
Bushehr nuclear power plant, consisting of two KWU-supplied 1200-MW
PWR units, was suspended by the contractor following the Islamic Revolution. Outstanding claims and counter-claim s were subsequently settled
by an international arbitration tribunal. However, although in the tribunal
ruling the contractor is obliged to extend its full co-operation, in case we
decide to resume the project, regretably such co-operation has not been
forthcoming. This is inspite our repeated notifications of our intention to
complete at least the first unit of the plant which was about 80% complete
when the work was suspended by the contractor.
So far this project has cost Iran close to $ 4 billion and although financial issues have never been the primary constraint in this particular case,
nevertheless the Government of the Federal Republic of Germany refrains
from extending its consent and full co-operation. Evidently in this case
political, rather than financial, issues are the main constraints preventing
the peaceful applications of nuclear energy in a developing country.
Under these cir cum es tance s one is faced with some vital questions.
Can fragile economies of the developing countries really sustain such capitalintensive projects? Is nuclear power at costs in the range of $ 4000-5000 per

installed kW really justifiable for developing countries ?
There are no easy answers to the above questions. The real cost of a
nuclear power plant remains an unknown entity and the investor country is
assuming a calculated risk when entering this field.
In most cases, of course, the rationale is that although presently nuclear
power plants can rarely be economically justified for developing countries
nevertheless this is the premium that such countries should pay to gain a
foot-hold in an advanced technology which is going to be indispensable in
the future.
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On the next stage of our economical discourse we reach the problem of
how to finance a nuclear power plant. We assume, of course, that we
have managed to convince the planners of the necessity of nuclear power with

the valid argument that the capital and operating costs of the project are justifiable for the sake of gaining access to this technology.
Presently we do not know of any developing country prepared to
undertake the financing of such capital intensive projects primarily on the

strength of its own public funds. Private financing of large capital intensive
projects, particularly in the utility sector of the developing countries, are
usually no concern of the private investors, Therefore, the issue of financing

such projects boils down to the government of the developing country concerned
borrowing capital from foreign sources. Such sources usually tend to be a

consortia of banks, finance houses and various systems suppliers. The point
to be aware of here is that the eventual size of the required capital, the financing
agreements and the inevitable terms and conditions attached to it can easily break
the inherently unstable economies of most developing countries if such schemes

are somehow mismanaged, which they often tend to be. Such partnerships
usually degenerate into a permanent financial marriage with continuous
negotiations and renegotiations of terms, rates, payments, repayments,
roll-overs etc. ; a situation which a large number of developing countries

already find themselves deeply into with no hopes of ever being able to get out
of.
This is of course an unacceptable state of affairs whereby an important
technology is being placed increasingly beyond the reach of almost all developing countries. It is a situation which requires immediate attention and we
hope gatherings such as this would serve as fora to address these highly complex and formidable issues.
In order to make nuclear power plants a viable energy alternative,
applicable without prejudice on a truly world-wide basis, certain steps
must be taken by all concerned. Such measures should include :
1 - Dispelling the erroneous theory of "linkage" . This can only come

about by technically "educating" the politicians which presently
steer this industry. They should be made aware that up to now no
developing country has managed to divert nuclear material from a
nuclear power plant for the purpose of military applications. The
Agency safeguards, which is a very effective system in this respect,

is a proof of this and indeed this conclusion is reflected in all the IAEA
safeguards reports. The Agency should play a central role in this
"educational" process.
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2 - The supplier countries should intensify their efforts on the subject
of standardization of their nuclear power plants. Global nuclear

industry can no longer sustain the development of over ten different
types of reactor. Operating history of the existing nuclear power
plants should provide the guidelines for the best performing systems

which should be adopted for standardization. Of couse, new concepts
such as the so called "inherently safe reactors" should be pursued.
However, past records show that some of the present systems, when
operated by well-trained personnel, are indeed safe enough and can
be standardized.

3 - We have been witnessing during the recent years either the merger, or
the conclusion of close technical and scientific co-operation agreements,
between various nuclear vendors, This is indeed a positive trend and
should be encouraged.
The developing countries are following this global trend with interest.
However, we do hope that financial considerations, such as the past
investments in any particular system or reactor type, would not unduly
retard the inevitable process of standardization which is vital to the
consolidation and eventual survival of this industry.
4 - Licensing procedures, particularly in some supplier countries should
be subject to extensive review and streamlining without compromising
the safety and reliability of the systems. Many redundant requirements

should be deleted and again general standardization should be the aim
in this field.
5 - The previously mentioned retroactive laws and regulations, periodically
enacted by the industrialized countries, have considerably erroded the
confidence of the developing countries in the effectiveness of the bilateral
agreements and also the enforce ability of the contracts concluded with
various reactor vendors.
International measures need to be adopted to protect the developing
countries in this respect and the IAEA should take the initiative to
implement the necessary mechanisms.
It is worth noting that if the above steps are successfully carried out

tangible results would manifest themselves in the form of reduced costs,
feasible projects and hence easier local financing, thus reducing the need
for foreign financing schemes.
As far as the developing countries are concerned they should also
undertake certain steps before embarking on a nuclear power programme.
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Such steps should include :
1 - Organization of well trained managers and technical personnel as the
driving force behind the project.
2 - Co-operation and full support of all government agencies to facilitate
the implementation of the programme, particularly the first project.

3 - Strengthening of local industrial infrastructure for meaningful participation .
4 - Upgrading local manufacturing capacity and quality for increased and
effective participation in the programme.
Steps such as those mentioned above would also lead to meaningful
local participation in the project which, if properly managed, can also

reduce the costs thus reducing the need for elaborate foreign financing
schemes.
Finally if the present formidable problems facing this industry, some
of which were addressed here, are eventually resolved at the end there

should be no difference between financing a nuclear or a fossil-fuelled
power plant. After all they both serve the purpose of producing the electrical energy upon which our present societies have become so much
dependent.
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1.

PERFORMANCE OF ASIA-PACIFIC ECONOMIES

The economies of developing countries depend to a greater or lesser
extent on the economies of industrialized countries. Those in the ESCAP
region have shown remarkable progress in the past few decades, achieving
sustained high growth rates, in comparison with those of other regions.
Table I shows the GDP growth rates for various regions in the world for
three different periods. The performance of ESCAP economies over nearly
three decades is evident.

TABLE I. PERFORMANCE OF ESCAP ECONOMIES

Average annual growth rate
1961-1973

1974-1987

1980-1987

Industrialized countries

4.7

2.5

2.5

Developing countries
Western Hemisphere
Africa

5.7
6.1
4.9

3.7a/
3.4Ca/
2.1 /

f\

0.9 /

Developing ESCAP economies
Newly industrializing economies
South-East Asia
South Asia
China

6.1
9.8
5.8
3.3
5.5

5.4
8.0
5.5
4.9
7.7

5.9
7.4
4.3
5.6
9.3

Sources: IMF,
a/
b/
c/
d/

f\ D /

1

C^*/

b

International Financial Statistics, various issues
1974-1985
1980-1985
1974-1986
1980-1986

only
only
only
only

From: ESCAP, Challenges and Opportunities of Restructuring the
Developing ESCAP Economies in the 1990s, with special reference
to Regional Economic Corporation. May 1990, Table II.2., p. 4
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The performance of national economies have greatly varied. The
achievements of the overall ESCAP regional economies have been a result of
varying degrees of achievements in sub-regional economies. The newly
industrializing economies have performed best, achieving 8 per cent or
higher growth over both 13-year periods, the South-East Asian economies
come next with growth rates of at least 5.5 per cent currently. The South
Asian economies have succeeded to increase average growth rates from 3.3
per cent/year to 4.9 per cent/year, with an average of 5.6 per cent/year
over the last 7 years. It must be added, however, there remains some of
the weakest economies in the ESCAP region which did not perform as well as
the others. Some of the less fortunate countries such as the least
developed countries and the land-locked developing countries belong also to
the ESCAP region.
Table II shows, for some selected developing ESCAP economies, the
economic restructuring which is the most notable economic phenomenon in
developing countries. Over a period of just 22 years there has been a
significant shift in the shares of agriculture and industry sectors, the
latter increasing at the expense of the former while the share of the
services sector remained approximately constant. This is mainly due to the
high growth rates achievable by the industry sector, as shown also in the
table.
TABLE H. ECONOMIC STRUCTURE OF SELECTED DEVELOPING ESCAP ECONOMIES, 1965-1987
(percentage)
Distribution of GDP

Average annual growth

rate of industry
Agriculture

Industry

Services

1965

1987 1965

1987 1965

1987

Bangladesh
China
India
Indonesia
Nepal

53
39
47
56
65

43
31
30
26
57

11
38
22
13
11

13
49
30
33
14

36
23
31
31
23

39
20
40
41
29

3.8
10.0
4.0
11.9

4.7
13.2

Pakistan
Sri Lanka

40
28

23
27

20
21

28
27

40
51

49
46

6.4
4.7

9.1

28
42
26
32

..
34
24
16

25
18
28
23

..
26
33
35

47
41
46
45

40
43
49

9.5

2

0
11
1

40
25
24

29
43
38

58
37
74

70
46
62

16.5
U.9

1965-1980

1980-1987

Low income:

7.2
2.1

4.2

Middle income:

Malaysia
Papua New Guinea
Philippines
Thailand

5.8

8.0

5.3
-2.8
5.9

Upper middle
high income:
Hong Kong
Republic of Korea
Singapore
Source:

From:
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38
3

..

.,

10.8
4.0

World Bank, World Development Report. 1989 (Washington, D.C., 1989)

ESCAP, Challenges and O p p o r t u n i t i e s of Restructuring the Developing ESCAP Economies
in the 1990s, with special reference to Regional Economic Corporation. May 1990,
Table II.2., p. 31

TABLE lu. MANUFACTURED EXPORTS FROM SELECTED ASIAN AND PACIFIC ECONOMIES IN
1970, 1980 AND 1987, AND RATES OF GROWTH FOR THE PERIODS 1970-1980 AND 1980-1987

Value of exports (SUSmi 11 ion)
1970

1980

1987

Share
1987
W

Average annual growth rate
1970-1980

1980-1987

(%)

(X)

1 082

17 428

48 400

18.07

32. 0

15. 7

035

15 522

43 537

lfi.25

37. a

15. 8

1 945

13 079

23 930

8.93

21. 0

9. 0

(4) China

300

3 000

19 000

7.09

25. 9

30. 2

(5) Singapore

428

9 048

18 793

7.01

35. 7

11. 0

1 140

4 404

6 723

2.51

14. 5

S. 2

(7) Malaysia

110

2 427

6 619

2.47

36.3

15. 4

(8) Thai land

32

1 605

5 566-

2.8

47. 9

19. 4

12

501

4 275

1.60

45. 2

35.9

(10) Phi 1 i ppines

135

2 246

3 514

1.31

32. 5

6. 6

(11) Pakistan

398

1 247

2 814

1.05

12. 1

12. 3

10 800

108 800

267 900

100.00

26. 0

13. 0

(1) Taiwan Province
of China

(2) Republ in of Korea
(3) Hong Kong

(6)

(9)

India

Indonesia

A l l developing countries

Source:

From:

UNCTAO. Review of trade in manufactures of developing countries and terri tories.
Statistical Annex, (TO/B/C .2/228/Add.I) , 14 August 1989,table 4, P- 5.
ESCAP. Challenges and Opnortuni ties of Restructurinq the Developi nq ESCAP Economies
in the 1990s, with special reference to Regional Economic Cornoration, May 1990,
Table I I . 2 . , p . 3 3

Table III shows, for some selected regional economies, the figures
of manufactured exports. The outward-looking strategy had been the
mainstay of the economic success of these developing economies.
2.

ENERGY CONSUMPTION IN SUPPORT OF ECONOMIC GROWTH

Development in energy consumption have necessarily been also very
rapid in support of the high economic growth rates achieved. Table IV
shows, also for some selected developing ESCAP countries, commercial energy
consumption for the period 1973-1987. Table V gives similar figures for
electricity generation for the same period.
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TABLE IV. PRIMARY ENERGY CONSUMPTION OF SELECTED DEVELOPING COUNTRIES OF THE
ESCAP REGION FOR THE PERIOD 1973-1987 (in 1000 standard toe)

1973

1976

1979

1982

1985

1987

Average
Growth rate
(Percentage)

China

273,763

334,817

410,116

438,522

539.140

601,601

5.78

India

72.498

88,307

101,266

119,198

143.516

161,012

5.86

Indonesia

11.747

15,216

25,880

31,538

38,154

43,128

9.73

Republic of Korea 21,773

27,755

40,462

43.391

54.725

66,908

8.35

Malaysia

5,668

7,143

8,784

10.419

12.570

14,254

6.81

Philippines

9,755

10,564

12,420

11.917

10.997

12.305

1.67

14,035

18,938

26,377

26.906

33.488

38,369

7.45

8,738

10,029

12,519

12.893

16,282

19,646

5.96

417,977

512,769

63?.,824

694.784

848,872

957.223

6.10

Taiwan Province
of China

Thailand

Total
Source:

"Energy Indicators of Developing Member Countries of AOB", Energy Planning Unit,
Industry and Development Banks Department, A s i a n Development Bank, Hay 1989.

The energy situation of developing countries in the region is marked
with great heterogeneity. But the overall per capita commercial energy
consumption is still low - only 0.4 toe. Consumption of petroleum products
since 1986 has been growing extremely rapidly (at about 9 per cent/year,
with China excluded), during 1988 reaching 20 per cent for Republic of
Korea and 15 per cent for both Thailand and Taiwan Province of China. The
past 15 years have seen coal consumption grow at 6 per cent/year, reaching
1.2 billion tonnes or abrout 600 million toe in 1988 i.e. twice the oil
consumption (290 million toe). Electricity consumption has grown the
fastest, with most countries at about 10 per cent/year and three countries
approaching 15 per cent/year (Indonesia, Republic of Korea and Thailand).
(1).
The ESCAP region as a whole is a net importer of energy, with energy
production lagging behind energy consumption. Their overall growth rates
are, however, similar. Among the developing countries only five are net
exporters of energy, these are: Brunei Darussalam, Indonesia, Islamic
Republic of Iran and Malaysia for oil and gas, and China for oil. All
others are net importers.
Nuclear power plants have been built as part of the energy mix
within the region, including those in India, Pakistan, the Republic of
Korea, and Taiwan Province of China. China and the Islamic Republic of
Iran have began to build nuclear power plants.
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TABLE V. ELECTRICITY GENERATION BY SELECTED DEVELOPING COUNTRIES OF THE ESCAP
REGION FOR THE PERIOD 1973-1987 (in gigawatt-hour)

1973

1976

1979

1982

1985

1987

Average
Growth rate

(Percentage)

China

166.760

203.130

281,947

327,678

410,689

496,000

8.10

India

66.689

88,333

104.627

130,263

170.302

201.894

8.23

2,959

4,046

7,291

12,144

20,939

25,244

16.55

Republic of Korea 14,325

23,117

35.600

43,122

58.007

73.992

12.17

Indonesia

Malaysia

3,969

5,897

9,262

11,828

14.973

16.904

10.90

Philippines

8.729

11,118

15,015

18.500

22,776

22.368

6.95

20.735

27,961

39.547

42,724

54,803

68.382

8.90

6,971

9.286

13,443

16,620

23,074

28,652

10.62

291.637

372,888

506.732

602.879

775.563

933.436

8.66

Taiwan Province
of C h i n a

Thailand

Total

Source:

"Energy Indicators of D e v e l o p i n g Member Countries of AD8". Energy P l a n n i n g U n i t .
Industry and Development Banks Department, Asian Development Bank, May 1989.

3.

FUTURE PROSPECTS

3.1.

Economic growth prospects
The promise for the future, as in the past, depends to a certain

extent on global developments, in particular in the industrialized

countries. Despite the crisis which was triggered by recent events in the
Middle-East and which hopefully will not become a protacted one, most
expectations are that industrialized countries will at least be able to
maintain an average growth rate of around 3 per cent/year over the long
term. These are conservative expectations, in view of an underlying
optimism based on recent developments on Western European unity (including
German unity), on trends in Eastern Europe, and also on trends in some
parts of Asia.
It is therefore to be expected that Asia Pacific developing
countries would also be able to continue on programmes of economic and
social development at relatively high growth rates sustained over a long
period. Economists have termed this phenomenon of the past decades as the
"flying geese" model, claiming validity for the model of the recent
experience of Taiwan Province of China and Republic of Korea to have been
based on the experience of Japan. They are similarly referring to the
rapid developments of South-East Asian countries as following closely the
experience of Taiwan Province of China and Republic of Korea.
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3.2.

Energy prospects

If economic growth rates were to continue over the next decades at
the same level of the past few decades, it follows that energy and
electricity demand would also continue to grow as in the past. As shown in
Table II Asian developing countries are still far from being
industrialized, even though a few may already be referred to as "newly
industrializing" economies. The economic restructuring, i.e. the shift
from a traditional agriculture dominated economy to an industry-dominated
economy, will remain the main feature of economic development in these
countries for a long time. Hence energy and electricity demand will be
effectively "insatiable" for many years.
Table VI shows the income elasticities of energy and electricity
consumption for the period 1973-1987 for selected developing countries of
the ESCAP region. It is seen that the elasticities assumed high values and
that the electricity elasticity is greater than the energy elasticity. It
may be assumed that as economies grow and mature these income elasticities
will be lowered, and thus lower growth rates for energy and electricity
demand should be assumed for the future. The elasticities may be assumed
to gradually decrease to a value of around unity.

TABLE VI. INCOME ELASTICITIES OF ENERGY AND ELECTRICITY CONSUMPTION OF
SELECTED DEVELOPING COUNTRIES OF THE ESCAP REGION, 1973-1987

Average economic
growth rate

Income elasticity

Energy

consumption

Electricity
generation

China

7.44

0.78

1.09

India

4.55

1.29

1.81

Indonesia

5.52

1.76

3.00

Republic of Korea

8.59

0.97

1.42

Malaysia

5.82

1.17

1.87

Philippines

3.14

0.53

2.21

Thailand

6.17

0.97

1.72

Source: Calculated from data of the World Bank in "World Tables, 1989-90
Edition", John Hopkins, 1990, and data from Tables IV and V.

Global concerns have been on the forefront since 1988 and have
focussed mainly on the greenhouse effect. Nevertheless the solutions being
propounded have rarely included the nuclear option as assuming the
principal role. In fact the general view being widely disseminated by the
world media is the paradigm of "Energy for a Sustainable World" (ESW) which
could be summarized as follows (2):

1. Abandonment of the nuclear option after 2000;
2. No more large dams to generate hydro-electricity;
3. Reduction of fossil fuel consumption.
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As far as the ESCAP region is concerned, an on-going study on the
impacts of increased fossil-fuel burning in the region is being conducted
with the energy and electricity projections carried out (by consultants)
along the lines described above. The results will be presented at a
symposium to be held in Tokyo in December 1990. Table VII shows these
results for ESCAP developing countries (3). These results show that the
ESCAP developing region will require a tremendous increase in energy
consumption from the 1986 level of 1041.2 million TOE, and unavoidably a
large portion will be fossil fuels, the most abundant energy source. These
are incompatible with the paradigm of ESW.

TABLE VH. SUMMARY OF ESTIMATED PRIMARY COMMERCIAL ENERGY (mtoe)
2010 Est. Primary
Comm. Energy

2000 Est. Primary
Comm. Energy
S1

S2

S1

S2

S3

1450.90

1151.10
416.36
130.22
97.73

1151.10

Group A
China

986.30

India
Indonesia
Iran
Korea, DPR
Korea, Rep. of
Taiwan, Province
of China

309.47
272.98
91.79
82.75
88.22
78.94
62.60
52.10
136.00
125.30

841.30

551.85

166.02

416.36

175.50

147.20

130.22
97.73
63.60
147.20

125.30
85.00

63.60

67.70

57.50

87.10

71.00

71.00

9.60
11.70
27.44
49.80
22.41
17.57
53.09
9.96

8.40
10.20
22.47
44.20
19.60
16.29
47.05
9.46

13.50
17.50
45.68
82.20
36.58
22.97
109.47
16.26

10.60
14.40
35.55
68.00
27.14
19.32
84.79
14.63

10.60
14.40
35.55
68.00
27.14
19.32
84.79
14.63

2.40

2.20

4.10

3.30

3.30

10.00
0.10
0.90
5.00
4.20

9.50
0.10
.0.80
4.30
3.70

16.16
0.10
1.60
6.80
6.10

14.55
0.10
1.20
5.60
5.00

14.55
0.10
1.50
5.60
5.00

1966.25

1709.14

3020.69

2381.39

2381.69

Group B

Bangladesh
Hongkong
Malaysia
Pakistan
Philippines
Singapore
Thailand
Vietnam

Group C

Afganistan
All other S.E.
Asian Countries
Maldives
Nepal
Pacific Islands
Sri Lanka
Total (A+B+C)
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The energy resources of the ESCAP region include oil and gas,
although the region's abundance is in coal resources, which, however, are
not evenly distributed in the region. As mentioned above, most developing
countries in the region are in fact net energy importers.
The financing requirements for power programmes of Asian developing
countries constitute one of the major constraints of power sector
development in these countries. Total annual investments are currently of
the order of $12 billion and this average would increase to about 520
billion at the end of the century. The total amount required for all

developing countries in the whole world during the 1990's will be in the
order of $1 trillion . These are of course gigantic amounts and would
constitute a large proportion (20-30 per cent) of total public investment
expenditures of these countries. Many countries have considered, and some
have called upon, the private sector to provide additional investment funds
for the power sector.(4,5). There have not been, however, any developments
of major scale or proportions in this area.
ESCAP's survey results of installed capacity in 1987 and 1988 are
partly shown in Table VIII. For the future, estimates have been made by
Desai (4) and by Moore and Smith (5), the latter based on national plans.
These are shown on Table IX. The capacities added during 1990-1999
according to Moore and Smith are as follows (in MW).
Hydro
Geothermal
Nuclear
Oil
Gas

Coal/lignite
Total

83,545
1,929
14,114
(3,358)
16,159
143,425

255,814

Moore and Smith also provide the requirements of capital
expenditures during 1990-1999 for the power sector of 15 developing
countries of the ESCAP region, in millions of 1989 U.S.$, as follows.

Generation
Transmission
Distribution

General
TOTAL
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LOCAL

FOREIGN

TOTAL

166,514
28,891
77,477
32,955

122,906
11,594
25,549
7,825

289,420
40,485
103,025
40,780

305,836

167,874

473,710

TABLE Vm. TOTAL INSTALLED CAPACITIES OF SELECTED DEVELOPING COUNTRIES OF THE
ESCAP REGION, 1987-1988
MW

Counîry

Year

Hydro

Steam L

China

1987
1988

30193.2
32698.1

72129.0
81874.0

908.7

India

1987
1988

17268.0
17268.0

37809.0
37809.0

1418.0
1418.0

Indonesia

1987
1988

1512.1
1969.6

2817.0
3417.0

Malaysia3

1987
1988

1360.7
1361.1

Philippines

1987
1988

Republic
of Korea

1987
1988

Singapore

1987
1988

Thailand

1987
1988

Source:

Gas
Turbine

Nuclear

561.1

Others2

Total

13.2
16.2

102896.5
115497.0

2347.0
2347.0

60172.0
60172.0

1116.7
1233.7

1791.9
1909.0

7237.7
8529.3

2830.0
3130.0

351.1
351.1

366.6
363.6

4908.4
5205.8

2142.0
2142.0

2708.0
2708.0

..

1899.0
1894.0

6749.0
6744.0

2232.0
2236.0

11040.0
11339.0

920.0
895.0

1070.0
1159.0

20978.0
22295.0

2960.0
2960.0

411.0
411.0

63.8
63.8

3434.8
3434.8

4908.0
4944.0

267.0
267.0

370.0
393.0

7801.0
7872.0

2256.0
2268.0

1330.0
1330.0

5716.0
6666.0

Questionnaires sent to respective governments by ESCAP, for the

publication of "ELECTRIC POWER IN ASIA AND THE PACIFIC 1987-88"
1) Steam Plants include: Coal-fired, Oil-fired, Gas-fired and Dual-fired plants.
2) "Others" include: Internal combustion generators, Geothermal plants and

New Renewable Sources of Energy (NRSE).
3) Peninsular Malaysia and Sarawak combined for Malaysia 's figures.
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TABLE K. ESTIMATES OF INSTALLED CAPACITY IN THE ASIAN REGION

. Bangladesh

1989*)

1999*)

2000**)

1,960

4,908

6,985

China

116,119

220,000 240,000

India

59,149

158,766 176,810

Indonesia

8,687

20,360

17,535

21,295

31,931

28,385

Malaysia

5,226

8,538

Pakistan

7,490

20,463

18,370

Philippines

5,788

9,467

12,080

Sri Lanka

1,216

1,635

Thailand

7,269

Korea, Rep. of

TOTAL

Note : * Ref.(5) Year 2000
China 3900, India
Total 23600
** Ref.(4) Year 2000
China 9600, India
Total 26165

234,199

14,169

9,159

2,245
14,410

490,237 525,979

nuclear capacity (MW) :
9330, Pakistan 70, Korea 10300

nuclear capacity (MW) :
5305, Pakistan 125, Korea 11135

Notwithstanding the huge financial requirements of. the power sector,
and in particular the requirements for nuclear power development,
considerable political and other obstacles remain to be overcome before the
Asian region can substantially increase the nuclear share of power
generation. The speed with which the nuclear option will be introduced in
the Asian region will depend in part on public acceptance of nuclear power
in advanced countries. Introduction could be rapid if Western public
opinion were to quickly respond to the global environmental challenge by
accepting the nuclear option as a safe and clean energy source. Assuming
that nuclear generation costs are competitive against coal generation costs
and assuming further that the political will for nuclear introduction of
Asian countries have crystallized in the region, it may be observed that
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in several countries the total installed capacity and the growth rates are
already sufficient to accommodate the planning of the construction of the
first nuclear plant of 600-900 MW. These countries include Indonesia,
Malaysia, Pakistan, Philippines, and Thailand. In addition, both China and
India could increase their mobilization, should they so desire, of their
financial and industrial resources in order to substantially increase the
nuclear share of total installed capacity of power generating plants. Thus

under these circumstances nuclear power plant capacity could reach 19,500
MW by 2000 and could well be doubled to between 30,000 and 42,000 MW by
2010.
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Abstract

Cost experience and cost projections for nuclear and coal-based
electricity generation in some International Atomic Energy Agency Member
States are reviewed. Under conditions prevailing in the majority of
utilities, nuclear plants are projected to have a significant economic
advantage over coal-fired plants for lifetime base-load power production
in most of the industrialized countries and some developing countries.
The cost ranges of nuclear and coal-based electricity overlap, however,
over the range of sensitivity cases.

INTRODUCTION

The costs of nuclear and conventional power investment and
electricity generation are important for decisions on fuel choices for
future electricity supply, not least for baseload power projects.
A cursory review of available information indicates that the
investment costs of recently completed nuclear power plants range from
about US $1300 to over US $6000 per kilowatt-electric (kWe). Reasons for
this wide variation are often not given, making it difficult for decisionmakers and the public to get a rational understanding of a reasonable cost
range with some degree of confidence.
To shed some light on this issue, this presentation is based on
well-authenticated cost information, in particular on recent studies by
expert groups of International Union of Producers and Distributors of
Electrical Energy (UNIPEDE), Organisation for Economic Cooperation and
Development (OECD) and International Atomic Energy Agency (IAEA) [1-3].
Results of surveys by these groups and parts of their reports were used in
this paper whichis largely identical with an International Atomic Energy
Agency Bulletin article by the same authors [4].
1.

COST EXPERIENCE

Let us first look at relevant reasons of the wide variation of cost
experience. These include differences in the institutional, technical, and
economic area, in particular in the:
- social and political environment
- regulatory approach
- project management
57

-

site-related factors (e.g. multi-unit siting, seismicity,
infrastructure)
- plant design (including extent of standardization)
- unit prices (e.g. of locally available materials and labour)
- accounting (e.g. inclusion or exclusion of interest during
construction, inventories of fuel and heavy water; cost reference
date; currency exchange rates).

Most prominent for projects with high costs were difficulties with
project management and regulatory procedures. These factors also led to
extended construction periods up to about 14 years; some as yet
unfinished projects may even take longer.
On the other hand, important features of low-cost projects with
construction periods of 5-6 years (one unit) include:

- efficient project management
- strong feedback of experience
- the detailed design is largely completed and regulatory issues are
resolved before start of construction.
Experience is fed back through the cooperation of utilities,
manufacturers, and regulatory staff, and through standardization
and replication. It appears that many lessons from construction and
operation experience have been learned. New or modified designs have been
submitted in good time for regulatory review in order to get them approved
and completed in detail before the start of construction. Efforts are
under way to establish internationally accepted safety and licensing
criteria, and to make regulatory procedures more predictable. These
should assist in bringing the benefits achieved in the most successful
countries to others (See figure 1). They are, to some extent, taken into

Benefit from FEEDBACK of EXPERIENCE
among operators, manufacturers and regulators
Replication
Standardization
Collocation
Implement TECHNICAL PROGRESS
Design
Construction techniques

Extend PLANNING quality and quantity
Detailed design complete
Political and regulatory issues resolved
before construction start
Improve PROJECT MANAGEMENT

Scheduling
Cost control

Achieve good operating performance
FIG. 1. Means to reduce the capital costs of nuclear power plants.

58

account in recent surveys of projected investment and levelized
electricity generation costs of the base load power generation options
expected to be available in the medium term [1-3].
2.

SUMMARY OF RECENT COST SURVEYS

Cost projections were obtained and evaluated for nuclear plants and
fossil-fuel plants (mainly coal-fired) that could be commissioned in the
mid-1990s to late 1990s.
The electricity production costs include all incremental charges to
the utility, specific to the plants under consideration, in constant value
money. These include all capital costs (including real interest charges
during construction), fuel, operating and maintenance costs, waste
management costs, decommissioning costs, and station-specific insurance
costs. Taxes on income and profits, transmission costs, and other cost
impacts common to the overall utility system, together with external costs
such as those caused by environmental harm, are excluded. (See
accompanying figure.) It should be noted, however, that all the
generating plants and their fuel cycles are operated within the framework
of current or planned national and international regulations and
obligations concerning safety and environmental controls designed to
ensure that potentially harmful effects are restricted to acceptable
levels.

Specific efforts were devoted to meaningful comparison of nuclear and
coal-based electricity costs in each country. To this end, the results of
the calculations are expressed as "average discounted cost" or "levelized
cost", i.e. as the ratio of the cumulative discounted total cost
(investment plus operation and maintenance (0 & M) plus fuel plus
decommissioning costs) of a power station to the cumulative discounted
electricity generated over the same period. These levelized costs cannot
be directly compared with cost appraisals made in current money on the
basis of accounting rules, and are not suitable as a reference for tariff
analysis. They are, however, quite appropriate for the economic
comparison of plants performing similar functions, e.g. for base load
electricity supply in specified time frame.
Absolute costs should not be compared between countries because of
their substantial variations of economic and social systems, currencies,

and different provisions for radioactive waste management, plant
decommissioning, and environmental protection. For example, environmental
protection laws in most of the OECD countries require flue gas
desulphurization (FGD) and in some countries also abatement of nitrogen
oxides at new coal-fired power plants. On the other hand, most of the
non-OECD countries do not practice FGD so far. The electricity generation
costs on coal-fired plants with abatement for sulphur and nitrogen oxides
are projected to be about 15% to 20% higher than those of plants without
this antipollution measure.
The assumptions on decommissioning vary in a similar manner: all
OECD countries included decommissioning provisions in their cost
estimates, whereas four of the non-OECD countries did not. For the sake
of comparability, a common assumption on decommissioning costs was chosen
for the reference calculations for these four non-OECD countries.
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3.

INVESTMENT COSTS

For some countries, various means of reducing the capital costs of
nuclear power plants vis-a-vis previous experience were considered for the
surveys. Inter alia, it is generally assumed that the project is
reasonably well managed, the financing is secured, and the detailed design
is completed and approved by the regulatory authority before start of
construction so that costly design modifications and construction delays
are avoided. The extent to which

-

multi-unit siting
standardization
modularization
advanced engineering and construction methods

are already practiced or planned for future projects, varies among the
countries.
Major differences in investment cost expectations remain between
countries. They arise from differences in factor costs (e.g. costs of
construction labour and materials), design, regulatory approach, siting,
and exchange rates which often do not adequately reflect the differences
in purchasing power between countries. There are also different levels of
cost uncertainties stemming from different levels of relevant nuclear
experience (See Figures 2 to 4).
Total Costs

0 & M Cost

Capital
Initial
Capital

Decommissioning

Base Costs

Fixed
L

Uranium Price

Conversion
Proportional

Separative Work
Owner's Costs

Supplementary
Costs ___

Fabrication
Back-end Costs

i.

The initial capital costs include all direct and indirect expenditures

2.

for the construction and commissioning of the plant. The supplementary
costs include transportation, insurance, spare parts and contingencies.
All cost items include real interest (and real escalation where

3.

applicable).
Exclusions:
- Cost elements due to general inflation
- Electric system costs (e.g. for the transmission, power reserve)
- Taxes on income and profits of the utility
- Impacts on the national economy, including costs and benefits of
industrial and infrastructure development
- External health and environmental impact
- Provision for risks not covered by insurances.
FIG. 2. Categories of electricity generation costs.
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Cost in Jan. 1987 US$/KW(e)
Coal-fired

Nuclear

Investment costs include real interest dunng construction (5% annually)

FIG. 3. Projected investment costs of coal-fired and nuclear power plants
in OECO countries.

3,000

0

500

1,000

1,500

Cost in Jan. 1987 US$/KW(e)
Coal-fired ""*" Nuclear
Investment costs include real interest during construction (5% annually)

FIG. 4. Projected investment costs of coal-fired and nuclear power plants

in some IAEA Member States.

2,000

2,

4.

GENERATION COSTS

Two sets of calculations of the levelized electricity costs were
performed, one with country-specific assumptions on discount rate, plant
life, operating regime, and decommissioning; and one with a common
reference set of assumptions.
The reference calculations assume a real discount rate of 5% per
annum, a 30-year life for both coal-fired and nuclear generating plants, a
72% lifetime levelized load factor, and a common assumption on
decommissioning costs for those countries which did not provide their own
estimates. These references assumptions were based firmly on utility
experience and expectations.

The reference discount rate corresponds closely to the costs most
utilities expect to experience in obtaining external investment funds,
expressed in real terms. The load factor and plant life are supported by
blessed operational experience in industrialized countries and are
considered appropriate in these countries for both types of plants being
commissioned from the mid-1990s onwards. However, most of the developing
countries, which have experienced lower average load factors, would have
to take appropriate measures to raise the performance of their blessed
plants; most of them assume load factors of 70% or less for their
national calculations.
Using the reference assumptions, nuclear plants are projected to have
a significant economic advantage over coal-fired plants for lifetime
blessed power production in most of the industrialized countries and some
developing countries (see figures 5 and 6). In particular, nuclear
electricity is projected to be significantly cheaper than coal-based
electricity in most European countries, Japan, the Republic of Korea, and
in regions of North America, China, and India which are distant from coal
fields. On the other hand, coal-based electricity is projected to be
cheaper in the coal regions of North America, Brazil, China, and India,

and also in the Netherlands and Spain when electricity is produced from
imported coal.

Considerations for a few individual countries are presented in
section 7.
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Belgium
Brazil - Candiota

Belgium
Brazil - Candiota
Brazil - other

Canada - Central
Canada- E-n/W-c*
China - East

Canada - Central
Canada - East V////////7/////7777/Y7/V
China-East
2

CSFR

Finland
France
Germany F.R - High**

CSFR

Finland
France
Germany F.R

Germany F.R - Low**

Hungary

Hungary
India - pithead
India - other
Indonesia
Italy - Low*
Italy - High*
Japan - Low*
Japan - High*

India - pithead
India - other
Indonesia
Italy - High**
Italy - Low**

Japan
Korea, Rep. of
Netherlands

7/7777^^

Korea, Rep. of
Netherlands
Poland

Poland
Spain

Turkey

I

Spain

United Kingdom
USA-Midwest
Yugoslavia

0

Turkey
United Kingdom
Yugoslavia

t

0.5
1
1.5
Ratio of coal to nuclear electricity cost

Notes:
* Western coal compared to Eastern nuctear
** Coal prices in Ngh and low estimates
<3\

a,

Discount rate
10%

Discount rate
5%

FIG. 5. Relative competitiveness of coal-based and nuclear electricity
with 5% and 10% discount rate.
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FIG. 6. Relative competitiveness of coal-based and nuclear electricity
with national assumptions.

5.

SENSITIVITIES

The levelized generation costs and the relationship between them for
nuclear and coal-fired plants depend greatly on the input parameters
employed. They are most sensitive to the discount rate, future fossil
fuel prices, and plant capital costs.
Careful consideration was given to the more important parameters, in
particular to the discount rate. Although the reference discount rate of
5% per annum corresponds closely to the costs of external financing
expected for electricity utilities — which is close to the long-term
government bond rate of interest — it is significantly lower than the
average real rate of return on industrial investment in most OECD
countries. The World Bank has often recommended a 10% real discount rate
for project appraisals, particularly in countries with scarce investment
resources. Calculations were therefore performed with an alternative
discount rate of 10% per annum. Only Belgium, France, Japan,
Czechoslovakia, and India (at sites distant from the pithead) show a clear
cost advantage for nuclear power at this discount rate. (See Fig. 5)
For the OECD study [2], alternative views on future coal prices were
proposed by the Coal Industry Advisory Board (CIAB), an independent
advisory board to the International Energy Agency of the OECD. Their
average of best estimates, when adjusted for internal transport costs of
consumers, was generally lower than the estimates of the majority of
countries.
Using the alternative assumptions for higher discount rates and lower
coal prices, the coal option becomes relatively more attractive. Using a
10% discount rate, coupled with utilities' assumptions for coal prices,
three OECD countries show nuclear power having a significant cost
advantage, two show approximate comparability, and four show coal having a
significant advantage. The use of the coal price projections by the CIAB
(which refer to coal imported into Western Europe and Japan only) would
further lower the projected cost of coal-fired generation in most OECD
countries. At a 5% discount rate, four OECD countries show a significant
nuclear advantage, four show approximate equivalence, and one shows a
significant advantage to coaL At a 10% discount rate and CIAB coal price
projections, coal-fired generation would become the cheaper option in most
countries.

Calculations were also performed with a levelized load factor of 63%,
to approximately reflect the operating experience in some of the
countries, and with a plant life of 25 years for both nuclear and
coal-fired plants. These assumptions improve the competitiveness of coal,
albeit to a lesser extent than the alternative discount rate.
6.

STUDY FINDINGS

Where participating countries use their own assumptions of discount
rate, plant lifetime, and load factor, seven OECD countries, two Eastern
European countries, plus Yugoslavia and India (in regions which are
distant from the pithead) show nuclear electricity to have a significant
cost advantage. The other countries, with the exception of Hungary,
project nuclear electricity to range from about break-even to about 10%
more expensive than coal-based electricity, except in their low-cost coal
regions where coal-based electricity is the cheaper option (See Fig. 6).
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The use of the common reference assumptions of the international
studies yields broadly similar results for the OECD countries, but would
improve nuclear power's competitiveness in Eastern European and other
non-OECD countries.
i
In short, most of the participating countries expect nuclear power to
have a lower level i zed generating cost than coal-fired generation, or, at
worst, to about break-even. However, for most countries, the projected

comparisons between coal and nuclear generating costs are not clear cut
when viewed across the full range of assumptions considered in the
studies. Under some assumptions of parameter values, nuclear has a
sizeable cost advantage over coal; for other parameter values the reverse

is the case.
Compared with previous studies, lowered perceptions of future coal

prices have reduced the projected costs of coal-fired electricity
generation in a number of countries relative to the costs of nuclear
power. Projected nuclear generation costs themselves appear to have

remained relatively stable on the basis of the same studies [5].
7.

CONSIDERATIONS FOR INDIVIDUAL COUNTRIES

7.1. THE UNITED KINGDOM

This general consensus, which suggests that (under the parameter

values considered most appropriate for cost assessment) nuclear power will
remain competitive or, at worst, about even with coal-fired generation, is

in apparent conflict with claims that appeared in the United Kingdom
press. These media reports claimed that nuclear generation costs in the
UK were three times those for coal plants.

It has been made clear,

however, that the underlying costs for future electricity from
pressurized-water reactors (PWRs) in the UK have only marginally changed
and are largely consistent with those reported here [6].

The indicative negotiating price a newly privatized generating
utility might have sought for electricity from a new PWR included overhead
costs, a different way of calculating profit, and a return on capital
equivalent to a 14% per annum real internal rate of return over a 20-year
depreciation period; additionally, it introduced deliberately conservative
performance and contingency assumptions. These were felt by the utility
to be justified in a situation in which, unlike other countries, there was
to be free competition in electricity supply with no long-term contractual

assurance of sales to the separately privatized distribution companies and
in the high interest rate environment currently prevailing in the UK.

The public sector incremental cost and private sector prices have
been calculated with these different assumptions (See Fig. 7). It is
striking that the private sector price is twice as high than the cost
previously calculated for the public sector. One important reason for
this is the switch from 8% real discount rate and 40 years annuitization
to 10% real discount rate and 20 years linear depreciation, applied on an

undepreciated capital basis. The public sector assumptions
led to a capital charge rate of 8.4% whereas those of the private sector
yielded a 14% levelized capital return. Thus, the major part of the
increase is due to assumptions on relevant economic parameters (interest
rate and money units) and to the accounting approach (amortization basis,

overheads, and extra contingency allowances). Very little is due to any
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FIG. 7. Nuclear electricity costs and prices in the United Kingdom.

anticipated real increase in construction costs or in the provisions
needed for spent-fuel and radioactive waste management. These private
sector prices were wrongly compared in the media with electricity costs
(excluding overheads, etc.) from new coal plants and with electricity
prices considered suitable for existing, partly written-off coal plants in
the private sector. Computed on the same risk-aver se basis, electricity
from new coal-fired plants might have been about 20% cheaper than nuclear
electricity.

The extreme form of competitive environment that was envisaged in the
UK does not exist in other countries (and the situation in the UK itself
has changed with nuclear plants being retained in the public sector) so
that conditions and assumptions within the range envisaged in the
international studies will generally be found appropriate.
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7.2

INDONESIA

Severed energy planning studies with varying assumptions and results
were conducted for Indonesia in the past decade, e.g. [7,8], Several
Indonesian and German organizations cooperated for the study "Energy
Strategies, Energy R & D strategies, Technology Assessment for Indonesia"
[8]. Cost projection for PWRs and non-FGD coal plants were derived from
this study. A cost projection for a PHWR was obtained from AECL, and
costs of a coal plant with flue gas desulphurization (FGD) updated from a
study by Bechtel [7]. Some caution with respect to these cost projections
is indicated since they were made some time ago, and since Indonesia has
so far no construction and operation experience with NPPs and coal-fired
plants with FGD.
Using Indonesian assumptions on discount rate, operating regime, and
plant life, nuclear electricity costs are estimated to range from about 38
to 43 mills/kW.h, and coal-based electricity costs from about 37
miUs/kW.h without FGD to 43 mills/kW.h with FGD. This means that NPPs
would generate electricity more expensive than coal-fired plants without
FGD, but could compete with coal plants equipped with these pollution
abatement systems. An existing Indonesian law for the protection of the
environment would in principle require future coal plants to be equipped
with FGD in Java, the main island. However, it is currently not clear if
exceptions will be made for some more years, e.g. for burning of low
sulfur Indonesian coal. Another important electricity generation
alternative for Indonesia appears to be combined cycle plants fired by
indigenous natural gas.
8.

FUEL CHOICE

It is not claimed that the methodology and assumptions of the
international cost surveys should be adopted by others for their
comparative assessment of nuclear power and its alternatives for blessed
electricity generation.
Each government and utility will wish to take into account its own
requirements and policies, its national resources, infrastructure,
manpower, relevant technical experience, the impacts of energy supply on
the national economy and on the environment, and the public acceptance.
The aim will often be a balanced mix of generating plants, reflecting both
financial costs as well as these wider issues.
GLOSSARY

CIAB

Coal Industry Advisory Board of the IEA

FGD

Flue gas desulphurization

IEA

International Energy Agency

KFA

Kernforschungsanlage (Nuclear Research Center,
Juelich, Federal Republic of Germany)

NBA

Nuclear Energy Agency of the OECD

NPP

nuclear power plant
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OECD

Organization for Economic Cooperation and
Development

O &M

operation and maintenance

PWR

pressurized water reactor

R &D

research and development

UK

United Kingdom

UNIPEDE

Union Internationale des Producteurs et
Distributeurs d'Energie Electrique
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ECONOMICS OF THE USSR NUCLEAR ENERGY
Y. CHERNILIN, A. GAGARINSKU, D. TSURIKHOV
I.V. Kurchatov Institute of Atomic Energy,
Moscow, Union of Soviet Socialist Republics
Abstract

The current status of the USSR energy sector is analysed»
with the role and the place of nuclear power In meeting energy
demande being considered in detail.
The results of analysing technical and economic aspects are
described for both operating HWJSK nuclear power plants and WWER
nuclear power plants under construction devoted to operate in once
through cycle, with additional safety and environmental aspects
being paid serious consideration. Calculation of the cost of elect
ricity generated by nuclear power plants is performed taking natu
ral (land and water) resources used and compensation for possible
accidents consequences into account. The main results of analysis
are presented In percentage:
-

Capital cost is
about
Operational & Maintenance cost is
about
Fuel cost is
about
Compensational cost of natural resources is about
Accident insurance cost is
about 1%

Forecast is made for the USSR nuclear power development up to
year 2000. The necessity is shown to develop nuclear power In main
Industrial regions of the USSR from both economic and environmental
viewpoint.
1. SHARE OF NUCLEAR POWER IN THE FUEL ENERGY COMPLEX OF THE USSR

Progress in the social system of the country cannot be achieved
without appropriate development of the fuel-energy complex. Even
with significant changes in the industry structure and transfer to
energy-intense technologies taken into account, it is evident that
the demand in energy will increase in a few nearest decades, particularly, the demand in electricity whose shortage is felt very
appreciably in this country today.
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According to contemporary estimates which, look rather conservative the planned electricity production will increase in the USSR
during the period 1990 - 2000 from 1700 GW.h to 2100 GW.h. So, the
average annual growth rate will be about 2%, that is pretty low in
comparison with the world average growth rate. The main electricity
output increase will take place in the European part of the USSR
where almost 15% of all energy power is located, The output increase
in this region will be about 300 - 350 GW.h.
Choiolng electricity production technology in contemporary
conditions must be based not only on economical factors, but social
and environmental factors should be taken into account. Currently in
the USSR 14% of electricity is produced by thermal power plants, 13$
is produced by hydro power plants and 13% - by nuclear power plants
respectively, with fossil fuel and nuclear energy being main energy
sources in prospect. Opportunities for hydro-energy development are
very restricted, especially in the European part of the USSR. As for
usage of renewable energy sources in the coming decade, it will be
evidently concentrated in solving local energy problems. Such a
concept has been confirmed at the XIV World Energy Conference.
During next coming years changes in the fossil fuel consumption
structure for energy production will take place. In the USSR thermal
power plants using coal can really compete with nuclear power plants
only in mining regions, i.e. mainly in Syberian areas. It is hard to
expect any essential energy production growth by coal-based TPPs in
the European part of the USSR because the railroads are actually
overloaded and construction of new railways would need unreasonably
high capital investments. Besides that, harmful effeot of coal-using
TPPs on environment and huge capital investments needed to reduce
such an effeot to a socially acceptable level in high-populated
areas of the European part of the USSR place the ooal-burnig TPPe at
an unoompetitive position.
Oil extraction expenoes are expected to increase according to
forecasts by 1.5 - 1.8 times already by the year 2000, and by 2- 2.5
times by the year 2010. This is conditioned first of all by
worsening geological situation for oil extraction in the traditional
oil areas and by displacement of main extraction centers to remote
areas with hard climatic and geographic conditions. So that already
in the coming years using oil products as boiler fuel will be
unjustified from economical viewpoint.
Existence of vaste gas deposits creates sets the USSR at a
unique position in comparison with industrially developed countries.
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Maybe during the next 30 - 40 years only power plants and boilers
using natural gas can be considered real alternative to nuclear
power plants (NPP) and nuclear district heat plants (NDHP) in the
European part of the USSR.
As for power engineerig using the fossil fuel the releases of
contaminants from operating TPPs are so high that this leads to some
serious negative effects in local, regional and even in global scale.
The latter ijnplies acid rains and change in the Earth's thermal
balance due to carbon dioxide accumulation; And though it is possible
to reduce negative environmental effects by implementing modern
output gases purification technology at thermal power plants (with
resulting electricity cost considerably increased) but no solution
has been found yet for C02 absorbtion problem.
Nuclear power objects, when being normally operated, are
characterized by almost complete absence of toxic material
discharges, absence of oxigen burning process and by low level of
radioactive product leakege into the environment. The radioactive
contamination of the environment and radiation doses for the
population are lower than the sanitary and hygienic limits
established.
The Table 1 gives the comparison for health damage to the
personnel and to the population from the various electricity-generating technologies. The data comprises all stages of fuel cycle and
TABLE 1. GENERALIZED DAMAGE DATA FOR ENERGY GENERATING TECHNOLOGIES

(man-days lost per MW(e) per annum)

Energy Technology

Personnel Population

Total damage

Coal

6-100

4 - 160

Petroleum
Gas

1,5- 30
I - 8
4-13

I - 140
5
1-3

3-200
6-13
4-16

Solar energy:
thermal heating
photo-gal vanlo
conversion

30-60

0,4 - 10

3-70

5-14

1 - 2

6-16

thermal -electric
conversion
Methanol

7-15

1 - 3

8-18

6-7

0,01-0,1

6-7

NPC (iWR)

10 - 260
(100-3000)*

*) For the USSR energy sector
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are expressed in man-days lost due to Illness or death, caused by the
corresponding damage source.
Data for the coal-based energy is taken from experience gained

by developed oountries. The estimations for the USSR are given in
brackets. The considerable gap is conditioned by lower quality of
coal, technology level, release purification, etc.
Nuclear energy, gas energy and some solar energy-using methods
are characterized by relative low damage amounts. The oorresponing

values for coal- and oil-based energy are much higher.
So, the development of nuclear energy in the European part of
the USSR is beyond any doubt from both economic and environmental
viewpoint.
As of January 1, 1990 47 power units at 15 Soviet NPPs are in
operation, the total capacity installed is 37,750 MW (see Table 2).
The rate of new capacity introduction has been reduced after Ohernobyl: in 1987 four units were put in operation, in 1988 - one, in
1989 three units (Zaporozhie-5, South-Ukrainian-3, Smolensk-3).
TABLE 2. NUCLEAR ENERGY IN THE USSR: STATUS JANUARY 1990

1 .The total number of NPPs

15

2.The total capacity

37.75 MW

3.The total number of power units
thereof
WWER-1000

47

WWER-440

WWER-365
RBMK-1000
RBMK-1500
BGP-6
BN-600
BN-350 1)

4.Under construction

5.Planned and projected
1
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16
8
1

14
2
4
1
1

10 NPPs/ 22 units
(22 MW)
6 NPPs (14 MW)

'The BN-350 reactor is used mainly for sea water desalination
in the Shevohenko—city.

Nearly all power units Introduced are equipped with WWER-1000
reactors. In the beginning of 1989 two units with WWER-440 were shut
at the Armenian NPP.
The power units at nuclear power plants of all types have been
operating stably under base load conditions. The Bilibin NPP is
working under flexible operation conditions, covering the region
needs in electricity and heat. The electricity production at all
Soviet NPPs reached 21 a.6 GW.h in 1989, that is equal to 12.6* of
the total electricity amount generated in the country (see Table 3).
It should be noted, nevertheless, that in the most industrially
developed areas of the USSR the nuclear electricity output has
reached a significant value: in the united energy system (UES) of
the Volga region it is 16.7$, in the UES of the Center - 21.7$, In
the UES of Ukraine - 22.1%, in the UES of the North-West - 33.1$.

TABLE 3. NUCLEAR POWER PLANT OPERATION PARAMETERS, 1986-1990

Factor

1986

1987

160.8

187.0

-

-

-

12.6

13.4

67.4

69.5

71.4

68.5

69.0

per 1 reactor-year

-

5.56

4.04

2.67

-

Number of shutdowns due to
personnel errors (total)

-

69

52

48

-

Electricity output,
GW.h.
NPP share in the total
USSR electricity output, %
The load factor
Unplanned shutdowns

Energy System

Center
Notrn-West
Ukraine

NPP Share.
%
21.6
33.0
22.7

1988

1989

1990

215.7 212.6 225.6

Load Factor,*
NPPs
TPPs
72.2
77.9
61.6

5
8
.
8
38.5
6
2
.
4
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2. ADVANCED NUCLEAR PLANTS - CONSTRUCTION OF THE NEW GENERATION

Further stable development of nuclear power is closely oonneoted with oonstruoton of a new generation of NPPs whose safety level
would be aooepted by society.
The safety level of the new power units must completely meet
the IAF-A recommendations and main safety regulatory requirements
which are in effect from the middle of 1990 and form the following
aims:
- probability of a severe accident with core melting shall not
exceed 10"5per a reactor per year;

- probabillity of a significant release of radioactive products
from the containment in the core melting accident shall not be
higher than 10~7per a reactor per year.
The economic indices of the new NPP generation (with a required
Infrastructure of all nuclear power taken into account) must ensure
NPP oompetiveness relative to the conventional (using fossil fuel)
and other alternative energy sources. Solution of this problem would
help to solve problems of fuel supply for nuclear power, extension
of nuclear energy source applications, increase of NPP operation
realibility and lifetime, etc. The NPP design must be developed
using the systematic approach with taking into consideration all the
fuel cycle (Including waste processing and disposal, decommissioning
and NPP site restoration).
In the nearest phase nuclear power will be based on the WWER
plantsas they have the maximum experience of operation and design
activity. Taking this into account it has been decided to choose
the designs based on experience of NPPs with WWER-440 and WWER-1000
considering them as the evolutionary way of development and
improvement of NPPs. One of the phases in this direction is the
WWER-88/1 design, and the WWER-92 project has been offered as a unit
of the new generation.
In the general WWER-92 scope it is supposed to develop medium
power units WWER-500 and WWER-600 in parallel with the known

WWER-1000 design which could be used for both domestic needs and for
export.
The designs of the first commercial NPP power units of new

generation based on the WWER reactor with a safety level and efficiency corresponding to progressive innovations will be developed by
1994-1995 In order that to begin construction of the first NPP unit
in 1995-1996 and perform the commissioning by 2000.
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For solving the district heating problem there has been
developed the project of the Nuclear District Heating Power Plant
(NDHPP) with advanced safety features. It can be accomplished very
soon for commercial usage. In the design self-protection safety
principles and passive means are used
that provide stable
performance in case of equipment failures and/or personnel errors
and malfunctions which could worsen unfavourable accident development. The increased reliability of localization is attained due to

integrated arragement of the primary and secondary loop equipment,
second metal guard vessel, additional- separating barrier in the
system of heat supply to customers. The high safety level of these
NDHPs is confirmed by the TAKA OSART group of experts. Even in case
of heaviest hypothetical accidents the radiation outside the station
will not exceed the natural level.
Alongside with development and realization of commercial
designs of the new NPP unit generation proposals have been prepared
on designing the reactor plants with a high self-protection level
and passive safety tools on the basis of non-traditional decisions.
These designs which may be realized as semi-indus trial and/or pilot
power units in the beginning of the coming century, are expected to
solve the long-term problem of further increase of the safety level,
extension of the fields of nuclear energy applications and fuel selfsupply. Efforts in development of NPPs with the vessel-type and
channel-type reactors with water coolant, high temperature gas
reactors, breeders etc. are continued in this direction. Actual is
the problem of elaborating low-power reactor plants for remote areas
and areas of difficult access.
3. THE NPP CONSTRUCTION PROGRAMME

The USSR State Energy Programme envisaged to build-up

the total

NPP capacity in the USSR up to 190 IIW with the total amount of
electricity generated up to 1,100 GW.h. of the total amount of 2700
Gff.h. by the year 2000.
But the Chernobyl accident has caused new understanding of
safety problem, negative attitude of the public and much more severe
approach to siting requirements. As a result the capital investments
were drastically reduced, and siting exploration, construction and
modernization work was stopped at 39 places with total electric
capacity of 109
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After Chernobyl a complex of measures to increase realibility
and safety of the operating NPPs and those being constructed was
accomplished. This has been achieved at considerable cost in time,
money and manpower and has resulted in delay of introducing new
power capacities.
Construction of power units of Tatar and South-Ukraine NPPs has
been suspended, construction of some objects of Kursk and Smolensk
NPPs has been laid up. The plans of constructing some new NPPs have
been abandoned because their siting is to be changed.
As a result the following introduction of new capacities has
been suggested: 11 GW during 1990 - 1995 and more 12.6 GW by 2000
(see Table 4). In this case the total NPP capacity would reach 61.4
GW without taking decommissioning into account.
It is forecasted that in the beginning of the new century the
rates of NPP construction will rise so that by 2010 the NPP
installed power could be increased up to a level of 100 MW, taking
into account that the NPP power units with insufficient safety level
will be decommissioned.
In the period 199O - 2OOO NPPs will be constructed preferably

with the WWER-1000 power units with maximum implementation of the
WWER-88/1 solutions.

Construction of NPPs after 2000 is expected to be based on the
design of serially-produced new generation power units of enhanced
safety, which will have been developed by that time.

4. COST STRUCTURE OF ELECTRICITY PRODUCED BY NPPs

The traditional economical study of energy production efficiency comprises as a rule three main factors: capital investments, fuel
and maintenance cost. For the NPPs which are currently in operation
and are equipped with WWER-10OO power units, functioning in oncethrough cycle, the discounted levelized electricity cost has the
following structure:
- capital cost is about 46jK (thereof: equipment cost is *50#,
building oonsrtuotion cost is sOO$, equipment mounting and starting
up is »15«);
- fuel cost is about 30% (without taking into account spent
fuel management);

- maintenance cost is about 245B (with amortization payments).
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TABLE 4. NUCLEAR POWER PLANT ENERGY CAPACITY TO BE INTRODUCED FROM 1991 TO 2000

N PP

Kola (phase 2)
Kursk-5
Kalinin (phase 2)
Kursk-6
Kostroma
Novovoronezh

Yaroslavl
balakovo (5.6)

Tatar (1.2,3)
Bashkir (1-4)
Beloyarsky
South Ural s (1,2)
Rostov
Rovno-4
Khmelnitski(3,4)
South-Ukraine
Far East

Design
capacity
MM

1991

200Û
5000
2000
5000
6000
10uO(6)
1000(7)
2000
2000
4000
4000
1600
2400
4000
4880
4000
4000
2000

Gorki y
Voronezh
T O T A L

-J
-J

Design
capacity
Gcal
860
860
1720

1993

1994

1000(5)
1000(3)

1995

1000(4)

Total
of 5
year s

1996

1997

1998

1999

1000
2000

2000

1000(5)

1000(2;

1000(3)

1000(4)
1000(3)

1991

1000(1)
lOuO(l)

1000(4)

1000
1000
1000

1000
1000

1000(6)
1000(2)

1000(2)

1000(3)

QOO(l)
1000(4)

2000
1000
2000

1000(3)

Total
of 5

year«
1000(5) 1000

1000(1)
1000(6)

TOTAL

N D H P

1992

1000(4)

800(2)

1000
2000
3000
1600
1000
1000

1000(4)

2000

3000

1000

5000

11000

2000

2800

2000

3800

2000

12600

1992

1993

1994

1995

Total
oi 5
years

1996

1997

1998

1999

2000

Total
Of 5

430
430

430
430

860
860

860

860

-1720

year*

It is becoming more and more evident now

that besides these

factors one should take into consideration expenditures related to
damage compensation for possible accidents at energy enterprizes and
environmental effects during normal maintenance (including fuel
cycle waste utilization) and deoommissioning-related expenditures.
For nuclear energy it is necessary as well to estimate additional capital investment depending on advanced safety requirements and
nuclear fuel cycle price growth due to expenditures which are not
usually taken into analysis (radioactive waste and irradiated fuel
assemblies management outside NPPs including transport, storage and
final disposal)*
Oorr«otion of discounted levelized coot of electricity
production by NPPs with additional factors taken into account is
presented in the Table 5.
TABLE 5. DISCOUNTED LEVELIZED COST GROWTH FOR NPP GENERATED
ELECTRICITY CONDITIONED BY ADDITIONAL SAFETY AND
ENVIRONMENTAL FACTORS

Capital investment growth

3 - 1.0»

Waste and spent fuel management
(outside NPP)

3-4*

Decommissioning

5-10«

Expenditures of natural resources
and environmental damage

3 - 27*

Aooident insurance
(estimate for NPP with WWER-1000)

Total growth of discounted oost

1*

15 - 5256

Taking safety-improving measures yields 1058-3056 growth in
construction cos* of a new generation power unit with WWER-1OOO
reactor. It can cause discounted oost increase for electricity
production by 3% - 10$.
Spent fuel and radioactive waste management at the final stage
of the nuclear fuel cycle (fuel transport from NPPs, storage and
final disposal) will increase electricity discounted oost only by 356
- 4$ (that correlates with modern international eatimates).
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Preliminary estimates of payments in deoommissionig funds give
cost rise by 5% - 10$, with the mart mi im value being correlated to
the most conservative international estimate of restoration expenditures needed to reach "grass-spot" status.
Taking environmental aspects into consideration during normal

performance of the nuclear energy enterprises at all stages of the
nuclear fuel cycle gives expenditure growth in eleotioity production
by 3% - 25% depending on the way of cooling NPP turbine condensers
with the minimum value corresponding to using cooling towers and
the maximum value corresponding to using cooling ponds. Payments to
the special insurance fund for eliminating accidents consequences at
NPPs cause expenoe growth in electricity production approximately by
1*.
The total discounted levelized costs growth with taking into
account the factors mentioned above can reach 15$ - 5258 in case of
fortunate NPP site choice (when there is no damage as a result of

fogging in cooling ponds). The large range of values is conditioned
mainly by environmental factors connected with using natural and
land resources under different ways of cooling turbine condensers.

5. CONCLUSIONS

Currently considerable toughening of safety and environmental
requirements industrial objects (and energy objects among them)
should meet is taking place. It means that, from one side, we should,
take into detailed account all effects of those objects on people
and environment, and, from another side, we need to estimate the
corresponding damage and effect on energy production economics.
Studying additional environmental and safety requirements gives
us the changed NPP-generated electricity cost structure:
- Capital cost is
31% - 43%
- Operational & Maintenance cost is
16£ - 21$
- Fuel cost is
23* - 29$
- Compensâtional cost of natural resources is 2% - M%
- Accident insurance cost is
1£
- Decommissioning cost is
4$ - 6%
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To make the correct selection of the national strategy of
electric energy development one should realize some radical
and economical measures of which the following those look the most
important :
- setting up adequate prices for all kinds of fuel used by
energy sector in this country; adequate estimation of environmental
factors for alternative energy-producing technologies and inclusion
of the related material expenoes into the price of the electricity;
- objective calculation of the cost of power plants which are

under construction or being reconstructed with taking into account
all safety and purification systems minimizing possible damage
people and environment.
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ECONOMICS OF NUCLEAR POWER IN CANADA

A.M. YU
CANDU Operations,
Atomic Energy of Canada Limited,
Mississauga, Ontario,
Canada
Abstract
By the end of 1990, the total installed generating capacity in Canada
will be in excess of 104,000 MWe, of which 13% are CANDU nuclear, 56% hydro, 28%
coal-and oil-fired, and the remaining 3% are diesel generators and combustion
turbine capacities. Although Canada is blessed with abundant hydro potentials
estimated at 188,191 MWe, only 46,084 MWe are thought to be economical and
environmentally acceptable, most of which require long distance transmission
lines to bring the power to the load centres.
The commercialization of the CANDU system in Canada has demonstrated
that CANDU is and will remain an economic and environmentally benign option to
meet the current and future electrical energy needs of Canadians.

This paper traces the evolution of the CANDU system in Canada,
provides an analysis of the actual costs of nuclear as compared to other
alternatives, and evaluates the long-term prospect of CANDU as an economical
source of energy to supply the Canadian needs. Measures to extend the economic
lives of CANDU reactors through rehabilitation and re-tubing programs will be
discussed and their impacts on the levelized unit energy cost presented. The
Canadian approach to irradiated fuel management and decommissioning will also
be briefly discussed and their impact on energy cost analyzed.
In those provinces with abundant hydro electric potentials, an attempt
is made to identify the timing whereby CANDU would become the economic choice.

1.0

Electricity Generation

Canada's electric power industry began in the 1880s with electricity generated
by steam. In the early years, electricity was used mainly for home and street
lighting. In the late 1890s, the invention of the electric motor dramatically
changed the industry from one that mainly provided night time power for lighting
to one that also provided power for transportation and industry needs 24 hours
a day. Following this, hydroelectric development spread rapidly, due to Canadr.'s
abundance of water resources. In 1920, hydro accounted for about 99 per cent
of total electricity production in Canada. This percentage declined to 95 per
cent by 1950 and 93 per cent by the end of 1960. By 1988, hydro production had
further declined to 62 per cent (Figure 1).
Although thermal generation, mainly from coal-fired stations, has been a part
of Canada's generation mix since the beginning of the electric power industry,
for many years its share of total production did not increase significantly
because of its relatively high cost of production. However, by the 1960s and
1970s, when most of Canada's economical hydro sites had been developed, the
situation changed, and thermal generation become competitive.
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Figure 1 - Sources of Electricity Generation

After 1975, nuclear production emerged as an important source of electricity
generation in Canada. Canadian nuclear power began in 1962 when the 25-MWe
Rolphton station went into operation in Ontario. In 1965, nuclear generation
totalled only 88 GWh, accounting for less than 0.1 per cent of total generated
electricity in Canada. By 1980, the nuclear-production share increased to about
10 per cent of Canada's total, and by 1988 the percentage increased to 16 per
cent.
Because of the rapid expansion of coal-fired stations in the 1960s and 1970s,
coal consumption increased more than 28 times between 1960 and 1988.
Most of
the coal used for electricity is produced in Canada, with the exception of
Ontario, where a large proportion is imported from the United States.
011 is mainly used for peak-load generation, except in the Atlantic provinces
and the Yukon and Northwest territories. Natural gas is used by industry for
co-generation and by electric utilities for peak-load generation.

2.0

Installed Generating Capacity

Although Canada's first electrical generating stations were thermal, by 1920
hydro accounted for 86 per cent of total generating capacity. With growing
demand, hydroelectric power quickly proved to be more economical than thermal,
and by 1945 hydro's share of total installed capacity peaked at 94 per cent.
Its capacity share then declined to about 81 per cent by 1960, and declined
further to 56 per cent by 1988 (Figure 2).

It is estimated that by the end of 1990, the total generating capacity in Canada
of which 13% are CANDU nuclear, 56% hydro,
28% coal- and oil-fired, and the remaining 3% are diesel generators and
combustion turbine capacities. Although Canada is blessed with abundant hydro
potentials estimated at 188,200 MWe, only 46,100 MWe are thought to be economical
and environmentally acceptable, most of which require long distance transmission
lines to bring the power to the load centres.

will be in excess of 104,000 MWe,
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Figure 2 - Installed Generating Capacity by Fuel Type

3.0

The CANDU Nuclear Power Program in Canada

Since the 1950s, AECL and Ontario Hydro, in collaboration with Canadian
industries, have developed the CANDU pressurized heavy water moderated and
natural uranium fuelled power reactors to the point where it is now accepted as
proven for utility service. Currently, there are about 15,374 MWe of CANDU
capacity in operation and under construction, as summarized in Table 1.

Table 1
CANDU Power Reactors in Operation and Under Construction in Canada

Plant Name

Owner /Operator

Net
MWe

In-Service

Picker ing-1
Picker ing-2
Picker ing-3

Ontario
Ontario
Ontario
Ontario

Hydro
Hydro
Hydro
Hydro

515
515
515
515

1971
1972
1973

Ontario Hydro

769
759
759
769
638
638
516
516
837
516
860
516

Pickering-4
Bruce-2
Bruce-1
Bruce-3

Bruce-4
Gentilly-2
Point Lepreau-1
Pickering-5

Pickering-6
Bruce-6

Ontario Hydro
Ontario Hydro
Ontario Hydro
Quebec Hydro
New Brunswick Power
Ontario Hydro
Ontario Hydro

Ontario Hydro

Pickering-7

Ontario Hydro

Bruce-5
Pickering-8
Bruce-7
Bruce-8
Darlington- 2
Darlington-1
Darlington-3
Darlington-4

Ontario Hydro
Ontario Hydro

Ontario
Ontario
Ontario
Ontario
Ontario
Ontario

Hydro
Hydro
Hydro
Hydro
Hydro
Hydro

860
837
881
881

881
881

1971

1977
1977
1978
1979
1983
1983
1983
1984
1984
1985
1985

1986
1986
1987
1990
1990
1991
1992
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In order to meet the demand for electricity in Ontario for the next twenty-five
years, Ontario Hydro plans to commit additional six to fourteen Darlington-type
reactors for commercial operation in the period 2002-2014, depending on the
forecast growth in demand. In Atlantic Canada, the excellent performance of
Point Lepreau-1 has led NB Power to commence negotiation with AECL for the
construction of a prototype CANDU 3, a 450 MWe advanced CANDU design, for

commercial operation in the late 1990s.

In other regions of Canada, nuclear power will undoubtedly become the economic
choice when economic hydro-electric are depleted and indigenous coal are not
available in the proximity of load centres.
4.0

The Actual Construction Costs of Power Plants in Canada

Table 2 shows the actual construction costs of nuclear power 'plants in Canada,
as compared with those for two major coal-fired power plants in Ontario. Not
surprisingly, it can be seen that the specific costs of power plant construction
have been increasing. While it is not the intent of this paper to analyze and
report on the reasons behind the increases, one can attribute most of the
increases to the effects of continuing high inflation and interest rates
commencing in the mid-1970s and additional costs to meet stringent regulatory
standards and environmental restrictions.
Table 2

Actual Specific Costs of Power Plants in Canada
Station Name

Station
Capacity

Number
of Units

Commercial
Operation

Plant
Type

4
4
8

1969-1970
1971-1973
1973-1978
1977-1979
1983

Coal
CANDU
Coal
CANDU
CANDU
CANDU
CANDU
CANDU

Specific Cost*
Actual $/kW

MWe
Lambton
Pickering A
Nanticoke

Bruce A
Gentilly 2
Point Lepreau 1
Pickering B
Bruce B
Darlington

1,980
2,060
3,976
3,056
638
638
2,064
3,394
3,524

4
1
1
4
4
4

1983
1983-1986
1984-1987
1990-1992

CANDU

$130
$362
$220
$642
$2,058
$2,270
$1,871
$1,763
$3,575 (estimate)

* Specific cost includes commissioning, training, interest
during construction, initial fuel and heavy water inventory.

5.0

The Economics of Nuclear Power in Canada

For those provinces in Canada, such as Quebec, Manitoba, British Columbia and
Newfoundland, where the remaining hydro-electric potential can be economically
exploited, hydro will continue to be dominant source of energy supply. When
those remaining resources become depleted in about twenty-five to forty years,

nuclear power will become a viable option for those regions.
Other provinces in Canada that have easy access to
Alberta and Saskatchewan, will continue to rely on
incremental costs of meeting restrictions on acid
energy resources unattractive. We believe it will
century.
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coal and lignite, such as
those resources until the
gas emissions makes those
occur by the turn of the

For those remaining provinces in Canada, such as Ontario, New Brunswick, Nova
Scotia and Prince Edward Island, where hydro or fossil resources are nearly
exhausted or uneconomic, nuclear power have played or can be expected to play
a major role in meeting the demand for energy. The following section deals with
the future role of nuclear power in the province of Ontario, past, present and
the future.

5.1

The Bus-Bar Costs of Electricity in Ontario

In the province of Ontario the bus-bar costs of electricity from hydro-electric
power plants have continued to be the cheapest source of electrical energy.
However, since economical hydro resources are nearly depleted in the province,
Ontario Hydro will have to rely on either conventional or nuclear power plants
to meet the power and energy needs.
As can be seen from Figure 3, the bus-bar costs of nuclear energy have
historically been 30% to 50% lower than that from conventional power plants, at
least until 1986, when the gap began to narrow considerably following the
collapse of the oil price.

j
1977

1978 1979 1980 1981 198? 1983 19B< 1985 1986 1967 1988 1999
^^Hvcro

BlNucioar

I

I Steam

Figure 3 - The Bus-Bar Costs of Electricity in Ontario

In 1989, the actual bus-bar cost of electricity from conventional power plants
in Ontario Hydro was only 9% higher than that from CANDU power plants. It is
expected that the gap will begin to diverge, in part due to the OPEC agreement
in early 1990 to increase the price of crude oil to US$21 per barrel, the current
extraordinary increases in the spot prices of crude oil and international
concerns about supply securities, and in part due to the retro-fitting of Ontario
Hydro's coal-fired power plants with flue-gas desulphurization equipment.
It must be emphasized, however, that the bus-bar costs shown in Figure 3 are the
actual weighted averages of all thé power plants of the same type in the Ontario
Hydro system. Since they include power plants of different unit sizes that have
begun commercial operation in different years, a comparison of the average busbar costs only reflects the accounting results of decisions made in prior years,
and not the real indicators of the economic merits for the purposes of decision
making for the commitment of future power plants. For the assessment of the
economic merits of alternative power plant types, the levelized unit energy costs
must be evaluated. An actual example of economic analysis using levelized unit
energy cost as the figure of merit is presented in Section 6.1.
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6.0

The Future Role of Nuclear Power in Ontario

In 1985, Ontario Hydro began to formulate strategies and develop plans to meet
the projected demands for the next thirty years.
The study commenced with
projections of the demands, followed by descriptions of the alternative supply
options, cost estimates of the options and formulation of the supply programs.
In late 1989, after a thorough analysis of the economic, financial, and
environmental implications of the supply programs considered, Ontario Hydro
proposed a supply program that involves the construction of at least 10
additional CANDU reactors of 881 MWe each by the year 2014. No new coal-fired
power plants will be constructed in the planning horizon, but most of the
existing coal-fired power plants will be retro-fitted with flue-gas
desulphurination equipment and special burners to reduce nitrous oxides
emissions. The proposal is being review by the Government of Ontario, with
inputs from the public, and a decision is expected by mid-1991.

6.1

The Competitiveness of Nuclear Power in Ontario

Ontario Hydro's proposal for the planning for additional ten CANDU reactors is
based on a thorough analysis of the economics of CANDU versus conventional power
plants.
All of the cost estimates have been reviewed by international
consultants, including experts from Oak Ridge National Laboratories of the United
States and Electricité de France. The economic analysis performed by Ontario
Hydro includes twelve supply options, and the results are shown in Table 3.
Table 3
Fossil and Nuclear Options
Levelized Unit
Energy Cost
1989 cents/kWh
Option

Description

1

4

X

2
3
4
5
6

4
4

X

7

8
9
10
11
12

2
2
2
2
4
4
4
4
1

X
X
X
X
X
X
X
X
X
X

800
500
500
150
150
660
660
660
660
200
881
450

(at 80% CF)

MWe US Coal FGD/SCR
MWe US Coal FGD/SCR
MWe Western Canadian Coal SCR

4.1
4.5
4.5

MWe
MWe
MWe
MWe
MWe
MWe
MWe
MWe
MWe

Gas CC/SCR Intermediate
Gas CC Peaking
US Coal Phased IGCC
US Coal Unphased IGCC/SCR
US Coal AFBC/SCR
CANDU

8.5
6.6
5 .6
5 .3
4.0
4.3
5 .6
3 .7

CANDU

4.0

Oil CTU

Gas CTU

Since this paper is not intended to report in details the cost parameters and
evaluation process used by Ontario Hydro, only Options 2 and 11 will be discussed
in the next sections.

6.2

The Costs of 4 x 881 MWe CANDU at a New Site

The initial capital cost of a 4 x 881 MWe CANDU at a new site in Ontario is
estimated at $7,521 million or $2,134/kWe (1989) Canadian dollars. A breakdown
of the cost estimate, together with the corresponding 40-year life-time levelized
unit energy cost, assuming real interest rate of 5%, are shown in Table 4.
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Table 4
Initial Capital Cost of 4 x 881 MWe CANDU
1989 Canadian Dollars

$ millions
Design and construction
Heavy water
Fuel
Commissioning
Training
Initial capital cost

5,508
1,110
50
460
393

cents/kWh
1.574
.262
.011
.076
.065

7,521 1.988
($2,134/kWe)

Aside from the initial capital cost, there are three other capital related cost

that will be incurred during and at the end of the operating life of CANDU
reactors; they are the fuel channel replacement costs, capital modification
costs, and decommissioning cost.
With

the use of zirconium-niobium alloy providing improved metallurgical
properties, fuel channels for new CANDU reactors such as the Darlington, the
CANDU 3 and CANDU 6 reactors are forecast to provide a 30-year life. In order
to provide an economic life of 40 years, a complete replacement of the fuel
channels will be required after 30 years of operation. Fuel channel replacement
involves the removal of the used fuel bundles, removal of the end fittings,
removal of pressure tubes and garter springs, and installation of new pressure
tubes, garter springs, end fittings and new fuel bundles. Since the calandria
tube life expectation is 40 years, for planning purposed they will not be
replaced. It is estimated that for a 4 x 881 MWe CANDU station the cost for
fuel channel removal is $280 million, in 1989 Canadian dollars, and the cost for
installation of new channels is $548 million. Hence the channel replacement cost
amounts to $828 million, equivalent to 0.078 cents/kWh levelized over 40 years.

Capital modification includes improvement and replacement of plant components
that are in excess of $100,000. Those costs that are less than $100,000 are
absorbed in the annual operation and maintenance expense. Capital modification

costs are expected to remain small during the earlier years of operation, and
increase later on as equipment components approach the end of their design lives.
For example, station security systems and station batteries require replacements
every 10 years; inverters, rectifiers, converters and air compressors at year
20; reactor building cabling, instrumentation and control systems, generator
windings, simulators, service water systems and exciters after 30 years. It is
estimated that allowance of 0.24 cenhs/kWh must be provided for these capital
modification costs for a 4 x 881 MWe CANDU.

Ontario Hydro has adopted the deferred dismantling approach in the
decommissioning of CANDUs, which is carried out*in three phases. Phase I is the
shutdown phase, involving the defuelling of the reactor at the end of 40 years
and the storage of the removed fuel on site for 10 years and transportation to
a disposal facility, draining and storage of heavy water in the moderator and
heat transport systems, the decontamination of the primary heat transport system,

and the preparation of the plant equipment for storage or surveillance. Phase
II puts the station in the storage with surveillance mode for the next 30 years?
activities will involve maintenance of essential services and utilities, security
of buildings, periodic radiation monitoring of the facilities and the surrounding
area.
Phase III involves the dismantling of the reactor components and
decontaminating and packaging them for shipping to a disposal facility; all
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buildings will be dismantled and the site will be backfilled with soil, graded

and landscaped for other use.

It is estimated that the total decommissioning

cost of a 4 x 881 MWe CANDU will amount to $820 million, in 1989 Canadian

dollars, equivalent to 0.025 cents/kWh levelized over 40 years.

The operation and maintenance cost for a 4 x 881 MWe CANDU, including direct onsite costs, off-site support services, training of operators, heavy water
upgrading and loss make-up, amounts to 0.865 cents/kWh.
The fuelling cost of 0.502 cents/kWh includes the cost of mining, milling,
conversion, refining and fabrication of fuel bundles and the transportation of
used fuel and storage at a repository.

To summarized, the levelized unit energy cost for a 4 x- 881 MWe CANDU station
is estimated at 3.7 cents/kWh in 1989 Canadian dollars as shown in Table 5.

Table 5
Levelized Unit Energy Cost for a 4 x 881 MWe CANDU

6.3

Initial Capital
Fuel Channel Replacement
Capital Modification

1.988
0.078
0.240

Decommissioning
Operation and Maintenance
Fuel Acquisition and Disposal

0.025
0.865
0.502

Levelized Unit Energy Cost

3.698 cents/kWh

The Costs of 4 x 475.5 US Coal at a New Site

The construction cost for a 4 x 475.5 MWe coal-fired power plant at a new site
in Ontario, using imported US bituminous coal without flue-gas desulphurization
equipment is estimated at $2,349 million, in 1989 Canadian dollars, or
$l,235/kWe. Commissioning coat is $31 million, and training cost is $14 million.
Capital modifications will average $7.8 million per year and the expected net
decommissioning cost is $23 million. Operation and maintenance cost is estimated
at 0.344 cents/kWh at 80% capacity factor. The acquisition cost of US bituminous
coal, including inventory holding charge and ash disposal is 1.789 cents/kWh.
The construction cost for an FGD plant is $515 million, commissioning cost at
$10 million, training cost at $4 million, capital modification cost at $0.8
million per year, decommissioning cost at $5 million. Operating and maintenance
cost is estimated at 0.259 cents/kWh including the costs of energy, reagents and
the disposal of wastes at 80% capacity factor. With FGD equipment installed,
the net output of the power plant will be reduced to 4 x 468 MWe.

The construction cost for an SCR plant is $283 million, commissioning cost at
$0.8 million, training cost at $0.2 million, capital modification cost at $12.8
million per year, decommissioning cost at $3.2 million.
Operating and
maintenance cost ia estimated at 0.117 cents/kWh including the costs of energy
consumed in the process at 80% capacity factor. With FGD equipment installed,
the net output of the power plant will be reduced to 4 x 463.25 MWe.
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Table 6 show the levelired unit energy cost components for a 4 x 500 coal-fired
power plant at a new site in Ontario, assuming 80% capacity factor. Three
options are included, a basic plant without flue-gas desulphurization (FGD), a
plant with FGD, and a plant with both FGD and selective catalytic reduction
(SCR) of nitrous oxides.

Table 6
Levelized Unit Energy Costs for a
4 x 500 MWe (Nominal) Coal-Fired Power Plant
No FGD

6.4

With FGD

1:241

With FGD/SCR

Construction
Commissioning
Training
Capital Modifications
Decommissioning
Operation and Maintenance
Fuel - US Coal

0.016
0.007
0.073
0.003
0.344
1.789

1.536
0.021
0.009
0.082
0.003
0.603
1.789

1.700
0.021
0.009
0.210
0.004
0.720
1.789

Levelized Unit Energy Cost

3.473

4.043

4.453 cents/kWh

Comparison of the Costs of Nuclear and Coal-Fired Power Plants in Ontario

Based on the levelized unit energy costs for a 4 x 881 MWe CANDU and a 4 x 475.5

coal-fired power plant with and without FGD and SCR, it can be seen from Figure
4 that while the CANDU is about 6% more expensive than a coal plant without fluegas desulphurization equipment, it is between 9% more economical when flue-gas
desulphurization equipment is installed and 20% more economical when both fluegas desulphurization and selective catalytic reduction equipment is installed
to reduce nitrous oxides.

Since coal-fired power plants without FGD equipment is not an environmentally
viable option in Ontario, it is obvious that Ontario Hydro's economic choice
will be the CANDU system to meet the bulk of its future energy needs.

CENTS/KWH

2.0 -

1 0

o.o
CANOU

COAL

COAL

COM.

NO FCO

WO

FQVSCP

Figure 4
Levelized Unit Energy Costs

89

7.0

Conclusions

The actual costs of nuclear electricity in central Canada have been considerably
less than those from conventional fossil-fuelled power plants. This trend is
expected to continue in the future such that the economic advantages of CANDU
power plants will progressively increase when more stringent environmental
protection standards make flue-gas desulphurization and de-nitrification
equipment mandatory in Ontario.
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ECONOMIC EFFECTS OF NUCLEAR POWER PLANT
STANDARDIZATION IN THE REPUBLIC OF KOREA

Kee Hwan MOON, Seung Su KIM
Korea Atomic Energy Research Institute,
Daeduk, Republic of Korea
Abstract

In order to meet increasing eletricity demand, due to rapid economic
growth, additional constructions of nuclear power plant are expected in Korea
where a large portion, about 50X, of the total electricity is currently being
generated by the nuclear power plants. It is believed that standardization of
nuclear power plants can make the construction and the management of nuclear
plants more economical and efficient. In Korea, the standardization is also
expected to help indigenousness of technology and to improve safety of nuclear
power plants and load factor.
In this study, Yonggwang 3,4 units are selected as a reference plant and
the economic effects of standardization on capital cost are analyzed for this
reference plant. The economic effects are estimated separately in two parts,
i.e., overnight cost and time-related cost. For the purpose of estimation on
economic effects, this paper employs two case studies reflecting the
experiences of Japan and France. The reason for carrying out the two case
studies is to consider the uncertainties of the economic effects which can be
caused by little experience of standardization in Korea.
The result of this study shows that the total capital cost can be reduced
at least by 10.6X due to the savings of time-related cost. If the reduction
of overnight cost is considered together, then the total capital cost can be
lowered at least by 21.1%, Thus, it is clear that standardization of nuclear
power plants demonstrated great contribution to the savings of capital costs.

1. Introduction
Ever since Korea's first nuclear power plant(NPP), Kori 1, went into its
commercial operation in 1978, we have nine units in operation, two other units
under construction. According to the fixed long-term eletric system expansion
planning by the government, another three units of nuclear power plants are
supposed to be added until the year 2001. By the year, nuclear power will
occupy 34.5% of the total installed capacity and provide 46.6X of the total
electric generation. It is evident that nuclear energy in Korea will play a
major role in 21th century.
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However, the relative advantage of nuclear power plants is diminishing
because of their long construction periods and the increase of financial costs
accrued to those periods. The reinforcement of safety regulations also makes
it difficult for the nuclear power to be remained as a major energy source.
On account of the scarcity of natural resources in Korea, the success of
efficient management of nuclear power plants appears critial to the nation's
economy.
At present, Korea is promoting the standardization program of nuclear
power plants, selecting Younggwang 3,4 units as a reference plant. Because the
first standardized nuclear power plant is supposed to begin its commercial
operation in the end of 1990s', the analysis of economic effects due to
standardization is considerably meaningful.
But the lack of experiences in standardization and insufficient data on
the effects of standardization make it difficult to estimate the exact effects
of standardization. Considering these difficulties, we try to estimate the
standardization effects in Korea by adapting the foreign experiences of
standardization procedures.
In this paper, section 2 shows the current stage and the future strategies
of standardization in Korea, Next, section 3 performs a quantitative
estimation of the effects of standardization in Korea. More specifically, the
reduction of capital costs due to standardization of Younggwang 3,4 units is
estimated by employing two case studies reflecting the experiences of Japan
and France.

2. Status of NPP Standardization in Korea
In Korea, the first three nuclear power plants, Kori l.Kori 2, and Wo1 sung
1 were constructed under a form of turnkey contract, mainly due to the lack of
the nuclear power technology. With some experiences cumulated in the course
of the first phase of nuclear power projects, the Younggwang 1,2 units were
constructed under the framework of non turnkey contract for the purpose of
indigenousness of nuclear technology. As a result, our technology went as far

as to the level of self-construction of nuclear power plant except a few core
parts. By virtue of our successful experience in indigenous developments,
Younggwang 3,4 units are under construction by domestic main contractors,
while foreign suppliers are participating as subcontractos.
The policies of indigenousness of nuclear power technology was initiated
by the government in 1978 and the government claimed that new nuclear power
plant to be constructed in the future should be carried out only with the
domestic contractors. Accordingly, the government set a indigenousness
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program of nuclear power technology and have managed it efficiently through
the division of responsibilities as shown in Table 1.

Table 1. Division of Responsibilities in Nuclear Power Development in Korea

KEPCO
Project Management

NSSS
- System Design
- Component Design
& Manufacturing

KAERI

KOPEC

KEPOS

KNFC

0

0
0

0

T/G
BOP
- System Design
- Component Design

0
0
0

Repair and
Maintenance
PWR Fuel
- Design
- Fabrication

0

CANDU Fuel

0

(Note) KEPCO
KAERI
KHIC
KOPEC
KEPOS
KNFC

KHIC

0

Korea
Korea
Korea
Korea
Korea
Korea

Electric Power Corporation
Advanced Energy Research Institute
Heavy Industries & Construction Co., Ltd.
Power Engineering Co.
Electric Power Operations & Services Co.
Nuclear Fuel Co.
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In standardization of nuclear power plants, Younggwang 3,4 units is a
reference plant and Uljin 3,4 units is the first standardized plant. The
nuclear power plant standardization program requires a lot of manpower and
funds over a long period, Therefore, it is neccessary to establish an
elaborated schedule reflecting foreign experiences and country's economic and
technological situation. Detailed standardization schedule is as shown in
Table 2.
Table 2. Standardization Schedule

Periods

First Stage
(Establishment
of Basic)
Concepts)

'83.4 - '84.3

'84.7 - '85.7

Nain Contents

o Front-End Task Studies
o Research on Concept of Design
o Survey of Basic Design
o Establishment of Evaluation Method

for Safety and Reliability
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Second Stage
(Research on
Improvement
in Design)

'85.9 - '87.8

o Examination of Domestic and Foreign
Nuclear Power Plant Design
o Comparison and Study of Foreign
Standardized Plants
o Study of Items for Improving Design
o Research on Optimal Size and Layout

Third Stage
(Documentation
of KSRED
and KSSAR)

'89.1 - '90.11 o Documentation of Korea Standard
Requirement Document (KSRED)
o Documentation of Korea Standard
Safety Analysis Report (KSSAR)

Fourth Stage
(Basic Design
and Detailed
Design)

'90.1 - '92.12 o Standardization of Uljin 3,4 units
will be completed through capabilities obtained in design.

3, Economie Effects of NPP Standardization in Korea
A major undertaking in this section is to estimate the effects, of
standardization on the "overnight" and "time-related" costs.
- Construction Period '•
In Japan and France, there is a clear evidence that construction period
was drastically decreased by introducing the standardized NPPs. Because Korea
has not had enough experiences in the NPP standardization, we referred to the
cases of France and Japan which have been successfully carried out. Thus, the
reduction of construction period was estimated using these country's data in
this paper.
In France, the government and a single electric utility have taken the
initiatives to accomplish PWR standardization programs. This situation is
similar to that of Korea. With respect to the case of Japan, the reduction
rate of construction period is estimated using the experiences of Fukusima II
series. Two reduction rates of construction period France and Japan were
calculated as 9,7* and 29.5*, respectively.
These two rates were, respectively, applied to estimate the time-related
cost savings due to the shortening of construction period in Korea.
- Overnight Costs :

The reduction rates of overnight costs used in this analysis were based on
the rates given by AIF Report. The report shows that when NPPs are
standardized, there are two possible limits, i.e. upper and low limit, of the
reduction rates of overnight costs. The detailed reduction rates are as shown
in Table 3.
Table 3. Reduction Rates of Overnight Costs

Reduction Rates
Cost Items

Estimated
Reduction
Rates

Design and Management Services
Permanent Equipment and Material
Construction Overhead
Owener's Costs

Low

Upper

66*
5X
12*
3*

12%
10*
20*
5*
95

3.1 Input Data

Real discount rate is assumed to be 8 % per year. At present, the Korean
government recommends to use this value for the economic evaluation of
projects, Because Korea has no escalation index of nucler power plant, we
assumed that real escalation rate is zero, In addition , overnight costs and
time-related costs represents constant price of 1988 and all costs are
expressed in terms of national currency "won".
In this study, the economic effects of standardization were estimated
using the costs of Younggwang 3,4 units. Overnight costs could be broken down
into four cost items as shown in Table 3 and this paper analyzed the cost
savings by each cost item. Table 4 shows the original cost of Younggwang 3,4
units exclusive of standardization effects.
The reduction rates of construction costs and period have been already
presented. The overnight cost of standardized plant were calculated from the
original data using the above reduction rates (See Table 5).

3.2 Results
This analysis employs two case studies and examines the standardization
effects in Korea using the input data obtained in section 3.1.

3.2.1 Case A
Here, the lead time data obtained in the experiences of Japan's NPP
construction are applied. Thus, we assumed that construction period of a
typical standardized NPP in Korea is 53 months in Case A. This construction
period is used to calculate the reduction of time-related costs and Table 6
shows the payment schedule applied to the calculation,
Table 7 summarizes the final impacts of standardization on the total
capital costs of a standardized nuclear power plant, The impacts of cost
savings are calculated separately for both upper and low limit.
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Table 4. Original Cost of Younggwang 3,4 units
(unit : million won/kW)
Input Values

Cost Items

317,975
1,142,283
339,190
362,478

Design and Management Services
Permanent Equipment and Material
Construction and Construction Overhea
Owner's Costs

(1530
(5230
(1630
(W)

2,161,926 (10030

Total Overnight Costs

Table 5. Overnight Costs of Standardized Plant
(units : million won/kW)
Construction Costs
Design and Management Services
Permanent Equipment and Material
Construction Overhead
Owner's Costs
Total Overnight Costs

Upper Limit
89,033
1,028,055
271,352
344,354
1,732,794

Low Limit

(5%) 108,112 (650
1,085,169 (5950
(5930
(1650
298,487 (1630
351,604 (1930
(2050
(100X)
1,843,371 (100JO

Construction periods (*)
- Referring to the experiences in France (decrease by 9.73 X) ' 68 months
- Referring to the construction periods of Fukusima II series
•
* 53 months
in Japan (decrease by 29.51 X)

Notes (*) : 68 nonths - 75 months x ( 1 - 0.097 )
53 months - 75 months x ( 1 - 0.295 )
Where 75 months is construction period of Younggwang 3,4 units.
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Table 6,

Payment Schedule for Case A

(unit '• percent)
Year

Design and
Mgt. Service

Equipment and
Material

Costruction
Overhead

Owner's
Costs

8.9
19.0
30.2
26.9
15.0

3.5
8.2
32.8
37.5
18.0

3.5
8.2
32.8
37.5
18.0

21.4
22.5
28.9
17.2
10.0

1
2
3
4
5

Table 7. Cost Savings due to Standardization
(unit : 1,000 won/kWe)
Components of
Costs

Original Costs
of Y.G. 3,4
il * i
Units

Satandardization
cost savings
Upper

Upper

Low

Design and
Mgt. Service

169

122

111

47

58

Equipment and
Material

608

61

31

547

577

Costruction
Overhead

180

36

21

144

159

Owner's
Costs

193

9

6

184

187

228

169

922

981

234

226

132

140

462

395

Total Overnight Costs

Time-Related
Costs(IDC)
Total Capital
Costs
98

Low

Standardized
Plant Costs

1,150

366
1,516

1054

1121

The impact of standardization on time-related costs (IDC) is even more
dramatic. The most significant factor of the reduction of costs is the
shortening of construction period, Time-related costs decreased by 63.9# and
61.7#, respectively, in upper and low limit. When these savings are combined
with those savings of overnight costs, and the total capital costs are
diminished by 30.5# and 26.IX, respectively. Figure 1 shows Table 7 by a
graph. It shows the reduction of overnight cost in each case of upper and low
limit, that is, when the original overnight cost of Younggwang 3,4 is 100X,
the cost is reduced to 80X and 85#, respectively, after standardization. It
also shows the proportion of IDC before and after standardization.
Percent

150

132

32

Total Cost

IDC

97

100

92
12

12
100
50

Overnight
Cost

85

Y.G. 3,4
Units

Standardized
Plants(low)

80

Standardized
Plants(upper)

Figure 1. Proportion of Overnight Cost and IDC

3.2.2 Case B
Here, the lead time data obtained in the experience of France's NPP
construction are applied. In this case, the construction period of a typical
NPP in Korea is assumed to be 68 months. All other procedures are the same as
Case A. Table 8 shows the payment schedule applied to Case B.

Table 9 shows the impacts of standardization on the total capital costs of
a standardized nuclear power plant.
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Table 8. Payment Schedule for Case B
(unit : percent)

Year

Design and
Mgt. Service

1
2
3
4
5
6

destruction
Overhead

Owner's
Costs

8.0
17.0
27.0
24.9
15.0
9.0

3.0
7.0
28.0
32.0
18.0
12.0

3.0
7.0
28.0
32.0
18.0
12.0

20.0
21.0
27.0
16.0
10.0
6.0

Table 9.

Components of
Costs

Cost Savings due to Standardization
(unit : 1,000 won/kWe)

Original Costs
of Y.G. 3,4
il * 1
Units

Standardization
cost savings

Standardized
Plant Costs

Upper

Low

Upper

Low

Design and
Mgt. Service

169

122

111

47

58

Equipment and
Material

608

61

31

547

577

Costruction
Overhead

180

36

21

144

159

Owner's
Costs

193

10

6

183

187

228

169

922

981

174

161

192

205

402

330

Total Overnight Costs

Time-Related
Costs(IDC)
Total Capital
Costs
100

Equipment and
Material

1,150
366
1,516

1114

1186

Results of Case B are very similiar to those of Case A. Most of the cost
savings can be obtained in the time-related costs. The impact on time-related
costs(IDC) is even more dramatic, The most significant factor is also the
shortening of construction period like Case A. Time-related costs decreased
by 47.5# and 43.9X, respectively, in upper and low limit. When these savings
are combined with the savings of overnight costs, the total capital costs are
diminished by 26.55^ and 21.1%, respectively.

Figure 2 also shows Table 9 by a graph. The interpretation is exactly the
same as Figure 1. Overall, in Case B overnight cost is the same as in Case A.
The only difference is the cost reduction of time related cost. Because the
shortening effect of construction period in Case A is larger than in Case B,
the time related cost in Case A is reduced more than in Case B.

Percent

150

132

32

Total Cost

IDC

103
97

100
18

17
100
50

Overnight
Cost

85

Y.G. 3,4
Units

Standardized
Plants(low)

80

Standardized
Plants(upper)

Figure 2. Proportion of Overnight Cost and IDC
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4, Conclusion
In this study, the economic effects of standardization on construction
costs are analyzed for Younggwang 3,4 units as a reference plant using the
results of the other countries' standardization programs. The economic
effects are estimated seperately into two parts, i.e., overnight costs and
time-related costs. The two reduction rates, low and upper limit, for the
estimation of overnight cost savings are used in order to consider the
uncertainties in the future. Besides, the time-related cost savings are
analyzed using the experiences of standardization in Japan and France case,
i.e., Case A and Case B.
The main results of cost savings in this paper summarized as follows. In
passimistic (low limit) prospects for each case, the savings in overnight
costs and time-related costs resulted in the reduction of more than 26.IX and
21.7X for Case A and Case B, respectively, compared with Younggwang 3,4.
Consequently, construction costs per kW would be estimated as 1.121 million
won in Case A and 1.186 million won in Case B while the construction costs per
kW of Younggwang 3,4 units are 1.516 million won. In addition, the most
significant economic effects of standardization is found in the reduction of
financing costs, i.e., IDC, due to shortening the construction periods.
Because this analysis is performed on the basis of the experiences of
foreign countries, it is not enough to capture the exact effects of the
Korea's standardization program. In spite of this difficulty, it is still
considerably meaningful to estimate the economic effects of standardization in
advance since the first standardized nuclear power plant is supposed to begin
its commercial operation in the end of 1990's.
Besides the effect on the capital costs examined in this analysis,
standardization seems to have the following further effects on the whole
electric system.
First, once nuclear power plant is standardized, it is possible to predict
the construction periods and the construction costs precisely. From this view
point, the standardized plant can help secure the management of the electric
system expansion planning and the capital budget planning.
Second, the reduction of generation costs by standardization can be
obtained not only by capital cost savings but also O&M cost savings which is
not considered in this paper. Since the price of electricity is mainly
influenced by generation costs, it is not difficult to expect that
standardization will contribute greatly to lowering the prie of electricity.
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Finally, moreover, standardization is also expected to improve safety,
reliability, and operation efficiency of nuclear power plants.
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CAPITAL COST REDUCTION OF NUCLEAR POWER PLANTS

H. NODA
Nuclear Power Design Division,
Tokyo Electric Power Company, Inc.,
Tokyo, Japan
Abstract

Extensive efforts to develop nuclear power have been
continuosly made by Tokyo Electric Power Company (TEPCO) based
on a policy of power supply diversification. TEPCO has 12
BWRs in operation, 3 BWRs under construction, 2 ABWRs(Advanced
Boiling Water Reactors) in preparation for construction. This
report describes the history and fruits of BWR and ABWR development and the capital cost reduction of them. The capital
cost reduction is basically achieved by the adoption of design
standardization, rationalization of design, replication merit
and shortening of construction period. The ABWR, an optimum
design for the 1990s and beyond, is also introduced in terms
of both performance and economy.
1. Introduction
Since most of Japanese energy resources are imported from
foreign countries, it is extremely important for Japan not
only to promote nuclear power development for the energy
security of a nation, but also to contribute to coping with
global environmental problems caused by acid rain and the
greenhouse effect.

Therefore, nuclear power should be developed as the
nation's major enegy source, emphasizing improvements in
safety reliability, and economic efficiency, while making
great efforts to obtain public acceptance.
2. Present Situation of Nucear Power Development in Japan

Japan's long history of nuclear power development dates
back to the 1950s. Nuclear power plants in commercial operation in Japan include one gas-cooled reactor (166MWe), 20 BWRs
(17,037MWe) and 17 PWRs (13,177MWe), as shown in Table-I. In
addition, 9 BWRs (9,339MWe) and 6 PWRs (6,189MWe) are now
under construction or in the preparation stage. The actual
power generated by nuclear power plants in fiscal 1988 amounted to 177.6 billion kWh, which accounted for 26.6% of the
generated power or approximately 10% of the total Japanese
primary energy consumption.

As for the long-range projection of growth, Japan is aiming to develop about 53,OOOMWe (approximately 40% of generated
electricity and 25% of capacity) by the year 2000 for the sake
of energy security and long-range stability of electric power
costs. An outline of this is shown in Fig.l. Actual development is currentry somewhat behind the original target.
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Table-I.

Nuclear Power Generation in Japan

TYPE

NUMBER OF
PLANTS

GCR

1

166

BWR

20

1 7,037

PWR

17

13,177

TOTAL

38

30,380

BWR

9

9,339

PWR

6

6,189

TOTAL

15

1 5,528

IN OPERATION

UNDER
CONSTRUCTION
AND
PREPARATION

OUTPUT
(MW)

(As of July 1990)

MW
60,000
53,000
50,000
41,000
40,000
30,000 - 28,701
20,000

10.000

1970

75

80

88

95

2000

(Fiscal Year End)

The Electric Utility Industry Council's
Supply-Demand Working Group (Oct. 1987)

FIG. 1. Nuclear power program in Japan.
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3. Present Situation of Tokyo Electric Power Company
TEPCO is one of the 9 Japanese privately owned utilities
established on May 1, 1951. Our company supplies electric
power to, some 21.4 million customers in a service area of
39,000km , centering around Tokyo, which is the political,'
economical and cultural metropolis of Japan.
TEPCO has been one of the leaders in sustaining the
growth of nuclear power in Japan. As the largest electric
utility in Japan and also the largest privately owned electric
utility in the world, its business accounts for almost onethird of the whole utility industry in Japan. Electricity
sales in the last 5 years has increased at a yearly average of
4.7% with peak demand increasing by l,600MWe on a yearly
average from 35,700MWe in fiscal year 1984 to 43,700MWe in
fiscal year 1989. TEPCO has been increasing its generation
system mainly through nuclear and LNG plants, focusing on
efficiency, as well as diversification of power sources and
reduction of oil-dependency. The share of nuclear power in
terms of generating capacity has increased to over 24%, as
shown in Fig.2.

NUCLEAR

THERMAL

6,896
(19.7%)

84
85

9,096
(24.2%)

86.

9.096
(23.4%)

23,099(65.9%)

(\3JSM,)

24.103(62.0%)

10.196
(24.7%)

25,443(61.6%)

88

1O.196
(24.1%)

26.113(61.7%)
t

(3

(14.4%)

23.429(62.3%)

87

F.Y.

HYDRO

1O.OOO

f^l'/o)
S.671%)
^°||o)

l

t

2O.OOO

30.00O

t

40.000 M W

FIG. 2. Generating capacity of TEPCO.

4. History of BWR Development in Tokyo Electric Power Company
TEPCO began its study of nuclear power in the mid-1950s
and decided to adopt BWRs.
We have continued a long and
successful history of development of the BWR continuing
through to the ABWR designs to today. At present, our company
is operating 12 BWRs, totalling ll,296MWe, at three sites,
namely Fukushima I (Daiichi), Fukushima II (Daini) and
Kashiwazaki- Kariwa. Our BWRs are classified into five groups
as shown in Fig.3. They are BWR-3(460MWe), BWR-4(784MWe),
BWR-5(1,10OMWe).improved BWR-5(1,lOOMWe) and ABWR(1,356MWe) .
They have been developed toward a simpler, more reliable and
economical BWR in order to handle an increase in demand.
107

Total Output
(MW)
17.308

15.952
14.596
13.496
11,296
12,396

10,196

7,996
6.896
9.096
5,796
4,696

BWR-4
784MW
BMR-3
460MW

65

2.812

1F-"Fukushima I
2F—Fukushima II
K -"Kashiwazaki Kariwa

3,596
2,028
1,224
460

70

75

80

85

90

95

Year

FIG. 3. BWR development at TEPCO.

During this development, we transfered U.S. technology to
our country through participation in design, construction and
test operation of imported reactors. Now, we can construct
nuclear power plants domestically, incorporating technologies
developed through our experience in operation and maintenance
of the preceding plants as well as results of our own R&D.
5. Cost Reduction of BWR

a. Reduction of Generating Cost
Since uranium supply is expected to remain stable in the
future and since it will be a long time before fast breeder
reactor is put into commercial operation, BWRs and ABWRs will
continue to play an important role in nuclear power generation
for the next thirty years or so. Consequently, it is absolutely necessary to make efforts to reduce the generating cost
of nuclear power to maintain the economic superiority of

nuclear power over other generation sources.
Great efforts have been made to reduce the generating
cost based on the unchanged principle that safety and reliability must be maintained in nuclear power at all times.
Generating cost is mainly lowered by reduction of capital cost
and operating cost. In particular, capital cost accounts for
a very high percentage of the generating cost in nuclear power.

Therefore,
described
operating

the

measures

for

capital

cost

reduction

and an example is introduced.
With
cost, improvement of capacity factor

are

regard to
is mainly

discussed.
b. Reduction of Capital Cost
TEPCO has had a lot of experience in constructing BWRs
since the 1970s, as mentioned in section 3. Although TEPCO
has been making great efforts to reduce capital cost, it has
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FIG. 4. Capital costs of BWRs at TEPCO.

risen, as shown
reasons :

in

Fig.4,

because

of

the

following

main

(1) Increases in material prices and labor expenses,
especially after the oil crisis;
(2) Stringent regulatory requirements for safety and
environmental protection;
(3) Increase in plant siting cost;
(4) Measures for reduction of radiation exposure;
(5) Measures for the improvement of reliability;
and so on.

In order to conquer this increase, TEPCO has adopted the
following measures :
(1) Design Standardization;
(2) Rationalization of Design;
(3) Shortening of Construction Period;
(4) Development of ABWR.
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(1) Design Standardization

An improvement and standardization program was established in 1975 in cooperation among MITI, utilities and reactor
manufacturers.
The program focused on the improvement of
reliability and capacity factors as well as on the reduction
of radiation exposure of station workers. The fruits of this
improvement and standardization program were incorporated in
the design of plants subsequent to the second unit of
Fukushima II (Daini), which started operation in 1984.
After design standardization has been fixed and applied
to the first plant, it gives the subsequent plants a lot of
benefits such as reduction of engineering and administration,
simplification in government approval, and so on. Also, we
can get good quality by replification production.
(2) Rationalization of Design

We have been extremely concerned about safety and reliability in designing nuclear power plants. Therefore, we set
the criteria very high and provided large allowances. As a
result, some designs have excessive margins that can be
relaxed without affecting safety. We evaluate and analyze
operating experience and the results of research and development. Based on these evaluations, we rationalize design by
reducing excessive design margins so that the design margins
are well-balanced.
For example, a seismic design is of great importance in
Japan, since Japan is located in high seismic area. A seismic
design is evaluated by three steps: definition of the type of
earthquake, design of the building and structure, and design
of equipment and piping. At each step in the past we adopted
very conservative safety margins.
Lately, through various
research efforts at many test and research facilities and
actual seismic records at power plant sites, the new rational
and reasonable seismic design such as damping factor improvement and energy dispersion effect due to soil-structure interaction has been evaluated and applied to nuclear power plants.
(3) Shortening of Construction Period
The economic advantage of shortening the construction
period is the reduction of interest costs on loans and
administrative costs at the plant site during the construction
period.

o Expansion of parallel work operations such as adoption of
the steel deck plate method for slab formworks and improvement of reactor pressure vessel installation method are
being pursued.
o Reduction of field work volume itself has been attained
through large-size block construction of primary containment vessel using high-capacity crane, shop installation of
reactor core internals and modularization of piping and
equipment.
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c. Example of Capital Cost Reduction
TEPCO's Kashiwazaki-Kariwa nuclear power station will be
completed in the 1997. It will finally consist of 5 BWRs and
2 ABWRs, as shown

in Fig.5.

Two

units

(BWR-5,llOOMWe and

improved BWR-5,llOOMWe) are now in operation. Three units
(improved BWR-5,llOOMWe) are under construction. The remaining two units (ABWR 1356MWe) are in the stage of preparation
for construction. Because the station has features such as
design standardization, rationalization of design, replication
merit and a new ABWR design, it is a typical example for
evaluating quantatively capital cost reduction of a nuclear
power plant.
These 7 units are classified into the following four
groups based on the above mentioned design standardization,
new design and so on.
(1) A Group: Unit No.l

It is a BWR-5 based on GE's original design.
(2) B Group: Unit No.2 and 5

They are improved BWR-5s, for which design standardization was adopted in cooperation with the Japanese
government, utilities and manufacturers.
(3) C Group: Unit No.3 and 4

They are also improved BWR-5s, with replication merit
and adoption of auxiliary facility in common use, such
as radioactive waste facility.
(4) D Group: Unit No.6 and 7

They are ABWRs with many features, such as enhanced
safety and reliability, excellent operability and
greater economy.
These features are described in Table II.
Capital cost is divided into mechanical and electrical
equipment, buildings and structures, interest during construction and others. The capital cost of each group is shown in
Fig. 6. It is found to be reduced step by step according to
construction and design development process. The measures for
reduction of capital cost are mentioned in the footnote of
Fig.6. Fig.7 shows the capital cost reduction of each plant
based on current Yen/KW, U.S. Dollar/KW in the year each plant
was completed.
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FIG. 5. Kashiwazaki-Kariwa nuclear power station (2 units in operation, 3 units under construction, 2 ABWR units in preparation).

Table II General Description of
Kashiwazaki-Kariwa Nuclear Power Station

Commercial
Development Unit Capacity Opération
Type
NO.
(MWe)
NSSS/PCV
Group
(Year)
A Group

1

1, 100

1985

5

1, 100

1990

2

1, 100

3

1, 100

4

1, 100

6

1,356

B Group

C Group

Total

7

1, 356

In Operation

Improved In Operation
BWR-5/
1990
MarkïïM
Under
(Planned)
Construction
1993
( Planned) Improved
Under
O VY 1\ -5 /
Construction
1994
MarkïïM
( Planned)
1996
( Planned)

D Group
7

BWR-5/

Markïï

Status

1997
( P lanned )

ABWR/
RCCV

In
Preparation

, £ 1 2.

*MarkIIM means modified Markll
primary containment vessel.
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Mechanical and Electrical Equipment

100%

Buildings and Structures

Interest during Construction
12
%

Others

10

%

21
%

57
%

46
%

43
%

B

~42
%

D

[Causes of Cost Reduction]
*l:Unique Factor due to Initial Unit
-Procurement of land.
-Construction of harbor and roads.
-Construction of common use buildings, etc.
*2:Cost Reduction [A to B]
-Replication merit of standardized design.
-Rationalized system and equipment design.
-Rationalized civil works.

-Shortening of construction period, etc.
(from 64.5 months to 60 months)**
*3:Cost Reduction [B to C]
-Replication merit of standardized design.
-Rationalized system design
(Common use of radioactive waste system)
-Shortening of construction period, etc.
(from 60 months to 56 months)**
*4:ABWR Cost Reduction Target 20%
(Compared to the 1,100MW class standardized unit 2 and 5)

**From inspection of founded rock to turn over.
FIG. 6. Trend of capital cost (per kW) for each group (estimated value for turnover in 1990).
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# : Unit No.
#1
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#2~5 Improved BWR-5,1100MWe
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3,000

#6.7
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*1

400
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2,000

g

#5

300
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"•90

Apr.

M

«2

o

#6

»QO
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o
«
'5.

CL

(0

o

#3 # 4

Sept

200

July July

'•9?

#7

July

July

1,000
100
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0-H>*

i

. J——

i

i

'85

l

1

'90

'95

Commercial Operation

2000
(Year)

FIG. 7. Capital cost reduction of Kashiwazaki-Kariwa nuclear power station.

d. Reduction of Operating Cost
The operating cost of nuclear power is reduced mainly by
improvement of capacity factor and fuel cycle cost.
(1) Improvement of Capacity Factor
The major elements for improvement in capacity factor are
(a) improvement of reliability (b) shortening of periodic
inspection outage and (c) extension of the operating cycle.
(a) Improvement of Reliability

The capacity factor of LWR in Japan is shown in Pig.8.
In the early stage of BWR introduction, TEPCO experienced
initial troubles from stress corrosion cracking in the
stainless steel pipe (IGSCC), which forced a long period of
plant shutdown for repairs. These shutdowns resulted in
substantial reduction of the plant capacity factor between
1975 and 1977. Extensive investigations into the causes of
the trouble led to successful countermeasures.
TEPCO has also been a key participant in Japan's 10-year
program to improve and standardize BWRs, which is discussed
in section 5. The program focused on improvements in reliability and capacity factors, as well as reduction in radiation exposure.
The results of this improvement were
incorporated into the improved BWR-4 and BWR-5, the designs
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of the plants being in Japan and brought forward during the
Figs.8, 9 and 10 demonstrate the
improvements in capacity factor, reliability and exposure
reduction very dramatically. This excellent experience was
largely the result of improved containment designs,
corrosion-resistant stainless steel pipe, drastic reductions
in fuel failures due to improvements in fuel design and
quality control, installation of condensate purification
filters, reduction of cobalt in materials, controlling
feedwater chemistry, to name a few. In view of this
situation, it can be said that Japanese BWRs are of the
highest quality in the world.
development of the ABWR.

(b) Shortening of Periodic Inspection Outage
Since the Japanese government requires a great many
items to be checked during the shutdown periods, periodic
inspection used to take about 3 months. Therefore, it was
very important to shorten the duration of the periodic
inspection to improve the capacity factor. We have succeeded in shortening the inspection period by (1) developing
more efficient inspection procedures, (2) standardizing
inspection procedures, (3) implementing efficient licensing
procedures, (4) improving equipment layout and work space,
(5) extending utilization of automatic and remote control
equipment
for
inspection
and maintenance
work,
and
(6) implementing measures to reduce radiation exposure.
Our target at present is to shorten the inspection
period to 60 or 70 days by making more efforts for the above
and reviewing inspection items and frequency, based on the
results of analysis and evaluation of our accumulated
experience.

(c) Extension of Operating Cycle
Japanese regulations require that nuclear reactors be
inspected once a year. At first, a one-year period was
considered to be twelve months of operation including
periodic inspection outages. As a result of improved reliability, this period is now regarded as being twelve months
of actual operation excluding outages.
Therefore, the
length of the operation period has been improved. In the
future, we will make efforts to extend the operating cycle.
Our target is to establish an 18-month operation period
through technical improvements such as the improvement of
the reliability of equipment, the development of higher burn
up fuel, and revision of regulations.
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FIG. 8. Capacity factor of nuclear power plants in Japan.
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(2) Reduction of the Fuel Cycle Cost
Even though the fuel cycle cost is a lesser portion of
the total generating cost, it is also important to reduce the
fuel cycle cost as well in order to maintain the competitiveness of nuclear power generation in the future. To reduce
the fuel cycle cost, an efficient way is to increase the burn
up because it reduces the backend cost and fabrication cost
per unit of energy generation in proportion to the increase.
Also the higher burn up matches with the trend for a longer
operating cycle. In the case of BWRs, a fuel design which
incorporates a zirconium liner, with the objective of higher
exposure, has already been developed. It increases the batch
average exposure from 28,OOOMWD/T to 33,OOOMWD/T with the
exposure limit of 40,00OMWD/T. The next step after this will
be to increase the batch average exposure up to 38,OOOMWD/T
along with the exposure limit of 50,OOOMWD/T. Further, it is
now under consideration to increase the exposure more.

6. Greater Economy of ABWR
a. Development of ABWR

The ABWR has been developed based on world-wide construction and operation experience through international cooperation of BWR manufacturers and utilities. The ABWR development
program was initiated in 1978, as shown in Fig.11. TEPCO
provided leadership and guidance during the development of the
ABWR. The technologies used in the ABWR are tested and verified extensively in the programs, such as the utilities
manufacturers joint study programs and the verification test
program by the Japanese government. The ABWR was evaluated
and accepted as the next model BWR in a part of the third
improvement and standardization program of the Japanese
government. TEPCO has decided to apply the first ABWRs to
Kashiwazaki-Kariwa units No. 6 and 7. The application is now
being reviewed by the Japanese authorities.
b. Plant Design Objects
The ABWR, an optimum design for the 1990s and beyond, has
the following features :
(1) Enhanced safety and reliability;
(2) Less occupational radiation exposure;
(3) Reduced radioactive waste;
(4) Excellent operability and manuverability;

(5) Greater economy.
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FIG. 11. ABWR development schedule.

c. Features of the Plant Design
The major design specifications of ABWR are shown in
Table III with those of current Japanese BWR-5.
The key
feature of the ABWR is the adoption of reactor internal pumps,
resulting in the elimination of external recirculation piping
and external recirculation pumps, as shown in Fig.12. Other
features are increased plant output, a fine motion control rod
drive mechanism, a reinforced concrete containment vessel, a
simplified system configuration, along with digital techniques
and multiplexed fiber optics for control and instrumentation,
as shown in Fig.13.
d. Cost Reduction
Standing on sound technical bases, the ABWR has evolved

into a superior LWR in terms of both performance and economy.
The ABWR aims at about 20% reduction of the capital cost per
KW as compared with, current Japan BWR-5. Major efforts to
reduce the capital cost are as follows:
(1) Increase in plant size;
(2) Reduction of building volume;
(3) Shortening of construction period.
(1) Increase in Plant Size
The ABWR has larger plant capacity (1356MWe) than that of

current BWR-5.
In order to improve plant efficiency and
economy, new designs such as a 52-inch last stage bucket of
the turbine, reheat cycle and pumped-up drain system are
adopted.
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Table III

ABWR Major Plant Specification
ABWR

Current Japan
BWR-5

Thermal Output

3.926MW

3.293MW

Electric Output

1.356MW

1.100MW

Item

Vessel Dome Pressure

73.1kg/cm»

7l77kg/cm»

Turbine

TC6F-52ln.

TC6F-41in.

Reheat

Two— Stage Reheat

No Reheat

7.1m

6.4m

Reactor Vessel
Inner Diameter
Height
Power Density

Fuel Assemblies

21m

22.1m

S0.6kw/l

S0.0kw/l

872

764

Control Rod Drive
Normal Operation

Fine Moüon Electric Motor Hydraulic Locking Piston

Scram Insertion

Hydraulic Piston with

Hydraulic

Bectric Motor Backup

Recirculation System

10 Internal Pumps

2 External Pumps
with 20 Jet Pumps

Primary Containment

Cylindrical Reinforced

Conical Free-

Concrete Vessel

standing Steel Vessel

Controls and Instru-

Microprocessor Based

Relay-Analog

mentation Type

Digital Controls

Circuit

Data Communication

Intelligent Multi-

Hard-Wired Cable

plexed Fiber Optics

Current BWR

ABWR

Reactor

Recbculation
loop

Reactor
Intentai Pump

FIG. 12. Improvement of primary recirculation system.
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Reactor Internal Pump ————
The reactor Internal pump eliminates the external
reactor coolant recirculation loop,
resulting In Improvements in operability and safety.

The ABWR has been developed to achieve the following goals:
• Enhanced safety and reliability
• Less occupational radiation exposure

ABWR Plant Project
The project for ABWR plant is now underway for construction

at Kasiwazaki-Kariwa nuclear power station Units 6 and 7.

•Reduced radioactive waste
•Enhanced operability and maneuverbility
•Improved economy

Pm» Shaft

ABWR Operator Console
The ABWR instrumentation and control system

incorporates state of the art technology, resulting in
reduced operator's work load and advanced man-machine
interface.

TsrminlBei

Fine Motion Control Rod Drive Mechanism
The ABWR Incorporates the FMCRD which can drive a

control rod by an electric motor In addition to the
conventional hydraulic piston drive.
The dual drive function increase« safety.
BirmtCi

Reinforced Concrete Containment Vessel

Emergency Core Cooling System

Because of the elimination of the external reactor

ECCS is separated Into three independent divisions.

coolant recirculation loop, the centers of gravity of RPV,

High pressure and low pressure systems are

RCCV and reactor building have been lowered.

provided in each division.
The reactor core will remain covered with water in
the event of a loss of coolant accident

RCCV Integration with the reactor building assures
Ngh earthquake resistance.

• 52-inch last stage turbine blade
Moisture Separator Reheater
Thermal efficiency is increased by adopting the large size
turbine and the moisture separator, reheater.
,

FIG. 13. The advanced boiling water reactor (ABWR).

(2) Reduction of Building Volume

The ABWR uses a Reinforced Concrete Containment Vessel
(RCCV) as a primary containment. Because the external reactor
coolant recirculation loop was eliminated, the center of
gravity of RPV, RCCV and reactor building has been lowered.
Therefore, the elimination resulted in not only smaller sized
primary containment (by about 20%) and smaller sized building
structure, but also high earthquake resistance. The volume
reduction is described in Table IV.
(3) Shortening of Construction Period
The schedule from basement rock inspection to commercial
operation for the ABWR is projected to be only 48 months.
Shortening of construction period is achieved by the following:
o Compact structures and thinner foundation mat of buildings;
o Reinforced concrete
reactor building;

containment

vessel

integrated

with

o Improved construction methods and reduction of field work
by using modularization of equipment and piping;
o Adoption of high-capacity crane or all-weather construction
method.

Table IV

Comparison of Building Volume
(X10V)
t

Current BWR-5
Reactor Building
Control Building

17

37

Rad-waste Building
Turbine Building

ABWR

3
5

35
33

Heat Exchange Building
Total

122

4

76(100%)

58(76%)

7. Conclusion

Japan imported an original nuclear power unit from a foreign country. By gathering and reflecting on construction and
operation experiences with an original nuclear power unit, the
next unit was constructed step by step by domestic manufacturers.
Japanese BWRs also have been improved by the improvement
and standardization program in cooperation with the government,
manufacturers and utilities for about 10 years. Therefore,
the result is high reliability and availability, reduction of
occupational radiation exposure and cost reduction.
In addition, the ABWR has been developed and will be
constructed in Japan as the next generation plant. It has
many features, such as enhanced safety and reliability,
greater economy, etc. Especially, the capital cost of the
ABWR is expected to be reduced as compared with that of
current BWR. The ABWR is currently in the licensing review
process, with application to K-6 and K-7. Construction for
K-6 will start in 1991 for commercial operation in 1996. K-7
will follow one year later. An ABWR program in the U.S. has
also been initiated to obtain regulatory certification as a
world-class standard plant. Standing on sound technical bases,
the ABWR is a truly optimum design for the 1990s in terms of
both performance and economy.
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NEW NUCLEAR ECONOMICS:
AFFORDABLE ELECTRIC POWER
H. BRUSCHI, R. HENDERSON
Nuclear and Advanced Technology Division,
Westinghouse Electric Corporation,
Pittsburgh, Pennsylvania,
United States of America
Abstract

schedule of 36 months is achievable with this
new approach. Further, the simplified plant
design enhances maintainability and thus
reduces costs of operation and maintenance
(O&M). The large reduction in capital cost,
combined with the shorter construction
schedule, reduced O&M cost, and lower fuel

A new, simplified pressurized water reactor
design and plan for construction results in a
drastic reduction in plant capital cost and a
significant improvement in overall power costs.
The design simplification has enhanced the
overall safety of the plant while eliminating 60
percent of nuclear island valves, 35 percent of
total plant pumps, and 75 percent of nuclear
island piping. These and other reductions
yield a 30 percent reduction in overall capital
cost compared to a conventional nuclear plant,
for a power output tailored to the electric grid
size of developing countries. The
construction schedule is also shortened
significantly, with the use of modular
techniques developed in the shipbuilding
industry. A construction

costs, produces a power cost for the new
design which is very competitive with
alternative forms of generation. This paper
illustrates the new nuclear economics by
comparing the costs of the Westinghouse
AP600 with those of alternative forms of
power generation and the standard
Westinghouse two-loop 600MW plant. The
AP600 plant is being developed under
sponsorship of the U.S. Department of Energy
and the Electric Power Research Institute.

NUCLEAR ECONOMICS
OF THE PAST

delays that caused huge cost overruns-mainly
in the form of interest on construction loans.

Developed countries depend on a secure,
reliable source of electricity to run sawmills
and conveyor belts, computers and traffic
lights, toasters and televisions and a thousand
other details of everyday life. Developing
countries have an equally strong need for
electricity to promote economic growth and
enhance the quality of life for their people in
their cities.
There is no argument that the world needs
electric power, and at prices that consumers
can afford.
The current generation of nuclear power
plants does not spring to mind in response to
the word "affordable." To the contrary, in the
U.S., concerns about safety and regulatory
changes, the inflation of the 1970s, and lowerthan-expected electricity demand in the last
decade have resulted in 12- and 13-year
construction periods for some plants and

Another source of high costs has been the
custom tailoring of nuclear plants. Instead of
capitalizing on off-the-shelf designs, electric
utilities preferred that nuclear plants be
custom designed for them. Even though
nuclear plant designers had years of plant
engineering experience to guide them,
customized designs were still being
engineered while construction was in
progress. This jeopardized the schedule and
shifted emphasis to field engineering and
construction, where changes complicated
work under way.
The two-step plant licensing process in the
U.S. was another source of delay that could
add up to one million dollars a day in interest
charges. Separate construction and operating
licenses were required, creating the
opportunity for intervenors to delay a
completed plant from operating.
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Cost overruns and public concerns about
safety after Three Mile Island combined to
make nuclear power less attractive to utility
customers. Investors were concerned that
there were too many financial risks, too much
uncertainty, too many institutional obstacles,
and too much public and political controversy.

THE PATH TO NUCLEAR ECONOMY AND
UNPRECEDENTED SAFETY
On the other hand, nuclear technology has not
been standing still. Many nuclear plants
worldwide have demonstrated high reliability,
availabilities over 90 percent, complete safety,
and reasonable capital costs as well as
economy of operation. Unwilling to lose the
option of nuclear power, the Electric Power
Research Institute (EPRI), the research arm of
U.S. electric utilities, initiated a program in
1985 to develop a new light water reactor that
would be cost competitive with other
technologies and would be so safe that public
confidence would increase significantly. The
next year, the U.S. Department of Energy
(DOE) began a similar program.
The DOE and EPRI programs were guided by
a common set of objectives. These
objectives specified:
• A smaller, simplified plant suitable for lower
demand growth.
• A high degree of public safety and licensing
certainty.
• Use of proven components.
• A short construction schedule,
• Economic competitiveness.
As part of these requirements, DOE and EPRI
specifically wanted a standardized design
with passive safety systems that would cool
the core, if necessary, without any action from
a plant operator. Current reactors use a
system of redundant pumps, motors, and
back-up power sources to keep water
circulating through the core to remove heat,
whereas passive safety systems eliminate
safety-related mechanical devices or power
sources that have to be manually activated.
COST ADVANTAGES OF THE
WESTINGHOUSE AP600

nuclear power technology with natural safety
features and modular construction techniques.
The AP600's design (Figure 1) lowers capital
investment for a two-loop plant by nearly one
third, addresses public concerns for safety,
reduces operating and fuel cycle costs, and
further reduces financial risks.
The AP600 relies on proven PWR technology
for its mainline power generation equipment
and for plant support functions. Its nuclear
steam supply system has a low power density
core that enhances nuclear and thermal
parameters by 25 to 35 percent over the
standard design. This core achieves an 18- or
24-month refueling cycle with a design basis
capacity factor of 85 percent.
The new loop configuration (Figure 2) has two
cold leg pipes and one hot-leg pipe,
eliminating the conventional crossover leg of
the reactor coolant system and consequently
significantly reducing the number of welds and
pipe supports.
In another departure from conventional
technology, reliable high inertia canned motor
pumps are welded directly to the bottom of
the steam generator channel head. This
eliminates pump supports and decreases the
number of welds.
The largest savings, however, come from the
APGOO's passive safety features and its digital
instrumentation and control system.
A passive heat exchanger (Figure 3) located
inside the refueling water storage tank absorbs
decay heat. Borated water from two core
makeup tanks flows by gravity to replace
coolant in the reactor coolant system if small
leaks occur. In the unlikely event of a large
break, pressure dropping in the reactor
coolant system triggers two pressurized
accumulators. If even more water is needed,
water from the refueling water storage tank
releases into the core. The water flooding the
core evaporates, rises to the top of the steel
containment shell, which is cooled by outside
air circulation. The steam inside the
containment shell condenses and flows back
to the core for continuous cooling. After about

ten hours the refueling water storage tank has
The result of the development program is the
advanced passive, 600 MWe (AP600) design,
which unites the best of current proven
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emptied and flooded all containment
compartments to the level of the reactor
coolant loop.

1 Passive Containment CooMng
2 Simplified Reactor Coolanl Loop

3
4
s
6
r

Low Power Density R*aclo/ Cor*
Passive Safety tnjecllon System
Advanced Control Room
Digital Instrumentation and Control SysM
Reduced Seismic Building Volume

B Non Safety Grade Diesel Generator

9 Fiat Nuclear Island Basemat
10 ElllclerM MO MWe Power Train

Figure 1. AP600 Plant Design: The AP600 design unites the best of proven nuclear power
technology with natural safety features that lower costs while greatly increasing safety margins.

Standard Model F
Steam Generator

Hot-leg Pipe
Cold-leg Pipe

High Inertia Canned
Motor Pumps

Reactor Vessel

Figure 2. Advanced Passive Nuclear Steam Supply System: This loop configuration, with
two cold-leg pipes and one hot-leg pipe, eliminates the conventional crossover leg. The design
avoids numerous welds, piping, and pipe supports for increased safety and reduced costs.
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Figure 3. Passive Safety Injection System: Dependable natural forces (gravity, natural circulation,
convection, and evaporation) protect the reactor core from overheating in the remote chance that
active systems are impaired.

A passive containment cooling system
(Figure 4) is equally elegant. The steel '
containment shell acts as a natural transfer
agent to safely expel heat. The heat being
transferred through the steel draws outside air

The large savings in control cables comes
from the APGOO's digital instrumentation and
control system. Fiber optic data highways

into a space between the shell and a thick

cabinets stationed throughout the plant. The

concrete shield building, creating a chimney

AP600 control room replaces the multiple rows
of switches and more than 1000 alarm
windows in conventional nuclear plants with a
streamlined, operator-friendly main control
board. The system controls critical plant
parameters-reactor power level and pressure
levels in the pressurizer-without requiring
human intervention.

effect that cools the outer surface of the steel.
Inside the containment shell core decay heat
turns to steam and then condenses.
A water storage tank above the steel
containment directs water, by gravity, across

the top of the containment shell in the remote
event of a large pressure or temperature rise

inside the containment. The tank contains
sufficient water to cool the shell for three
days-more than sufficient time to replace the

communicate between the central control
room and other control and protection

Because of its naturally safe passive safety
systems, the AP600 design, in short, deletes
the entire safety-grade portions of the

water.

component cooling water system, essential

By calling nature's forces into service, the

control systems.

AP600 design eliminates from the power
block:
• 60 percent of the nuclear island valves
found in current light water reactor plants
• 35 percent of the pumps
• 75 percent of the nuclear island pipe
• 50 percent of the heat exchangers
• 35 percent of the heating, ventilating and air
conditioning ducts

• 80 percent of the control cables.
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service water system, diesel generator
system, and associated instrumentation and
Moreover, the APGOO's natural cooling

systems forego the need for a separate
emergency feedwater system. Compared to
conventional 600 MWe plants, the AP600

building volume has been reduced about 32
percent. The Seismic Category 1 volume
reduction is about 40 percent (Figure 5).

These large cuts in components and space in
no way sacrifice safety. To the contrary, the

Figure 4. Passive Containment Cooling System: Natural air circulation removes decay heat if
feedwater systems or steam generator heat removal are not available.

i

Plant Arrangement

i Seismic and Safety Structures

Component
Cooling
Building

Fuel
Handling

Building

Diesel

Standard 2-Loop

AP600

Building-

Figure 5. Simplified Plant Arrangement: The AP600 has 40 percent less volume for seismic and
safety structures than a conventional two-loop plant. The reduced building volume and modular
construction techniques, plus design standardization, lower total base construction costs by 35
percent.
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AP600 design achieves increased levels of
safety margin with simpler more effective
systems. This is equivalent to putting
immense parachutes on airplanes-parachutes
that activate naturally when altitude drops too
quickly-and huge rubber floats that
automatically deploy under the plane to
cushion the landing. Yet instead of being
cumbersome and prohibitively expensive, the
simplified AP600 is more economical than
large or small conventional nuclear plants.

AP600 CAPITAL COSTS

One way to estimate capital costs is to
determine a plant's "overnight cost," the cost
of the plant if it were to be designed and
constructed in one day. The complete cost of
the plant is then calculated by adding the cost
of financing the plant to the overnight cost.

Overnight Capital Costs
Overnight capital costs (Table I) encompass
total direct costs (mainly equipment and labor
costs for structures and improvements,
reactor plant equipment, turbine plant
equipment, the electric plant equipment, and
the main heat rejection system), total indirect
costs (construction services, engineering and
home office services, and field supervision
and field office services), plus a contingency
fee, which builds in a margin for uncertainty
when estimating costs.

One final means that AP600 designers found
to cut schedule and costs is modular
construction-learned from the shipbuilding
industry. Major portions of the plant are
fabricated, pre-tested, and pre-inspected in a
factory, then transported to the construction
site. This approach improves labor
productivity, allows parallel on-site and off-site
activities, enhances quality control,
streamlines field installation, and reduces bulk
materials and field labor requirements.
Reduced building volume and modular
construction techniques make it possible to
construct the AP600 in about 36 months from
first concrete pour to fuel load (Figure 6).

Equipment and material costs were developed
by gathering current vendor quotes as of
January 1988. These quotes include every
cost associated with delivery of equipment to
the site: vendor design and testing,
transportation, manuals, warranties, and
receiving expenses. For construction and
equipment installation on site, appropriate
labor rates were added. Labor rates are
based on current U.S. averages, and include
fringe benefits and travel.

The overall cost of this plant to prospective
owners is determined by calculating capital,
fuel, and operating and maintenance costs.
The costs detailed in this paper represent
budgetary estimates only.
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Figure 6. AP600 Schedule: Reduced building volume and modular construction make it possible to
construct the AP600 in 36 months from first concrete pour to fuel load.
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Table I.
Preliminary AP600 Capital Cost Estimate'
(1990 Dollars)

Item
Structures & improvements
Reactor plant equipment
Turbine plant equipment
Electric plant, misc. plant,
heat rejection system
Total direct costs
Total Indirect costs
(Construction services,
engineering, field supervision)
Total base construction costs
Contingency
Total overnight cost

Total $ Millions
96.8
193.2
136.3

$/kw
161
322
227

94.4
524.7
162.6

164
874
271

"'"

687.3
135.2
822.5

ii i linn !••••

1145
225

1370

•Excludes interest during construction, owner costs, first-of-a-kind engineering, escalation

The vendor's overnight capital cost {exclusive
of interest, first-time engineering expenses,
escalation, and owner's cost) for the AP600 is
$1370 per kilowatt (1990 U.S. dollars).
Compared with a conventional 600 MWe
nuclear plant (Table II), building volume is 36
percent less and the massive reductions in
valves, pipes and supports deliver a 19
percent savings even though the AP600 has a
bigger pressure vessel and larger
containment.

Because the AP600 design is new in some
aspects, a higher contingency fee is included
to cover any potential uncertainties.
In sum, the bottom line total overnight vendor
cost is 30 percent less than for a conventional
two-loop plant. This cost summary assumes
that the AP600 is a single station, standard
plant at a typical U.S. site and that first-time
engineering has been completed.

Completed Capital Costs
The turbine plant, which is essentially the
same as for conventional plants, has a modest
five percent decrease. On the other hand,

But designing and building a plant overnight
cannot happen in the real world. In estimating

eliminating mechanical heat exchangers and

costs, plant owners must take into

tanks along with the mass of cables in the
control room saves 23 percent of conventional
costs. The total direct savings add up to 21
percent.

consideration what it takes to build a plant
over five years (Table III).

As impressive as these numbers are, even
larger savings come from indirect costs.
Modular construction and standardized design
save 59 percent in construction services,
engineering, and field supervision-lowering
total base construction costs by 35 percent.
Quantities for equipment, components, and
bulk commodities (concrete, steel, piping,
wiring, and so forth) were developed with
architect-engineers from line drawings, general
arrangement drawings, and physical routing
drawings developed specifically for the AP600.

Beginning with $1370/Kw for overnight costs,
roughly 10 percent is added ($137/Kw) for the
owner's costs. These include such items as
engineering and quality assurance, taxes and
insurance, spare parts, staff training, and the
owner's general and administrative overhead.
First-time engineering for the AP600, the cost
of which is allocated evenly over the first ten
plants, equals $43/Kw or $25 million for each
plant.

These costs add up to $1550/Kw--compared
with $2140/Kw for a conventional
nuclear plant.
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Table 11.
Comparison of Overnight Construction Costs'
(1990 Dollars)
AP600

Conventional 600MWe AP600 Advantage

Item
Structures & improvements
Reactor plant equipment
Turbine plant equipment
Electric plant, misc. plant,
heat rejection system

($/kw)
161

($/kw)

(%)

253

36

322

396

19

227

239

5

164

214

23

Total direct costs
Total Indirect costs
(Construction services,
engineering, field
supervision)

874

1102

21

665

271

59

Total base construction costs

1145

1767

35

Contingency
Total overnight cost (vendor)

225
1370"

177
"Ï944

(27)
30%

'Excludes interest dunng construction, owner costs, first-of-a-kind engineering, escalation

Table III.
Completed Capital Cost Comparison

Conventional 600 MW

AP600

Vendor's overnight cost
Owner's cost
First time engineering
Total overnight cost
Escalation
Interest during construction

Total completed cost

SMillions

$/kw

SMillions

822.5

1370

1165.9

82.2

137

25.8

43

930.5

1550

117.6

$/kw
1944
196

(See note) (See note)
1283.5
2140
890

414.0

690

534.0

396.0

660

642.0

1070

1740.5

2900

2459.5

4100

AP600 advantage

30%

Note: Included in vendor's overnight cost

With escalation and interest during
construction, the total completed cost, which
is the actual cost to the customer, is
$2900/Kw or $1.74 billion. This gives the
AP600 a 30 percent advantage over a
conventional two-loop plant, which costs
$4100/Kw or $2.46 billion.
This comparison was made assuming all U.S.
supply of components and labor. Costs can
generally be assumed to be less in other
countries. However, the comparison remains
valid.
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FUEL SAVINGS

The next major cost component is fuel (Table
IV). The lower power density core of the
AP600, plus a neutron reflector in the reactor,
results in lower fuel enrichment. Continuing
the comparison with a conventional two-loop
PWR, the AP600 saves 23 percent in uranium
ore, and slightly more than 29 percent in
enrichment separative work-for a 13 percent
reduction in fuel cycle costs. This means the
AP600 has a 0.1$/Kwh fuel advantage over a
conventional two-loop plant.

Table IV.
Nuclear Fuel Savings ofAP600 Plant

Refueling cycle time, months
Number of assemblies
Core loading (MTU)
Discharge bumup (MWD/MTU)
Feed fuel enrichment
(w/o U235)
• Ore requirements
(Ib U3O8/GWD)
• Enrichment separative work
(SWU/GWD)
• Fuel cycle cost, c/kwh

Conventional
AP600
600 MWe PWR % Advantage
18
121

•
•
•
•
•

49.5
42,000

3.6

4.6

418

543

23%

135
0.65

191
0.75

29%
13%

essence, if the capacity factor is high, the
plant is generating more kilowatt hours over
which to spread fixed O&M costs.

OPERATION AND MAINTENANCE
SAVINGS

The last component of total plant costs is
operation and maintenance (O&M). Roughly
90 percent of O&M costs are fixed: operation
supervision and operation and maintenance
associated with the reactor, coolant system,
and turbine generators as well as building
maintenance do not vary with plant output.
Only 10 percent of O&M costs are variable.
Only the amount of materials and chemicals
used, water purification, and waste generation
depend on the quantity of electricity
generated.

Historically, Westinghouse two-loop plants in
the U.S. have logged capacity factors well
above 80 percent, while the industry average
has remained below 65 percent (Figure 7).
Using an 80 percent capacity factor for the
AP600, although its design basis is 85
percent, Westinghouse projects that O&M
costs will be about half the industry average
(Table V). Combining O&M with fuel costs,

the AP600 yields operating costs of
1.43c/Kwh--a savings of one third over the
current U.S. industry average (Figure 8).

A plant's capacity factor, therefore, is
important in holding down O&M costs. In

U.S. Nuclear
Capacity Factors, %
90

Westinghouse
Two Loop

85
80

75
70
65
Industry

Average

60
55
85

I

I

I

86

87

83

89

Source: UDI - Design Electrical Rating - Capacity Factor

Figure 7. Average Capacity Factors: The six Westinghouse two-loop plants operating in the U.S.
achieve a capacity factor consistently higher than the industry average. Proven features of this
technology can be found in the AP600 design.
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U.S. Nuclear vs Coal
0/Kwh
2.4
2.2

Nuclear

2.0

Coal

1.8
1.6
1.4

AP600

1.2

Westinghouse
Two Loop
Nuclear Plants

1.0
0.8

81

82

83

84

85

86

87

88

89

Source: UDI data - operating costs include fuel and operations and maintenance costs

Figure 8. Comparison of Average Operating Costs: Combining operating and maintenance costs
with fuel costs, the AP600 offers a one third advantage over the current U.S. industry average.

Table V.
Projected O&M Costs - AP600

Operation

Number
of People
116

Annual Costs!1)
$ Thousands

85

12,920

0.31

201

32,530

0.78

Maintenance
Total

19,610

0/kwh(2)
0.47

(1) 1989 dollars
(2) 80% capacity factor

POWER GENERATION SAVINGS

A MATCH FOR ANY COMPETITION

The advanced passive plant also has
advantages in the levelized cost of generating
power. When levelized over a 30-year period,
beginning with commercial operation in the
year 2000, AP600 power costs are 37 percent
less than attained by a conventional PWR
(Table VI).

Between 1995 and 2010, coal-fired plants and
combined-cycle plants burning natural gas
offer the strongest competition to nuclear
power for baseload generation. This
conclusion assumes a capital cost for a coal
plant of $1270/Kw and a coal price of
$1.50/MBtu-escalated at an inflation rate of
five percent a year (Table VII). The key
assumption for the combined cycle technology
is a natural gas price of $2.50/MBtu,
escalating at ten percent a year, or five
percent above the assumed inflation rate.
Because of the parity of oil and natural gas
prices, natural gas prices should rise with
upswings in oil prices in the global market.

Savings include equipment replacement costs
(assumed to be one percent of the initial
capital cost of the plant), total capital, fuel,
O&M, and decommissioning costs. The sum
of the capital, fuel, and O&M costs was
calculated and then deflated to a 1990 value
before levelizing to give a 1990 constant dollar
number.
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Table VI.
Comparison of Levelized Generating Costs: AP600 and Conventional 600 MWe Plants

(Constant 1990 $)
Capital

2.8

Conventional
600 MWe
(0/kwh)
4.0

Fuel

0.7

0.8

O&M (1)

0.8

1.1

Total

4.3

5.9

AP600
(0/kwh)

AP600 Advantage

37.2%

(1) Includes decommissioning

Table VII.
Economic Inputs to Alternative Generation Cost Analysis

• Unit size, MW

• Vendor overnight
capital cost, $/kw

AP600
600
1370

Pulverized
Coal
600
1270

Natural Gas
Combined Cycle

0.70
5

1.50
5

2.50
10

49
0.09
0.1
5
1.0
80
10,400

27
0.63
—
5
0.9
80
10,000

8.3
0.2
5
0.3
80
8.400

• Fuel cost, (1990) $/MMBTU

• Fuel escalation, %/yr
•O&M
- Fixed, $/kw
- Variable, 0/kwh
- Decommissioning, c/kwh
- O&M escalation, %/yr
• Replacement capital, %/yr
• Capacity factor, %
• Heat rate, BTU/kwh

2x300
530

Table VIII.
Comparison of Levelized Generating Costs: AP600 and Fossil Fuel Technologies

Capital

2.8

Pulverized
Coal
(0/kwh)
2.5

Fuel

0.7

1.5

5.8

O&M (.1)

0.8

1.0

0.3

Total

4.3

5.0

7.0

76%

64%

(Constant 1990 $)

AP600

(0/kwh)

AP600 Advantage

Natural Gas
Combined Cycle
(0/kwh)
0.9

(1) Includes nuclear decommissioning
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The cost of capital was assumed to be 11.4
percent in nominal dollars and 6.1 percent in
constant dollars.
The results of analyses comparing the
levelized total capital, fuel, and O&M costs for
the AP600 with an efficient, modem 600 MWe
pulverized coal plant and two 300 MWe
combined-cycle plants show that the AP600
costs 16 percent less than the coal plant, and
62 percent less than the combined cycle plant
(Table VIII). Moreover, the cost of nuclear
power already integrates the external costs of
environmental compliance.
The Westinghouse AP600 unites the best of
current, proven technology with natural safety
features and modular construction techniques
to produce a measurable 30 percent savings
in completed capital costs, up to 19 percent in
fuel savings, and approximately 50 percent in
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O&M savings. Underscoring its confidence in
the predictable construction cost,
Westinghouse is planning to offer the AP600
at a firm price and firm schedule following
U.S. licensing, design certification, and
completion of first-time engineering.
Compared to any power generation
technology, including the best coal-fired
technologies, the AP600 offers low financial
risk, comparable capital investment, and low
operating and fuel costs. Moreover, the
design simplicity that makes these competitive
advantages possible depends on unfailing
natural forces for unprecedented safety.
This winning combination of lower cost and
greater safety should help to give new life to
the nuclear power market, and at a cost that
both developing and developed countries can
afford.
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I/ HOW TO
PROJECT

DEFINE

A FINANCIAL

STRUCTURE

SUITABLE

TO THE

When the subject of financing a project in brought up,
whether it pertains to the fields of energy, industry or
services, attention is focused in the first place upon three
factors which are considered as the most important : the
amount of financing, its duration and its interest rate.
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Among these factors, we shall submit in a moment, an
analysis of the impact of the interest rates, but beforehand
we wish to call the attention upon other factors related to
the choices made for the financing and which economical
consequences may turn out to be very important. These
factors have as a common feature to be impossible to
evaluate in quantity beforehand, however their economical
consequences can jeopardize the expected profitability of an
electro-nuclear power station project (or of any other
energy producing or industrial project), this is the reason
why, we recommend to take into consideration these factors
among the criteria for choosing the financial structure of
the projects.
In this outline, we are going to review five topics which
impact upon the final projects cost has already been proven.
1.1.) THE
BREAKDOWN
ALLOCATED TO
FINANCED

BETWEEN
THE
AVAILABLE RESOURCES
THE PROJECT AND THE PORTION BEING

At the time of start up of the project, a choice is made of
the amount of investment which will be financed, such a
choice being made either by refering to the maximum amount
which can be borrowed, or in relation to the available
resources which can be invested in the project. Whatever
breakdown has been decided upon between the available
resources and the borrowed funds, the smooth carrying out of
the contract will be partly dependable on the actual release
of these available funds for the project and upon the
contract schedule dates.
In fact, should this stipulation not be adhered to, in most
cases, the consequence will be at least, a slowing down, or
at worst an interruption in the performance of the works.
The immediate result of such a situation is to increase the
duration of the power station construction and to also
generate an increase in costs.

The method to avoid this situation depends of course on the
origin of the available funds such as : assets of a
corporation, State budgetary loans, special funds earmarked
for the project, as well as how these funds have been made
available ; it depends also on the legal status of the
investor, each case will be dealt with according to its
particulars, but if the adopted measures are not productive,
the cost of the project will suffer an increase.
1.2.) THE REQUIREMENTS FOR FINANCING THE
AND THE
LOCALLY MADE PORTION OF A
TREATED SEPARATELY

IMPORTED PORTION
CONTRACT MUST BE

Any imported project includes also a locally made portion
which financing source will have to be dealt with.
A preliminary approach will consist in studying the local
financing resources. Unfortunately most of the time the
capacity
of the local financial market is limited either
in size or in duration and for these reasons, the promoters
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of a project
by an export
calculation
regulations
loan implies
thinking.

usually request that the local part be financed
credit. Without examining here the question of
basis
and
of
adhering
to international
raised by the issue, making use of a foreign
taking into consideration another factor in our

As a matter of fact, the financing of this local part
through hard currency financial means, introduces the risk
of an exchange difference loss which can prove to be very
costly at the stage of the final project cost.
Up to this date, there is no global solution yet to solve
this problem, however we believe that the answer to this
question lies in an increase of the local available funds
spared for the project as well as using financial innovation
to expand the local financial markets.
1.3.) THE SELECTION OF THE FINANCING CURRENCY WITH REGARD TO
THE CONTRACT CURRENCY

The financing of a project can be implemented with a
different currency from the contract currency, our purpose
is neither to argue about this choice nor to even point out
the best combination between such and such currency, in the
same way we shall not define the criteria allowing to choose
the "best solution" or even the objective methods of choice
in the matter.

It is obvious to every one that the relation between
currencies is not stable, on the contrary, every day the
exchange markets do not fail to show fluctuations, and to
these daily fluctuations, long term fluctuations are added.
It is the consequences of these fluctuations which we are
going to examine.
Let us take for instance, a contract which could have been
signed in January 1988, the contract currency being the U.S.
Dollar and for a number of reasons the financing is carried
out through a loan in Yen. To simplify, let us assume that
the financing is equal to the contract price.
From January 1988 until today, the exchange value of the Yen
in relation to the US Dollar has increased at first then,
the Yen has depreciated against the dollar. As far as the
project is concerned, one can observe that these exchange
value fluctuations are such that in June 1990, the initial
financing does not cover more than approximately 80% of the
contract amount instead of 100% two years before. Under
these circumstances, the smooth fulfilment of the contract
makes it necessary to set up an additional loan of 20%. This
example is, of course, purely theoretical, however it may
apply to other currencies such as for instance the DEM
against the Yen.
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IN %

JANUARY 1988

JUNE 1990
CHART 1. Financing coverage for a contract in US dollars and a loan in yen.

1.4.) THE SETTING UP OF FINANCING RESERVES
COST OVERRUN

FOR CONTINGENCY

While they take their course, the projects usually evolve,
additional investments may be decided
upon, technical
difficulties may crop up. Events external to the project may
also take place such as fluctuations in the currencies
exchange rates and the variation in the inflation rate.
Often enough, the results of all these changes consist in an
increase of the financing requirements. What are therefore
the consequences on the progress of the project ?
In fact the answer to this question depends essentially of
the swiftness with which the additional means of financing
will be put into action. In this context, by financing we
mean the whole spectrum of financing possibilities, that is
to say the own available funds and the loan funds. Two cases
may be encountered.
If, as a precaution, the initial financing of the project
comprises provisions to meet a potential increase of the
investment cost, then, under these circumstances, the swift
availability of funds makes it possible to
meet the
requirements immediately and the contract works continue to
progress normally.
If, in another case, such a precaution has not been taken,
négociations must then be entered into, with the financial
backers of the available funds as well as with the lenders.
Experience shows that these steps take time, in this case
the availability of funds at the date of the expected outlay
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of cash may not be timely met. Here again, the end result
will be an extension of the completion schedule of the power
station.

1.5.)

THE EFFECT OF THE CONTRACT STRUCTURE OF THE PROJECT

From a financial point of view, the set up of the contract
structure in order to implement the project, should in
theory be accessory but in practical terms, it is not
necessarily the case.
Indeed, when one endeavors to implement a project with the
lowest possible cost it is necessary to estimate the
probability that the performance structure will meet all its
commitments in regard with price and schedule. Most of the
time, this probability decreases when for the execution of
the works, the number of entitled contractors increases, the
responsabilities are diluted, moreover this probability also
increases with the project performance schedule. But the
contracts for the electro-nuclear power station always have
a long performance schedule, for a finance specialist any
additional delay brought into the performance of a contract
always bring about direct or indirect additional costs.
These direct costs are represented by the price increase
brought about by the schedule overrun. The indirect costs
are in greater number, on the one hand the increase in the
duration of the performance schedule generates financial
costs if the deadline for the start of loan repayments is
linked to the deadline for the commissioning, on the other
hand the postponement of the commissioning date with regard
to the scheduled date defers in the same measure the date of
first electrical output and consequently the date on and
after which the income attached to the
sale of the
electrical output will be collected.

It is thus obvious that the commissioning deadline of the
power station will be so much better met that the number of
its construction contracts will be limited. In this regard
the "turn key"

contract represents the type

of contractual

structure the most adaptable for the best possible control
of costs and time table. But on condition of course, that
the appointed foreign contractor, has already proven his
competence to command such a type of project.
In conclusion thereof, we think that by being attentive to
these various factors, it is possible to set up a financial
structure which joined to a contractual structure will make
it possible at the same time to be the least costly and to
avoid to generate causes of slowing down the implementation
of the project because of a lack of financing. If these
requirements are met,
there is then a very good probability
to master the economy of the project.
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2/ THE REPERCUSSION OF INTEREST RATES ON THE COMPETITIVE
SITUATION OF NUCLEAR ENERGY

The interest rate is among the various factors which govern
the decision to invest, it is evidently obvious that the
lower the interest rate, the smaller will be the overall
investment cost.
On the opposite, should we abandon a project of nuclear
power station if interest rates are high ?
In this
perspective, we are going to concern ourselves with the
ratio between coal KWH versus nuclear KWH.
In a nuclear power station project, the amount of investment
is much higher than in a coal power station, it is thus
logical that the competitive edge of nuclear energy against
coal energy, improves with a reduction of interest rates.
The chart 2 shows that the point of equivalence between both
energies is attained with an interest rate of approximately
11% per annum. As in every comparison, this figure does not
represent an absolute limit, especially as it depends on
parameters selected for the engineering
design. These
parameters are described in annex 1.
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In such a sheme, all parameters do not have the same
significance,
sensivity studies would be necessary to
investigate the impact of each of them. At this stage and
within the time frame
we are given we wish to mention only
three of them.
The construction cost
The fuel cost
The rate of actuarial calculation
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Annex 2 shows the repercussion of the fluctuation of these
data, however we want to attract special attention to the
construction cost and
what is derived
from it, the
investment cost, in fact these costs are intimately linked
to the construction time parameter. As we have previously
mentioned, a large part of the project economy depends on
the ability of the contractual structure to adhere to the
time table. In this respect, the turn key contracts are
particularly well suitable.
3/ MACRO-ECONOMICAL CONSEQUENCES OF HARD CURRENCIES PAYMENTS
FINANCING

In the perspective of a hard currencies financed project,
the purchasing country postpone until later the outflow
of hard currencies. In terms of macro-economics, it would be
worth while to study the overall expenditures to be paid in
hard currencies, during the construction period as well as
during the commercial operating period and particularly when
a nuclear power station project is compared to an imported
fossil fuel project.
The chart 3 shows the global currencies expenditures for
projects of equivalent power output ; one can notice that
starting from
the commissioning date of
these power
stations, the currencies global outflow (loans repayment and
fuel purchase) is less substantial for a nuclear power
station than for a fossil fuel power station.
1000-1
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CHART 3. Foreign currency expenses (current monetary units).
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ANNEX 1
REFERENCE CASE PARAMETERS

(in $US of 1990)
Nuclear Power Plant
2 x 900

Electrical power (MWe)

Construction cost ($/KWe)

Construction time (months)

1600

84
1999

Date of commissioning

30

Service life (years)

0.75

Load factor

Coal-Fired Plant

3 x 600
800
60
1999
30

0.75

Fuel cost:

- Natural uranium
. $/kg
. Drift/yr

85
+2 \

- Coal
$/tonne
. drift/yr

45
+ 1.5 \( 11

Operating cost ($/kW/yr)

35

25

Discount rate (\)

Inflation rate

(1)

Corretpondi
considered
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to

a d i » c o u n t * d a v e r a g e cost of $60/tonn* for the

period

ANNEX 2

Variation in the interest rate
(with respect to 11 \) necessary to restore the economic
equilibrium

•

•

•

Nuclear construction cost
. 10 \ decrease
. 10 \ increase
Cost of coal
. drift increased from
1.5 \ to 2 \ per year
. drift decrease from
1.5 % to 1 \ per year
Discount rate
. one-point increase
. one-point decrease

+ 3 points*
- 3 points

+2.5

points

- 2.5 points

- 1.5 points
+ 1.5 points

* The following example shows how to read Table 2:

With respect to the reference case and at its equilibrium rate of 11 \, if the
nuclear construction cost decreases by 10 \, nuclear power becomes more advantageous. For a coal-fired plant to again be competitive, the interest rate
would have to increase by three points (11 + 3 = 14 %).
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EVALUATING INVESTMENT COSTS AND
ECONOMIC PERFORMANCE CRITERIA
FOR NUCLEAR POWER IN ROMANIA
C. SIM A

Institute of Power Studies and Designs (ISPE),
Bucharest, Romania
Abstract

The transition from an overcentralized economy to a rational and efficient one asks
for the implementation of a judicious economic policy which should cope with the specific
conditions of Romania.
The present work aims at a thorough analysis of several major aspects related to the
evaluation and setting up of the economic efficiency in the power field, and to the
implication possibilities into the market economy.
1.

Economic peculiarities of the power area

The power area takes up an important place within the national economy, being
considered as the engine of the economic development.
In spite of a somehow privileged position as concerns the investments, the output of
electric power could not cope with the ever increasing load curve of the consumers.
For many years, because of a totally unbalanced industrial development the operation
of the power systems was inefficient, the expense of the power generation were exceeding
by far the incomes achieved. This was possible also due to the underrated operation
resulting from the shortage of high grade fossil fuels, the low reliability degree of the
equipment, the nonperforming of the capital repairs the price of the electric energy (about
0.03 $/kWh being subsidized by the state).
This fact was concealed by omitting from the calculation of the cost value, the repair
expenditures, the bank interests on the one hand or by artificially increasing the cost of the
electric power supplied (about 0.05 - 0.06 $/kWh) on the other hand.
To meet the energy demands, electric power was imported from the neighboring
countries (the USSR).

This was possible by not using the real figures in the calculation of the equipment
and fuel, by exceeding the execution terms, by eliminating the imports trying to assimilate
these in the country at high prices, by excluding the informatics and outfitting by process
computers which should provide a proper operation.
2.

Economic efficiency of the investment in the power area

The problem of the power objective economic efficiency maximization did not
represent a purpose in itself but a conjunctional element needed to back-up the approval
of the relevant investment applied usually when there was no other alternative but to start
its rapid implementation.
147

2.1

Conception

Up-dating of the present power objectives to the rated technical economic power
objectives by an extensive retrofitting programme did not represent a priority.

The measures for the promotion of new investments to meet the power deficiency
were taken with great delay.
Our specialists, although highly qualified, had to face the lack of information, and the
austerity of the former regime by a total cut-off of the imports and international cooperation
has impeded any initiative relating to the improvement of several power objectives.

2.2

Execution

Due to the lack of any concurrence specific to a market economy, to the lack of a
technical economic base, and of the proper materials has negatively influenced the cost of
investments.
2.3

Operation

The operating staff generally has an average training, but the lack of some specific
and gradual responsibilities, the lack of information, a low material incentive, the lack of
informatics and the employment of computers in the technological process have negatively
influenced the installed power availability factors, while the risk was felt by the occurrence
of negative effects on the economic efficiency.
3.

Evaluation methods of the investment costs in the power area

Starting from the economic peculiarities of the power system and the economic
efficiency elements the evaluation methods of the investment costs to be achieved in
Romania should be correlated with the world-wide realities preparing thus the transition to
the free market.
The development programme of the power area is considering mainly the nuclear
field related investments.
The first nuclear power plant with an installed capacity of 3500 MW is going to be
implemented and will be followed in the future by several other nuclear power plants.

That is why the following references will relate to the investments in the nuclear area.
3.1

Price policy

The main material resources which back-up the implementation of a power objective
investment should be based on a reliable cost system in which the market factor is decisive.
Starting from the premises that the price system has to be used as a key-factor in a
successful development, in the increase of quality, in the incentives of manufacturers and
last but not least, in the improvement of the life standard ever since 1988, the power field
related investors, have granted a major importance to this aspect.
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Thus, for instance, with the nuclear power plant under erection the casting of
resources required by the effecting of the investment has aimed at the procurement of peak
technologies, at a high quality of the execution, at the safety and reliability of the products
needed for the equipping of a NPP.

Considering that the normal products of Romania have an average cost of PQ, the
material and equipment procurement price for a NPP has been set-up as follows:
P = PO . K} . K2. K3
where:
K! = 1.45 process factor
K2 = 1.05 reliability factor
K3 = 1.10 coefficient for small execution series.

Out of the statistical data it results that:
P = 1.675 PO

Comparing this level with the prices practicable on the world market (PM = 1.55 P0)
the correlation coefficient for Romania is the following:
C = P/PM = 1.08, respectively for 1000$ on the world market Romania has
spent 1080$.

Provided another nuclear power plant will be erected, this time the price level will
be diminished and a new correlation coefficient of
C + P/PM/K3 = 0.964
will result.

Considering the fact that the nuclear development programme of Romania provides
the erection of one more nuclear power plant, until the year 2000, the forecast have
evaluated that Romania could become profitable as to the cost of the nuclear materials and
equipment if these are correlated with the investment efforts needed by the erection of
industrial enterprises producing the above materials and equipment.
3.2

Cost of the execution

The cost of the execution and erection works is very low, as the value of the labor
force (about 200$ man/month the social security expenses excluded) is very low.

Considering the cost of the execution under safety and reliability conditions as well
as the price advances which came up after December 1989, it can be estimated that the
value of the labor force will increase (to about 400$ man/month) being still by far below
the values practiced on world level.
As we have first grade specialist in the power field, Romania proves to be efficient
at this economic factor.
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3.3

The cost of the first fuel loading

According to the legislation in force, the first fuel loading and the associated facilities
(heavy water) corresponding to the CANDU type used in the first nuclear utility (Cc) are
financed from the investment value, and its value is 20% of the total investment value but
we cannot estimate the efficiency level.
3.4

Cost of research, design, commissioning and auxiliary works
a)
b)
c)
d)

The cost of research works is very low (below 1%) from where the
technological discrepancy versus developed countries
Design cost represents about 4% and it is within allowable limits
Commissioning costs is about 2% but due to our lack of experience we cannot
exactly appreciate them
Auxiliary costs are estimated at about 0.5%.

The investment value (I) is:
I = (P + CE + Cc) K

where
K= 1 + 0.01 + 0.04 + 0.02 + 0.005 = 1.075
As a series of factors had not been previously taken into the investment value
calculation, after the revolution of Dec. 1989 the following elements have been included in
the investment value:
including of about 2% risk factors in the equipment performing and erection;
ensuring the commissioning personnel of the first 2 units using the Canadian
personnel (CF);
"service" activity developed by the Rumanian personnel(CS) during execution
and commissioning;
including simulator and operation personnel training in the investment cost.

The investment values becomes:
I = (1.02 P + C E + Cc) K + Cp + Cs + Cp

We didn't succeed in determining the costs referring to the unit decommissioning and
preservation after the lifetime is over due to the lack of calculation methods and necessary
elements.
Making a comparison between the specific cost estimated in Romania for the first
nuclear power plant built in special conditions and similar works carried out at the
worldwide level, results:
Is ROMANIA = 1850 $/kwi
Is WORLDWIDE LEVEL = 2000 $/kwi
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If we take into calculation the quota of the investment allocated in the equipment
manufacturing enterprise, the NPP auxiliaries and the living standard indices (the
government having in view the reform of wage law), and thus we can appreciate that the
investment value will exceed the worldwide achievements.
4.

Economic efficiency criteria

In Romania's specific economic conditions, the present economic efficiency criteria
in the field of energy should be improved as follows:

4.1 The total up-dated costs (TUC) required by the unit operation are determined by the
following equation:
TUC = A + B . p
where

A: total up-dated costs of the plant
B: specific fuel consumption for the generated energy
p: fuel price.

For the determination of this criterion, we should analyze the total up-dated costs for
a reference plant that operates under very good technic and economic conditions.
The choice of the reference plant is criticizable for the following reasons: fuel
sources, incertitudes about time equalizing elements and the size of the up-dating ratio.

In case of Romania a reference is a plant of 4 x 330 MW running on hydrocarbons
at 100 $/tec and running on coal at 60 $/tec.
Analyzing this criterion for a nuclear utility, fig. 1 shows graphically the competition
limits of the hydrocarbon (2) and (1) referred plant.
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Figure 1. Competition limits of nuclear power plants depending on fuel price:
(1) coal,
(2) hydrocarbons.

The value range between 1500-2500 $/kW, for fuel values between 0.04-0.15 $/tec
shows the competition limit of a nuclear power plant according to CTA criterion.
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The investment may be accepted if:

K + B0.p0 - B .p
c
where
K and C: coefficients which do not depend on fuel price
B0 and B: specific fuel consumption for the reference and nuclear power plants.
P0 and p: fuel price for the reference and nuclear power plants.
The up-dating ratio, determined in Romania as a ratio between the investment cost
and the annual operation cost is, in certain developed countries, an element of balance
between capital demand and offer, having the value of 8%.
Taking into account the high technological level for a nuclear utility, the high
performance of equipment, the decrease of resources consumption, this up-dating ration may
be decreased to 7% creating certain benefits concerning the promotion of higher value
investments in the framework of economic efficiency.
4.2

Period of time for: execution, operation and installed capacity use.

The periods of time are determined based on previous experience concerning the
creation of similar utilities in Romania and worldwide.

a)
b)
c)

12-years' execution period of time.
The increase or decrease by 1 year of the execution period of time brings
about an increase or decrease of the investment value by about 5-10%.
30-years' operation (life-time) period of time.
The increase of the life-time from 30 years to 50 years leads to the decrease
of generated power cost by 10-12%.
The installed capacity operation period of time is equal to the reference plant
of 6000 h/year.

The operation period of time increase from 6000 h/year to 7000 h/year leads to the
decrease of energy cost by 5-8%.

4.3

Generated power cost

Starting from the provisions at items 3.4.1 and 4.2 the price of energy generated in
a nuclear power plant has been estimated for Romania at a value of 0.035 - 0.04 $/kWh.
4.4

Fuel costs

In the present conditions, this being the case for other developed countries (England,
France, Italy), for the economic calculations constant costs are taken into account
determined for certain reference data.
The adoption of current prices is difficult because their forecast raises difficult
problems.
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Together with what has been said below, the improvement of economical calculation
methodology have been also taken into account with the following aspects:
a)
b)

c)

d)

e)

Improvement of equivalence methods and of the reference plant
determination (including those based on utilities existing in developed
countries).
The use for economical calculation of aspects connected to environmental
pollution.
The adoption of optimization strategies for the elements that are in the
structure of investment utility.
diagram for materials and equipment supply
diagram for manpower use
diagram for activities.
Modification of the normed values for certain economic efficiency indicators
by correlation with worldwide achievements.
In future an up-dating ratio of 7% will be used and analyzed while a 50-years'
life-time will also be analyzed.

Conclusions
Due to the economical peculiarities existing in Romania this field of activity will
remain strongly centralized in the future, the government being responsible for the capital
investments while decisions concerning investments being another task of the government.
Because of the importance of the internal price of electric energy generated in the
network, as a derivative of the investment effort, this remains a main economical tool for
the generation-consumption balance adjustment.

The correlation between internal costs and worldwide adopted costs for oil, coal,
complex equipment, nuclear fuels is an essential requirement in the effort made by Romania
for overcoming the power crisis.
The vital requirement for the transition to market economy is the changing of the
post of electric power in the framework of efficiency so that it could reflect the effort made
for its generation.
Reviewing the cost of manpower in order to make it equivalent to work itself, value
which should be very close to that existing in developed countries, might lead to the
improvement of life standard and will decrease the brain drainage to developed countries.
The main task of those involved in the investment field is to improve the
methodology of setting the economic efficiency in order to perform power utility as valued
as possible with clear and widely known efficiency criteria.
We take the opportunity to request the countries taking part at the symposium to
support us by sending data and elements concerning this matter. We consider it as an
important step towards a close cooperation with your countries and in the same time as
Romania's joining the world after more than 25 years of isolation.
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Summary
The features of Rumanian economy and of the power area had a negative influence on the
harmonious development of economy which resulted in the inadequate operation of the
power system for political and technological reasons. The lack of contacts with the world
economy and of information concerning the free market aspects affected the calculation
methods of the investments and of the economic efficiency. Taking into account the critical
situation of the investments in the nuclear field until the 1989 December Revolution, the
study presents estimation methods and improved economic efficiency criteria. Starting from
the setting of prices on economic bases and the use of more realistic criteria of economic
efficiency, the study presents the main directions of the development of calculation methods
of economic efficiency in Romania for nuclear utilities building. In order to build utilities
of efficient investments, the main aspects presented refer to prices, labor cost, auxiliary
prices and comparisons with the developed countries. The methods and criteria of economic
efficiency take into account the total expenditure used at carrying out the investments
according to the fuel price, execution and operating time, generated power price as well as
a series of new elements that will accompany these criteria in the future. The improvement
of these methods cannot be achieved without the information exchange with other countries
with experience in the field, on this account, cooperation with Romania is requested.

BIBLIOGRAPHY

1.

C. Sima, G. Marinescu, M. Gherorghiu - Specific aspects of economic calculation at
nuclear power plant. Energetica Magazine, no 3-1989.

2.

G. Marinescu, C. Sima - Efficiency criteria for the practical application of the new
and renewable power sources. Energ VI/3, no 8-1989.

154

PROSPECTS OF NUCLEAR POWER IN JAVA
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Abstract

In view of the present low level of per capita energy consumption, Indonesia's potential for
load growth in the future is very high. This coupled with the large size of the population, the
currently known indigenous resources such as coal, hydroelectric, oil, natural gas and
geothermal which presently appear abundant will soon be depleted. Therefore Indonesia has
to look at the nuclear option. In the initial stage of rapid electricity development in Indonesia,
PLN (State Electricity Corporation) depended largerly on oil-based generating capacity.
However, in the late 1970s, PLN committed to reduce its reliance on oil towards more
economical use of fuel such as hydroelectric, geothermal, coal and natural gas. Although,
utilization of a nuclear power plant has been discussed since the late 1960s, its role in PLN's
Investment Program has never been defined. This paper is based on PLN study of generating
cost of future base-load unit alternatives for the Java Power System. The objective of the
study is to improve the understanding of the competition among those units, by providing an
analysis and sensitivity studies of major assumptions such as investment costs, fuel costs and
discount rate. And at the last part, this paper presents the general problems of financing and
review and analysis of liability involved in nuclear power project.

1.

INTRODUCTION

This report is based on our recent study of generating cost of future base-load unit
alternatives for the Java Power System. The objective of the study is to improve the
understanding of the competition among base-load unit alternatives through an
analysis and sensitivity studies of major assumptions.

This report highlights the present and future of the Java Power System, the energy
resources for power generation in Indonesia, and the basic assumptions and results
of the study.

2.

THE JAVA ELECTRIC POWER SYSTEMS

Java island is the largest load centre in Indonesia which accounts for about 75% of
PLN's market and the bulk of power facilities are allocated there. Islands other than
Java have several much smaller load centres and hundreds of small and isolated diesel
power plants.
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Generation Systems
PLN's installed generating capacity in Java has been growing rapidly at an average
of 17.4% a year over the last 15 years, i.e. from 535 MW in 1973/74 to 5928 M W in
1383/83. Table-1 shows the development of generating capacity mix over those

years.
Table 1.

PLN's Sales, Production, Peak Load ar.d Installed Capacity
in Java System
73/74

Sal e s
Production
Peak Load

Installed Capacity
.
.
.
.
.
-

Hydro
Geothermal

GWh]
GWh
MW]

78/79

83/84

88/89

89/90

2175 3446
2932
5723
*)
*)

7914
10574
1864

15692
20065
3372

18467
23546
3951

407

1817
140

68

1817
140
1200
1906
803
119

2769

5985

6375

[MW]

Coal-fired
Oil-fired

Gas turbine
Diesel

Total

249
.
200
14
72

535

319
.
506
650
81
1556

30
1506
758

1600
1906
803
110

> Not Available, Diversified value

In 1989/90, the first year of the Fifth Five Year Development Program (REPELITA V),
electricity sales reached 18467 GWh, an increase of 17,7% compared to the previous

year's sale, which is relative higher than the anticipated growth rate of 13,2% pe- year
during REPELITA V. During that year, the fourth unit of coal-fired power plant of 400
MW at Suralaya was commissioned.
Transmission Network
Until 1979/80, there were three isolated power systems in Java, i.e. West, Central and
East Java. The West and Central Java systems were interconnected in 1980/81 and
East Java in 1981/82, to form an All-Java Grid operating at 150 kV. In 1987/88 and

1988/89 respectively, the East Java system was extended to Madura and Bali Island
by 150 kV submarine cables. With the commissioning of 500 kV EHV transmission
lines from Suralaya in West Java to Krian S/S in East Java during 1988/89, the Java
power system has become an integrated system. The existing transmission system
by the end of 1988/89 comprises of 1061 kmc of 500 kV, 6327 kmc of 150 kV and
3833 kmc of 70 kV.
Electricity Demand
The demand of electricity has grown rapidly in the past as shown by Table-1. During
the period of 1973/74 to 1988/89, the average growth rate had been about 14.2 % a
year in term of total sales. The forecast of gross energy requirement and peak load
up to 2003/04 are estimated as shown in Table-2.
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Table 2.

Load Forecast of the Java System

Peak Load

Year

[MW1
1990/91
1991/92
1992/93
1993/94
1994/95
1995/96
1996/97
1997/98
1998/99
1999/00
2000/01
2001/02
2002/03
2003/04

Gross Energy
Requirement
FGWhl

4337

26 161
29765
33716
38036
42724
47770
53178
59114
65419
72073
79050
86400
94000
102 550

4932
5589
6301
7078
7912
8807
9785
10829
11926
13091
14300
15553
16920

Present Development Plans
Present development program of PLN during REPELITA V is to increase its installed
generating capacity in Java by 3080 MW, with corresponding growth in its
transmission and distribution facilities. PLN was forecasting its average sales growth
in Java of about 13,2% per year during REPELITA V. Additional generating capacity
expected to be commissioned during REPELITA V are shown in Table-3.
Table 3.

Committed Generating Capacity Additions

Projects

Type

Gross
Capacity

Commissioning
Schedule

[MW]

Suralaya # 4
Kedung Ombo
Tulung Agung
Ciliman
Tulis
Gresik# 1,2,3
Paiton # 1 ,2
Salak # 1,2
Drajat # 1
Dieng # 1

3.

Coal SPP
Hydro PP
Hydro PP
Hydro PP
Hydro PP
Combined Cycle
Coal SPP
Geothermal
Geothermal
Geothermal

400
23

1988/89
1992/93

36

1993/94
1993/94
1993/94
1993/94
1993/94
1993/94
1993/94
1993/94

10

13
1578
800
110
55

55

PRIMARY ENERGY RESOURCES FOR FUTURE EXPANSION
The power generation in Java has traditionally depended on oil based units. In
1983/84, 80% of PLN's generating capacity was based on oil. However, since the
last decade PLN is making an effort to reduce its reliance on oil and turn towards more
economical primary energy alternatives, such as coal, hydro- electric, geothermal and
natural gas.
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Coal
The presently known major coal deposits are located in Sumatra and Kalimantan,
which accounted to about 99% of total known reserves of 19.2 x 108 metric tons.
Table-4, shows the summary of these coal resources by rank.

Table 4.

Major Coal Resources (in 10* metric tons)

Type___________Sumatra___Kalimantan_____Total____[%]
Anthracite
Bituminous
Sub-Bituminous
Lignite & Brown
TOTAL

1157
14435

367
2975
3

14
569
4132
14438

15808

3345

19153

14
202

3,0
21,6
75,4
100,0

Lignite and brown coal are accounted for about 75% of the known reserves and are
all found in South Sumatra. Since these coals are suited only for use in mine-mouth
power plants due to the high transportation costs, utilization of these resources to
supply Java would require construction of several submarine cables across the Sunda
Strait. Sub-bituminous coal, which is estimated at 22% of the reserves, is more
economical to transport and will be among the first to be developed and utilized.

Hydroelectric

Indonesia has large hydroelectric potential, which is estimated to be 74976 MW, but
the present utilization is only about 2.6% of the potential. Table-5 shows the summary
of the hydroelectric potential. The largest potential (about 30%) is in Irian Jaya where
the demand is the lowest in the country. On the other hand, Java has only about 5.6%
of the total hydro potential.

Table 5.

Summary of Hydro Potentials

Location_________[MW1_______[%]_

Sumatra
Sulawesi
Irian Jaya
Java
Other islands

15587
21581
10183
22371
4200
1054

TOTAL

74976

Kalimantan
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20.8
28.8
13.6
29.8
5.6
1.4
100.0

Geothermal
Total geothermal potential has been estimated to be 16035 MW, and yet only one field
(Kamojang in West Java) has been developed for electric power generation. The first
unit of 30 MW was commissioned in 1983, the second and third units of 2 x 55 MW
were commissioned in 1987. Table-6, shows the summary of the geothermal potential

reserves.
Table 6.

Summary of Geothermal Potential

Location__________[MW]_________[%]_
Java
Sumatra
Sulawesi
Other islands
TOTAL

7775
4885
1500
1875

48,5
30,5
9,3
11,7

16035

100.0

Natural Gas
In the past, the Government policy was to allocate most of natural gas reserves for
LNG export, domestic, industrial and residential uses. However, recently this policy
was changed in the light of new realities, such as the estimate of Indonesia's natural
gas recoverable reserves has risen from 53 trillion cubic feet to 80 trillion cubic feet,
the saturation of the market for LNG become more evident, and very substantial gas
field has been identified near East Java. Hence natural gas is becoming a major new
fuel option for power generation.

Nuclear
Presently, there is no available information on Indonesian uranium resources.
Therefore it is not known if there is sufficient indigenous uranium available to support
a nuclear power program. However the availability of uranium will only be a minor
consideration in planning any nuclear programme as uranium is contributed to a very

small component in the total costs of nuclear generation.

4.

THE APPROACH

Economic cost comparison of base-load unit alternatives can be estimated by using
a levelized bus-bar cost method. The levelized bus-bar cost of an alternative whose
construction, fueling and operation involve a cost stream C,, and whose energy output
is expected to be E,, is defined as :
N
Levelized Bus-Bar Cost

Ct

t = 0 (1+i) !
= ———————
N
E,
t=0

(1+i)'
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This simple and abstract method is not a substitute for a total system production
costing method, which is used in our expansion planning. However, this methodology
provide a tool to understand the competition among base-load unit alternatives and
it is useful for narrowing the range of possible alternatives.

5.

GENERATION COSTS COMPARISON
Base-Load Unit Alternatives

This study focused on the Java power system, where major investment decision will
be made in the future. With the abundance of primary energy resources in Indonesia,
the energy options for base-load units for Java are coal, natural gas and geothermal.
Nuclear units option, however, has also been included in the study since a feasibility
study of the first Nuclear Power Plant will be carried out in immediate future. The
following are base-load unit alternatives which were used in the study:
. Coal-fired units of 600 MW
. Natural-gas-fired combined cycle units of 500 MW
. Geothermal units of 55 MW
. Nuclear units (PWR) of 900 M W
(PWR was selected to represent light water reactor technology).
Economic Parameters

Table-7 summarises the economic parameters for each alternatives. All costs are
expressed in US$ as of January 1990.
Table 7.

Summary of Economic Parameters

Coal
[600 MW]
1. Investment Cost
2. Construction time
3. Capacity Factor
- 1st year
- 2nd year
- 3rd year

[$/kW]
[years]
[%]

- 4th year
4. Fuel Cost

[$/MWh]

5. Fixed O&M Cost

[$/kW-year]

6. Variable O&M Cost [$/MWh]
7. Life Time

*)

**)

160

[years]

Combined Geothermal
Nuclear
Cycle
[500 MW]
[55 MW] [900 MW]

700
5

550
3

810
5

1600
7

55
60
65
70
15.5''
8
1
25

50
55
60
65
20.2" >
5.5
2
20

80
80
80
80
34
8.1
2
25

55
60
65
70
9
16
2
25

Based on Coal price of 40 $/ton at 6000 kcal/kg
Based on Natural Gas price of 2.53 $/MSCF at 252 000 kcal/MSCF

Other Basic Assumptions

. Commissioning year is 2000
. Discount Rate 10%
. Escalation for coal price is 1%/year.

6.

THE RESULTS

Reference Case

The levelized bus bar costs of base load unit alternatives are sumarized in Table-8.
Natural-gas fired combined cycle units have the lowest levelized bus-bar costs
however coal-fired units are only 5% more expensive. Geothermal and nuclear units
are 43% and 56% respectively more expensive than combined cycle unit.

Table 8.

Summary of Levelized Bus - Bar Cost
Coal P.P.
[$/MWh]

Geothermal

Combined
Cycle P.P.

[%]

[$/MWh]

[%]

[$/MWh]

[%]

Nuclear

[$/MWh]

Investment
Cost

17.7

45.9

13.3 36.3

15.3

29.1

Fuel Cost

18.5

47.9

20.3 55.5

34.0

64.8

0 & M Cost
TOTAL
Ratio to Coal

Ratio to
Comb. Cycle

2.4
38.6
1.0
1.05

6.2
100.0

3.0

8.2

3.2

6.1
100.0

43.4

9.0
4.8

36.6 100.0

52.5

57.2

0.95

1.36

1.48

1.00

1.43

1.56

[%]
75.9

15.7
8.4
100.0

Future development of large scale utilization of natural-gas for combined cycle units
in Java, however, is still facing uncertainty due to limited information about the
availability, location and the economic price of natural gas. Therefore, coal-fired units
will play the major role in the future of Java generating system additions.

Sensitivity Analysis
The sensitivity analysis considers the effects on levelized bus bar cost of changes in
the assumption of the reference case. Table-9 gives the result of the sensitivity
analysis. It should be noted, that natural-gas combined cycle and coal-fired units
advantages are still large compared to others. Nuclear power plant unit is more
sensitive to every changes in the assumptions except for fuel cost escalation
assumption. On the other hand, coal, natural gas and geothermal are sensitive to
change in fuel cost escalation.

161

Table 9.

Summary of Sensitivity Studies
Coal P.P

Combined

Geothermal

Nuclear

Cycle P.P

[$/MWhl [%P

Reference Case

38.6

Investment Cost ( + 10%)

40.4

Investment Cost (-10%)

f$/MWh)

[%]'>

[S/MWh] [%]*'

f$/MWh|

r%r}

36.6

52.5

57.2

4.6

38.0 3.8

54.1

3.0

61.8

8.0

36.9

•4.1

35.1

-4.1 50.8

-3.2

52.6

-8.0

Discount Rate = 8%

35.2

-8.8

34.5

-5.7 49.7

-5.3

47.9

-16.3

Discount Rate = 12%

42.5

10.0

38.8 6.0

55.5

5.7

68.1

19.1

Fuel Cost Escal.

42.3

9.6

40.3 10.1

59.0

12.4

59.0

3.1

+ 1% / year
*) Change from reference case

Possible Role of Nuclear Power Plant
This section deals with the possibility of nuclear power plant role in Java generating
system. Table-10 presents the values of individual parameters needed to be reached
to make the levelized bus bar cost of nuclear and coal units are equivalent.
Table 10.

Sensitivity Studies for Coal/Nuclear Competition
The Parameter ValueforCoal/Nuclear-Break-Even *)

Parameter

1.

Discount Rate

[%]

Parameter
Value in
Reference
Case

Coal
w/o FGD

Coal P.P
with FGD
**)

10

1.5

4

Coal Price Escl. 2%/year
-——————-——————
Coal P.P
Coal P.P
w/o FGD
with FGD
4.2

6.3

2. Nuclear Investment Cost

[$/kW]

1600

950

3. Coal Price

[$/ton]

40

81

68

67

57

1

4.8

3.9

N/A

N/A

70

35

43.5

39

49

4.

Coal Price Escalation

[%/year]

5. Capacity Factor of Coal P.P [%]

1130

1075

1260

*) The break-even value is calculated using all of the reference case data (Table-7) except for the parameter
that in
question (in the parameter column).
**) With FGD, the investment cost of coal-fired became 15% higher.

To illustrate the above analysis, one can consider the case of coal-fired without FGD
and coal price escalation of 1%/year in Table-10. The break-even value of discount
rate is 1.5%. This means a 85% reduction in discount rate, from 10% (in reference
case) to 1.5%, while keeping the other assumptions constant, is needed to eliminate
the coal fired advantage. The same result valid for nuclear investment cost, with
reduction up to 40% (from 1600 $/kw to 950 $/kW), and coal-fired capacity factor
with 50% reduction (from 70% to 35%). The most important parameter for coal-fired
case is the price of coal itself. The break-even value for coal price is 81 $/ton or a
102% increase from the reference cost. The same result valids for coal price
escalation (in real term) which could be increased to a figure of 4.8%/annum to
eliminate the coal advantage.

162

The nuclear industry circles currently are looking forward to a significant reduction in
the investment cost due to an adoption of a passive safety system, standardization of
design (module system), and shorter construction time. However, the utilization of this
new design of nuclear power plant is not expected to be operational before the year
2000.
7.

NUCLEAR POWER PROJECT FINANCING

There are a number of characteristics of a nuclear power project that influence its
financing, the most important of which are related to :
- Size :
Many, if not most nuclear power projects, are categorized as large or major
projects. It is not so useful to determine what absolute size in monetary terms
a project may be classed as major since this will vary from country to country:
what is very large in one context may be commonplace in another. Due to its
size, nuclear power projects in practice entail substantial capital expenditure.
As a very rough indication of cost, it is unlikely that the capital cost of the first
600 MW nuclear power plant unit installed by an international contractor would
be less than 1.3 billion US$. The construction of two units of 900 MW nuclear
power plants would require capital cost investment approximately of US$ 2,9
billion, incomparisons the construction of coal power plants of the same
capacity 3 units of 600 M W would require capital expend ition of approximately
US$ 1,3 billion (at 1990 prices). This capital cost estimate includes indirect
costs but excludes interest during construction and the construction cost of
the associated transmission lines.

Risks :
No other energy sources have elicited as much praise and condemnation.
Supporters point to a safety record surpassing that of the coal industry and
to the prospects of nuclear energy providing a long term solution to the energy
crisis. Its opponents cite, the dangers of radiation, waste disposable problems,

and cost overruns that have become strongly associated with the use of
nuclear power.
Yet, the public's concern about nuclear energy has strained the ability of
governments and institutions to fully commit themselves to nuclear power. As
a result, a number of critical challenges have developed which include
regulatory restrictions and complications, plant complexity, plant operations
and maintenance, and financing and waste management.
Political risk has been faced by two countries (Philippines and Austria) which
had been able to finalize the construction of each of its first 620 MW nuclear
power plant, but are facing political problem of not getting permission to
operate the plants up to this time.

1.63

Impact on Economy :
A nuclear power program requires approximately two to three times the capital
expenditure involved in a program based only on fossil-fuel generating units.
Thereafter, the expected savings from lower fuel costs reach their full value
only over the total reactor lifetime of twenty-five to thirty years. Indeed, any
choice between nuclear and fossil-fuel units for central electricity generation
must consider that the advantage of lower nuclear fuel costs up to at least ten
years after the first nuclear plant has been brought into commercial service.

Time Scale :

The construction period of nuclear power plant may be 7 to 10 years. Given
this lengthy development period, with its high associated cost in terms of time
and effort as well as money, the active life of the project must be

proportionately long. Thus a nuclear power project may entail a time scale of
thirty years or more, of which nearly one third of the time required for the
preparation, planning and construction of the nuclear power plant.

Government Involvement :
All the above factors make it almost inevitable that there will be a considerable
degree of government involvement in any nuclear power project. Such
involvement does not necessarily imply direct participation or share holding in
the project, but will certainly entail close scrutiny of the overall effect of the
project on the national interest. Decisions must also be made about the

institutions that should be created or adapted in order to establish and sustain
a nuclear power program, not only to own and operate facilities, but also to
regulate their safe operation and to provide them with a sufficient supply of
qualified personnel. Therefore, the Government has to establish new
administrative and regulatory institutions and training of qualified personnel for
the nuclear program as a whoie.

GENERAL PROBLEMS OF FINANCING NUCLEAR POWER PLANT
Government is now facing a situation where financing of power development, in general, has
been constrained by a shortage of finance. This situation could be more severe in future
since the demand for capital of developing countries continously increases while its supply
is scarce and expensive. As a result of the difficuties of obtaining finance for power sector

expansion, Indonesia has been considering and encouraging private electricity generation.
Regarding the present difficulties of obtaining finance for the power sector and the large sum
of money required for nuclear power projects, it can be concluded that the main problem of
financing nuclear power plant in Indonesia is where and how to get funds.
Based on PLN experience, as shown in Table 11. sources of funds were equity by
Government and PLN, and commercial funding from local and international banks and from

other financial institutions [6].
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Table 11.

Source of Capital Investment of PLN
1971/72-1976/77

(Billion Rp)

Capital Expenditure
Sources of Finance :
*
Net Internai Source
*
Government Equity

*

Borrowing :

Total

1977/78-1982/83

1990/91-1994/95*)

(%)

(Billion Rp)

(%]

(Billion Rp)

(%)

466

(100)

2881

(100)

27958

(100)

8
446

(1.7)
(95.7)

555
1371

(19.3)
(47.6)

4130
4649

(14.8)
(16.6)

12

(2.6)

955

(33.1)

19179

(68.8)

466

(100)

(100)

27958

(100)

2881

*) Projected

One can conclude that PLN's source of funds was strongly dependent on the Government

equity in the past and will shift to depend more on loans in the future. It is noted that the
equity by PLN has been relatively insignificant.

Unlike PLN, private sectors tend to maximise profit and to minimise risk. In this respect, they
will face the difficulties in maximising profit since tariff setting is fully controlled by
Government, so that privatisation will be attractive if the risk to investors can be minimised.

SECURITY ANALYSIS

Investors (shareholders) and potential lenders will need to analyse carefully the various
problems involved in the construction and operation of nuclear power plant. The problem can
be put into two categories:

(1)

Before the project is completed and operating satisfactorily (pre-completion) and

(2)

those which arise with the on-going operation of the project (post-completion).

These problems are detailed as follows :
(1)

Pre-completion :

- Political : There are a wide range of problems which fall under this category. The
most important of these is the stability and economic strength of the host country.
However, even in stable situations there are a range of problems which will need to
be resolved, which includes possible future changes in tax and tariff barriers and
changing political attitudes to the project concerned. Since most projects will be of
a very long-term nature this last possibility becomes a major issue. One other
problem which can be grouped under this category and which would predominantly
apply in a developing country is the provision of supporting facilities/infrastucture

that is beyond the control of the project.
- Completion : This covers some of the most difficult problem of all, such as

substantial cost overruns on the project, delay in completing the construction and
unforeseen circumstances and difficulties in the construction phase.
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- Foreign Exchange : This problem can occur both pre and post-completion. A private
investor which will be selling its output into local economy will receive its earnings
in local currency. Both lenders and equity investors who have invested in foreign
currency will expect a firm assurances that they will be able to recoup their original
investment, together with interest or dividends, in the same or comparable foreign
currency, and that they will be able to do so at a reasonable exchange rate. The
host government, therefore, must be prepared to provide some mechanism to
assure the foreign investors that they will be authorised to convert local currency
earnings into foreign currency. Furthermore, that there will be enough foreign
currency available when the time comes for the host country or its banking system
to make the conversion and that the exchange rate is not favourable.
(2)

Post-Completion :
- Performance : When the operation proves unable to maintain the forecast level of
production. The project will then suffer a loss of cash flow and its ability to repay
principal and interest will be affected.
- Management : Lack of discipline and experience of management.

- Force Majeure : Caused by natural disasters.
Shareholders and lenders will be concerned to try and avoid the development of
a project in an earthquake zone or in an area exposed to typhoons and hurricanes.
To the maximum extent possible, in the market there will be a need to obtain
insurance package policy to cover this area.
- Product Sales : In projects like electric power plant it will be vital to private sector
(investors) to secure long term purchase contracts from the governments and
corporations who have, themselves, a high credit standing.
Very few long term contracts will avoid the problem of price fluctuation and there
is very little that can be done to overcome this.

National Energy Security :

Introduction of nuclear plant means diversification of sources of energy supply. Energy
diversification has its attraction, not only as a form of insurance against unanticipated
technical, economic and environmental difficulties, but also a means of promoting a
more competitive and efficient energy market. Therefore, the decision to introduce
nuclear power must be based on a detailed investigation of the extent to which a
nuclear power plant program will in fact enhance the energy security of a country.

8.

CONCLUSION
- Based on the planning parameters known and used at present, nuclear power plant
seems faced some constraints in the aspect of investment cost in competing to gas
combined cycle and coal power plants.
The Government of Indonesia is in the process of investigating the feasibility of
nuclear power plant in Java by conducting feasibility study on nuclear power plant
this year.
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Based on the experience gained from constructing and operating nuclear power
plant, nuclear power plant is more sophisticated and complicated, therefore it will
consume large sum of funding of the project.
Past experience has indicated to us that for the feasible projects, it was easier to get
loan (either from multilateral or through bilateral institutions) for financing the
electricity expansion projects.

For developing countries that wish to embark on a nuclear program it becomes very
important to obtain, on acceptable economic and political terms, a reasonable
assurance of continuing access to funds. In addition, the country should also has
a well planned training program and provide suitable sites, materials and technology
required to support the program.
Nuclear power programs should be compatible with the social, economic and
technological character of the nation. This means that the program must be in line
with the national's energy plans, international policies, prevailing level of scientific
and technical education, and the desired and accepted pattern of the nations future
development plan as a whole.
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Abstract

Past
Indonesian
experiences in
arranging
Project
Financing or Limited Recourse Financing in the Energy Sector
and the feasibility of such a structure for Nuclear Power
Projects are reviewed in this paper. Many of the projects in
the energy sector, including Nuclear Power Project are capital
intensive projects. A single project may require an investment
level of several billion dollars. Large capital investments of
this nature may drastically limit the availability of funds
from external sources used to finance other non-energy projects
in a developing country such as Indonesia. Therefore, the
financing concept of a project is becoming a paramount element
in the policies adopted by the Republic of Indonesia.
As an example, a non-recourse finance structure is
the
preference of the government for export oriented
energy
projects. The aim of the government financing policy for export
oriented energy projects is to limit the recourse to the
applicable Indonesian state enterprise (the project sponsor) by
transfering to third parties as much of the project risks as
possible. Most of the export oriented energy projects come
close to achieving a non-recourse structure. Domestic oriented
energy projects however, continue to be financed with a loan
guarantee by the government or by state owned enterprises.
In addition to maintaining fund availability from external
sources
for the non-energy sector, Indonesia's
reported
external debts as well as debt service ratios are other factors
in considering a limited recourse financing structure for
capital intensive projects.

1. INTRODUCTION

Article
33 of the 1945 Indonesian
Constitution
recognizes
the strategic role of
Indonesian
natural
resources for the well being of its people as well as
national development. Hence the exploration and exploitation
of natural resources, including energy resources, will be
implemented only for the maximum welfare of the people. To
ensure this objective, the state, through state owned
companies is entrusted to carry out all development projects
in the exploitation of the natural resources. However,
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Indonesia also recognizes its limitations of capital funds
and expertise, expecially in the development of upstream
activities asociated with the primary energy resources. This
has been reflected by the promulgation of various laws and
regulations designed to invite foreign capital and expertise
to participate with the state owned companies, in the
development of its energy resources.

The participation of foreign companies, mostly from the
private sector, either through a Production Sharing Contract
or a Contract of Work with state owned Pertamina and PN
Batubara, provides the sources of funds for the exploration
and production of Oil, Natural Gas, Geothermal and Coal.
Through this system, large capital requirements for the
development of primary energy sources is secured without
providing any government financial guaranty. The national
aspiration of Indonesia in the oil, natural gas,
geothermal sub sector is preserved through the mechanism of
the Production Sharing Contract in which the management
aspects of contractor's work program and activities are
retained by state owned company, Pertamina.
Certain exploration and production activities of the
State owned companies may of course be financed by funds
obtained through government borrowings or project financings
but the number of such arrangements are far less than the
number of Production Sharing Contract and Contract of Work
arrangements.

The financing activities in the upstream part of the
energy sector are different than most development projects
in the downstream part which may be financed by loans
secured by the government. These loans are from external
sources or through project financing in which the project
borrows the required funds without providing a government
guaranty. The repayment of the financing is solely from the
project revenues. The project sponsor is not obligated to
service the debt by utilizing other sources of revenue. In
the case of direct financing, the risk that the project will
fail to repay the debt is borne by the government since the
loan is secured by the government.
2. PROJECT FINANCING IN THE OIL & GAS SUBSECTOR

The
project financing adopted in the
downstream
activities of the oil and natural gas subsector is the
financing concept in which the source of funds for the
repayment of financing is limited to the revenues of the
project. In many cases this financing structure is called
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and

"non
recourse". However the word "non recourse" could be
interpreted as non recourse to other revenue outside the
project.
The
word "limited recourse"
reflects
more
appropriately the true nature of the financing structure,
since the source for the repayment is limited to the project
revenues.
The benefit of this financing concept for Indonesia is
the ability to arrange funding for a sound stand-alone
project without reducing the borrowing capacity of the
government. Borrowing against the direct credit of the
government is reserved primarily for development projects
for which project financing may not feasibly be arranged.

The aim of the project financing concept is to minimize
the risk of the project sponsors by allocating the project's
risks to third parties. The project sponsors have no
obligation to service the project debt from other resources.
The various Pertamina's projects in the oil and
subsector for which limited recourse project financing
been successfully arranged are listed below :

gas
has

2.1. Petroleum Exploration Financing
Several projects were developed by
Pertamina
utilizing the Exploration Financing e.g. Pertamina JNOC agreements in 1979 for certain contract areas in
North Sumatra, South Sumatra, West Java and East
Kalimantan and the Pertamina - JNOC agreement in 1982
for certain contract areas in West Java.
In these arrangements, Pertamina assumes
the
obligation to explore and develop certain designated
areas utilizing funds from JNOC. JNOC, as lender, and
in return for financing a project will receive an
agreed percentage of any oil produced from the area. If
no commercial hydrocarbons are found or if the output
is insufficient to amortise the amount of funding,
Pertamina is released from its obligation to repay. The
repayment of funds for the exploration activities is
from the revenues of future oil production of the
developed contract area. In the unlikely event where a
shortfall in project revenues occured due directly to
Pertamina's failure to carry out its obligation to
explore the contract area and develop hydrocarbons
found and deemed to be commercial by Pertamina and the
lender, Pertamina is obligated to repay.
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Pertamina's responsibility is limited to the risks for
which Pertamina is best qualified to control, such as
exploration and production of hydrocarbons.
2.2. The 1973 Arun and Bontang LNG Projects
The 1973 Arun 3 Trains LNG Project and the 1973
Bontang 2 Trains LNG Project were financed utilizing
two
types of financing. LNG Storage Tanks,
Gas
Pipelines to the plant and LNG Loading Facilities were

financed

by

loans arranged through

government

by

a

government agreement with Japan. Out of US $ 1,635.0
million
provided for the two projects, 88.6 % was
arranged through the Project Financing concept. The
financing costs required to fund the project were based
on semi commercial rates.
The Project Financing funds provided by the Exim
Bank of Japan and a syndication of Japanese private
banks through Japan Indonesia LNG Coy. Ltd. (Jilco).
Pertamina assumed the obligation to operate the
plant and produce LNG. The LNG buyers through Sales
Contracts assumed the product offtake obligation.The
Construction Contractor was responsible for all risk
related to the construction of the plant. The LNG
Project has no foreign exchange risk due to the fact
that financing for the construction of the plant was
obtained
in US Dollars, the currency adopted in the
sales and pricing of LNG.
The risks assumed by Pertamina in the 1973 Arun
and Bontang LNG project is limited to the operation of
LNG plant and fluctuation in the LNG price. The
repayment of funds are made out of the project revenues
which are paid directly to the Trustee Paying Agent
established
by Pertamina, (LNG seller)
and
the
Production Sharing Contractor(s) (suppliers of gas to
the LNG Plant).
2.3. The 1981 Arun and Bontang LNG Development Agreements
Through these agreements, funds were provided for
the construction of the 2 LNG Train expansion of The
Arun Plant and the 2 LNG Train expansion of The Bontang
Plant. The allocation of project risks in
these

arrangements

is

similar to that adopted in

the

1973

Arun and Bontang LNG Project Financing. However, the
repayment mechanism of the funds and the obligations of
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lenders are substantially different from those
in the 1973 arrangement.

adopted

In the 1981 LNG Development Fund Agreement, the
repayment mechanism is based on a set-off of the
lender's obligation as a LNG buyer to pay for LNG
received. In fact, the repayment mechanism follows
exactly
the
mechanism of
an
Advanced
Payment
arrangement.
The source of funds as well as the lenders are
similar to those reference in the 1973 LNG Project
Financing with the exception of the Arun LNG Expansion
in which Inalco is acting as lender from the Japanese
side instead of Jilco. Total funds for the two projects
amounted to US $ 1,837.4 million. The financing cost
of the funds provided to the Project was based on semi
commercial terms.

2.4.

The Construction Program for Arun LNG Train # 6

This financing is developed based on the concept
of a Production Sharing work program. The
funds
obtained by the project were provided by the Production
Sharing Contractor, in this case Mobil Oil Indonesia,
for the construction of the Arun # 6 LNG Train to
support LNG export to South Korea
in
1983. The
repayment
of funds is solely from project
LNG
revenues through the Cost Recovery mechanism of the
Production Sharing Contract and is implemented by the
relevant Trustee Paying Agent appointed by Pertamina as
LNG seller and
Mobil
Oil
Indonesia
as
gas
supplier to the Arun # 6 LNG Train.
The total funds obtained by the project through
this arrangement were US $ 300 million. Similar to all
other Indonesian LNG trades the LNG Buyer in the
Arun LNG Train # 6 project assumes the market risk
through LNG offtake arrangements with take and/or pay
obligations. Construction risk is assumed by
the
reputable
Construction Contractor while the
risk
related to the LNG Plant operation is assumed by
Pertamina. The foreign exchange risk is eliminated by
arranging for the project to be funded in the same
currency as that applicable to the LNG Sales Contract.
The financing term, are similar to the 1981 Arun
Development Fund Agreement.
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2.5. The 1986 and 1987 Trustee Borrowing for
Plant Capital Projects

Bontang

LNG

In this financing the repayment of the loan is to
be made solely out of project revenues under the 1973
LNG sales contract between Pertamina and
certain
Japanese LNG buyers. The borrowing is made by an
offshore Trustee Paying Agent, appointed by Pertamina
as LNG seller and its Production Sharing contractors as
gas suppliers to the LNG plant, to receive
and
distribute
the LNG revenue of the project.
The
responsibility, obligation and rights of the Trustee in
the Indonesian LNG trade under the New York law allows
the Trustee, to become the borrower of the funds for
the capital financing of the project. The capital
projects of the Bontang LNG Plant for which the funds
were obtained were for common capital plant facilities
(US$ 44 million) and the Second Bontang
Loading
Dock (US $ 148.8 million). The financing cost of the
Trustee Borrowing was based on a commercial floating rate
(Libor plus a fixed amount).
In case the revenues from the sale of LNG is
insufficient to repay the project debt due to a
substantial drop of LNG prices or a buyer default,
Pertamina is under no obligation to make up the
shortfall. The buyer of LNG assumes the risks related
to the market of LNG based on a take and/or pay
obligation stipulated in the 1973 and 1977 LNG sales
contracts.
2.6. The Arun and Bontang LPG Advance Payment Agreement

The 1987 Advance Payment agreements for Arun and
Bontang LPG projects required Pertamina to assume not
only the LPG price risk but also the LPG market risk.
The nature of the LPG market as well as the structure
of LPG traders practically eliminate the chances to
transfer the market risk to LPG buyers through long
term offtake/sales agreement with take and/or pay
obligation. The term of the Arun and Bontang LPG Sales
Contract is limited to 10 years only, half of the
standard term of the LNG Sales Contract.
Under the LPG Advance Payment agreement, Pertamina is
obligated to find new marketing outlets, if more than
half of the LPG buyers fail to lift their allocated
quantity as stipulated in the Sales Contract.
As in most cases, operational risk of the Arun and
Bontang LPG Recovery Unit is borne by Pertamina. By the
176

provision of reimbursement déferai in the LPG Advance
Payment agreements, mechanism to limit the source of
the reimbursement of the advance fund to the project's
revenue is established, as long as the Sales Contract
is effective. The total advance fund obtained for
the
Arun and Bontang LPG projects is US $ 879 million.
The financing cost and term of this arrangement is
classified as semi commercial.

In general, a pure Advance Payment arrangement has
certain disadvantages from the taxation aspect. The
funds received in advance of the product delivery based
on
the prevailing Tax Law/Regulation
should
be
considered as income in the period the fund were
received and is subject to Income Tax. Furthermore,
witholding tax aspect of the difference between the
reimbursement and advance fund received, remain an
issue to be resolved.
2.7. Trustee Borrowing for Bontang LNG Train E Project
Similar to the financing of the Bontang LNG
Capital Projects elaborated under 2.5, the borrower of
funds for the construction of LNG Train E in Bontang
is the Trustee Paying Agent appointed by Pertamina as
LNG Seller to Taiwan and the Production
Sharing
Contractors in East Kalimantan as gas supplier to the
LNG Train E plant. The LNG revenue from the Taiwanese
buyer is paid to the Trustee Paying Agent in New York.
Based on Trustee obligation stipulated in the Trustee
Paying Agent Agreement, the Trustee under the New York
Law may borrow funds from other sources for the purpose
of the Bontang Train-E project.
The risk assumed by Pertamina is only limited to
operating the LNG plant and to produce and deliver LNG
to the buyer. Market risk was assumed by the LNG buyer
while the construction risk
was borne
by
the
Construction
Contractor through a Turnkey Lumpsum
Contract. The amount of funds obtained through this
Trustee Borrowing was US $ 316.0 million. The cost and
nature of this financing is similar to the earlier
Trustee Borrowings.
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3. ANALYSIS OF THE RISKS INVOLVED IN OIL AND GAS PROJECTS

The risks involved in oil and gas projects for which
Project
Financing
has been succesfully
arranged
as
elaborated in section 2 will be reviewed below in an effort
to understand how such risks should be best covered and by
whom.
The Pertamina-JNOC Petroleum Exploration projects, are
similar to other equity investments in mining exploration
ventures in which the tremendous risk of not finding any
commercial deposits should be assumed by the foreign party
and not by the host country.

The arrangement however is categorized as a Financing, since
Pertamina
is
responsible for the execution
of
the
exploration utilizing the funds provided by JNOC. The role
of JNOC in the petroleum exploration project is the role of
a lender and not as an equity investor. If commercial
hydrocarbon
deposits
are
discovered
by
exploratory
activities of the project, Pertamina is obligated to develop
the field and produce the hydrocarbons while JNOC is
obligated to finance all the field development
cost.
Pertamina act as manager and operator of the production
activities utilizing capital provided by JNOC. Repayment of
JNOC funds are made from oil and gas revenues. The net
revenue of the project will be shared between Pertamina and
JNOC through the PSC mechanism.
The
risks involve in the production
development
projects
under Pertamina-JNOC
arrangement are
shared
between Pertamina and JNOC, in which Pertamina assumes the
Construction and Operation risks while JNOC is responsible
for market and crude oil price risks. Except in one
arrangement in which the fund is provided by JNOC in
Japanese Yen, no foreign exchange risk is encountered in all
other Pertamina-JNOC projects.
Similar to the oil production development projects, the
participation in the upstream part of the natural gas
production such as LNG and LPG involved various risks that
can be classified as follows :
3.1. Construction Risk

the

In the construction activities of a project, the
most common risks are :

- Delay in Construction Completion.
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Construction
Contractor should be obligated
to
complete the construction by a fixed date. In the
event of delay, damages are equal to incremental
interest costs and are payable by the Contractor.
- Failure to Perform.

Contractor is obligated to meet specified standards.
Penalty for shortfall in project performance is at
least equal to net revenue foregone.
- Cost Overrun.

Contractor should be committed to complete
construction job for a lumpsurn fixed amount.

3.2.

the

Operational Risk

- Interruption of Supply.

Supplier should be committed to provide
volume of project raw materials under
supply contract.

a minimum
long term

- Interruption of Operation.

Operation and Maintenance Contractor (if any) should
be required to operate the plant at
specified
performance levels. Damages equal to net revenues
foregone
should
be payable in the
event
of
performance shortfall.

3.3.

Sales of Project's Production

Commitments by offtaker to purchase project's
production under a long term take and/or pay contract.

3.4.

Price Risk of The Project's Production

Commitment by the buyer to pay a minimum price for
the production of oil or agreement by the creditors to
have repayment made solely out of project's revenue.
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3.5.

Exchange Risk

Pricing of production in currency of financing
Pricing Formula should follow fluctuation of the

or

rates

of exchange.

3.6.

Risk in Availability of Foreign Exchange

This risk is only applicable if production is
payable in a currency where future convertibility is
questionable, e.g. domestic oriented project. Only a

Banking institution is in
protection from such risk.

a

position

to

provide

The analysis of the risks involved in oil and gas
projects for which Project Financing has been arranged
together with risks allocation is provided in Attachment #
1.
The analysis of Project Risks and its allocation in the
oil and gas projects show that the Trustee Borrowing for
Bontang Capital projects and Train E LNG expansion is the
most
non-recourse arrangement. Out of 5 major
risks
involved, only one is assumed by Pertamina i.e. Operation
Risk. Furthermore, the analysis shows that the Arun and
Bontang LPG Advance Payment agreements commit Pertamina to
assume the majority of risks involved.

4. OTHER TYPE OF PROJECT FINANCING

Certain other developing countries have also considered

other

type of Project Financing such as Build, Operate

and

Transfer (BOT) for their infrastructure projects (Power
plant, Road etc.). The aim of the government in those
countries to adopt BOT concept is to transfer all the
responsibility
for
the
construction,
operation
and
maintenance of the project, to the foreign investor. This
concept can be particularly useful for the construction and
operation
of
technologically
complicated
facilities.
Experience of those countries show that most
foreign
investors expect the host country to assume the market,
pricing and foreign exchange risks since such infrastructure

project

normally

can

only

generate

local

currency.

In

addition to that, foreign investors also expect that the
host country should guaranty the availability of foreign
exchange during the operational stage of the project prior

to its transfer to the host country's entity. The cover
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for

market risk proposed by the foreign investor in some cases
comes in a form of long term project's product offtake with
take and/or pay obligation up to certain level of production
capacity of the project. Likewise the investor also would
like to cover himself against the price risk of the product
which can be expressed in a form of minimum price formula
with certain escalation factors.
If the entity of the host country is obligated to
assume market, price and currency risks of a project in a
BOT arrangement, financial institutions would categorized
such BOT as equal to direct borrowing of the state entity.

In the case
of Nuclear Power Projects, the risks
entailed by the Construction and Operation of the Project
can be transfered to the foreign investor in the BOT
concept. However, if the BOT concept indeed requires the
state entity to assume the risks in the product market,
pricing and project revenue currency, the Direct Borrowing
should be adopted instead.

5. NUCLEAR POWER PROJECT

Barring the special nature of the fuel supply and trade
as well as the waste reprocessing requirements, a Nuclear
Power Project is basically similar to any other Electric
Power Generation Project.
A Nuclear Power Project will be exposed to the following
risks :

5.1. Construction Risks
Similar to other projects, a Nuclear Power Project will
also be exposed to the risk of delay in a completion,
failure of contractor to perform its job to complete
the job within the committed time schedule.

All such risks however, can be transfered to the
Contractor by adopting a certain form of contract
regardless of the type of financing utilized.
5.2. Operational Risks
The nature of Interruption of Supply and Interruption
of operation in the Nuclear Power Project is more
complicated. A guaranty of the supply of radioactive
fuel through long term supply contracts can only be
obtained from limited number of suppliers/producers
with certain government support of the host country.
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The same situation also prevails in the reprocessing of
waste in which the support and assurance
of the
host country government is required in addition to the
coverage provided by the project proponent.
5.3.

Market Risks
Based on the prevailing law and regulations, state
owned electrical company PLN, is the Seller of the
Electric Power to the consumer hence, the offtaker of
Electric Power generated by the Nuclear Power Project
should be PLN.

5.4. Price Risks

Since the ele>ctric price in Indonesia is fixed
by
the government, the project is exposed to the risks of
price fluctuation even at a level below the production
cost of the Nuclear Power Project.
5.5.

Foreign Exchange Risks
The financing of the Nuclear Power Project will mainly
be arranged in foreign currency while the Revenue of
the project is in local currency. Consequently, the
Nuclear Power Project is exposed to Foreign Exchange
risks.

5.6. Availability of Foreign Exchange

In
a
developing
country
like
Indonesia,
the
availability of Foreign Exchange is very much influence
by the export of non industrial product with is highly
sensitive to competition in the world market. The
majority
of developing country introduce
foreign
exchange control in its economic policy, in which the
convertibility of local currency to foreign currency is
subject to governmental approval. This situation may
add more exposure to the Nuclear Power Project. In the
Indonesian case, the current monetary policy of free
foreign exchange has never been guaranteed to be a
permanent policy by the government.
Based on the analysis above, the risks entailed with the
construction of nuclear power can be transfered to the
construction contractor as in the case of other projects.
Operational risks will continue to be the responsibility of
the operator together with the host country government. The
risks in the marketing and pricing of Electric Power
182

produced by a Nuclear Power project, can not be transfered
to other parties outside the government and government
entity such as PLN.
Finally,
the Foreign Exchange risks as well- as
the
availability of foreign exchange during the life of the
project to ensure convertibility of local currency revenue
of the project, can only be covered by the government of the
host country in which the pro-ject is being developed. The
host country is also responsible for the policy of electric
power pricing and monetary system.
It can be concluded from the above that the majority of
risks involved in a Nuclear Power Project is
nontransferable to other parties outside the government.
6. CONCLUSION
The determining factor in the development of a project
financing arrangement for a project is the feasibility of
the project itself. A marginal project will certainly face
difficulties in the financial market even for a direct
borrowing arrangement. The estimate project Cash
Flow
together
with
sensitivities are essential
tools
in
evaluating the feasibility of a project, especially for
domestic oriented projects. For this reason expert opinions
on capital cost estimates, and market and product pricing
assumptions should be solicited during the early stages of
planning.

Following the Feasibility Study, a project
risks
analysis should be prepared the result of which will be
utilized in the development of the marketing and financing
strategies of the project. Input obtained from market
surveys and sales campaigns as well as from
various
financial institutions should be utilized in the development
of Project Financing.Review of all proposals should consider
Risks Allocation prior to the selection of the financing
structure.
Past Indonesian experiences, in arranging
Project
Financing for oil and gas projects indicates that the cost
and terms of financing will more closely reflect commercial
terms base
on the degree of non recourse to
other
revenues. The cost and terms of a financing should always be
evaluated against the level of risk assumed in a Project
Financing.
The risks involved in the Nuclear Power project are
non-transferable to other parties outside the government
except for Construction Risks. Based on this specific fact,
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the financing package for a Nuclear Power Project should
be arranged utilizing direct borrowing of the government or
government entity and not utilizing any Project Financing
sheme
including BOT.
In addition to
these
business
consideration, the strategic role of a Nuclear
Power
Generation Project in the Indonesian National Development
Plan requires the execution of this project to be carried
out by a Government Entity per article 3 of Article 33 of
the Indonesian 1945 Constitution.
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Attachment # l.
OIL AND GAS PROJECT FINANCING

Allocation of Project's Risks

Project

Construction
Risk

Operational
Risk

Market Risk

1. Pertamina-JNOC

Pertamina

Pertamina

Lenders

Lenders

No Risk

2. 1973 Bontang and
Arun LNQ Project

Pertamina

Pertamina

LNG Buyers

Pertamina

No Risk

No.

3. 1981 Bontang and Construction
Arun LNG
Contractor
4. 1983 Arun f 6
LNG Train

LNG Buyers

Pertamina

Foreign Exchange
Risk

No Risk

Pertamina

LNG Buyers
(S. Korea)

Pertamina
& Lenders

No Risk

5. 1986 Trustee
Construction
Borrowing, Bontang Contractor

Pertamina

LNG Buyers

Lenders

No Risk

6. 1987 Advance

Pertamina

Pertamina

Pertamina

No Risk

Construction
Contractor

Pertamina

LNG Buyers

Lenders

No Risk

8. Bontang Train E
Construction
LNG Project
Contractor
(Trustee Borrowing)

Pertamina

LNG Buyers
Lenders
( Japan+Taiwan )

Payment ( LPG;)
7. 1987 Second Dock
Bontang

00

Pertamina

Price Risk

Construction
Contractor

Construction
Contractor

No Risk

OPPORTUNITIES FOR THE PRIVATE SECTOR

IN THE DEVELOPMENT OF LARGE POWER
GENERATION IN INDONESIA
R. RAMELAN
Agency for the Assessment and Application
of Technology,
Jakarta, Indonesia
Abstract

The growth of electricity demand in Indonesia from year to year
increases with a significant percentage 1n line with the highly
increasing industrial growth.

PLN, as a state owned company which is responsible for generating,
transiting and distributing the electricity to the public, has
given all of its best effort to fulfil the demand. Due to
financial constraint it seems that PLN now is facing the problem
to keep pace with the demand. As a result many private industries
and some public sector organizations generate at least part of the
power they need by means of their own plants which is used either
for base power or as. .stand by power purposes. To date, about 57
percent of the national total capacity is owned by private sector
and over 50 percent of this private sector owned is diesel power
station. With intention to their size of power generated per unit,

it is unlikely that the economic of scale of power generation will
be achieved.
To cope w i t h the demand, private sector should have more
opportunities to participate in the development of large power
generation projects not only for their owned use but also for the
public usage. The Government of Indonesia has already issued the
regulation related to it such as Law 15/1985 in 1985 and
Government Regulation 10/1989 in 1989. These regulations Btill
should be followed by a clear mechanism of relationship between
private power supply and the existing national grid which is
operated by PLN. Private participation in electricity business
could be as a BOT system or as a joint venture electric power
supply company with consisting the shareholders of private
investors and PLN.

I.

Introduction.
The development of electric power in Indonesia proceeds in
accordance with the Indonesian Government energy policy

including the energy diversification program, and the
highly
increasing industrial growth which needs also more
electricity.
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The Indonesian electricity company, Perusahaan Umum Listrik
Negara
(PLN),
generates, transmits
and
distributes
electricity throughout Indonesia. PLN is a state - owned, in
which its autonomously operating and its statutory authority
are under the supervision of Ministry of Mining and Energy.
In spite of spending heavy investments in generating
capacity, transmission
and distribution systems, PLN has
not been able to keep pace with demand. As a result many
p r i v a t e i n d u s t r i e s and some p u b l i c organizations
generate at least part of the power they need by means of
their own plants which is used either for base power or as
standing by purposes.
The growth of electricity demand in Indonesia from one
REPELITA (the Indonesian five year development plan) to
REPELITA increased with a significant percentage. Electric
energy supply by PLN is expected average to grow 12,56%
annually to year 2000, and then to year 2010 grow 5,25%
yearly.
Until the year 1988/1989 the capacity of power generation
operated by PLN has reached 8,52 GW, whereas the captive
power has reached 10,32 GW. Captive power is scattered in
some location and in separated area.

In order to meet the need of electricity, PLN has planned to
build

27.000 MW from 1986 to 2010, or 1.100 MW average

per

year. With an estimation on investment cost of US $ 1.500
per KW (in average), to build 1.100 MW per year, that the
Indonesian Government needs investment budget nearly US $
1.650 millions average per year until the year 2010 only for
the generation. Beside that, especially for the Java system,
PLN needs budget for the development transmission and
substation until US $ 1.570,8 millions during Pelita V.
II.

The development of power generation.
As described in The Main Guidelines of State Policy (GBHN),
"Electric
power development shall be
continued
and
accelerated to promote economic activities and to enhance
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social welfare in the urban as well as the rural areas" and
that "Rural electrification shall be continued to stimulate
economic activities and to enhance the intelligence and
welfare of the people in the 'rural areas",
it means
electric power is one of the most important thing to perform
energy
policy
and
to
support
the
growth
of
industrialization. The objectives of the Indonesian energy
policy can be stated as follows :

1. To secure continuous supply of energy
for domestic
demand to increase the standard of live of the people
and to stimulate economic growth.
2. To secure an adequate supply of energy supporting export
oriented industries.
3. To accomplish diversification and conservation of energy.
In executing those programs above, the important factor
should be taken into consideration is the availability of
energy
resources in Indonesia. Table 1 presents
the
potential of the primary energy resources and their location
throughout Indonesia. There are five major energy resources
which are on the priority to be exploited, they are
hydropower, coal, gas, geothermal and petroleum. In the long
term program, coal fired steam power plants w i l l be the
major
source of electricity in Indonesia, and
reach
approximately 25 % of the installed capacity in 1994.

The development of such plants is related to the government
policy to reduce dependence on oil and to better use the
enormous coal reserves. Hydropower and gas (natural gas)
w i l l become the second priority after coal as primary fuel
of power plant. Although oil fired steam plants are now the
most important for electricity generation, but after 1989
the oil fired steam plants w i l l have a less significant
role in the total installed capacity.
Recently, government also considers the p o s s i b i l i t y to
develop electrical power with using nuclear technology.

189

Table 1 : Primary Energy Resources and their location

Primary Energy
1. Coal

Resources

Main Area

2,9 bt

South Sumatera,
East Kalimantan
South Kalimantan

80 tcf

2. Gas

North Sumatera,
Natuna,East Kalimantan, Java

3. Geothermal

10.000 MW

Java (5.500 MW),
North Sulawesi,
West Sumatera,
Ball, Flores

4. Hydropower

32.000 MW

Irian Jaya
(11 .200 MW)
Java (3.200 MW),

North Sumatera
West Sumatera
Central Kalimantan
Sulawesi

5. Petroleum

21,1 bb

North Sumatera
East Kalimantan

Source : BAKOREN
Note : bb - billion barrels
tcf - trillion standard cubic feet
bt
- bi11 ion ton

MW
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- Megawatt

2.1. PLN and captive electricity.

The generation of electric power is mainly owned and
operated by PLN. Besides PLN, there is also a large capacity
of Captive Power Plants, mostly operated and owned by
industries such as steel m i l l , mining, aluminum smelter,
cement etc., and in some areas operated and owned by
cooperatives.
As an illustration, installed capacity of
the captive power approx-i matel y is s i m i l a r to PLN's
installed capacity, and some of them are connected to PLN's
grid. Table 2 presented bellows shows the comparison
between PLN's and Captive Power's installed capacity.
a. PLN's capacity.
The table on table 3 presents the data progress of
electricity production
and
sales by PLN during the
period of 1968/69 to 1986/87. From that table it also
can be seen that the growth of PLN's
installed
capacity is almost eleven times when
the
installed
capacity in 1986/87 is compared with the installed capacity in 1968/69, or with the average of 13,6 % per year.
For
PLN's development of generating capacity
from
1988/1989 to 2001/2002, it is shown on the table in
table
4, whereas the figures for 1990 to 2010 are
forecasts. The overall capacity installed by PLN, as is
presented in table 5,
was 2.555 MW at year 1980/1981
and is supposed to be developed to 8.947 MW by 1990
and to 39.628 by 2010. This table also indicates that
total installed electricity capacity w i l l reach 23.478
MW in the year 2000, of which 62 % w i l l be realized by
steam plants, 18 % by hydro power, 6-7 % by diesel power,
5% by gas turbines, 1% by combined cycle and 1-2* by

geothermal plants.
Although the growth rate for the future has
been
tampered, the high rate of growth can obviously only be
maintained if the required investment funds are made
available. It seems that during the recent period the
PLN's projection have been influenced by the government
budget and general economic conditions.
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Table 2

: PLN's Installed Capacity vs Captive Power's
Installed Capacity

[MW]

Year
PLN

1970/1971
1971/1972
1972/1973

527,4
541 ,6
526,5
557,3
664,0

1973/1974

776,1

1 .064

921 ,6
1 . 129,4

1 .382

1 .376,5

1 .£29,8

1977/1978

1 .862,7

1 .921 ,2

1978/1979

2.288,4

2.058,3

1979/1980

2.535,9

2.167,8

1980/1981

2.554,8

1981/1982

3.032,5

2.226,9
2.247,1

1982/1983

3.406,0

2.379, 1

1983/1984

2.671 ,0

1986/1987

3.935,0
4.515,2
5.634,8
6.200,2

1988/1989

8.529,0

10.320,0

1968/1969
1969/1970

1974/1975
! 1975/1976
1976/1977

1984/1985
1985/1986

Source: 1. PLN
2. Analysis on Electricity Pricing
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Captive Power

1 .656,2

5.734,7

Table

3 : Installed Capacity, Energy Production
Energy Sales of PLN in Indonesia

and

1———————— — — —

Instal led
Capacity
[MW]

Year

Energy
Production
[GWH]

Energy
Sales
[GWH]

1 .756,4
1 .871 ,8
2.083,7
2.354,4
2.498,5

1 .204,4

2.932,5
3.345,3

2.174,7
2.803,6

1968/69

527,4

1969/70
1970/71
1971/72
1972/73

541 ,6

1973/74

776,1

1974/75

921 ,6

1975/76

1 .129,4

1976/77

1 .376,5

3.770,3
4.127,4

1977/78

1 .862,7

4.740,3

3.527, 1

1978/79

2.288,4

5.722,8

4.286,9

1979/80

2.535,9

7.004,3

5.343,4

1980/81

2.554,8

8.420,4

6.522,9

1981/82

10.137,9

7.845,5

1982/83

3.032,5
3.406,0

1 1 . 846 , 1

9. 101 , 1

1983/84
1984/85

3.935,0
4.515,2

13.391 ,8
14.776,5

10.001 ,6

1985/86 ""

5.634,8

16.036,7

12.706,0

1986/87

6.200,2

19.252,7

14.785,9

source

526,5

557,3
664,0

1 .454,3
1 .589,2

1 .786, 1
1 .892,6

1.444, 1

3.081 ,8

11 .041 ,1

PLN
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TABLE 4 : INSTALLED CAPACITY (HH) AHO POWER PLANT DEVELOPMENT IN INDONESIA

JAVA
89/90 90/91 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00 00/01 01/02
HYDRO POHER PLANT
- Installed 1.903 1.964 1.964 1.964 1.987 2.046 2.046 2.079 2.579 2.579 2.579 2.579 2.579

- Additional

61

-

23

59

-

33

500

-

STEAM POWER PLANT

- Installed
* «FO
1.800 1.400 1.400 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200
* Natural Gas •
400 400 600 600 600 600
600 600
600
600 600
600
* Coal
1.200 1.600 1.600 1.600 1.600 2.400 2.400 3.000 4.200 5.400 7.200 8.400 9.600

- Additional
* HFO

* Natural G a s - * Coal
400 -

. . . . . . .
. . . . . . .

. . . .
. . . .

-

-

300

-

600 1.200 1.200 1.800 1.200 1.200 1.800

565
30

565
80

565
480

565
480

370
480

GAS TURBINE POKER PLANT

- Installed
* HSD
645
< Natural Gas -

565
80

- Additional
*H S D

.

.

* Natural Gss -

.

-

-

UO

140

.

.

.

280
400
.

80
400
.

40
400
.

40
400
.

40
400
.

400

40
700
.

.

300

GEOTHERMAL POWER PLANT

- Installed
- Additional

140

140

140
165

2Û5 315 :15
315 115 315 315 315
ii:
. . . . . . .

COMBINED CÏCLE POWER PLAHT

* Installed
* Additional

- - - - -

- w
'00

OUTSIDE JAVA

HYDRO POHER PLANT
- Installed
149
- Additional
-

149
16

165
127

292
11

303
31

334
13

347
10

357
360

717 1.005 1.489 1.921 2.259
288 484
432 338 200

DIESEL POWER PLANT

- Installed
« HSD
« HFO

1.642 1.642 1.662 1.673 1.697 I.a97 1.697 1.697 1.697 1.697 1.697 1.697 1.697
25
25
25
25
25
25
25
25
25
25
25
25
3 5
IS
* Natural Gas -

Additional
* BSD
* MFO
25
* Natural Gas -

20
15

11
-

24

25
155

25
285

25
285

25
285

25
285

130

130

130

130

325

-

-

-

2

-

0

-

-5

-

51

-

41

42

-

-

-

STEAM POWER PLANT

- Installed
t NfO
25
* Natural Gas 155
* Coal
130
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25
285
415

25
2S5
555

25
285
555

25
285
645

25
25
.85
285
'645 o70

25
285
a95

-

TABLE 4. (cont.)

89/90 90/91

- Additional
« MFO
1
Natural Gas
* Coal

91/92

92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00 00/01

01/02

130
140

GEOTHERNAL POWER PLANT

- Installed
- Additional

15

15

20

20
30

141
156

126

-15

-30

c

15

50

50
18

68

56

o7

36

38

340
-

340
-

GAS TURBINE POHEP. PLANT

• Installed
» Natural Gas 111 258
* HSO
133 138
- Additional
« Natural Gis 147

HSO

117

3-5
155

141

141

158

158

141
158

-234

20

25

COMBINED CYCLE POWER PL AN T
- Installed

- Additional

354

354
-

354

so

-153

:0"

:S4

:07
-

307

25
-54
50

25
-54
25

*07
-

307
J <J

Table 5 : PLH Installed and Planned Capacity
Year ! Hydrolic Geothenal team (oil/ Gas Turbine Coibined Diesel {Stean (Coal) Steai (peat)! Total
! Power Power
Gas) Power
Cycle
Power ! Power
Power
!
80/81!
81/82!
82/83!
83/84!
84/85!
85/86',
86/87!
ii
•
1990 !
1992 !
1994 !
1996 !
1998
2000
2002
2004
2006
2008
2010

!
1
!
!
1
1
!
t
1

378,5
388,2
437,0
536,4
536,4
1065,2
1240.3

•
30,0
30,0
30,0
30,0
30,0

756,3
1156,3
1356,3
1556,3
1685,6
1685,6
1685,6

396,3
897,2
918,5
1027,9
1002,9
1116,7
1116,7

"

524,0!
580,8!
664,5!
784,4!
859,7!
936,01
1326,3!

! 2555,1
! 3032,5
! 3406,3
400,7
801,4
801,4

1
1
1

2148
2286
2370
3158
3642
4241
4241
4241
4241
4241
4241

140
360
430
435
430
480
480
480
480
450
450

909
909
924
769
629
1110
1510
2390
2090
3690
4490

2110
2110
2110
2235
2485
2660
2660
2060
1660
1260
1260
i

300
900
1600
1600
1900
2500
2800
3100
3100
3100
3100

1610
1597
1550
1482
1418
1410
1410
1410
1410
1410
1410

!
!
!
1
!
!
!
1
!
',
1
1
1

1730
1925
3480
5370
8500
11055
13455
16455
20055
22455
24655

22
22
22
22
22
22
22
22

! 3935,0
! 4515,3
! 5624,9
! 6200,2
ii
i
! 8947
! 10087
! 12486
115071
J19057
123478
126578
130158
133958
',36623
',39623
1
l

Source : PLN
Note : Data of Outside Java System is only available until the .ear 2000, so, after '.he /ear 2000
calculation for the next development plans is assumed no generation development in outside
Java system.
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b. Captive power.
The
development of captive power
illustrated in table 6.

in

Indonesia

is

Table 6 : The Development of Captive Power

Connected
to PLN
[mw]

Not Connected
to PLN

1975/76
1976/77
1977/78

498,2

1 .158,1
1 .279,0
1 .336,0

1 .656,2
1.829,8
1 .921 ,2

1978/79
1979/80
1980/81
1981/82
1982/83

645,7
679,0
697,7
702,6
720,6

1983/84

703,8

1 .412,6
1 .488,7
1 .929,2
1 .544,5
1 .659, 1
1 .967,3

2.058,3
2.167,8
2.226,9
2.247,1
2.379,1
2.671,0 !

Years

550,7
585,2

[MW]

Total

[MW]J

Increase
[X]
18,0
10,4
5,0
7,0
5,0
3,0
0,9
5,9
12,3

Source : Analysis on Electricity Pricing

Most of the Captive Power Plants are in operation with
using Diesel Generating Sets and some are Gas Turbines.
The following is some examples of power plant operated by
Non-PLN Companies :
1. Krakatau Steel Power Plant.
PT Krakatau Steel operates 5 x 80 MW gas fired Steam
Power Plant. Mainly this power is consumed for steel
production, and the remaining is sold to PLN.
2. Perum Otorita Jatiluhur (POJ).
POJ own a dam up for irrigation system and
operates
Juanda Hydro Power Plant of up to 6 x 25 MW. The
electricity Is sold to PLN.
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3. Perum Otorita Asahan (POA).
POA operates hydro power plant of 603 MW. During the
full production the whole electricity is used by POA
for aluminum smelting process, even POA buys additional electricity from PLN to fulfill the production
need. During the low capacity production, POA sells
electricity to PLN. Sale agreement between POA and PLN
is based on zero power transfer.
4. Diesel power plant of 32.3 MW
Tambang.

operated by

PN

Aneka

5. Diesel Power Plant of 275 MW operated by PT Inducement
Group in Cibinong West Java.
6. Larona hydro power plant
PT INCO in South Sulawesi.

of

165 MW

operated

by

During the period of 1973 - 1976 captive power plant had
been increased at a rate of 15 % per year, after that
gradually lower down and increased at only 5 % per year
during the period of 1978 - 1983. In the coming years
some of the captive power plants w i l l still be growing
due to the insufficient investment of PLN to meet all the
power demand throughout the country. According to the
Electricity Law Number 15/1985, those companies can
transmit the electricity to PLN's transmission
and
distribution network and then PLN w i l l sell to its
consumers. However, the mechanism to invest, operate and
sell the power through PLN's network is still to be
worked out in the schemes such as BOT, BOO, BOOT etc.
Construction time is the one off «11 the risk which must
be given the greatest attention. Failure to construct on
time involves risk to the lender such that the debt w i l l
not be serviced, to the investor that they w i l l not get
return on their capital outlay.
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Suralaya power plant is the first coal fired steam power
plant in indonesia consist of four (4) units of 400 MW
each, financed by the government investment budget, as
described in table 7 for unit 1 power plant construction
was started
on July 1980, and synchronized on August
1984,
just forty nine (49) months from commencement of
construction.

Table 7 : Project programme Suralaya coal fired steam power plant
(4 x 400 MW)

P R O J E C T PROGRflPlME

Unit I

1. F l e x i b i l i t y S t u d y

unit II

Unit III

Unit IY

HD v e m b e r l a "l B i.a, S e p t e m b e r 1311

2. S i t s I n u c / t i ^ d t i c n
jr.o1

preparation

N o M r m b r r iS-TS

2. r - n / t r u c t i c n

/.d.

July'BG

July'ED

t d.

i ù,

May 1581

1SB5

15E5

r.à.

Rçj/t/BQ Junc'BS flj/t.'BB
1

r.à,

"ES

H. F i r / t firinp-

SB-S-e ! 11-3-B5

E f l - B - B f i 1999

5. Syncrnnizatian

2«-B-B1 11-B-BS

E5-B-BB EB-1-B3

a. C a m m c r e i d l O p é r a t i o n

For

comparison,

if"-if. g 5 g g . j - g s

ftb.-'S9

2 x 350 MW Shajiao B power

Oht.'BD

plant

financed by BOT Scheme (as described in table 8),

truction for

chronized on

with
cons-

unit 1 was started on July 1, 1985 and syn-

April

22, 1987,

just twenty two and half

( 2 2 , 5 ) months from commencement of construction.
2.2. Progress of Electricity in Indonesia.
As previously explained, PLN has autonomy and
generate,

transmit

and distribute

authority

electricity

to

throughout

Indonesia. Due to some different reasons, till now, PLN has
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TABLE 8
PROJECT PROGRAMME
SHAJIAO B POWER PLANT
2 X 350 MW

DATE
LETTER OF INTENT
r>7, 'JM5

04 03.84

SIGNING OF AGREEMENT

180684

COMMENCEMENT OF SITE INVESTIGATIONS

28.09.84

«TJliUïi

Mujrivpitt

1986

1985

1984

1987

I

1

SIGNING OF J V CONTRACT

SITE OFFICIALLY DELIVERED TO PARTY B. COMMENCEMENT OF SITE
FORMATION

SXfcfF&ra • ".JEiEftC'aitf • EMttlJfiJaSMA

08.0385

j

SIGNING OF 7 URNICEY CONTRACT BETWEEN PARTY B AND CONSORTIUM

OF MITSUI/TCSH1BA.1.H.I /SLIPFORM ENGINEERING LTD.

Z77'4&i4we)jRH# • f.z • 5Jii6(sn • #«is*iR£»is»«*efrw

27.05.8S

1

SITE FORMATION COMPLETED. COMMENCE CONSTRUCTION OF
POWER STATI ON
T.JS/S? J.ITFÄ« • la««

01.0785

FIRST STRUCTURAL CONCRETE POUR£D

27.1085

nA-A.iCM«s.'j.«±
COMMENCEM ENT OF ERECTION OF STRUCTURAL STEELWORK

31.0386

PROJECT FINANCE CONTRACT FOR HKS3333M SIGNED BY 46 BANKS LED BY
CiTICORP. BANK OF CHINA AND H.K.&SHANGHAI BANKING CORPORATION

18.0486

W«¥*SM«*I:.'

UÄH«« > <?S3lUfi?i,5ttK?iRm246B:iafT5i85IBÖttÄfc • e,8fi33.33«*je

UNIT! BOILER DRUM LIFT COMPLETED
-KWBIÊB:

30.0686

TURBINE GENERATOR NO. I PEDESTAL HANDEDOVER

31.08.86

lAli-StrdKMKWHitHe
BOILER NO 1 HYDRAULIC TEST COMPLETED

i>*a»*73!n«s«

FIRST POWER RECEIVING

I

T

T

30.10.S6

T

15.12 S6

I

ttifcKft^T)
BOILER NO. 1 FIRST FIRING
1 ttfciStfTr*«*
FIRST STEAM
TO SET
:

15.W.S7

!

SET I POWER TO GRID

IÜ04.S7

T

SET 2 POWER TO GRID
W^f?»Hlm»RM
CIVIL WORKS

3009.87

fiMt \ '<'n

nftWHiqlt)»«

I5.03.S7

T

±tt PK

• <tM WORKS UNIT i

»-ftH'.KH(sUl tt
FIRSTSVNCHf:ONIZ.ATION V. -dtSf «ïtîï

t

:: W S7

t—

U MONTHS

FIRSTSYNCHRONIZ-ATION «-i«:«!«?!«

22.07.S7

_[

-h- ^r

Ei M WORK UNIT 2

'•«-n5r.uisin.rtt

1988

r-- --

-r-r-r *r
22 MONTHS

not been able to meet the demand. To cope with this lack of
electricity supply, the Indonesian Government has issued
Regulation based on Electricity Law Number 15/1985 and the
Government
Regulation to regulate the private
sector
involvement in power supply. In the country like Indonesia
where industrialization process is still going on, power
generation to meet demand can be provided by some scenarios
as fol lows :

stage 1 : Low voltage small diesel unit and microhydro power
station in the neighborhood of the users.
stage 2 : Local power station with a number of low-voltage
diesel units, and a local distribution network.
stage 3 : Power station of medium - voltage, medium - sized
units (diesel, hydro, gas turbine) with a medium
voltage district distribution network.

stage 4 : Large power station (steam, hydro, gas turbine,
combined cycle, geothermal, nuclear) with regional
or national high voltage transmission networks for
concentrated industries and large urban areas.
This all four stages can be found here in Indonesia depending on the specific area. Although there w i l l be still a
long period in which stages 1, 2 and 3 exist and needed
the step towards stage 4 has started. Especially some areas
of
Java and Sumatera are already in stage 4. The change
from one stage to the
other
will
be depended upon a
number of factors such as a v a i l a b i l i t y of investment
funds and industrialization and urbanization's growth. PLN

installed and planned capacity

is

described in

table 3

and PLN electricity generation in table 4 and table 5.

2.3. Opportunity of Private Sector In Electricity Sector.
The
Indonesian
Government policies have
opened
opportunity for private sector to carry out effort
making available electricity power for consumers.
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the
for
The

Electricity
Law Number 15/1985 gives the opportunity to
private sector and cooperatives to generate, transmit and
distribute
the electricity. Based on that Law, the
government has established some regulations regarding
the
participation of private sector.
1. The
Regulation of Ministry
for Mines and
Energy
No.11/P/M/Pertamben/1981 , as to getting permission
for
Electric Power.
2. The
Regulation of Ministry for Mines and Energy No.
02/P/M/Pertamben/1983
as
to
Indonesian
Electric

Standard.
3. The Regulation of Director General for Power (now,
Electric Power and New Energy), No. 0236/47/500/1983 as
to setting the Manner about application and furnishing
for permit of Electric Power for Public.

4. The Regulation of Ministry for Mines and Energy No.
02P/400/M.PE/1984, as to getting Qualifications
for
Electricity Connection.
5. The Government Regulation No. 10, 1989 as
available and using electric power.

to

making

Except those Regulations, Indonesia Government has created a
committe for preparing BOT Concept through Mine and Energy
Ministerial Decree No. 066K/702/M.PE/1990.

III. PLN plan for future electricity.
3.1. Electricity growth in Indonesia.
Electricity Development Program is directed to fulfill electricity demand which continuously increasing. At the first
year in Repelita V is estimated that national electricity
demand reach 44.143,2 m i l l i o n kwh and then w i l l increase
to
56.756,2 m i l l i o n
kwh at the end of Repelita V.
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Estimation of
national electricity demand d u r i n g the
Repelita V can be seen in table 7. Whereas the consumption
is forecasted to grow from 41.213 Gwh in 1988/89, 56.756
Gwh in 1993/94 to 84.000 Gwh at the year 2000; the supply
to the industrial sector w i l l grow from 29.396 Gwh (71 X) to
53.760 Gwh (64 %) in the year 2000. The captive generation
is predicted by the last year of Repelita V had a capacity
of about 10.323 MW producing approximately 17.980 Gwh.
Future developments in the private sector are not yet clear
and w i l l largely depend on
the
economic and industrial
dfwpinpments and PLM c a p a b i l i t y to meet the growth of
electricity demand.

3.2. Development Plan for Power Plant.
For the future development to build Power Plant, PLN w i l l
concentrate to operate coal steam power plant in relation
with the national program for diversification of energy.
Figure 1 indicate the prospective coal steam power plant in
Indonesia and its location t i l l the year 2000.

3.3. Environmental Consideration.
PLN's present generation expansion plan allows a major role
for
coal-fired power plants in the future. However,
its
extend could be affected by several factors such as:

-

Coal price increase
The availability of cheap natural gas
Introduction of nuclear power plant
Addition of geothermal power plant

The growing awareness of the environmental has led to new
legislation controlling pollution and setting standards for
emissions. In energy planning and environmental control, the
electricity sector takes a prominent place, as electricity
is an energy form of general utility and pollution control
measures can more easily be implemented in large central
stations.
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Figure l : Prospective major thermal power plants in Indonesia
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The generation of electricity from conventional thermal
power p l a n t station is associated w i t h a number of
environmental problem. For example, generation using coal
causes significant air pollution due to emissions of carbon
dioxide, sulfur oxides, nitrogen oxides and particulate.
Based on the experience
for
a 2000 MW coal fired powerplant operating at 60 % load factor burn about 4,4 m i l l i o n
tons of coal per year and each year e m i t
i n t o the
atmosphere about 10 m i l l i o n tons of carbon oxides, 130.000
tons of sulfur dioxides, 40.000 tons of nitrogen oxides
and between 4.000 and 40.000 tons of p a r t i c u l a t e matter

depending on coal quality and how well the stock emissions
are cleaned before they are released.
Particular concern has been expressed about the emissions of
sulfur dioxide. There are number of reasons for this. One is
that the use of tall stack to disperse emissions can led to
problems of the spread of pollution. Another reason is that
the power plant demand for coal might increase.The increased
coal burn could, in the absence of appropriate control
measures,
lead to a significant increase in the relative
proportion of total SO« emissions coming from power plant.

A wide variety of alternatives are available for reducing
SOg and NOX emissions from fossil fuel fired power plant.
The choices can be roughly grouped into three categories
according to where they are applied along the fuel path :
1. Before combustion (Pre combustion control)
2. During combustion (in situ control)
3. After combustion (Post combustion control)
Options for emissions reduction begin outside the power
plant (pre combustion control) with fuel change-outright
switching, blending or cleaning coal to lower the incoming
sulfur content. These options are limited in terms of
sulfur reduction, partly by the processes themselves and
partly by the narrow range of fuel characteristics that
utility boilers are designed to accept; but they entail
the least capital investment and are far and away the most
cost effective.
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Several new technology options focus on the power plant
boiler (in situ control), where changes in the combustion
process itself can suppress the formation of pollutants or
captive them before exhaust gases proceed through the rest
of
the
system. These changes are dictated
by
the
configuration of equipment and the manner in which coal and
combustion air are combined. Notable example are low NOx
burners, the fluidized bed for burning coal in the presence
of limestone, and the injection of limestone into the
furnace.
The best known SC>2 emissions control is post combustion
control - flue gas desulfurization (FGD) in Scrubbers just
ahead of the power plant exhaust stock. Scrubbers are
capable of high performances in SC>2 removal, but they are
expensive as retrofit equipment because of installation
cost and provisions for the their reliable operation.

The possible effect of these control options on the overall
level of abatement is complicated by at least two factors :
1. The
resulting
increase in
investment
cost
and
electricity cost.
2. Some of the options (e.g those associated with the retrofitting of FGD) would reduced a power plant's thermal
efficiency and increase its unit operating cost.
IV.

The existing pattern and the possibly
financing the large power supply projects.

4.1. Financing plan for for the development
projects in REPELITA V and REPELITA VI.

alternative

of

power

of

supply

It has been estimated that the fund required for PLN in
increasing its power capacity in REPELITA V w i 1 1 not be less
than US $ 3 billions. For power supply projects in Java
itself, it needs about US $ 2.2 billions and the rest needed
for the development in outside Java. With this amount the
PLN's power capacity w i l l have the additional power by 3,000
MW.
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All PLN's power projects traditionally are conducted
the financing scheme as follows :

1. For
foreign
costs w i l l be accommodated
scheme bellows:
- soft loans;
- export credits and;
- other commercial loans;
2. For local costs :
- the national budget;
- the PLN's budget.
- some also provided by one of the
sources which are available above.

under

foreign

under

the

financing

To date almost seventy percent of the amount mentioned ibove
has already had the commitment with the sources and the rest
is still on process.to get the commitment.
In the next REPELITA VI, to meet the demand of electricity
power, PLN still has to increase its power capacity. It is
estimated that fund required w i l l be more than US $ 5
billions. For Java it is planned to increase its capacity
with the additional power of 5,400 MW and for outside Java
with 2,200 MW. If this requirement of fund w i l l be provided
by government expenditures alone, it w i l l not be sufficient.

With the existing capacity, the electricity demand nowadays
could be only met by PLN's power capacity by about 43
percent. Although PLN has already planned to increase its
capacity, it w i l l not be sufficient to cater the national
electricity demand due to the electricity consumption w i l l
have the growth with an average r-ate of 14 porront per year.
In the long term plan, it is also estimated that until the
year 2015 the total additional supply of up to 27.000 MW
electric power w i l l be needed on the Island of Java alone.
It is obvious that by depending only on PLN's supply, the
demand of electricity will not be fulfilled. The other
supply is the power generated and owned by private sector in

206

which some of them are already in the system, for example
Asahan Hydro Power Station and Krakatau Steel's steam Power
Station, and most of them are separated from the system. To
date, about 57 percent of the national total capacity is
owned
by private sector. Most private investment
in
electrical power development is aimed as the captive power,
i.e. to fulfil its own demand, and over 50 percent of this
private sector owned generates the electricity with using
subsidized diesel fuel. With also the intention to their
size of power generated per unit, it is unlikely that the
economic of scale of power generation will be achieved.
4.2. Alternative for financing the power project.

To maintain the growth of Indonesian's economy at a good
level
as
is
already planned,
the
development
of
infrastructure such as electrical power supply, tarnsportation etc, which has very important role in the economic
development must be carried out continously. With regarding
the other important infrastructure development, it seems
that the development of electrical power supply with the
tradional scheme mentioned above w i l l face many problems in
its financing.
Since the first year of REPELITA V, it has been planned that
government would like to control more actively inflation at
reasonably low rates. The goal is to keep an average annual
rate of 5 percent during 1989-1994 (REPELITA V). This goal
w i l l guide monetary and budgetary policies. In consequence,
the inflationary effects of government expenditures w i l l h«
given due consideration. The government w i l l control its
borrowing from abroad, and planned to have the debt-service
ratio with the level of 25 percent by the end of REPELITA V.
This policy w i l l bring the government to manage and control
the national budget carefully, and in consequence with it,
there w i l l be a limited budget for the development of
electrical supply project due to the government has to
consider also many more other various programmes to be
conducted with taking their priorities into consideration.
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Now, in such condition, to f i l l the gap between the
electricity demand and the capability of supply, private
sector should have more opportunities to participate in the
development of electrical power projects not only for their
owned use but also for the public usage. To create a good
climate for private participation in electrical supply
project, government has already issued the
regulation
related to it such as Law 15/1985 in 1985 and Government
Regulation 10/1989 in 1989.
And recently,
Government
increases
its
willingness to
allow
private
sector
participation in order to provide the need of electricity
demand. For industrial estates development, nowadays, the
private sector is allowed to finance and build electrical
power project as well as within the PLN system, to supply
the tenants.
All of those regulations mentioned above, in which related
to
private participation in electrical
power
supply
development, still should be followed by a clear mechanism
of relationship between private power supply and
the
existing national grid which is operated by PLN.
However,
the private sector participation in power supply
should enhance the competitiveness between the existing
public utility generation and private owned. Therefore, if
private generation w i l l be interconnected to the existing
grid, it has to be economically. This means there should be
a selling price formulation of private generation with
regarding the cost of private generation and the PLN's
selling price to the public which is set up by government.

The other alternative scheme which could be applied is a
joint-venture electric power supply company with consisting
the shareholders of private investors and state owned
company, i.e. PLN. A good example of the implementation of
this scheme is toll-road development.
V.

Supporting activity for electricity business.
As noted previously, Indonesia needs more electricity in
the future and w i l l build many kind of power plants. The
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major priority for power plant development is coal fired
power plant and then be followed by gas fired, hydro and
geothermal.

In relation with the development of Power Generation in
future, there are several business area will be developed
and strongly supported by government.
1 . Electricity equipment industry

The government policy in industrial development is to
incorporate all Indonesian potential to maximum extent in
the electricity project. Some of Indonesian Industry
Capability has been included intentionally in the last
tender
of electricity project as Suralaya, Paiton and
Qresik Power Plant to force the foreign contractors in
order to involve local industries and to transfer their
technology to Indonesian Partner.
Some industries that can be developed and
electricity project are :
a.
b.
c.
d.
e.
f.

involved

in

Supporting facilities for hydropower plant
Diesel equipment
Water turbine
HTE and Boiler including Waste Heat Recovery Boiler
Generator
Transmission

The development of those industries proceeds step by step
and the first step is through the technical assisstance
and license agreement.

2. Contractor
Indonesian contractors can improve their
capability
through a direct participation during construction of
power plant. These activities consist of steel structure,
erection and others construction activities.
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3. Consultancy
Until now, in the field of electrification
Indonesian
Consultants have not been able to get involved directly
in the project because of their capability. To
cope
with
the
engineering capability of
power
plant,
technology transfer program is needed. PPE (Engineering
Services Center) of PLN is preparing this program and
then
the technology w i l l be transfered further to
Indonesian Consultant.
4. Energy Transportation

The greater part of Energy Resources is located in
outside
Java,
but the demand of
electricity
is
concentrated in Java. To manage energy supply properly
other activity and facility to transport primary energy
from the location to power plant location is needed.

VI.

Conclusion.

By
having an estimation of
electricity demand especially on
is obvious that there is still
carry out the electric power
generation, or transmission and
to fulfil the demand.

the annual
Java-Bali is
a big effort
development
distribution

growth
of
13-14 %, it
needed to
either in
activities

Looking back to the past experiences, we are all aware
that due to unfavorable budget, the government had been
often encountered with the difficulties in allocating
them to the various program priorities. For that reason,
big projects such as electricity projects have been
directed to be financed by different source of funds
(soft loan, export credit, World Bank Loan etc.). But
there is a limit of getting more soft financing.
In addition, for future electricity development project
which needs a total fund of investment of about US $ 27
billions or US $ 1.1 mil ions per year to increase the
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total capacity with 27.000 MW by the year 2015 in JavaBall , by taking the PLN's plan development which much
relies on the government's financial condition into
consideration, it seems that it w i l l face financial
difficulties to implement the plan.

3. In consequence with the condition elaborated at point 2
above, there should be a break-through to solve the
financial problem i.e by involving private sector in
power generation projects, especially in large power
projects, more actively.
4. Private sector participation in large power projects can
be implemented under either BOT (Build, Operation and
Transfer) scheme in which the project w i l l be fully
financed by private investors, or a joint-venture scheme
between
private
investors and
PLN.
A
toll-road
development projects is a good example for the scheme
mentioned in the later.
5. Since 1985 government has already given the opportunity
to private sector to participate in the development of
power projects by issuing the Law 15/1985 in 1985 and it
is followed by the Government Regulation 10/1989 in 1989.
But until now, there is no big power projects financed
through the private participation. To create a good
climate for private participation in it, the existing
regulations might be followed by another r e g u l a t i o n
w h i c h p r o v i d e s a c l e a r m e c h a n i s m of the scheme,
especially the relationship oetween private power supply
and the existing national grid which is operated by PLN.
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FINANCING A NUCLEAR POWER PLANT IN A
DEVELOPING COUNTRY: EXPERIENCE WITH THE
DAYA BAY NUCLEAR PLANT, CHINA

F.X. LAVRIL
Banque nationale de Paris,
Paris, France
Abstract
THE PROJECT

- A 2 X 900 MW nuclear power plant located a few miles from
HONG KONG which shall import 70 % of its production.

- Most of the contracts of the Nuclear part of the DAYA BAY
project have been signed with French companies.
The important part of ELECTRICITE DE FRANCE (EOF) in the
project due to its experience as a nuclear electricity
producer.

THE MAIN CONTRACTS AND THEIR FINANCING

- EOF wins the contract for technical assistance, for
completion realization and putting into service of the
plant.
- FRAMATOME wins the contract for the supply of the two
nuclear islands.

- The financing of the contracts in accordance with the OECD
nuclear consensus.

THE ADDITIONAL CONTRACTS AND THEIR FINANCING

- The civil works contract (CAMPENON BERNARD).
- The erection contract (FRAMATOME SPIE BATIGNOLLES).
- The financing of such contracts at usual conditions instead
of the OECD nuclear consensus conditions.

CONCLUSION

How to get the best financing for a nuclear project.

2!3

DESCRIPTION OF THE PROJECT

In 1978, the People's Republic of CHINA, considering nuclear
energy as a strategic choice, decides to import the technology
and the necessary equipment. The priority had been formerly
given to hydroelectricity or coal fired plants. In 1979, the
decision is made to build a Nuclear power plant in the
GUANGDONG PROVINCE.

This Province, and more particularly the site of DAYA BAY have
been chosen because of the spectacular growth of its industry,
the proximity of the SHENZHEN special economic zone and of
HONG KONG.

Many foreign suppliers were at that time in competition and
among them FRAMATOME (France) and KWU (Germany) for the
nuclear part, and GENERAL ELECTRIC (UK) and ALSTHOM (France)
for the conventional part (turbines). In 1978 BANQUE NATIONALE
DE PARIS was appointed as lead manager by the Chinese for the
financing of the French contract(s), if any, of the project
which was defined as a 2 X 900 MW nuclear power plant.
In 1983, an electronuclear cooperation agreement is signed
between the Chinese and the French Government.
In 1985, the GUANGDONG NUCLEAR POWER JOINT VENTURE COMPANY is

created in order to carry out of the project.

It is set up as a joint venture with a capital of USD 400
million provided by GUANGDONG NUCLEAR INVESTMENT CORP. (75 %)
for the GUANGDONG Province and CHINA LIGHT AND POWER CO

(25 %), a public utility of HONG KONG. The joint venture
contract provides that 70 % of the power produced by the plant
shall be exported to HONG HONG through CHINA LIGHT AND POWER,
thus providing receipts for the reimbursement of the foreign
loans.
At that time .come about the supplementary project of an
hydropumps dam in GUANGZHOU (the pumps working during the
night with power coming from DAYA BAY were supposed to raise

water in the dam which could then produce hydropower at peak
hours). This project is now under construction since the end
of 1989.
During the same year the commercial and financial négociations
speed up and progressively the names of the Ixicky competitors
for the main contracts are unofficially disclosed
-• GENERAL ELECTRIC COMPANY (UK)

for the conventional part of the project
(since that time GENERAL ELECTRIC UK merged with its
competitor, the French company ALSTHOM)
- ELECTRICITE DE FRANCE and FRAMATOME for the nuclear part of
the plant.
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ELECTRICITE DE FRANCE is a state owned utility which has the
monopoly of production and sale of power in France,
FRAMATOME is a French private company specialized interalia
in the production of nuclear boilers and circuits.

According to some local sources, the choice of these two
companies has been made because of the French experience in
the nuclear field. In fact 85 % of the electric power produced
in France comes from nuclear power plants. This is the result
of a French government decision made in 1974 after the first
oil crisis.
Hence France is a relatively independent country for power
production. This shows up particularly now.
The contracts as well as the financing agreement were signed
between the joint venture and the foreign suppliers on
September 23rd 1986 . The main guidelines of the French
financing were set forth on December 1986 through two
"Memoranda of Understanding" between the French and the
Chinese governments where by BANK OF CHINA was officially
appointed as Borrower with the part of passing on the cost and
conditions of the credits to the GUANGDONG NUCLEAR POWER JOINT
VENTURE COMPANY.

THE MAIN FRENCH CONTRACTS AND THEIR FINANCING

As was said before, the Joint Venture was the buyer and thus
signed all the necessary contracts for the construction, the
putting into service and the training of staff with many
foreign suppliers. Among these contracts were :
The ELECTRICITE
assistance, the
plant (studies,
similar nuclear

DE FRANCE (EOF) contract for the technical
realization and putting into service of the
engineering, training of staff). EOF owns a
power plant in France.

The FRAMATOME contract for the supply of 2 X 900 MW nuclear
islands, fuel for the two first hearts, and the first reload
of the first heart.
Taking into account the size of the project and its amount,
the BOT solution (Build Operate Transfer) was not adequate and
a classical financing has been put into force based on the
conditions set forth in the OECD nuclear consensus.

A French export credit line of FRF 13.145.000.000 (CV USD 2
Billion at that time) aw set up for the financing of :
- 85 % of the French part of the two main contracts (EOF and
FRAMATOME),

- 85 % of the variation orders of these contracts (maximum
amount limited to 8 % of the French part of the two
main contracts) ,
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- 85 % of the contracts of Balance of plant (with a maximum
amount limited to 15 % of the two main contracts),
- 85 % of the local part up to a maximum amount of 15 % of the
main contracts :
More specifically :

. FRF 150 million being allocated to the local part of the
main contracts
. FRF 100 million allocated to different costs

. FRF 200 million allocated to the local part of the civil
works contract to be signed later on.
. the remaining amount being allocated to the local part of
the erection contract if signed with a French company.
- 100 % of the interest of the financings hereover described
during the contruction period (84 months)
Moreover, according to the OECD nuclear consensus agreement,
this credit line is reimbursable in 30 half yearly instalments
for the principal, and in 20 half yearly instalments for the
interests capitalized during the construction period.
The rate 7.40 % p.a. was the OECD consensus rate at that time.
The United Kingdom granted the same conditions for the
financing of the conventional part.
THE ADDITIONAL CONTRACTS AND THEIR FINANCING

For an unknown reason the GUANGDONG NUCLEAR JOINT VENTURE CY
refused to select simultaneously competitors for the civil
works and for the erection of the plant which were the most
important contracts after the main contracts.
1) In June 1987 the civil works contract was signed with a
Chinese joint venture set up between :
- The French company CAMPENON BERNARD (40 %)
- Two Chinese companies
(33 %)
- A Japanese company
(17 %)

Since one of the rules of the French buyer's credit is to
pay directly the French supplier through such credit, and
since CAMPENON BERNARD'S part in the contract was higher
than its share in the joint venture, we have been obliged
to find a legal solution acceptable by French COFACE
(Export credit insurer).
2) The Erection contract of the nuclear island was signed in
January 1988 with the French consortium FRAMATOME SPIE
BATIGNOLLES.
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The financing of the French part of these two contracts was
made through a classic buyer's credit without any reference
to the OECD nuclear consensus. These conditions were :
- reimbursement

: 20 equal instalments of principal

- rate

: OECD consensus rate

- capitalization of interest : refused
In fact the French Administration who refused to grant, for
these two contracts, the benefit of the favourable
conditions of the nuclear consensus would certainly have
granted such conditions if these contracts had been signed
at the same time as the main contracts.

CONCLUSION

The DAYA BAY project which is still raising funds on the
market for its financing can be considered as a good example
for managers incharge of a big project in the nuclear field in
which many suppliers and export credit facilities are
involved.
The best financing conditions are always granted to turnkey
projects or at least if many suppliers are simultaneously
selected in a single country before any contract is signed.
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FINANCING OF NUCLEAR POWER PROGRAMMES IN
DEVELOPING COUNTRIES: THE INDIAN EXPERIENCE

R. BASU
Nuclear Power Corporation of India Limited,
Bombay, India
Abstract

The paper states the objectives of the Nuclear Power
Programme in India and the strategy being pursued therein. Keeping
in mind the history of nuclear power in India, the nature of technology
involved, the risks and the uncertainties associated with the development of nuclear technology in developing countries, the paper
specifies an appropriate organizational frame-work and a financing
structure within which the full potential of nuclear power is expected
to be realised.
The paper looks at pro/ections of capital investment required
for the period 1989-2001 A.D. i.e. till completion of the first stage
of the nuclear power programme in India. The projections examine
nuclear power costs in India over the last three decades or so. It
is seen that the capital costs as well as operation and maintenance
costs have increased with time. The. capital investments required
for the programme are estimated at about Rs.15,755 crores at 1989-90
prices, based on typical 'specific' capital costs of Rs.19.OQO - 20,000
per K We installed. The paper discusses the principal sources of
funds for the same which include equity contributions, internal
surpluses and market borrowings. It also elaborates a financial plan
which takes into consideration the optimal and likely mix of these.
It is seen that in a realistic scenario, to meet a shortfall
of Rs.3,305 crores, borrowings have to be of the order of Rs.23,655
crores out of a total fund requirement of Rs.37,770 crores. The
paper finally examines some alternative financing schemes such
as joint-ventures amongst suppliers/vendors and the utility, in an
attempt to share the financial burden of the large investments planned.

1.

INTRODUCTION

Among the many problems experienced by developing
countries in the implementation of nuclear power programmes,
the three important ones which affect
financing of nuclear
power projects are the long gestation periods, large and
increasing capital requirements and uncertainties, in terms
of both time and cost, associated with indigenous design and
manufacture by a nascent nuclear industry of materials,
components and equipment to meet international standards and
regulatory requirements.
Inevitably,
therefore the
development of nuclear power as a source of energy in such
countries has to be initiated by governments and funded
through national budgets.
In India too, it was the
government which, soon after Independence in 1947, assumed
the responsibility for research and development relating to
the peaceful uses of atomic energy.
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2.

OBJECTIVE OP THE NUCLEAR POWER PROGRAMME AND ITS
PRESENT STATUS

While in the initial stages of the Indian
programme, technical and financial assistance was obtained
from western countries such as the United States and Canada,
by the early seventies the country
had successfully
developed
the capability for the indigenous design,
manufacture, construction and operation of nuclear power
reactors. At present, the installed nuclear power capacity
of 1465 MWe supplements the 32,000 MWe of thermal and 16,000
MWe of hydro-electric power capacity and constitutes less
than 3 per cent of the total installed power capacity in the
country. In the first stage of the nuclear power programme,
it is proposed to commission an additional 8,585 MWe by the
year 2000-01 A.D. by which time the contribution of nuclear
power to total power capacity in the country would reach
around 10 per cent. In certain regions of the country like
the southern and western, the percentage of nuclear power
could be as high as 30-40 per cent. This programme envisages
eleven more units of the proven 235 MWe PHWR of which two
units are in operation at the Madras Atomic Power Station
since 1985 and one unit has been commissioned recently at the
Narora Atomic Power Station, and twelve units of the 500 MWe
PHWR, major nuclear components for which have already been
ordered. The objective of the 10,000 MWe programme at this
stage, is to establish nuclear power as a technically
feasible and economically viable source of energy to
supplement the traditional thermal and hydel sources.
In
the second stage, the plutonium produced in the first stage
PHWRs would be used as fuel in the Fast Breeder Reactors
which in turn will produce more plutonium or uranium-233 if
thorium is used as a blanket material. A Fast Breeder Test
Reactor of 40 MWt has already been set up at Kalpakkam and
design for a prototype Fast Breeder Reactor of 500 MWe
capacity is at an advanced stage. The PFBR is expected to be
commissioned by the and of this -antury.
The estimated
capital cost of the PFBR is comparable to the capital cost of
the 500 MWe PHWR though the gestation period is likely to be
much longer and therefore interest during construction (IDC)
much larger. Fast reactors in significant numbers are
expected to form part of the power network in the early part
of the 21st century.
Thereafter, in the
third stage,
reactors are expected to use U-233 along with thorium for
breeding so that the vast reserves of thorium in the country
could be exploited.

The long-term objective of the programme is
therefore to establish nuclear power as a viable alternative
to fossil-fuel based power generation.
The status of the
10,000 MWe programme showing units in operation, projects
under construction and projects at the planning stage are
exhibited in Table I.
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TABLE-I
INDIAN NUCLEAR POWER PROGRAMME
ÜPTO 2000 A.D.

UNITS

CAPACITY
MWe

CRITICALITY
YEAR

CUMULATIVE
CAPACITY
MWE

OPERATIONAL UNITS

TARAPUR (BWR)

2 X 160

1969

320

RAJASTEAN

2 X 220

1972,1980

760

MADRAS

2 X 235

1983,1985

1230

NAPP - I

IX 235

1989

1465

NAPP - 2

IX 235

1990

1700

KAKRAPAR

2 X 235

1990,1991

2170

KAIGA 3 S 4

2 X 235

1995

2640

RAJASTHAN 3 & 4

2 X 235

1995

3110

UNDER CONSTRUCTION

PLANNED

KAIGA 3 TO 6

4 X 235

4150

TARAPUR 3 & 4,

6 X 500

7050

RAPP 5 TO 8
ENVISAGED SCHEMES

(SITES TO BE
DECIDED)

6 X 500

10050
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3.

AGENCY FOR IMPLEMENTATION OP THE
FINANCING STRUCTURE

PROGRAMME AND ITS

As stated earlier, the risks and uncertainties
associated with the development of nuclear power in
developing countries with limited industrial infrastructure
preclude the possibility of any agency other than national
governments taking up the responsibility for funding and
executing nuclear power projects in the initial stages. So
too in India, it was the Government of India and its
Department of Atomic Energy (DAE) that initiated the first
steps towards exploiting nuclear power for the generation of
electricity on a commercial scale.

In the early years of the programme, projects were
taken up sequentially and
the capacity created
between
1960 and 1984 was hardly
1000 MWe. The cumulative capital
expenditure on these projects
during
this
period is
exhibited in Table II. These expenditures were met entirely
out of budget grants voted by Parliament since the DAE
directly administered the projects as departmental
undertakings. During this period, the budget allocations were
seldom fully utilised and no constraint on funds was felt.
TABLE - II
CUMULATIVE EXPENDITURE ON NUCLEAR POWER PROJECTS

(1960

-

1990)

(Rs.

in

1960

0.04

1965

8.03

1970

111.58

1975

230.33

1980

445.54

1984

743.08

1988

1409.97

1990

2025.97

Rs. 10 million - 1 crore
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crores)

In
1984 the Government of India approved the
Nuclear Power Profile - a comprehensive programme aimed at
increasing the nuclear installed generating capacity to
10,000 MWe by the year 2000.
This programme envisaged a
capital outlay of about Rs.8,600 crores at 1983 prices (10
million = 1 crore) . However, in 1984-85 at the time of
formulation of the Seventh Five Year Plan
(1985-86 to 198990) , it was realised that the resources required during the
Plan period for implementing the programme would not be
available, and against the requirement of Rs.2,100 crores,
only Rs.1,410 crores were provided. This led to a situation
where the planned new starts could not be made as scheduled.
It was
evident that if the nuclear power
programme targets were to be met, funds would have to be
raised from extra-budgetary sources to supplement budgetary
assistance.
Since government departments could not access
the capital market to raise extra-budgetary resources, a
corporate entity had to be created for the purpose. And so
in September 1987, the Nuclear Power Corporation of India
Limited (NPC) came into exsistence.

In order to demonstrate that nuclear power
generation was a commercially viable activity, the NPC was
registered as a company under the Indian Companies Act so
that it would be subject to the statutory and financial
discipline that all commercial undertakings are governed by.
While Government has absolute control over the management of
the company, the entire equity capital being subscribed by
it, the Company and its Board of Directors is vested with
substantial autonomy and flexibility in its day to day
operations.
3.1

Financing structure of NPC:

With the incorporation of NPC, all the operating
nuclear power stations and the projects under construction
were transferred by government to the Company, half as equity
and half as loan in perpetuity.

Government also indicated

that fifty percent of the cost of construction of nuclear
power projects including IDC would be contributed by it as
equity in the company and that equity funds would be made
available to finance the first half of the capital
expenditure on any project. The remaining expenditure would
have to be met by the Company through its internal surpluses
(return on capital employed plus depreciation less interest)
and through market borrowings. The company would thus have
an overall debt-equity ratio of around 1:1.

4.

REQUIREMENT OF FUNDS FOR THE PHWR PROGRAMME

A study of the behaviour of nuclear power costs in
India over the past twenty years is useful in projecting the
future fund requirements for the programme.
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4.1

Experience of auclear power costs in India:

Starting with
RAPP I, the first PHWR set up
in
India with Canadian assistance, Table III displays both
the original estimated cost and final executed cost: of the
PHWRs commissioned so far. The Table also gives the present
estimated costs (1989-90 prices) of the projects under
construction and of those projects where Detailed Project
Reports (DPRs) have been prepared. These capital costs
include the cost of land and site infrastructure, civil
works, plant and equipment, engineering, establishment (i.e.
wages and salaries) and commissioning. The capital costs do
not include the cost of the initial charge of heavy water and
IDC. The heavy water inventory is provided on lease to the
power station from a centrally-operated pool.
The lease
charges for the heavy water inventory and expenditure
in
respect of heavy water operational losses upto the date of
commissioning are included
in the capital cost.
For the
units at RAPP and MAPP half the first charge of fuel in the
reactors at the time of commissioning was included in the
capital cost. However, for projects commissioned, after the
formation of the Nuclear Power Corporation (NPC) in 1987,
half the first charge of fuel is considered to be on lease
from the government and is not capitalised. The lease rate
presently paid to government is the same as the rate of
return on capital employed and so this device has no impact
on the unit energy cost. The lease concept was introduced,
as, under the Indian Atomic Energy Act, nuclear materials,
including nuclear fuel and heavy water cannot be owned by any
agency other than government.
Heavy water which has been considered a nondepreciating asset has traditionally been leased to power
stations at a rate which covered the inventory carrying
costs. This
was lower than the rate of return on capital
employed at the station.
However, government has declared
its intention to charge a lease rate equal to the rate of
return on capital employed from 1991. This will result in
some upward adjustment of nuclear power tariffs. The cost of
heavy water which was about Rs.600 per kg in the early
sixties is now Rs.7,500 per kg and will be revised to
Rs.10,000 per kg from 1991.
Fuel costs have also been escalating over time.
From Rs.582 per kg of UO2 in 1974-75, fuel cost is now
Rs.4,700 per kg.
The Indian experience reveals the main
factors responsible for increased capital costs as :

(a)

price inflation - typically around 7-8 per cent
annum.

(b)

delays in project implementation - caused largely
by
difficulties
faced in indigenising the
manufacture
of
key
equipment
like
steam
generators, end-shields, etc.

224

per

TABLE m. NUCLEAR POWER CAPITAL INVESTMENT COSTS IN INDIA

ORIGINAL/ESTIMATED

PROJECT

CAPACITY (MWo)

COST

(Us. in

YEAR OF
SANCTION

FINAL/LATEST
COST

to
to

SPECIFIC CAPITAL
COST (Rs/KWc)

(Us. in crores)

crûtes)

RAPP - 1

220

33.95

1964

73.27

1972

3330

KAPP - 2

220

50.161967

102.54

1900

4660

MAPP - 1

235

61.70
1967

110.03

1903

50156

MAPP - 2

235

70.63

1071

127.04

1905

54US

NAPP - 1 & 2

2 x 235

209.09

1974

640.00

1909,90

13,617

KAPP - 1 6 2

2 x 235

302.50

1901

050.00

1990,91

10,005

RAPP - 3 & 4

2 x 235

?'ll.57

1900

076.00

1995

10,630

KAIGA-3 & 4

2 x 235

73Ü.72

1907

077.00

1995

10,659

TAPP - 3 & 4

2 x 500

2037.64

2037.64

1 $ » Rs. 2Û/- (in 1990 exchange rate)
01

YEAR OF
COMPLETION

20,376

(c)

design
changes
requirements.

due

(d)

design changes necessitated by site conditions.

accurate

to

evolving

safety

(e)

difficulties in
the initial stages.

estimation of costs in

(f)

exhange rate variation - the Indian Rupee has been
losing against hard currencies like the US Dollar and
the Deutsche Mark resulting in higher cost of imports.

While it may not be possible to do much about price inflation
and exchange rate variations, the impact of these factors can
be reduced substantially if gestation periods for projects is
brought down.
This it is proposed to do through
standardisation of the reactor design, introduction of a
greater degree of mechanisation in construction and erection
as well as advance ordering for critical and long-delivery
equipments.
Table III shows that historically gestation
periods have ranged from seven to sixteen years depending on
the degree of indigenisation.
However, for projects now
under construction the targetted gestation period is around
96 months and efforts are being made to reduce these further.
4.2

Projection of capital expenditure:

Based on typical costs of Rs.19,000/- per KWe
installed for 235 MWe reactor units and Rs.20,000/- per KWe

installed for 500 MWe reactor units and typical phasing of
expenditure (Table IV) for project schedules of eight years
for 235 MWe units and nine years for 500 MWe units, year-wise
capital investment requirements have been projected for the
growth of installed capacity upto 2001 A.D. (Table V). The
build up of nuclear power capacity anticipated is exhibited
in Figure I.
The total capital expenditure on the programme
(1989-2001) at constant 1989 prices is estimated at
Rs.15,755 crores.
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TABLE - IV
DISBURSEMENT SCHEDULE
(TYPICAL PROJECTS)

YEAR

235 MWe (%)

500 Mffe (%)

1.

2.50

2.50

2.

7.50

7.50

3.

10.00

10.00

4.

12.50

12.50

5'.

17.50

15.00

6.

17.50

15.00

7.

12.50

12.50

8.

10.00

10.00

9.

7.50

7.50

10.

2.50

5.00

11.

-

2.50

^^«••«^«••»•»••••IM •• «»•^^•••»^«»»^«•^^^••»^^•••^«•»••••»a

TOTAL

100.00

100.00
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TABLE - V
YEARWISE CAPITAL INVESTMENT REQUIREMENTS
FOR THE 10000 MWe PROGRAMME

(Rs. in crores)
1990 - 91

1069

1991 - 92

1476

1992 - 93

1732

1993 - 94

2057

1994 - 95

2191

1995 - 96

2032

1996 - 97

1613

1997 - 98

1210

1998 - 99

909

1999 - 2000

520

2000 - 2001 A.D.

226

Rs. 10 million = l crore
11000 -10000 - -

9000 - CAPACITY

INSTALLED
(MWe)

8
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7QOO--

6000 -5000-4000 -3000--

2000-1000 --

1990

1992 1994 1996 1998 2000
FINANCIAL YEAR

FIG. 1. Build-up of nuclear capacity.
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5.

FINANCIAL PLAN FOR THE PROGRAMME

The three principal sources of funds that will
have to be considered while
evolving a financial plan for
implementation of the nuclear power programme are: equity
contributions, internal surpluses and borrowings. These are
examined further below:

5.1

Equity contribution from Government:

The prospects for contributions to equity depend
entirely on the resources available to the
Government
and
priorities for allocation of such resources.
As discussed
earlier, at the time of formulation of the Seventh Five Year
Plan, the nuclear power programme was initially allocated
only Rs.1,410 crores against the requirement of Rs.2,100
crores.
The Eighth Five Year Plan is in the process of
formulation at present. While the power sector is certainly
accorded a high priority by the Government and the Planning
Commission, there are competing demands from within the power
sector for the limited resources available.
In view of the
urgent need to increase installed power capacity to ease
power shortages in most parts of the country, gas and coalbased thermal power projects with lower capital costs and
shorter gestation periods do appear to be more attractive in
the short term.

Besides meeting competing demands
power sector, Government in its approach to
is also committed to step up the outlays on
rural development both in absolute terms and
outlays on industry and power.

5.2

from within the
the Eighth Plan
agriculture and
relative to the

Internal surpluses from operating stations:

In order to assess the availability of funds from
internal surpluses of operating stations, it would be useful
to examine nuclear power pricing; in India.
Nuclear power
tariffs are determined and notified by NPC after consulting
the Central Electricity Authority and the beneficiary State
Electricity Boards which buy power from NPC and distribute it
to the ultimate consumers. According to the present policy
on tariff formulation, the tariff for each operating station
is determined separately for three year periods. Table VI
indicates the elements of tariff for a typical station.
Depreciation of capital assets (excluding heavy water) is
computed by the straight line method on a life of twenty-five
years for the station with a residual value of 10 per cent of
the original cost. This works out to 3.6 per cent of the
original capital cost including IDC per annum. The return on
capital employed (Net Fixed Assets + Working Capital) is
fixed by Government and is presently 12 per cent.
Thus
operating surpluses consist of the Return on Capital employed
plus depreciation less interest on borrowed capital. Since
tariffs are fixed on a normative capacity utilisation factor
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TABLE - VI
INDICATIVE TARIFF STRUCTURE OF

A TYPICAL 2 X 500 MWe PHWR
PAISE/Kwh

Depreciation

PROPORTION OF UEC(%)

18.03

17.43

4.00

3.87

61.39

59.34

Fuel cost

9.08

8.78

Heavy Water lease costs

8.08

7.81

Heavy Water make-up

1.62

1.57

Decomissioning charges

1.25

1.20

0 & M A Expenditure
Return of capital

TOTAL

103.45

100.00

of 62.8 per cent (5500 hours in a year) the operating

surpluses would be less if the actual capacity factors
achieved at power stations are below the norm.

With a view to increasing the operating surpluses
from operating stations a proposal is under consideration of
Government to revise the rate of return from 12 to 15 percent
of capital employed as also to introduce an additional
element in the tariff of a levy for Research and Development.
However, since the present operating base is small (only
seven units with a total capacity of 1465 MWe) compared to

the size of the programme, the impact of these measures will
be marginal during the Eighth Plan period.

5.3

Borrowing:

It is now clear that borrowings will be the major
source of funding for the nuclear power programme. Because of
various reasons it has not been possible to secure loans from
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multilateral international financial institutions like the
World Bank or the Asian Development Bank. Bilateral credit
agreements have been possible when these are tied to supply
of equipment from the donor countries for specific projects,
such as the Tarapur Atomic Power Project set up under an
Indo-U.S. agreement and the Kudankulam Project
under an
Indo-Soviet agreement.
For the indigenous PHWR programme
external credits can only be availed of to fund the limited
volume of imports required. For this purpose recourse has
been had to suppliers' credit arranged by suppliers from
banks operating in their countries.
But this is
insignificant when viewed against the actual requirement of
funds.
Within India there are term lending institutions and
banks which could extend term loans for the nuclear power
programme. However, financing by these institutions do not
take into account the long gestation periods associated with
nuclear power projects when no resources would
be generated
for debt-servicing.
Typically, loans from financial
institutions carry interest rates of around 15 per cent per
annum. Payment of interest is six-monthly and repayment of
the principal has to be completed within five years with a
very limited moratorium. Thus this source of financing has
not yet been resorted to in the Indian programme.

5.3.1

Debenture Issues:

Considering the long gestation periods (8 to 9
years
now estimated for new projects being started) the
Government of India introduced in 1987 a financial instrument
specially suited to the needs of state-owned public utilities
in the power and communications sectors. This debenture or
bond had two variants - one carrying interest at the rate of
13 per cent per annum payable half-yearly which would be
liable to tax under the Income-Tax Act and with a redemption
period of seven years,
the other carrying interest also
payable half-yearly at the rate of 9 per cent per annum which
is free of income-tax.

The second variant has a redemption

period of ten years and so is especially suited to long
gestation projects. Table VII highlights the special features
of these debentures.
So far NPC has gone in for four debenture issues.
The first issue for Rs. 100 crores was opened for public
subscription in January 1988 after a short but intensive
media campaign directed at projecting nuclear power as a
safe, unlimited source of energy which was also commercially
viable.
The success of this maiden public issue can be
judged by the oversubscription of 40 per1 cent secured. Having
established the Nuclear Power Bond as an attractive
financial instrument in the capital market, the subsequent
issues (Table VIII) were privately placed with financial
institutions with a small portion - twenty per cent being
reserved for sale to the public.
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TABLE - VII
TYPE OP BONDS ISSUE
CATEGORY B - 9^. BONDS - SPECIAL FEATURES

Interest Totally Exempt from Income Tax.
Redeemable after 10 years.
Wealth Tax exemption, on entire investment.
Easily transferable - by endorsement and delivery.
Fully secured.
Buy-back facilities subject to limits.
Bonds accepted by Company as security in lieu of Bid
Guarantee/Earnest Honey/Bank Guarantee
CATEGORY A - 13% BONDS

*
*
13%

*
*
*
*
*
*

-

SPECIAL FEATURES,

Income Tax Exemption under Section 80L.
Redeemable after 7 years.
&

9%. BONDS

Choice of interest schemes - Cumulative & non-Cumulative - under
each category.

Half-Yearly interest payments on Non-Cumulative Bonds.
Post-dated interest warrant with Non-Cumulative Bonds.
Interest payable from date of realisation of application money.
No Income Tax Deduction at source.
Income Tax Benefits for Charitable £ Religious Trusts.
ISSUE EXPENSES - FRONT END COSTS

Brokerage & commitment fees
Advertising & printing
Interest on float money
Issue management fees

1.50 %
0.83 %
1.39 %
o.is %

The front-end expenses (Table VIII) for a public
issue being relatively high. - around 3.8 per cent for a
Rs.100 crore issue, the preferred practice now is to go in
for private placement with a very small front-end fee ranging
from 0.2 per cent to 0.5 per cent of the amount raised.

On the assumption (based on experience)
that the
mix of public borrowings will be 50 per cent of the 9 per
cent tax free debentures and 50 per cent of the 13 per cent
debentures, with some possible short-term borrowings from
government or banks at 15 per cent per annum, and allowing
for the
issue expenses, the weighted average cost of
borrowing is about 11.5 per cent per annum.
This is the
rate used for projections of borrowings during the programme
period.
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TABLE - VIII

RESOURCE MOBILISATION THROUGH CAPITAL MARKETS

PUBLIC SECTOR
BORROWINGS

YEAR

(Rs.

NPC BOND ISSUES

ISSUE COSTS (%)

in crores)

1987 - 88

2140

126

1988 - 89

3139

200

1989

3633

360

.50

-

562

.20

- 90

1990 - 91

5.4

3.87

.75

Financing Plan:

Based on the approved financing structure for
projects to be executed by NPC and assuming that government
would meet its commitments regarding contributions to equity
yearwise cash flows relating to government equity
contributions and internal surpluses have been projected for
the period upto 2001 A.D. This can be called Scenario 1 and
is presented in Table IX.
The difference between the

capital outflows and the inflows in terms of equity and
internal surpluses is the shortfall to be met through
borrowing. However, the borrowings will have to cover not
only the net shortfall in capital expenditure, but also
interest payments and repayments of principal until internal

surpluses are large enough to meet these expenses. In this
scenario it will be seen that to meet a net shortfall of only
Rs.6,68 crores, the
total borrowing
upto 2001 A.D. will
have to be Rs.8,169 crores and the total fund requirements

will be Rs.26,656 crores.
Since in scenario 1 equity subscription has to be
suddenly stepped up to Rs.1,071 crores in 1990-91 from Rs.240
crores in 1989-90, and government is unlikely to be able to
accommodate such laxge increases in its budget, a more
realistic approach is to assume that the current level of
budgetary assistance from government would continue with an
enhancement of ten per cent per annum till the year 2001
while the remaining requirements would have to be met from

internal surpluses and increased borrowings.
Scenario 2 and is presented in Table X. It

This is called
will be seen

now that to meet a net shortfall of Rs.3,305
crores
the
borrowings have to be increased to Rs.23,655 crores and total
233

TABLE IX

FINANCIAL ÏEARS

(Rupees in Crores)
10IAL

upio
\m

I9BB
mi

mi
wo

1990 lin
1112 WJ 1994 im
im
1112 1993 1994 ws W6

W6
m;

1997 we
1999 2000 ESIIHAIED
im
1999 2000 2001 cosi

298

720

1069 J47&

1732 2057

2191 2032

U13

1210

61

137

175

186

289

45&

658

839

942

974

974

6074

76

120

358

79

93

307

147

J1BO

2555

2608

2629

650
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350

409

272

310

528

542

992

1281

960

SCENARIO-1

A,
Capital

1Ü6

909

520

22t, 17419

Investients
Payients on

179

205

borrowings
Repayunt
Toiil c»b

1366

359

B57

1244 1655 191B 2262

971

211

240

1071 1425 1534 1768 1009

60

20

971

271

260

395

200

597

2128 1945 1B01 1347 24673

OUt-flOH

B.
Equity

26B

159

10287

1706 24B6

7800

Contribution
Internai
Surplus
Total Cash

125

2,07 271

281

1196 1632 1805 2049

750

892

1401 1974 2645

1BOB7

543

B169

in-floM
C,
Borrowings

48

to ieet net shortfall
D.
WAL FUND REQUIREMENT

Rs. 26,256 Crorei

22

113

213

1274 164B 1B79 1236

0

0

TABLE X

flDAKCUL ÏURS

(Bupees In Croree)

TOTAL
OFTO
1988

1988
1889

1989 1990
1990 1981

19)1 1992 1993 1994 1995
1992 199) 1994 199$ 1996

1996 1997
1997 1998

1998
1999 2000 ISTIKATED
1999 2000 2001 COST

SCHiiïi II
i.

Capital
loTCttieatt

1366

litimt

298
81

137

720

106Ï

222

3«

1476 1732 2057 2191 2032
521

740

1613 1210

1015 132) 1631 1934 22)0

909

520

226

2482

2673

15320

17419

pajieats

jepanent
Total caca
outlloi

76
1366 359

1826 2253 2797

120
3282

358

592

877

3475 3602 3736

1236 1660 4919

857

1291

4016

4239 4539 37657

211

240

264

290

319

351

387

425

468

514

56$

622

60

20

lîb

ÎÛT

2Î1

2S1

272

310

528

542

992

170.6 IMfi

971

271

260

389

497

395

200

597

902

B.
Iqulty

971

685

6314

Contribution
Islam!

71)00

Surplue

Total Catfi
in-floï

590

632

659

735 996 1056

1558 2328 3171 14114.

C.
BorroRlm*

to aeet total caca outflov
D.
S

TOTAL WD IIWimiT

It 37,770 Crorei

1328 1662 2165 2623

2740 2606

2680

2458

1910 1389 23655

fund requirement of Rs.37,770 crores. While with even this
level of borrowing the overall debt-equity ratio for NPC as a
whole would only go up to about 3:1, individual projects
being commissioned in the mid-nineties would have debt-equity
ratios of 5:1 or 6:1.

Since power generating companies in India that are
growing rapidly can take the benefit of depreciation
allowances permissible under the Income-Tax Act, they have to
pay little or no tax. Thus the benefit of high leverage that
tax-paying companies derive is not generally available to
generating companies. On the other hand, since interest on
borrowings has to be paid out of the return on capital
employed allowed in the power tariff based on normative
capacity factors, a high debt-equity ratio could lead to
heavy losses when the normative capacity factors are not
achieved. Besides a high debt-equity ratio would
imply
a greater IDC and correspondingly higher unit energy costs,
which may affect the competitiveness of nuclear power in the
energy market.

6.

CONCLUSION AND OUTLOOK FOR THE FUTURE

It has been shown that the financing of the
nuclear power programme will have to depend largely on market
borrowings in the light of the limited availability of equity
funds from Government and the fact that substantial internal

surpluses will not be generated until the late nineties.
Though the total borrowings estimated at Rs.23,655 crores
between 1988 & 2001 A.D. do appear large,the Indian capital
market and especially the public sector bond segment of the
market has been growing rapidly. While it may not be
difficult to raise the sums indicated, the effect of large
borrowings on power tariffs and on the profitability of
nuclear power is bound to be severe. The solution appears to
be to look for equity capital £rom outside the government
budget. Steps in this direction have been initiat&d and the
possibility of joint ventures including participation in
equity with some leading manufacturers of nuclear and
conventional power generation equipment, both in the public
and private sectors is being examined.
The scenario under
consideration is of a joint sector company to be set up by
NPC and two or possibly three other companies with 51 percent
of equity subscribed by NPC/ Government and the balance by
the joint-sector partners. This would ensure adequate
Government control over the new company and would allow for
lower debt-equity ratios. The obvious solution if such joint
ventures do not materialise is to phase the programme over a
longer period, thus flattening the peak in the requirement of
funds. Whatever solution is finally adopted, it is clear that
by the late 1990s internal surpluses generated would be large
enough - Rs.2,000 crores per year to provide adequate
resourcas for the second and third stages of the three-stage
programme which would be capable of utilising the abundant
thorium reserves in the country to fuel the power requirement
of future generations.
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FINANCING THE EXPORT OF NUCLEAR POWER PLANTS
TO DEVELOPING COUNTRIES
K. FUJII
The Export-Import Bank of Japan,
Tokyo, Japan
Abstract

Japanese manufacturers of nuclear power plants are
confident in quality and reliability of their products but
so far they have played a minor role in the international
market.
In studying the finance for the future nuclear power
projects in the developing country, the financial
institutions will take into consideration such characteristics
of the nuclear power project as:
(1) Public Acceptance and safety
(2) commitments by the host government and its involvement
which are internationally required
(3) huge amount of capital requirements over a long term for
commissioning, operation and maintenance
(4) inability of the domestic market oriented project to
generate foreign currency earnings,
(5) long lasting project life
(6) creditworthiness of both the project owner and the host
government and the debt problem of the country
(7) priority
(8) feasibility
(9) available engineers and their level of technology, etc.
Under the present circumstances, because of the inherent
nature of the project and the creditworthiness, the owner of
the project who imports the nuclear power plant and the
host government will find it very difficult to receive enough
funds for the project from the financial institutions,
including the export credit agencies, and the
manufacturers(exporters).
On condition that the owner of the project and the
host government make every effort and necessary
arrangement to materialize the project, one of the measurers
for the creditors to share such burdens and risks will be to
form an international consortia among manufacturers and to
organize co-finance among EGAs, private financial
institutions and Multilateral Development Banks.

1.

Introduction

The Export-Import Bank of Japan(Bank) participated in a
subgroup organized by the IAEA for preparing the report
titled Promotion and Financing of Nuclear Power Programmes in
Developing Countries, which was made public in 1987. It can
be said that circumstances surrounding the nuclear power
projects now and then in 1987 differ in a striking way in the
world. In both developing and developed countries,
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improvement in the standard of living, progress in
industrialization have heightened demand for electric power
drastically, and this trend is expected to continue.
However, nuclear, hydro-electric and thermal power
generation, as three pillars of electricity supply have
problems respectively. As to the nuclear power generation,
due to the happenings of the serious accidents, various
opinions against its operation and new projects have been
expressed, and therefore there has been a big drop in the
number of new projects.
Regarding the thermal power generation, global
environmental issues including the greenhouse effect and the
galloping rise in fuel prices have been major concern. As
for the hydro-electric power generation also, global
environmental issues and scarcity of new construction sites
are the problems to be tackled with.

It is the task we must work on for the coming twenty
first century to find ways to meet the increasing electricity
demand effectively, economically, safely and in harmony with
the environment by utilizing nuclear, thermal, hydro-electric,
solar, geothermal, tidal and wind energies etc..
I expect this seminar be a place for exchanging views and
thoughts, and I myself intend to get as much useful and
informative information as possible.

2.

Introduction of The Export-Import Bank of Japan

Now, let me start with a brief introduction of the Bank
though many of the participants here might have some
knowledge of it.

The Bank is an independent governmental financial
institution established in 1950 under The Export-Import Bank
of Japan Law to provide a wide range of financial services to
supplement and encourage private financial institutions'
medium-and long-term financing of international economic
activities. From the very beginning, the Bank has been
expanding its efforts to anticipate and respond to changes in
the Japanese and world economy. As of the end of fiscal
1989(March 31, 1990), the Bank's capital fully subscribed by
the government was USD 6 Billion and the total assets were USD
37 Billion. And the credits committed during the fiscal 1989
was USD 11 Billion, making the Bank one of the largest
financial institutions of its kind in the world. And the
character of the Bank requires the projects, equipment and
resources to which the Bank provides credits serve the
promotion of Japan's economic interchange with foreign
countries, mainly in the field of trade and direct investment
through financial assistance, etc.
The activities the Bank promotes include
(1) Loans (2) Purchases of Public Bonds, etc.
Investments and (4) Guarantees.
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(3)

Equity

The loans are extended in the form of (i)Export Credits
for the deffered-payment exports from Japan of plant,
equipment and technical services (ii)Import Credits for the
Japanese import of manufactured goods and natural resources
(iii) Overseas Investment Credits and Overseas Project Loans
to the Japanese entities for overseas activities and overseas
project (iv)Untied Direct Loans(untied to the procurement of
goods and services from Japan) to the foreign entities for
high-priority projects and economic restructuring programs in
the developing countries and (v)Refinancing Loans as part of
debt-relief measures to provide the funds needed for
settlement by foreign importers with Japanese creditors. In
contrast to other export credit agencies(EGAs), the Bank is
unique in its wide range of operations.

In detail, the Export Credits fall into two categories,
Supplier Credits for the Japanese exporter and Buyer Credits
for the overseas importer. The Bank, in principle, extends
credits to borrowers with commercial banks or other financial
institutions like life insurance companies. For such
financial institutions, when they co-finance with the Bank,
the terms and conditions of the credits, such as the tenure,
the interest rate, risks and security packages are the
matters of primary concern. In general, the commercial banks
avoid extending credits at fixed interest rate for the longer
period.
The Bank's financing is provided under the OECD
guidelines and, in case of export of nuclear power plants,
the Sector Understanding on Export Credits for Nuclear Power
Plants which forms part of the OECD guidelines, will be
applied.

3.

Nuclear Power Projects and the Bank

Japan started operation of the nuclear power plants in
1960s by importing the plants and related technologies. Then
a number of nuclear power plants manufactured domestically
increased and, owing to the accumulation of the experiences
and efforts, joint R & D of reactors with foreign entities
have been done in recent years. Because of the geological
reasons, Japan has accumulated know-how in the
earthquake-proof technology.
Today, over 30 nuclear power stations are being operated
in Japan. Supported by the high standard of technology and
competent engineers, Japanese nuclear power plants are very
reliable and known for their high quality. The good track
records of their high operational rate and small number of
troubles have proven them.
However, as far as the projects abroad are concerned,
Japan is still a minor player. Japan has manufactured and
exported part of nuclear power plants only as a subcontractor
or one of the suppliers of the equipments and has never taken
orders for a nuclear power plant as a whole as a primecontractor in the foreign market. Therefore, the Bank has
never financed the export of reactors. Also, as the market
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for new projects is shrinking, no Japanese manufacturer has
asked the Bank in recent years to study the possibility of
its credit to finance the export of specific nuclear power
plant under negotiation with the developing country.

So far,
the Bank's main involvement in the nuclear power
projects has been to finance the import of fuel for the
domestic consumption. Keeping stable supply of fuel is
indispensable to maintain the smooth operation of the power
stations.
Now,
let me go back to the seminar's theme and I would
like to offer my personal views on how the Bank will act when
approached by the Japanese manufacturer for the consultation
on financing the export of nuclear power plant for which
the manufacturer will become a prospective prime-contractor.

4.

Characteristics of Nuclear Power Project

When the Japanese exporters enter into negotiation for
the nuclear power project in the developing country, they will
inform the details of the project both to the
ministries/agencies concerned and the Bank at an early stage
and will take necessary procedures for obtaining the
permissions and approvals in the same manner as other export
projects. Then, those ministries/agencies and the Bank that
are consulted start studying the project. "Peaceful uses of
Nuclear Energy" is a national policy of the Japanese
government. And the international agreements and the
following characteristics of the nuclear power projects
require us very careful studies and confirmations on the
various elements of the project:

(1)

Safety must be the first priority.

(2)

There are the pros and cons of utilizing the nuclear
energy.

(3)

Nuclear power project itself is a political matter in
many respects. That is, the project is directly
connected with ratification of the Non-Proliferation
Treaty of Nuclear Weapons, London Guidelines(Guidelines
for Nuclear Transfers), uses for the peace and the
national policy on energy and industry of the country.

(4)

Openness is required in the project.

(5)

It takes long time till the commissioning.

(6)

In addition to the big amount of investment for the
construction of the plant, it also costs much for the
operation and the maintenance.

(7)

Sophisticated technologies are needed for commissioning,
operation, maintenance and de-commissioning.

(8)

Nuclear fuel cycles must be fully arranged.
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5.

Big Project in the Developing Country

In case we study the big project such as a nuclear power
project in the developing country, the following points must
be also taken into consideration:
(1)

Priority of projects

In order to enhance the welfare of the nation and to
promote economic development, not only industrial projects but
also social infra—structure projects should be materialized.
As it is impossible to meet all these demands at a stretch,
projects should be given the priority.

(2)

Funding

Big projects whose products are to meet the domestic
demand usually require large capital investment in foreign
currency, but the foreign currency earnings associated with
them are very small or nil. Financial institutions are
concerned much about this because there are many developing
countries which are suffering from the lack of the foreign
reserves with an overburden of the debt problem. And how the
owners of the project price the products is also their matter
of concern.
(3)

Utilization of Human Resources.

Engineers with advanced technical knowledge are in short
supply in any industry. Allocation of these engineers must be
done properly among the industries in the country.

(4)

Environmental issues

No explanation will be required.

6.

Financing of the Nuclear Power Project

As I mentioned before, we have to study very carefully
the project in response to the request from the prospective
exporter. From the financier's standpoint, it is a.

pre-requisite that the borrower and the importing country are
creditworthy.
Then as the materials to study, we will get information
on the priority, feasibility, security package, financial plan
and approvals of both Japanese government and the importing
country. Approvals of governments are indispensable and , I
may say, the most important precondition.

At the same time, the arrangements and completion
of the following various infrastructures should be confirmed.
(1)

Public Acceptance: People of the importing country and,
if circumstances require, the neighbouring countries
also understand thoroughly the necessity for the project
and welcome its realization.
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(2)

Political infrastructure: The government of the
importing country is politically stable and has made
commitments that are required internationally.

(3)

Organizational Infrastructure: The competence and the
responsibility of both the host government and the
entity in charge of a project(usually an electric power
company) are made clear.

(4)

Economic Infrastructure: The project is economically
viable and the plans for funding, interest payment,
repayment and preparation for the contingency are
adequate.

(5)

Technical Infrastructure: Technical know-how to
commission, operate, de-commission the project and deal
with an emergency is also adequate.

(6)

Social Infrastructure: Social infrastructures such as
tele-communications, transportation, power distribution,
water supply and drainage, etc. are fully provided.

(7)

Operational Infrastructure: Procurement of the nuclear
fuel and spare parts and financing of them are arranged.

(8)

Safeguard:

Sufficient measures for maintaining the

safety and the protection of the environment are taken.

7.

Conclusion

As I have explained, in the course of proceeding to
materialize a nuclear power project in the developing
country, the owner of the project and the host government
have to make every effort and necessary arrangement to
satisfy the international requirements and also the
prospective creditors because of the inherent nature of the
project and their creditworthiness.

It is extremely difficult for an EGA to foresee the
future under the present circumstances where various opinions
for and against nuclear energy are being expressed and the
market for the nuclear power projects is becoming sluggish.
What is evident at this moment is, as far as the scope of
responsibility and size of credit are concerned, it is beyond
capacity of one manufacturer or one EGA to shoulder every
part of the project alone.
Therefore, in order to share such burdens and risks, I
expect that manufacturers will organize international
consortia and, in parallel with this, international
co-finance among financial institutions will play a major role
in extending credits to the future nuclear power projects in
the developing countries.

I also hope the Multilateral Development Banks will
participate in such co-finance with the EGAs and private
financial institutions.
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Abstract

Egypts' needs for electric power up to the
year 2002 is assessed. The potential of
different
energy resources in Egypt is
evaluated. The nuclear option is discussed
from economic, social,
and technological
point of view. The special situation of Egypt
as
a
developing
country
with
weak
infrastructure
and
limited
qualified
manpower
is stressed.
Advanced nuclear
technology is discussed from the prespective
of its appropriateness to the needs and
conditions
prevailing
in
developing
countries. Some national and international
resources to finance nuclear power projects
were proposed and the potential of each was
assessed.

1 - INTRODUCTION

Energy consumption in developing countries is continuously
increasing to satisfy their growing needs and to meet their
social
and economic aspirations. In Egypt energy consumption
per capita does not exceed 600 Kwh per year as compared to 11000
Kwh per year in developed countries (U.S. A).
The need arises to organize the energy sector and put plans
to fit the gap between expected demand and available energy
supply resources. In this context different energy options are
evaluated from the perspective of their economic, social, and
technological
feasibility.
Final decisions are, however,
governed by a number of complex factors that should be properly
assessed and evaluated.
2 - ENEBGT RESOURCES I Supply and Demand relationships J

A number of methodologies to assess prospective energy
supply and demand exist. In Egypt - and for the present study the following assumptions were adopted [1] to establish supply
and demand relationships for the various energy sectors :
1 -

Development plans
five year plans ).

will continue for the next decade ( two
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2 -

A nearly constant growth rate of
the year 2002.

5 x

is

presumed

up

to

3 -

The income elasticity for energy demand is considered to be
one.

Fig, l shows the historical trend of economic growth and the
relevant energy demand.

COMMERCIAL
IB Ml PROJECTION!
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FIG. 1. Egypt's consumption of commercial and non-commercial resources, historical and projected, 1955-2005.

Energy estimations show that by the year 2002 the electric
power needs will reach a level of too billion Rwh which is
equivalent to power production of 220OO MWe, If plans are
implemented , E-jypts' capacity for power production will reach a
value of 12600 Wie by the year 1992 [1].
It is clear that a gap of 10000 MWe will develop
year 1992 to the year 20O2.
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from

the

Tne potential of different energy resource alternatives in
Egypt is assessed as follows :

A - Hydropower :

In Egypt,
hydropower capacity is
nearly
completely
exhausted ( 90 '/. ). Micro hydropower stations will contribute
not more than 300 MW. The Quattara Depression project is not
very prospective and can only contribute about 600 MW decreasing
to only 300 MW after ten years operation [i].
Economic assessment show the electricity produced from
Quattara Depression will be expensive ( 10.* US cent/Kwh ) as
compared to other energy alternatives.

B - Thermal Power

are

Commercial energy resources for energy production in Egypt
Oil , Coal , Natural gas , and Uranium.

I- Oil

Local oil consumption is vastly increasing.
part
of oil consumption is used especially
production of electric power.

A large
for the

Several studies and declarations by official spokesmen
show that if the present rate of oil consumption is
followed , Egypt will turn to be an oil importer by the
year 1995 - 2000 [1],

Table l shows the present oil used for electricity
production as related to the total consumption of oil. It
is imperative that not only present
rates
of
oil
consumption
should be rationalized but also consumption
patterns and life styles and attitudes should be changed.
II- Coal

Coal deposits are very limited in Egypt. The Maghara
coal is the only deposit in North Sinai which is considered
to be economic and can be used for fueling one thermal
power station of 100O MW along its life time [2].
In addition to energy production, coal is used in many
other chemical industries. For these reasons coal has a
very limited potential for energy production in Egypt.
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TABLE 1

OIL USED FOR ELECTRICITY PRODUCTION
THOUSAND METRIC TON
YEAR
1984

ELEC. CONSUMPTION
4239

1985

4110

34.5

1986

3666

31.9

1987

4473

35.6

1988

4290

34.7

Petroleum Mag.,

% FROM TOTAL OIL
35.9

Vol.26, No.6, Cairo, June 1989

I I I - Natural Gas :

Due to limited explorations and surveys, the actual
potential of natural gas in Egypt is not definetly Known.
Some authors claim of high natural gas reserves especially
in the Western desert. According to official estimates
proven reserves amount to 71 - 113 billion cubic meters
(1909) [2].

The use of natural gas for electricity production
deprives the industry of an important raw material for the
production of a number of important commodities.
IV- Uranium :
Exploration of 35 '/, of the Egyptian territories has
shown the presence of economic reserves in different areas.
These are El-MisKat , Om-Ara , and the Qattar mountain.
Proven reserves are estimated to be 12 to 15 thousand tons.
In addition 35 tons per year are planned to be extracted
from raffinâtes of phosphoric acid production [4],
It should be emphasized that in the nuclear industry a
national fuel supply is important to ensure continuous
supply of the fuel and operation of any envisaged nuclear
power program.
3 -

THE NUCLEAR OPTION

As has already been mentioned , an energy gap between
electricity supply and demand of 10000 MWe is expected to occur
by the year 2002, The forward treatment of energy resources
(supply & demand relationships) shows that the three candidate
options
are nuclear , natural gas , and to some extent coal
reserves.
246

The obsecure situation with the potential of natural gas in
Egypt makes nuclear option a reasonable choice. A mix of energy
sources ( coal ,
optimum choice

oil , natural gas , and nuclear ) would be the

In evaluating the nuclear option different factors have to
be weighted. Nuclear program have to be evaluated from economic
, social , and technological perspectives.

In this respect and according to the IAEA report [5],
if
preference of nuclear energy is explored, it is
shown that the production of 1 kwh by nuclear means is cheaper
than by coal and oil , see Table (2).

the

economic

TABLE 2

ELECTRICITY UNIT COST
US$ Cent/KWH
TYPE

UNIT COST

4.369

NUCLEAR
COAL

with envir. proco.

5.251

OIL

5.175

Source : Nuclear Power Plant Authorlty.EQYPT

It is to be mentioned here that basic assumptions < e.g.
capacity factor of f>0 '' ) are adopted in such studies which may
not be always the case especially for developing countries.
Operating experience in some developed countries show that
nuclear energy may be more expensive than coal with full sulphur

scrubbing and other environmental safety measurements.
gives
a summary of United States
generating nuclear power [6,7],

actual

Table

experience

3
in

In addition, and G.S is Known , the capital investment for a
nuclear power station is much higher than that for coal or oil,

Table
4
compares the capital investment and the cost for
O,M,R for three power generating stations
( nuclear, oil,
coal) of 1000 MWe. The economic burden which a country will
incur is an obstacle which hinders the decision makers embarking
upon nuclear energy to satisfy national energy needs.

Different options to
a

political

decision

of

finance
highest

nuclear
level.

power programs need
The

terms

of

the

financing
process and the interest rates may affect the price
of electricity in the energy market. This will evidently have
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TABLE 3

US ACTUAL EXPERIENCE, NUCLEAR ECONOMICS
( MID - 1980 )
NUCLEAR

COAL

O,M,R

1000 MWe
60 %
5.3 kwh
14 c/kwh
1 c/kwh
2 c/kwh

600 MWe
60%
3.2 kwh
10 c/kwh
2 c/kwh
1 c/kwh

Total

17 c/kwh

13 c/kwh

Probability of
Closure

.09

Size
C.F.
Generation
Levelized
Fuel

0

Source : US Energy Information Administration 1989

TABLE 4

CAPITAL INVESTMENT COST ( O,M,R )
_____1000 MWe CAPACITY - Million US $_____
TYPE
NUCLEAR

CONSTRUCTION COST

O.M.R / YEAR

2381.6

10

COAL
with envir. proco.

1631

16

OIL

1075

8

Source : Nuclear Power Plant Authority.EGYPT

its impact on other sectors of the economy especially for energy
intensive industries.
Egypts' strategic planning in the energy sector is based on
the diversification of energy sources. The nuclear option is
included in a bundle of energy alternatives including oil ,
coal, natural gas , and renewable energy sources.

The question arise as to the share of nuclear power
production compared to the capacity to be executed in the
period from
1992 to 2002 ( 10000 MWe ) and to the total
installed capacity by the end of this century ( 22000 MWe ),

Official planners estimate the nuclear share
20

/

be

about

out of 10000 MWe to be executed from 1992 to 2002.

to

Some

authors support the increase of the nuclear share to 50 '/. of the
newly executed power capacity and to 23 '/. of the total installed
capacity by the year 2002 [1],
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We sticK to a conservative view as to the share of nuclear
power production in the energy spectrum in Egypt
We propose a
nuclear share of 10 X of the newly executed capacity and
approximately
4.5 X of the total installed capacity . This
means the execution of one nuclear power plant of
1000 MWe
capacity. This goes in parallel with increasing the share of
other energy resources alternatives particularly renewable
resources. Such a decision will be encountered with a number of
economic, social, and technological problems that should be
looked at thoroughly
We plead for a nuclear power programme which copes with the
economic, technological and man-power capabilities in Egypt. The
debate about the nuclear programme in Egypt has reached a
crucial question as to whether it is the nuclear technology by
itself which is aimed at or it is the use of nuclear power for
electricity production to satisfy national energy needs.
In our opinion nuclear energy should be endeavored for both
nuclear technology and as an energy source. Nuclear technology
should be considered as an objective and as a means in one and
the same time
A nuclear power programme implemented by the
participation of national capabilities will affect different
sectors and activities in the society. the execution of the
programme can lead to the flourishing and development of
different industerial sectors. On the job training will raise
the level of available manpower and will have its impact on the
industry as a whole.

In the implementation of a nuclear power programme plans
should be put to develop capabilities to ensure the following :

1)

The capacity of financing the programme in its different
stages of execution,

2)

A national fuel supply potential.

3)

The availability of national fuel cycle services.

4)

The

availability

of

a

technological

capability

and

industrial infrastructure to acquire and assimilate the
technology and to participate effectively in the execution
of the programme,
5)

The availability of manpower and the necessary competent
authorities to operate, maintain, and ensure the safety of
the project.

Some
studies [8] show that there exists a national
potential of local participation in the execution of a nuclear
power plant of 600 MWe reaching 35 '/. including the manufacture
of the nuclear fuel. We believe that such estimates are highly
optimistic. We believe that if local participation is aimed at,
intensive programmtnes,
stern actions and
development
of
manpower and technological capabilities should be put into
action with a sense of urgency.
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4 - ADVANCED NUCLZA3 PCTEX TECHNOLOGT

One of the privileges of small and medium size power
reactors ( SMPRs t is that they alleviate financing and grid
constraints. This is important for developing countries lacking
necessary capital and having a limited grid capacity.
A recent study [9] by IAEA has shown that several SMPRs
designs in the size range 100 - 300 MWe could be offered to
developing countries but most often there are no recently built
reference plants.
Although SMPRs has some advantages yet they do not match
in all cases with the needs of some developing countries. For
example 3MPRs are proposed as a source for district heating ; a
need which does not arise in developing countries with hot
continental climate.
In a previous publication we have indicated some of the
problems which vendors have to address when dealing with the
introduction of
SMPRs in developing countries. The fact [10]
that SMPRs can be supplied as already manufactured modules does
not satisfy the need in developing countries of acquisition and
assimilation of nuclear technology.
The problem of financing may not be so acute with

SMPRs,

however there exists no capital cost experience concerning
exported plants on which to base economic assessment. According
to suppliers estimates it is expected that SMPRs will produce
electricity at a higher rate than do conventional nuclear power
plants. Fig, 2 shows estimated cost of electricity generated by
nuclear , coal , and oil fired plants starting operating in 1990
[11]
It is shown that according to supplier estimates, SMPRs
produce electricity at a higher rate than do conventional t 1000

MWe ) power plants.
In general, for SMPRs there appears to be an impasse in
which buyers wait for proof of economic viability and suppliers
wait for proof of a potential market.

5 - FINANCING OF NUCLEAR POVEH PROJECTS IN EGTPT

As we have already stated that energy planning in Egypt is
based on the diversification of energy sources. The nuclear
option is included among a bundle of different energy sources.
In the opinion of many officials and researchers coal and
nuclear are the most appropriate candidates to satisfy future
energy needs to the year 2002. We stress the fact that we view
the nuclear option not only as a source of energy but also as a
means to acquire, assimilated and control nuclear technology.
We have already proposed the introduction of nuclear power
in a percent not exceeding 10 7, of the newly planned
power
capacity to the year 2002.
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FIG. 2. Estimated cost of electricity generated by nuclear, coal- and
oil-fired plants starting operation in 1990 (revised).

It is clear that means for financing one to two nuclear
power station of 1000 MWe has to be fetched. This means that
2. 3 billion dollars are needed to finance the project. The
following are three different approaches for such a financing
process :

(I)

NATIONAL FINANCING

National or local financing sources are either
own
resources ( equity capital and cash flow ) or debt capital
( local bank credits , domations and domestic bonds ).

On the basis of historic allocations for the energy sector
in the national five year plans in Egypt, a trial was made to
assess the potential of self financing of a nuclear power
station of 1000 MWe.
It is shown that allocations for the five
year plan ( 78/1908 - 91/1992 ) for local financing in the
energy sector amounts to 1. 3 billion Egyptian Pounds (E. P. ) of
these
75 X are allocated to the execution of new plants ( i.e.
968.

0 mil lion E. P. ).

For simplification it is assumed that allocations for the
energy sector will increase at a rate of 10 '/. for every five
year plan ( 91/1992 - 96/1997 , 97/199« - 1/2002 ), This results
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in an expected allocation of 2.15 billion E, P. OR $ «00 million
< t990 rate ) to be available for the local financing of the
power projects . It is clear that if only the nuclear project is
considered, available funds ( $ 000 million ) will constitute
only about 30 7. of the capital cost amounting to $ 2.3 billion.
If other investments in the energy sector for the 2 five year
plans were also taken into consideration. It is shown that local
financing is of limited potential. There also remains the
foreign currency component for financing the project In Egypt a
special fund obtained from oil revenues ( $ TOO million ) was
established and is supposed to be allocated particularly for the
nuclear project.

It should be mentioned here that one of the problems facing
national financing is the electricity tariffs in the local
market In Egypt the government is subsidizing electricity price
for a large number of economic sectors. Increase in electricity
tariffs w i l l no doubt has its political and social impact.

till

ÎNTKBNA1IONAL FINANCING

In Egypt self reliance policies in executing conventional
power plants are encouraged. Experience shows that up to 20 /,
local participation in the manufacturing of such plants was
achieved. Future plans put a 30 / participation as a target.

In the light of the limited capacity to offer national
financing, international financing is looked at as the second
alternative
approach.
According
to
IAEA
report
[11],
international financing sources for investment projects can be
divided into the following categories :
1} Multilateral Development Institutions.
2) Bilateral Financing Sources.
3) International Markets.
4) Export Credits.
It appears
financing energy
solidly founded
development.

that there exists a wide possibility for
projects provided that these projects are
and well serving the countries' socloeconomic

In the following some of the main international financing
sources will be mentioned with a view to their policies to
finance energy projects
la)

The Tforld BanS Group :

According to IAEA report [ i t ] and for the electricity
sector ,the bank showed in the past interest in improving the
management of existing projects and in avoiding any slow down in
the construction plans or interruptions in service, In recent
years
the
bank
has
extended
its
activity
to rural
electrification ,
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Regarding nuclear energy, it is pointed that the World BanK
seems " ready to consider l i m i t e d p a r t i c i p a t i o n in the financing
of nuclear power
in
developing
countries,
should
the
corresponding p r o j e c t s De the " l e a s t cost" a l t e r n a t i v e for
supplying the growing demands for e l e c t r i c power and should such
p a r t i c i p a t i o n a t t r a c t other foreign sources of finance " t i l ] .

The amount and structure of World Bank energy lending
1976 - 1902 is i l l u s t r a t e d in Table 5, It is clear that the bank
was not very e n t h u s i a s t i c to finance energy p r o j e c t s e i t h e r than
large scale h y d r o - e l e c t r i c projects.

TABLE 5
WORLD BANK ENERGY LEADING ( M i l l i o n US*

1976

Electric Power

Oil and Gas

)

1977 1978 1979. 1980 1981 1982 Totals

949.3 951.5 1146.2 1354,9 2392.3 1323.0 2131.2

60.0 150.0

--

112.4 385.0

Coal

--

--

10.0 —

Other

—

—

—

58.0

649.5

10246.4

539.3

72.0 10.0 227.0
29.0

364.0

1896.2
319.0

460.4

911.4

Total

1009.3 1101.5 1156.2 1525.3 2878.3 2346,5 3357.9

13375.0

<b)

Regional and Subregional Development BanKs & Organizations:

Regional and subregional development banks in Africa, Asia,

and Latin America show some interest in financing energy
projects. Of special importance is the European Investment Bank
( EIB ) which has responded to the oil increase of 1970 and has
been encouraged to invest in energy sector with special emphasis
on conventional energy sources. Data in Table 6 show that
nuclear energy has not been an attractive option of investment

up to the year I9fl0,

In 19S1 the EIB made its

pertroleum and nuclear projects.

first

US $ 17.4 x 1O6

loan

for

were provided

for the development of a nuclear plant [11].
(HI) OPEC FINANCING

The OPEC fund is of great importance for Arab countries of
which Egypt is considered as one of low-income. OPEC fund has
been used to finance projects in the agricultural energy field.
The possibility of financing a nuclear project can not be easily
figured.
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TABLE 6
EUROPEAN INVESTMENT LEADING FOR ENERGY PROJECTS
IN DEVELOPING COUNTRIES < Million US* )

1975

1976 1977 1978 1979 1980

Power Production

26.1

89.7

Thermal

26.1

41.6 —

Dydro

--

48.1

--

—

45.4

141.

10.5 60.4 141.

34.9 81.2 144.0

Nuclear
Transmission

—

—

40.7

2.6

46.5 61.

Total Energy

26.1 89.7

40.7

48.0 188.1 347.

Energy as X of
total leading

23.5 73.2

22.2 11.4

21.7 43.

(IV) THE INTERNATIONAL MABKET

The
major instruments available for financing from this
market are loans secured in the international credit markets or
bonds known as Eurobonds or Foreign bonds. Electric utilities,
particularly those involved
in nuclear power, have raised in
this market $ 7. 7 x to9 in 1978 ( 00 loans ) and $ 5, 2 x to9
( 36 loans } during the first half of 1979 [tl]. Among these
loans, a developing country,6 namely the Republic of Korea has
obtained a loan of $ 732 x 10 ,
Maturities for such loans range from 10 10 12 years with
three to seven years grace periods. The interest rate varied
from 6 7. to 14- '/. «luring the 1970s. The present interest rate
may be higher. The international marKet represents a potential
financing instrument for nuclear power projects. The main
question here is that the economy of the borrower country should
be strong enough to pay back the loan and its interests.
tV)

THE EXPORT CREDIT AoENCIES

Example of such agencies are the Export-Import Bank in the
USA,
the Export Credit Cooperation in Canada,
and
the
Kreditanstalt Wideraufban in the Federal Republic of Germany.
Export credit agencies represent a potential international
instrument for financing energy projects. The main advantage of
export credit agencies is that maturities are generally longer
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than in the c o n v e n t i o n a l f i n a n c i a l markets. For n u c l e a r power
p l a n t s export c r e d i t m a t u r i t i e s may reach 12 to 15 years from
the date of completion of the p r o j e c t .
A l s o an e x t e n d e d grace
period
on
repayments
which
usually
covers the e n t i r e
c o n s t r u c t i o n period is secured.
In addition subsidized i n t e r e s t
rates are normally o f f e r e d which are lower than commercial
rates.
It is worthmentloning that the v i a b i l i t y of the energy
p r o j e c t is the determining f a c t o r in the decision making process
of financing by export c r e d i t agencies.

SUMMARY

Nuclear energy has been facing a number of problems in the
last decade both in developing and in industrially advanced
countries.
Nuclear
power,
however,
has
proved
its
competitiveness ,
and the number of nuclear reactors in
operation or under construction is increasing

One of the main constraints with nuclear power is the
difficulties associated with the financing process and its
economic terms. It has been noticed that in the last several
years, the capability of utilities in most industrially advanced
countries to finance new investments { such as those encountered
with nuclear power plants ) with their own resources has been
declining.
These
countries
have been increasingly using
international sources of financing due to increasing scarcity in
local debt capital markets.
The situation in developing countries is much more complex.
Developing countries with weak infrastructure,
with large
foreign
debts,
and
premature
manpower
and
managerial
capabilities are facing a number of problems on the social
economic , and technological level It should be mentioned that
the experience gained with industrially developed countries can
not
be straight forewordly by applied to the conditions
prevailing in developing countries.
We have already pointed out that in Egypt we plead for a
nuclear programme which copes with the social, economic, and
technological capabilities of the country. Operational and
managerial schemes of the programme may differ, and hence
economics may vary than already Known experience. Large foreign
debts in Egypt amounting to
37 billion US $ coupled with
worldwide recession represent a real
constraint
to
the
implementation of the nuclear programme. It is claimed that the
World Bank Group is reluctant to finance the Egyptian programme.
Advanced nuclear power technology has some privileges but does
not offer a final solution. Supplier estimates show that for low
power generating units, the economics are higher than those for
conventional bigger units.
The economics of power generation and the problem of
foreign financing debts are of great importance since they have
a direct social impact and affect the tariffs of electricity
generation. It is therefore important to study loan conditions
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and develop managerial framework and necessary expertise to
these loans and service them punctually.

use

As we view nuclear power as both an energy source and as a
developmental means for the socio-economic status of
the
country, we are satisfied with a nuclear programme of one
nuclear power station to be executed in the next two five years
Plans. We are aware of the problems associated with such a
programme particularly those related to economics and financing
of the project. Some experience, however, existsin Egypt for the
financing of medium size conventional plants. The Korieraat
project consisting of 2 x 500 ?We Dual fired units is now under
construction using foreign loans.
In conclusion,
a nuclear power project
with
local
participation and the presence of competent authorities to
manage , control, and operate the plant is endeavored.

REFERENCES

[1]

Zaghloul, K. 3. ,
El-TaKrir Elestrategic
1909, Al-Ahram
Center for Political and Strategic Studies, Cairo.

[2]

Joint Egypt/United States Report on Egypt/United states
Cooperative Energy Assessment, US Department of Energy DOE/
1A-002/05 , April 1979.

[3]

Nasar, A. , The planning series,
Planning board, No. 4 1980.

Population

[4]

Egypt
Nuclear Power Programme,
Council , Cairo, 1903.

[5]

IAEA, TECDOC-447, Vienna, 1905.

[6]

United States Energy Information
Administration.,
An
Analysis
of
Nuclear
Power
Plant
Operating Costs,
Washington, D. C. , US Department of Energy, EIA-0511, 1988.

[7]

United State Office of Technology Assessment, Nuclear Power
in an Age of Uncertainty, Washington, D. C. , United State

Rept, No, 36

and

family

,El-Shoura

Congress, OTA-E-216, 1984.

[8]

Haggy, H. , Project Management and Tools for NPP, IAEA Training course, Cairo, 1984.

[9]

IAEA, Promotion and Financing of Nuclear Power Programmes
in Developing Countries, Vienna, 1987,

[10] Abdel Gawad, A. S. , IAEA -TECDOC-541, Vienna, 1990.
[li] IAEA, Energy and Nuclear Power Planning in Developing
Countries, Technical Report Series No. 245, Vienna, 1985.

256

NUCLEAR POWER PLANT PROGRAMME FINANCING:
THE EOF EXPERIENCE
G.A. FIANCETTE
Electricité de France,
Paris, France
Abstract
The French nuclear programmme, which has evolved over the past
15 or so years, has had very substantial financing needs. These have led E.D.F.
to become heavely indebted.
The burden of this debt has led the company to organize its financial
strategy in such a way as to keep the situation tolerable. Now E.D.F. is beginning
to pay off its debt.
Companies which appear to find themselves in a different
environment should find in an analysis of the conditions leading to this success
a source of instruction to reflect upon.

THE NUCLEAR PROGRAMME AND ITS FINANCING

The origins of the programme are to be found in the fact that France,
a large industrialized country, is almost devoid of energy resources throughout
its national territory. The determination to diversify the sources of energy
supply in the country led a national resource to be developed in the early 1970's,
electricity of nuclear origin. The goal was that 30 % of the primary energy
consumed in France should be nuclear in origin, the remainder being provided
by fuel oil, coal and gas, which are imported.

The result was the implantation of a plant-building programme
which was remarkable in volume terms as weil as in speed of implementation
terms (see figures 1 and 2) :
- its volume : 48 nuclear reactors are currently in service, 34 of
them being 900 MW PWR reactors, and 14 being 1300 MW PWR
reactors, giving approximately 50,000 MW of operational power.
- its speed of implementation : the first reactor was put into
commercial service in 1977, a mere 13 years ago, and at the
height of the programme 8 reactors were put into operation
in the same year (1981).

Such a programme evidently required very substantial financing
needs. Obviously, this financing was not supplied from the companies own
resources (self-financing). To increase these resources would have led to a
cost price to the consumers of electricity which would have harmed the national
economy, and would have made one generation pay for an investment which
was to be productive for thirty years.
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FIG. 1. PWR nuclear plants: total power (GW).
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FIG. 2. PWR nuclear plants: annual power put into operation (GW).
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E.D.F. had therefore to secure massive loans.
This course of action gives rise to two observations.
The first relates to the interest rates. E.D.F. went to the market
at an unfortunate time : interest rates were continually increasing until the
beginning of the 1980's. In addition, the difference between the nominal interest
rates, at which the financing costs are paid, and the inflation rate, which
influences the level at which prices are set, increased greatly during the period
1975/80 and has and has remained at a high level ever since. The relative size
of the financing costs was consequently larger.
Figure 3 illustrates this phenomenon. On the one hand it shows
the progress of the real "ex ante" interest rate (calculated by subtracting the
rate of inflation from the nominal rate of return of government bonds), and
on the other hand the "ex post" rate (calculated as the rate of return of a bond
whose coupons are reduced in value by real inflation on the date of payment).

eo

65

7O

75

80

86

" ex-ante " Method
" ex-post " Method

FIG. 3. Real interest rate.

The second observation is that the volume of capital required
exceeded considerably the potential of the French financial market. E.D.F.
was therefore forced to use foreign markets and to become indebted in
currencies other than French Franc, the currency in which all its resources
are held. This meant that it had to face the additional risk of fluctuations
in foreign currency exchange rates. At present some 30 % of the total E.D.F.
debt is held in currencies other than French Franc. Figure 4 shows how the
debt is spread among the different currencies.
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FIG. 4. Spread of EOF debt among currencies on 31.12.1989 (including swaps).

So, the implementation of the nuclear programme seems, at first
sight, to have had grave consequences for the well-being of the company,
since it appears to be highly indebted (at the end of 1989 the total debt was
1.6 times the turnover). In point of fact, the quality of the industrial tool that
has been built, as well as the possibilities in the field of financial management
which have recently come to light, have enabled E.D.F. to turn the situation
around and to begin paying off the debt.

E.D.F.'S RESPONSE TO THE DEVELOPMENT IN FINANCIAL MARKETS

For several years, all over the world, the financial markets have
become more liberalized and more opened to a greater and greater range of
financial products.

At the same time methods and instruments have been developed
so that the role of intermediary played by the banks has diminished more and
more, or even disappeared, and this has led to a greater access to the market
and to a consequent reduction in costs.
In this way new financial instruments have been devised and new
markets have developed.

This development has been a godsend for E.D.F. since the new
facilities have given it a hitherto unknown chance to optimize its financial
management and to control its risks. An active management policy has been
successfully applied to the debt and, whereas it had seemed like an unmanageable
burden, it has now become a new source of productivity.
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Nevertheless, the company had to meet several pre-conditions
in order to take control of such a development :
- a rigorous management logic had to be defined : the quality of
financial management can only be judged over time. Medium-term
financial strategy must therefore be defined in order to direct
short term decisions towards it. This led the company to adopt
appropriate means of analysis of economic and financial forecast.
- creation of cells capable of optimizing the use of each instrument :
most new instruments require that their own techniques be well
understood if they are to be used effectively. This meant that
there had to be a training period for the operators. The company
only intervened in the market when it had learnt how to manage
the market techniques perfectly.
- analysis and control of risks : the new era of freedom for
companies in the markets is naturally counterbalanced by their
having to take on new risks. These risks are of course linked
to fluctuations in interest and exchange rates but also to the
financial reliability of those you are dealing with. In this area
too, the company had to define a general risk management policy
and adopt means of verification in order to avoid any upsets.
When it had found answers to these various questions E.D.F. was
able to direct its financial management towards a dynamic management of
its debt. Concretly this meant acting on four types of market : the bond market,
the swap market, the forward market and the market of instruments without
bank intermediaries :
- renewal of the French bond market let E.D.F. to impose fungible
issues in order to create a bench-mark giving the investor greatest
liquidity and allowing tighter conditions.

- the developement of the swap market (and, in France notably,
of rate swaps) enabled E.D.F. to manage its debt dynamically
by restructuring it. There had to be a balance of distribution
between fixed and variable rates, between francs and foreign
currency, and between différents types of foreign currency,
in order to minimize risks.
- this risk control led E.D.F. to put into force a hedging policy
by intervening in the various adapted markets both for rate risks
(LIFFE, MATIF, PIBOR, etc), and for exchange rate risks (usually,
mutual agreement operations).

- the amplitude of treasury flows, combined with the flexibility
of the instrument, led E.D.F. to create a specific commercial
paper programme in the US market 15 years ago. More recently
it also did so in the Euro and French markets, where E.D.F. has
become one of the largest issuers of French commercial paper
("billets de trésorerie").
E.D.F. has been able to turn the development of the financial
environment to its advantage in order to meet its own difficulties, and it has
turned what could have been handicaps into sources of productivity. The charges
of the debt has consequently been reduced in relative terms and this, combined
with the good technical and commercial performance of the company, has
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enabled it to find satisfactory self-financing rates. These are now allowing
it to begin to pay off the debts, and the company has made a commitment
to the State to reduce the size of its debt by 9 % within five years.
Figures 5 to 7 show the progress of a few characteristic ratios.
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FIG. 5. Origin of financing 1960-1989 (percentage structure).
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FIG. 6. Ratio debt/sales.
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WHAT HAS BEEN LEARNT FROM THIS EXPERIENCE

At fist sight, the above developement may seem specific to the
particular economic environment of France, but in fact the lessons that can
be learnt from it are more generally applicable.
- whatever technic is used -hydro as well as thermic- electricity
production is heavy capital intensive. Nuclear power, compare
to thermic, amplifies this phenomenon, and over all transfers
the

risk : exchange

rate

risk

connected

to

loans

in foreign

currencies counterbalances risk avoided on purchasing imported
fuel (coal or oil).
Table I tries to illustrate this question relative to electrical
energy production costs as presented at the UNIPEDE congress
in Sorrento in June 1988 CO. It is obvious that the exchange
rate risk avoided by investing in a coal-fired power station instead
of in a nuclear power station is only 40 % of the additional risk
run for the purchase of coal. This very important question should
be considered when a choice is made between investments in
different means of production.
- the possibilities offered by new financial products allow the
debt to be restructured permanently and with great flexibility.
Any opportunity to reduce the burden can therefore be taken
advantage of. Here too, comparisons with purchases of fuel are
not favourable for the latter, not least because of the size of
the markets and the fluidity of the instruments.
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TABLE I

Exchange rate risk for
Nuclear and Coal Power Station

Data published for each country

Average
10

2

Ecu/kWh

B

l

E

F

1

1 J

|

NL
1,74
0.90
0,84

"uc!ear
Coal
Gain

1,61
1.38
0,23

2,61
JL28
1,33

1,31

2,41

2,19

.LU

_L3J1
1,11

JL8J.

Fuel

31
CO?
Coal "

1,01

1,24

1,22

2A2.

3-64
2,63

_L24_

231

Loss

0,79
2*11
1,32

0,85

Cost

0,76
2J2.
1,96

1,00

1,75

Investment
_ .
Cost

-

.

0,19

1,27

0,36

|

GB
2,35

_LH
1,01

0,72

0,74
_L37
1,63

1,65

0,72/1,65 = 0,44

Here too this consideration should influence the choice between
investments, and purely from

the point of

view

of financial

technique it gives greater weight to flexibility in financial
management (fluidity of instruments so as to avoid freezing
a debt structure).
- the size of the debt does not really pose a problem ; what does
is rather its cost and the way that debt can be reduced. From
this point of view financial techniques are a source of profit,
but nothing could be achieved if the various component parts
making up the entire company (technical, commercial, development
policy, etc) were not efficient. The résorption of a debt is the
crowning success of the whole company.
These various considerations show that the E.D.F. example can
be applicable to other economic environments, and the company is ready to
help all its electrical sister companies take advantage of its experience.

REFERENCE
Qllf C. MOYNET et AI, Production Costs of Electrical Energy, Rep 88F10.3,
UN I RED E, Sorrento Congress (May 30-June 3, 1988).
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EXPERIENCE IN THE FINANCING OF
NUCLEAR POWER PROJECTS

H. HEROLD

Kreditanstalt für Wiederaufbau,
Frankfurt am Main, Federal Republic of Germany
Abstract
KfW has gained manifold experience in the granting of export loans
to finance supplies and services for nuclear power plants in developing
countries. The main problem KfW had to face were the considerable delays
in the project execution due
to administrative and financial
difficulties which, apart from the negative impact on the national
economy, resulted in higher project cost. So KfW had to adjust its
financing accordingly.
But the financing of foreign exchange costs did not pose very
serious problems; what proved to be more difficult was the financing of
local costs due to shortage of government funds and constraints in local
capital markets. Thus it is vital to secure also the provision of
sufficient local finance. The development of functioning domestic
capital markets is particularly important for the funding from sources
within the buyer country. The foreign currency financing of local costs
tends to increase the debt burden and carries a foreign exchange risk.
From the angle of fostering a country's technical and economic development, it would be desirable to make local finance to that extent
available that the largest possible local content of the project can be
realised.
Both the execution and the financing of nuclear power projects are
difficult by nature because of the long implementation period involved
and the huge financing amounts. As a consequence the financing structure
of such sophisticated projects should be rather simple and conventional
in order to offer enough flexibility for adaptation in the event of
unforeseeable changes during the project implementation period.

1.

MAJOR PROJECTS FINANCED BY KFW

KfW has been involved in all major export loans and in some
domestic operations to finance supplies and services for nuclear power
plants from Siemens/Kraftwerk Union, the largest German manufacturer of
power plants and equipment. In two cases, Brazil and Argentina, KfW has
provided half of the Hermes-credit-insured financing; the other half has
been made available by syndicates of German commercial banks. For the
project in Spain KfW has financed the entire German export share. In
addition, KfW has financed a nuclear research reactor and nuclear
laboratories in Indonesia and fuel element factories in the Republic of
Korea and Indonesia. Especially in the case of Brazil financing also
included investments concerning the nuclear fuel cycle. For some of
these exports, additional uncovered loans were granted to also finance
part of the local costs.
KfW 1 s existing loan commitments in connection with the export of
nuclear power plants to developing countries run up to almost DM 5
billion (US$ 3 billion) - a sizable amount.
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2.

DELAYS IN IMPLEMENTATION

The power plant in Spain was successfully completed and started
operation with a five-year retardation caused by a review of the
national energy plan. The projects in Brazil and Argentina, contracted
in 1976 and 1980, respectively, are suffering from much larger delays in
execution. If any estimate can be made today, the commissioning dates

might be approximately ten years behind the initial schedule. However,
the construction of one unit in Brazil has not even been started yet and
one may doubt whether it ever will be finished. In none of these cases
is the exporter to be blamedt and this is not intended to defend the
German manufacturers.
In Brazil, for example, the site selection initially caused
problems, and the construction permit procedure dragged on for political
reasons and for so long that there was an almost total suspension of
construction works for three years. Apart from these reasons there was a
drastic change in the financial position of Brazil and Argentina, which
both became severely handicapped by the debt crisis, so that after a
couple of years foreign currency loans to cover local costs could no
longer be raised in the markets. On account of budgetary constraints it
was possible only to a very limited extent to use the national budget as
a source for filling the financial gaps. Thus, especially the domestic
infrastructure investments had to be stretched over an extended period.

3.

CONSEQUENCES OF DELAYS

Besides the negative effects on the national economy, caused by
power shortages and the delayed accrual of earnings for the project or
its sponsors, delays in project execution result in higher delivery
prices because of the application of price escalation clauses and in
higher interest payments for the period up to commissioning. In the case

of the Angra 2 and 3 power stations in Brazil, the buyer and the
exporter agreed to keep to the originally envisaged manufacturing and
delivery sequence and to store the German components until they could be
installed. This meant of course that interest during construction would
soar; on the other hand there have been no increases in the delivery
prices apart from extra costs for storage and, possibly, for the later
rehabilitation of the stored material.

4.

FLEXIBLE RESPONSE FROM BANKS

The export financing community has responded to all these problems
in a very flexible manner. KfW and the German commercial banks have
extended supplemental loans, and have sometimes repeatedly postponed the
deadlines for the start of amortization payments. These steps were taken
with the approval of, and in cooperation with, the official German
credit insurer, Hermes.
In the case of Brazil, for example, KfW has concluded more than
ten amendments to the various loan agreements. This was caused not only
directly by the delays, but also by several institutional changes on the
side of the borrower which occurred during this very extended implementation period. Accordingly, amendments were also needed for the payment
guarantees and the disbursement arrangements. New legal opinions were
required, too. All this involved a lot of extra work.
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5.

LOCAL COST PROBLEMS

Summarizing the experience KfW has so far gained in this type of
financing, it is most striking that the financing of the foreign
components for the projects, once arranged in advance, never proved to
cause any really serious problems except that project delays required
certain modifications of loan documents and sometimes higher loan
amounts.
The most serious problems, however, were experienced in securing
the necessary local cost finance. Raising enough money for the local
cost financing either abroad, in local capital markets or from government budgets often proved to be impossible and was the main reason for
the delays - at least after the initial and more technical problems of
the projects had been solved.

6.

COST INCREASES

These delays in the execution of the projects led to an enhanced
increase in the investment cost, in particular due to the additional
interest accrued during construction. From the aspect of financing, the
situation was considerably aggravated by the growing unpopularity of
nuclear energy in general, and particularly also in the public opinions
of these countries. This further contributed to the reluctance of the
concerned governments to make scarce budget funds available, causing
further project delays and subsequent cost increases - one could speak
of a kind of chain reaction.

7.

LACK OF SOLID PROVISION FOR DOMESTIC FINANCE

The experience gained in these projects - and in many others as
well - shows that often there is no solid provision made for the
financing of the local cost component. The difficulties to raise local
finance are often much underestimated, in particular in the cases when
such huge amounts, which as a rule are required for nuclear power
projects, are meant. Frequently those concerned already consider the
promised access to the domestic capital market or to the government
budget as a kind of guarantee that sufficient funds from those sources
finally will be made available in due course. At the same time, however,
they are not fully aware of the constraints of the capital market. They
might be rather surprised realizing the difficulties of raising the
local finance whilst the necessary foreign finance has been secured in a
legally binding form.
Local cost financing may also be jeopardized by government budget
cuts: instead of implementing selective reductions considering
individual impacts and subsequent costs for political reasons
governments tend to administer across-the-board cuts which do not take
into account the special circumstances of a project under construction.
8.

LOCAL COST TO BE FINANCED LOCALLY

To cover this eventual financing gap for local cost with foreign
exchange funds from abroad often proves a problematic solution. To avoid
straining the foreign exchange balance of a country, with all its
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negative impacts, as a principle local cost should be financed in local
currency from sources in the buyer country itself (either from the
buyer's revenues from other projects, from the national budget or from
funds raised in the domestic capital market), in particular as power
stations are almost always operated for domestic use only, thus
generating cash flow only in local currency after commissioning.
9.

LOCAL FUNDING VERSUS LOCAL CONTENT

Due to the scarcity of domestic currency finance a country and/or
the local investor might feel further constraints narrowing their scope
for financing:
Generally, about 20 to 40 percent of the investment cost of a
nuclear power project would normally accrue in local currency, depending
on the experience and the skills of the domestic industry. Beside the
infrastructure, the major parts of the local cost expenditure are the
civil works for the project itself. Depending on the degree of

development and the ability of the local industry, parts of the more
sophisticated mechanical equipment could also be manufactured locally often in cooperation or under the supervision of the foreign suppliers thus reducing the foreign financing requirements and at the same time
generating jobs and promoting the transfer of know-how. But,
unfortunately, due to the scarcity of local finance this possible larger
scope for local manufacturers might not be utilized, which means the
loss of an important opportunity to further the national development and
to gain experience.
10.

LIMITED RISK POTENTIALS

Apart form general economic arguments against the financing of
local cost components with foreign exchange, another rather important
aspect should, however, be considered:
As the various official credit insurers are in general only
prepared to include local cost to a rather limited extent in their
credit risk covers - which is also in line with the OECD-consensus - the

non-covered credit risk in these cases has to be borne exclusively by
the creditors, thus very much squeezing their scope for the credit
volume. This is enhanced by the fact that in the case of developing
countries such insurance covers typically are available, at least
sometimes, with limited amounts only, as the credit risks are considered
to be on the higher side. These credit covers do not reach the huge
amounts normally required for the import of power stations.
For this reason even larger project parts sometimes can be

financed only if part of the risk is assumed by the foreign banks which
sharply limits the scope for the additional financing of local costs. In
this context one should always be aware that even when a credit
insurance cover is available part of the credit risk - as a general rule
- remains always with the creditors and/or exporters.
11.

SECURING OF LOCAL FINANCE

All these aspects lead to the conclusion that as much as possible
of the total project cost, but in any events the local cost portion
should be financed with domestic funds. Much stress should be put on
having also the local finance arranged in good time and in an adequate
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amount and, in the case of loans, for a reasonable credit period. The

local finance should be secured in advance either through binding
agreements or, for instance, by accumulating adequate funds similar to
escrow accounts, prohibiting the use of these funds for any other
purpose. In this context reference should also be made to the importance
of fixing reasonable electricity rates by the government concerned, for
only in this case will the project-executing agency have the sound
financial strength to finance investments to a longer extent from its
own resources or will be considered as creditworthy by the banks.

12.

CURRENCY EXCHANGE RISK

In view of the basic fact that a power station project normally
does not directly produce foreign exchange earnings on a scale worth
mentioning, external financing (that means foreign exchange finance)
should, wherever possible, not be spent on local costs but be reserved
for foreign exchange costs, such as imports. The performance of the debt
service for foreign liabilities depends on the availability of foreign

exchange earned by the national economy with other projects; moreover it
means a considerable risk to the borrower in that the development of the
exchange rate of the currency in which the loan agreement is denominated
determines the amounts to be raised in local currency. The risk of an

appreciation of the foreign currency in question or even an inflationary
tendency of the local currency is borne by the borrower.

13.

CONSTRAINTS OF FINANCIAL MARKETS

To raise adequate amounts of local currency funds under the many
constraints of the economies of developing countries is an enormous and

sometimes even impossible task. There are different ways that also
depend on whether the finance should be raised either by the government
or with its assistance or by a private sector entity. In most cases, as
experienced

by KfW, the

investor will be

a public

sector

company

financially largely dependent on the government budget.
Some of the typical constraints of the financial market might be
- limited capacity with regard to loan volume
- high inflated interest rates

- non-availability of longer project-related credit periods
- lack of adequate financing instruments.

14.

SOURCES OF FUNDING

Typical and sound sources to provide local currency funds for
investment in a public utility power project would be the government
budget and funds of the project company, be it from equity or amounts

accumulated over a certain period from earlier earnings and set aside
especially for this planned investment. This presumes that the
government allows for fixing reasonable electricity rates, as explained

earlier. These sources could be supplemented by credits to be raised in
the domestic capital market.
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15.

SPECIAL FUNDS

Some countries have created special funds to promote the development of their electricity sectors. These funds could be provisioned
either by the establishment of special taxes like an energy tax,
supplementary taxes or fees exclusively tied to that purpose. There
could also be an increase in the electricity tariff or a ruling that a
certain portion of the profits from the existing power plants have to be
channeled to this fund. Such a fund basically could be operated
similarly to a banking instrument. It could lend on a revolving basis,
for example, and/or provide guarantees as security for loans to be
raised in the national capital market for the financing of power
projects.

16.

DOMESTIC LOANS AND BONDS

These financial sources could be substituted - or better complemented - by local bank loans to be secured, if necessary, by guarantees
from the government or perhaps the special funds mentioned earlier.
Bonds could be issued in the local market, too. This, however, presumes
a more developed capital market which might be unrealistic to expect. In
particular, it would be very demanding but worthwhile to try tapping the
sometimes large savings of people working abroad and often reluctant to
invest in their home country. Instead, they look for better security and
profit abroad. Tax benefits, sound interest rates and excellent
securities could help to attract such money. But as this money in
general is very shy perhaps sometimes more has to be done to attract
possible investors: In order to address all these contraints of the
local capital markets off-shore financial institutions, including the
multinational agencies, could assist in resource mobilization by
underwriting or guaranteeing or even facilitating a repayment in a
convertible currency at any time upon the investor's option.
17.

DEBT INSTRUMENTS

To a limited extent, instruments have recently been developed in
several highly indebted countries with the intention to reduce the
foreign indebtedness by conversion of foreign debts into local currency
which also could help to make local funds available for investment.
18.

ADDITIONAL BENEFITS

Beside providing more local funds for the investment in power
projects, the measures cited here as examples could, as a side effect,

also contribute to a more productive capital market. It would be
interesting and helpful, but quite demanding, too, to further elaborate
these ideas.
19.

EXCEPTIONAL EXPERIENCE

In order not to leave the impression that KfW is always faced with
the problem of serious delays in the implementation of nuclear power
projects and the requirement for follow-up financing, the nuclear power
project in Spain should be mentioned. This power plant experienced
delays in the early stage during construction, but subsequently was
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executed and went into operation rather smoothly. Now it is functioning

very satisfactorily. The owners of this plant and the borrowers are
three utility companies which are liable for the loan in proportion to
their

stakes in the project. Thanks

to

their

very

sound

financial

position they have renounced part of the loans prior to disbursement.
20.

CONCLUSION
It is rather apparent that it is really very difficult for a buyer

country and the project sponsors to come to grips with the planning, the
execution as well as the financing of such big projects and such very
long implementation periods, not to mention unforeseeable national and
world economic developments.
The experience described here is not only typical in the case of
nuclear power projects but applies similarly to hydro-power projects and
to other very large-size projects when they are to be implemented in
developing countries. The basic problem is more or less the same: The
project cost is exceedingly high and the implementation period comperatively very extended, so that many basic figures and facts can
change.
As a more general conclusion it would be advisable to base the
financing of these types of huge and sophisticated projects on rather
simple and more conventional structures, as only these will have the
subsequent flexibility to correspond to the later arising needs for
adaptation to changes in the project implementation schedule, which
automatically complicate the financing structure.
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FRENCH ASSESSMENT OF THE OECD CONSENSUS

J.-P. THUILLIER
Direction des relations économiques extérieures,
Ministère de l'économie, des finances
et du budget,
Paris, France
Abstract

On July 31 1984, OECD countries have agreed on special guidelines for
the financing of nuclear power plants exportations. Such rules may seem
drastic for developing countries keen to diversify their energetic
resources.
This paper discusses the reasons why the chances of a changing of the
rules are slim, and thereafter, the more flexible attitudes an exporting
country like France would be able to adopt in a way to better-up the
conditions of installation of nuclear power stations in developing
countries.

1 - French Government estimates that the OECD guidelines are positive
* The nuclear agreement of 1984, or "consensus", has issued more stringent
rules for the export financing of nuclear power plants.

2 points are particularly constraining for developping countries :
- the financing of the locally made portion

- the burden of interests, due to the length of the operation, which as
Mr SEMENOV reminded us yesterday, can afford up to 45 % of the total cost.
* But we must bare in mind that for a country like France and other export
countries, the OECD regulations have forbidden a potentially ruinous
competition on concessional form of credits meanwhile they seemed
particularly fitting the nuclear power market specifications caracterized by
the importance of initial costs and the amount of possible cost overruns.
Implicaly, the strain of the rules rely on the principle that a nuclear
power project should provide by itself its own equilibrium - if not
profitability - and that this equilibrium must be based on economical real
needs.
For those precise reasons, and more general ones we will mention
thereafter, France is not prompted to change the rules of the OECD agreement.

2 - On the other hand, one may consider the fact that financial contraints
have, undoubtebly, restraint the growing of nuclear power energy consumption
in developping countries.
. Few developping countries are capable to support the additionnai burden
of debt service related to the delay of return on investment and fewer have
overcome the problem of financing the locally wade portion.
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. And everyone will agree with the fact that such restraints have
introduced an additionnai rigidity in energetic policy plannings in
developping countries, when the OECD regulations are compared to the financial
conditions granted by exportating countries to alternative energetic projects
- thermic or hydroelectric ones -, which frequently benefit from bi-or
multilateral concessionnal credits, and lower interest rates loans granted
by commercial banks.
Such restraints may take ground in the experience of France which, as
a major operator in this field, hasn't sold any nuclear power station since
DAYA BAY in the People's Republic of China, a project which stayed inside the
OECD guidelines but out the OECD special agreement interest rates.
However, major economic trends of the period may, too, explain the nondevelopment of nuclear energy in a recent past, notwithstanding events such
as Three Mile Island or Tchernobyl.

Let us only mention the relative low prices of oil combined to the high
level of real interest rates, sufficiently disuasive to explain such an
inertia.

In an environmental point of view, - eg the greenhouse effect and acid
rains -, a reappraisal of energetic sources, and in an economic one, with the
present gulf crisis, a renewed interest in the diversifying of electricity
sources may, however, announce a new era for nuclear development in the world.
3 - For the time being, to help such a renewal, the French Administration
positions are the following ones :

- concerning the OECD regulations, we, and our partners in the agreement,
consider up-to-now that a solution of the financial problems shouldn't be
expected in a sweeping change of the so-called consensus.
At the utmost, a reflexion is engaged on the conditions of financing
the locally made portion, which could alleviate the burden of the local share
by mixing different interest rates. But we can't think that such an
improvement will be able to solve the ground problems.
- Perspectives seem more tentative in the industrial field :
2 ways are being explored through cofinancing schemes :

. 1st, the development of industrial cooperation between operators
like KWU (Germany) and FRAMATOME (France) inside Nuclear Power International
seem to be fruitful, as well as for France ans Great Britain in the case of
DAYA BAY.
In the point of view of the supplyer, such an effective cooperation
has the advantage of sharing the "country risk" and to minimize the
involvement of the national export credit agencies.
In new projects, we are now working on such schemes.

. 2nd, France is not hostile to examine new schemes susceptible to
improve the local financial resources of the buyer. It is, in particular,
the case of BOT which could be acceptable under the condition of sovereign
guarantees granted by the governement of the recipient country.
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In such a contractual scheme, security arrangements for the credits are
of most importance. Two risks are faced by the supplier : the construction
risk, the credit risk. As we agree with the scheme presented this morning by
Mr Hutapea, let us only mention the major points :
- during the construction period, the supplier must be assured, in
case of interruption of the project, of payment guarantees of the expenses
engaged so far.
- during the credit period, the credit risk must be covered by a clause
of adequate electricity rates so that the fina] purchaser should be sure to
finance the project from its own resources.
In addition, we have to mention the take or pay clause, and as it has
been done for Birecik in Turkey, guaranties of assumption of senior debt in
case of buy out, repayment in convertible currency and transfer of the funds
on an off-shore account outside the purchaser's country.
In conclusion, we would require a last resort guarantee, in order to
assure the servicing of the debt, related to the governement ability of the
purchaser to provide financial support, as the only credible and acceptable
scheme. But we must stress that such schemes have proven to be adequate for
classical energetic investments, and, so far, not for nuclear projects.
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ESTIMATED CAPITAL REQUIREMENTS FOR ELECTRICITY
GENERATION IN DEVELOPING COUNTRIES
AND A DISCUSSION OF FINANCING OPTIONS

H.H.H. ESCHENBERG
Bourne & Co.,
Charlotte, North Carolina,
United States of America
Abstract

If developing economies are to realize or even come near their growth
targets, they must continue to invest in the expansion of energy
capacity. Serious estimates of capital requirements for the expansion of
electric power supply in them are of the order of US$60 - US$100 billion
per year of which about US$25 billion would be in foreign exchange.
Prospects for increased capital flows in the 1990's are slim because of
emerging capital need for reconstruction of the economies in Eastern
Europe and the Soviet Union, and sharply reduced commercial banks' lending
to developing countries. Also domestic public resources have been and
continue to be limited because of competing claims for social and economic
needs.
The effects of a shrinking capital pool have exacerbated the risk
perception of potential investors of large, capital intensive, energy
projects with long gestation periods. Nuclear projects have been doubly
vulnerable, because of their uncertain gestation periods and the
additional perceived safety risk.
Recognizing the growing financing constraints, this paper discusses
that capital mobilization efforts, especially for nuclear power, will have
to extend beyond traditional boundaries, that resources mobilization for
nuclear power from hitherto not available multilateral sources would be
most helpful and finally, that domestic capital markets will need to be
tapped.

Capital Needs for Energy
Economic growth requires substitution of alternative forms of
energy for human labor.
Many developed, industrialized countries have acquired excess
electricity generating capacity, in large measure because of energy
conservation measures. Typically these were introduced in the early
seventies in response to rising energy prices. Conservation
measures began to reduce the rise in electricity demand before
utility demand forecasts, on which expansion programs were based,
had been adjusted.

In contrast developing countries by and large do not enjoy
such a hedge, generally they must continue to invest in additional
energy capacity and associated facilities, if they are to realize
growth targets. The available capital pool from which resources
can be drawn to finance electricity capacity expansion has been
shrinking in the 1980s. This was initially due to the impact of the
World Debt Crisis; more recently the emerging demands for
investment capital by the economies in Eastern Europe and the
Soviet Union compete directly with capital needs of developing
countries.
279

World Bank estimates of the capital requirements of developing
countries for electric power supply are of the order of US$60 US$100 billion per year. The estimates vary depending on
assumptions of economic growth, improvements in energy production
efficiency, pricing and end use efficiency. Capital requirements
for other forms of energy production and consumption are similarly
capital intensive. Thus need for oil and gas or coal are of similar
orders of magnitude. The World Bank estimates that within the
overall projection, a minimum of US$25 billion of the annual power
investment needs will be in the form of imported equipment, or in
other words, will be required in foreign exchange financing.
Currently, the annual total of bilateral and multilateral funds
allocated to electric power investments in developing countries is
less than US$10 billion. Thus, the foreign exchange financing
shortfall for the decade of the nineties for investments in power
generating capacity in developing countries would appear to be in
the order of US$ 150 billion.
Prospects for increased capital flows in the 1990s are slim
indeed as the problem seems to have been exacerbated by the
emerging capital need for reconstruction of the economies in
Eastern Europe and the Soviet Union. In the wake of the
international debt crisis commercial banks have also sharply
reduced their lending to developing countries since 1982. In
parallel with constrained international concessionary and
commercial bank finance, domestic public resources have been and
continue to be limited because of competing claims for social and
economic needs. Thus capital availability for large, capital
intensive power stations (i.e. nuclear stations) is particularly
constrained. On the one hand the constraints are due to the sheer
size and " lumpiness" of capital needs, on the other they are due
to the perceived risks in the ability of delivering large projects
on budget. Delays in construction, for a variety of reasons, tend
to raise cost so much as to make them uneconomic.
Given the existing constraints on investment funds from
official sources for large energy projects, there appear to be only
two major options for raising additional resources. They are
domestic and international capital markets. There are two reasons
which contribute to a rather gloomy outlook regarding the prospects
for raising the capital flow for energy investments from capital
markets.
First, such markets in developing countries are generally
underdeveloped. While there often is no shortage of savings, the
markets
typically
require
substantial
improvements
in
intermediation between savers and investors. International capital
markets need many assorted assurances and comforts to provide
additional financing at all, and on reasonable terms.
Secondly, greater utilization of capital markets for
mobilizing investment funds for electric power will require
substantial improvements in the performance of sector institutions.
World Bank experience with financing utilities over some forty
years suggests that utilities in developing countries often suffer
from government "ad hoc" involvement in most aspects of management.
Also there is often inadequate coordination within the sector, and
the accountability to supervising ministries and consumers is often
weak. Consequently, the energy sector in some developing countries
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suffers from a combination of inadequate pricing, investment and
regulatory policies and inefficient operating and maintenance
practices. This has often led to the sector not being able to raise
financing either in the domestic or the international capital
markets, as its institutions are not able to earn a return
sufficient to attract private debt or equity investment.
A number of efforts are under way to facilitate the tapping of
private sources of funds for investment projects in developing
countries. Most notable among these are perhaps the World Bank's
Cofinancing and Multilateral Investment Guarantee Programs to which
I shall return briefly later. Independent of these there have been
numerous efforts to provide more private sector financing under "
Build Operate and Turn Over schemes". They are discussed at some
length in the context of this conference.

Financing Options for Large Energy Projects

Availability of capital in developing countries, particularly
for large power projects and particularly nuclear projects is
likely to be severely constrained at least for the medium term.
Nevertheless, new capacity for power generation remains an
important, if not essential, factor in facilitating further growth.
Thus, albeit selectively, projects need to be planned,
imaginatively financed and executed on schedule and budget. Some
developing countries have expanded their economies sufficiently and
have become industrialized to a point where additional generating
capacity in large increments of say more than a 1000 MW is
economic. Reliance on conventional financing schemes will
continue; and therefore at least a portion of the foreign exchange
cost of large power generating stations will be supplied from
bilateral sources in supplier countries, through export credits,
export credit guarantees or supplier credits.
While multilateral sources to date have not been available for
providing

financing for nuclear power generation, lenders have

accumulated a great deal of experience in financing large
conventional power schemes. In recent years the cofinancing
facility of the World Bank has been able to generate significant
amounts of resources from commercial banks "inter alia" also for
large power stations. While the Multilateral Investment Guarantee
Agency (MIGA) of the World Bank is still in its infancy, it may in
time become a significant factor in generating financing.
Given the relative reduction in the "lumpiness" of financial
requirements for nuclear power and advances in assuring cost
control and safety it appears to be only a matter of time before
multilateral financing will be available for nuclear stations in
some developing countries. I would expect that current events
around the Persian Gulf would hasten this process.
Timely and adequate availability of domestic resources for
the financing of large scale power plants has been and remains an
important prerequisite for staying on schedule and within budget.
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On balance, an enlargement of the resource pool from which
large scale power projects and especially nuclear stations can be
financed, appears essential.

In the light of the likely capital requirements and needs for
electric power I mentioned, a greater involvement of the private
sector in energy financing needs to be facilitated.
Institutional and legislative developments in both developing
and developed countries suggest that efforts are already under way
to improve performance and accountability of enterprises in this
sector. Many of the changes suggest that governments will accept a
greater degree of market forces and private sector participation.

A number of options have been identified which might assist in
improving the performance of energy sector institutions, generating
resources while minimizing reliance on sovereign guarantees.

They include:
* sale of electricity futures or future plant equity to
consumers (Industries, Municipalities, Cooperatives)
* enclave financing arrangements in which the owner operator
sells power to a public grid. The topic of BOT projects is
being discussed at some length in this conference.

* financial leasing arrangements involving offshore companies,
commercial banks and suppliers.
* debt equity swaps and related operating arrangements.
* direct private equity financing.

* management contracts for construction, operation and
maintenance.
While one could expand at some length on all the points I have
made above, I should like to say a few words on the option of
selling future plant equity to Industries, Municipalities and
Cooperatives. This option was successfully executed by a utility in
the United States for its latest nuclear power station. This
utility the Duke Power Company had planned and built three power
stations relatively on schedule and budget. Duke had succeeded to
bring on line two of the three stations at a cost considerably
below the industry average. For its fourth station it sold future
equity to Municipalities and Cooperatives, thereby taking advantage

of the bond rating of the purchasers, and raising all the capital
required. In the end the plant was completed on schedule and budget
at a cost per KW of about US$ 1,600.- which compared with an
industry average at the time of US$ 2,194.While it may be difficult in many developing countries to
duplicate the Duke Power experience, recently I have been involved
in very promising discussions of nuclear power plant investment
plans in the Peoples Republic of China. In that case a large part
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of the equity is planned to be purchased by the Province and or
city and local industries involved.

As I have stated, I believe it is only a question of time
until multilateral resources will be available selectively for
nuclear generating projects. A decision of say the World Bank to
participate selectively in nuclear power financing would go a long
way in beginning the process to finance nuclear generation in
developing countries. To that end the cofinancing program of the
World Bank appears to be a likely vehicle for generating
significant resources from the private sector.
Traditionally the World Bank has cofinanced with Official Aid
Agencies through Framework Agreements, Aid Coordination Trust Funds
and with Export Credit Agencies. Since the middle 1970s formal Cofinancing arrangements have been made with commercial banks. Under
these arrangements specific linkages were arranged which gave
colenders additional comforts such as a cross default clause and an
agreement to exchange information.

Starting in 1983 the World Bank adopted a new instrument of
cofinancing with commercial banks, the so called "B-loan" program.
Under this program the Bank has participated in a commercial loan
or, alternatively, guarantee or undertake a contingent obligation
on a portion of the commercial bank's loan for a project for which
the World Bank had also made a loan ( the A-Loan) This objective of
program has been twofold, to facilitate the developing countries
access to commercial financial markets and to improve the terms of
the commercial banks. During the 1980s World Bank cofinancing with
private sources totalled about $10 billion.
In July 1989 the World Bank expanded greatly the range of
financial instruments facilitating financing with private financial
institutions, they are intended to promote increased private
financial flows. Under the expanded cofinancing program the Bank
would "inter alia" provide guarantees on commercial loans which
would assist borrowers who do not have access to commercial
borrowing. It could also guarantee bond issues and accept
contingent obligations. In the latter case bonds could be issued
with an option to "put" them to the Bank under predetermined

circumstances.

The Multilateral Investment Guarantee Agency (MIGA) of the
World Bank complements its expanded cofinancing facility. The
purpose of the agency is to encourage and promote the flow of
resources for productive purposes among the member countries of the
agency. It serves both to increase developing countries' share in
international investment and to improve the efficiency of world
wide resource allocation. By contributing to stabilize investment
conditions private investors benefit and developing countries
should receive additional resources for project financing on
improved terms.
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CHINESE NUCLEAR POWER PROJECTS
INVESTMENT PROGRAMMING MODEL AND
ANALYSIS OF FINANCING APPROACHES

Tian LI
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Beijing, China
Abstract

China nuclear power projects investment programming model(NUPIP) is presented
in this paper. Different kinds of financing approaches are analysed . The annual
financing requirement is calculated according to a supposed nuclear power
programme from 1991 to 2000 which may be the maximum financing amount scenario
in this period.Sensitivity analyses are made for some of the variables which are

of effect on financing requirement. The results show that the government
investment and funds raised by localities are the principal financing resources
for home-made units at the initial stage of nuclear power development, and the
reserve funds from sales profits of nulear electricity will become the important
resource along with the development of nuclear power.

1.INTRODUCTION

As the deficiency of electricity more and more seriously restricted the
national economic development, the necessity of introducing nuclear power into
electric power system of China has been gradually recognized. In early 1980's, a
nuclear power station with capacity 300 MWe began to be constructed in Qinshan,
Zhejiang province, and then a nuclear power plant with capacity 2*900 MWe was
built in Daya Bay, Guangdong province. The three PWR units will be put into
operation within next three years one after another. The developing programme
before 2000 is under discussion and will be issued soon. According to the
proposed plan, there will be 6000 MWe PWR capacities to be installed and about
another 6000 MWe PWR units under construction. Among them, there are about 6000
MWe units to be financed in terms of foreign export credits by joint venture or
in terms of government bilateral loans by compensation trade. The other 6000 MWe
capacities are made up of home-made 600 MWe PWR units which will be financed by

national finance. Because of the long construction period and large investment
demand, the last ten year's experiences show that the financing difficulties may
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become the main obstacle if the investnent arrangeient is not made in advance.
The purpose of this paper is to present to you the Methodology of nuclear power
projects investment programing model to be adopted for forecast of financing
requirement and investment arrangeient. Different financing approaches are
analysed. Especially , the financing approaches of hoae-made units are
disscussed. The annual financing requireaent and composition of investment from
different resources are calculated on the basis of a supposed scenario.
Sensitivity analyses are «ade for some of the variables which are of effect on
financing requireaent.
2. THE MODEL AND THE METHODOLOGY

2.1. The characteristics of the aodel
The fflodel NUPIP is written with GAMS —— a kind of advanced software which
is especially suitable for long-tera prograaaing probleas. The aodel coaprises
the history, the status quo, and the future of nuclear industry in China.
The
aodel consists of detailed financial performances of the existed units and the
rough economic assesments of the units in planning.
We view all the nuclear power plants as a whole, i. e, the revenue from the
existed plants can be used for the new nuclear power projects.
For the completed projects, actual data are employed for detailed cash flow
analyses. In the case of projects under design or under construction,the data in
feasibility study report or in loan agreements can be adopted. For the projects
in the future,we can only use the estimated data.
Therefore,two kinds of financial evaluation method are set up.One is based on
the current conventional power project financial evaluation method with a little
modification which is used for the NPP in operation .under construction or under
design. The other is minimum selling price method used for the NPP in planning.
The significance to do such complicated calculation is
——to provide to the decision making body a clear diagram about the
input/output of capital of nuclear power industry,and
——to tell the project manager how to improve the econoaic efficiency of
nuclear power industry by enhancing project supervision and making full use of
the investment and the profits from sales of nuclear electricity,and
——to show when the nulear power industry enters into a state having the
ability to construct new plants financed by itself.
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The iode! should be revised , supplemented and consummated every year
according to the changed situation ,and the calculation is performed in terms of
constant «onetary unit which is the value of RMB in January 1 of every year.
Therefore.no inflation rate and escalation rate is taken into account.
2.2. Current financial evaluation nethod
2.2.1. Capital investment estimation
The total capital investment of a project is determined by:
(1) Costs of prepration works prior to the first pouring of concrete which
include land and land rights, on-and off-site infrastructure development, and so
on;
(2) Costs of civil engineering works which consist of labour and building
material costs;
(3) Costs for equipments purchase;
(4) Costs for equipments installation;
(5) Design costs;
(6) Service costs on site;
(7) Project management cost;
(8) Owner's costs;
(9) Two-thirds of the costs of initial fuel loading;

(10) Contigencies;
Costs of relative electric distribution system which are paid back with the
profits from sales of electricity is calculated separately.
2.2.2. Interest during construction

According to the loan agreements from different resources and the loan
payment schedule, the interest during construction can be calculated one by one.
The loans used for construction of dry plant and that for relative distribution
system are calculated separately.
The loans are assumed to be paid at the middle of every year.

Interest during construction of every year = (accumulative total of the
principle plus interest at the beginning of the year + loans used in current
year)* annual interest rate.
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2.2.3. Original value of fixed assets
When the project is completed, the original value of fixed assets is
determined by:
The original value of fixed assets = (Fixed capital investment + Interest
during construction) * rate of fixed assets formation.

where all costs during construction are discounted to the commissioning year
of the power plant.
The rate of fixed assets formation is equal to 95 percent in general.
2.2.4. Electricity generation and sales volume
The gross generation, the net generation and the the sales of electricity are
calculated respectively as follows:
Gross generation(KWh) = installed capacity of unit
* capacity factor * 8760.
Net generation(KWh) = Gross generation * ( 1 - rate of energy used up
by power plant itself).
Sales of electricity = Net generation * ( 1 - loss rate of distribution).
2.2.5. Generation cost
The generation cost of a nuclear power plant is composed of:
(1) Fuel cost
Unit fuel cost = price of fuel / (burnup of fuel rod * thermal
efficiency)

(2) Operation and maintenance cost
The 0 & M costs comprise
— Wages and salaries of power plant staff and administrative staff
— Welfare funds of power plant staff and administration staff
— Insurance fees (for property and nuclear liability)
—- Routine inspection and licening fees
— other O&M cost not included in above categories.
National and local taxes are not considered.
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In feasibility study , the unit O&M cost is usually expressed in a constant
ammount.
(3) Basic depreciation fund of fixed assets of power plant
The straight-line-depreciation method is used for the calculation of basic
depreciation fund.The basic depreciation rate is constant.

Annual basic depreciation fund = Original value of fixed assets of
power plant * basic depreciation rate.
(4) Major repair depreciation fund of fixed assets of. power plant

Annual major repair depreciation fund = Original value of fixed assets
of power plant * najor repair depreciation rate.
The Major repair depreciation rate is also constant.
(5) Decommissioning provision
This is a special problem for nuclear power plant. As soon as the loans are
paid up, i. e. beginning from 16th year after commissioning, the provision for
decommissioning is taken into account.lt is usually a fixed value .
Unit generation cost = Total generation cost / net generation of electricity.
2.2.6. Electricity distribution cost
It refers to the cost incurred in power distribution system.
Total distribution cost = unit distribution cost
* sales volume of electricity,
where the unit distribution cost is constant for a given grid.
2.2.7. Sales cost of electricity
Total sales cost = Total generation cost + total distribution cost.
Unit sales cost = Total sales cost / sales volume of electricity.

289

2.2.8. Sales revenue
The selling price of nuclear electricity should be carafully determined
so as to have the ability to repay the loans of the project.
Sales revenue of electricity = Sales volune of electricity * actual
selling price of electricity.
2.2.9. Business taxes
Total business taxes = taxes on generation + taxes on distribution;
Taxes on generation = Net generation * business tax rate of generation
* ( 1 + rate of additional tax for town developnent + rate of additional
tax for education development);
Taxes on distribution = Total sales revenue * business tax rate of
distibution *(!+ rate of additional tax for town development + rate of
additional tax for education development).
2.2.10. Sales profits of electricity
Sales profits of electricity = sales revenue - total sales cost total business taxes .
2.2.11. Income tax
Income tax = Profit from sales of electricity * income tax rate.
The income tax rate in China is as high as 55%.
2.2.12. Loan redemption

According to the loan agreements, we can determine the loan redemption funds
each year during loan-redemption period.Loan redemption fund consists of:
— profits used for loan redemption and
— basic depreciation fund used for loan redemption.

basic depreciation fund = basic depreciation * (1-tax rate for major energy
used for loan redemption fund of the year
and transportation projects)
* percentage of basic depreciation fund used for loan redemption.
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The tax for major energy and transportation projects is exempted in the case
of nuclear power plant .
Profits used for loan redenption = loan redenption fund - basic depreciation
fund used for loan redemption
Retained profits by plant itself = sales profits of electricity * ratio
of retained profits by plant itself.
2.2.13. Profits used to finance new NPP
Profits used to finance new NPP = sales profits of electricity profits used for loan redemption - retained profits by plant itself.
This part of sales profits can be used as reserve

2.3. Minimum selling price method
The lifetime of a nuclear power plant can be divided into two periods. One is
loan-redemption period lasted about 15 years from start of operation when the
loans are reimbursed with part of every year's depreciation and profits. The
other is after-loan-redemption period when decommissioning provision fund are
drawn.
The minimum selling prices of the two periods are determined respectively.
The assumed selling price which is constant for the two periods is set at a
level higher but acceptable.The difference between assumed selling price and the
minimum selling price will be used for new nuclear power projects.
The minimum selling price in loan-redemption period is determined as follow:
MSP1 = (BDF+MRDF+0&M+FCOST+DCOST+RPP*PROFL+RPROF)/(1-CTAX)

where MPS1—Minimum selling price in loan-redemption period;
BDF—Basic depreciation fund of original value of fixed assets
divided by sales volume of electricity;
MRDF—Major repair depreciation fund of original value of fixed assets
divided by sales volume of electricity;
0&M~Unit operation and maintenance cost;
FCOST—Unit fuel cost;
DCOST—unit distribution cost;
RPP—Ratio of total capital cost of power plant plus relative
distribution system to the capital costs of power plant;
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PROFL—Sales profits of power plant used for loan redemption;
RPROF—Retained profits kept by plant itself;
CTAX--Composite tax rate.
The minimum selling price in after-loan-redemption period is determined by:
MPS2 = (BDF+MRDF+0&M+FCOST+DCOST+RPROF-M)EPR)/(1-CTAX)

where MPS2--Minimum selling price in after-loan-redemption period;
DEPR--Provision for decommissioning of nuclear power plant.
3. FIANACING APPROACHES ANALYSIS

3.1. Foreign loans
Foreign loans which include foreign export credit and commercial loans are
efficient resources to finance nuclear power projects having imported equipments
.But the foreign loans should be repaid in foreign currency.The ability to repay
in forign currency must be carefully evaluated. Take Daya Bay NPP as a example ,
foreign loans constitute 90 percent of total investment. When the plant starts
commercial operation, 70X of total electricity generation will be purchased by
Hong Kong. In addition , there are many joint venture enterprises and foreign
capital enterprises in Guangdong province. Enough foreign currency can be
obtained to repay the foreign loans.
This kind of financing approach can be used in free trade areas like
Guangdong province where foreign currency can be obtained directly by selling
electricity. In some other open regions, such as Fujian province, Shanghai
municipality, Shandong province, and some places in northwest and northeast of
China, there also existed the possibility to use foreign loans for financing of
NPP.
3.2. Compensation trade
Compensation trade is another financing approach under consideration in
China. It evades the difficult problem of obtaining enough foreign currency in
advance, and the production of export commodities is promoted. But the special
problems with this method are as follows:
——species and amounts of the commodities what the buyer country can provide;
——species and amounts of the commodities what the supplier country can
accept;
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——The prices of light industry products and agricultural products are very
low in general, while the costs of NPP are very high.A large quantities of these
kinds of export commodities are required for the compensation of the costs of
NPP.This may cause some special difficulties.
Now China try to negotiate with some countries about nuclear power station
financed by coœpensation trade arrangeient.
3.3. BOT Hodel
BOT model aims to ease or remove the management and financing difficuties in

the construction and commercial operation of NPP in developing countries.
But
the sales revenue from electricity must be changed into foreign exchange to
repay the foreign loans from supplier.In addition,the joint venture utility will
take the risk of price escalation and exchange rate fluctuation during 23 year's
joint venture period(8 year's construction period and 15 year's operation
period).Therefore, it is difficult to come to a balance between the supplier
country and the buyer country.
BOT model is especially suitable for the country having insufficient
technical experiences in NPP construction, operation, manufacture and little
financing possibility from foreign countries. While in China, the infrastructure
of nuclear industry is better than in many other developing countries,especially
through the construction of Qin Shan NPP and Guangdong NPP . It is possible to
complete NPPs in its own power. As for financing , it remains a big problem.
Therefore,at the initial stage of nuclear power planning .further research works
will be needed to verify the feasibility of BOT model in China.
In the next part of the paper, the discussion will be within the limits of
home-made 600 MWe PWR units.
3.4. FINANCING APPROACHES OF HOME-HADE UNITS

In China, the home-made 600 MWe PWR unit will play a dominant role in nuclear
power program from 1991 to 2000. Before the economic reform begins,
the
government financial allocation which is nonreimbursable is used for large power
projects. Since 1983,the capital and interest of government investment should be
reimbursed within the pay-back period.Moreover, the financial revenue controlled
by central government become less and less. It is very difficult to finance
investment-intensive projects , like NPP, only by government investment. We must
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open up new financing resources. The three nain financing resources for homemade units are discussed as follows:
3.4.1. Reserve fund fron sales profits of nuclear electricity
When a nuclear unit is put into operation . We can use part of the sales
profits of nuclear electricity as reserve funds to finance new nuclear power
projects.We can sell the electricity to the consuaers at a price which is higher
but acceptable . For the existing plant ,the reserve fund is calculated with the
formula mentioned above. For the projects in planning, The minimum selling price
of each unit is estimated . The difference between the assumed selling price and
the minimum selling price can be used as reserve fund which will be invested in
a NPP, The minimum selling price is higher in loan-redemption-period than in
after-loan-redeaption-period. The reserve fund from nuclear electricity sold is
less in forter period than in later period. Along with the expanding of nuclear
power system, the reserve fund fron sales profits of nuclear electricity will
becoae an important resource of financing nuclear power projects.The rest of the
financing requirement is as follows:
Annual financing requirement = Annual investment requirement - reserve fund
used for nuclear power projects.
3.4.2. Funds raised by localities
As the economic reform in China goes on, the financial revenue of local
government increases, and the funds in the hands of enterprises also increase.
Since the deficiency of electricity puzzled the local government and enterprises
very much, they are in badly need of nuclear power and they have not only the
wish but also the ability to finance NPPs sited in their own provinces.The funds
raised by localities themselves is about 2000-2500 yuan/KWe which is equal to
the capital cost of an assumed coal-fired power plant with the same capacity in
the same place. In addition to the two financing resources mentioned above , the
rest of the financing requirement will be settled in terms of government
investment.
3.4.3. Government investment
In China, the state planning committee is responsible for investment
arrangement of all the economic sectors of the country.The government investment
is the main financing resource for large industry projects. According to the
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suggested programme, investment of NPPs will be listed into the the plan of
capital construction investnent. But the total government investment required by
nuclear power industry is hoped as little as possible by the state planning
committee. At. the initial stage of nuclear power development,
the government
investment will be the main resource undoubtedly which is equal to: .
Annual government investment = annual investment requirement -reserve fund
used for NPP - funds raised by localities .

After the nuclear power plant to be put into operation , the government
investment will be recovered. Therefore ,the annual government investment can be
divided into two parts.One part is considered as the recovery of government(RGI)
which includes capital and interest of loans. The other is called complementary
government investment(CGI).

Annual complementary government investment = annual investment requirement reserve fund used for NPP - annual funds raised by localities - annual recovery
of government investment .
As the number of nuclear power station increases,the annual reserve fund used
for NPP becomes larger and larger. The complementary government investment will
become zero. Finally, the government investment will not be needed for financing
of NPPs.
4. EXAMPLE OF APPLICATION

4.1. Parameters of the scenario
As a example of application, a supposed scenario of nuclear power development
is presented and the financing requirement is calculated. It is assumed that the
nuclear power units to be constructed are home-made 600 MWe standard series of
PWR units. The scenario consists of 10 units in total and they will begin
construction in succession from 1991 to 2000,i.e.there will be one unit starting
construction at the beginning of every one year.
The capital costs of the 10 units differ one from another. It will decrease
along with the standardization and the improvement of project management. As a
example, we can take an average value for the purpose of programming.The average
capital cost is supposed as 6000 yuan/KWe, i. e. the total capital cost of each
unit is 3600 million yuan .
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The construction period is taken as 7 years .Table 1 gives out the investment
payment schedule in terns of percentage of total capital cost.
Table 1. Investment payment schedule

year
percentage

1

2

5%

10%

3

4

5

6

7

20%

30%

20%

10X

5X

j
jL
The parameters used in calculation are shown in table 2.

Table 2. Parameters for investment programing calculation
~!

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17

Installed capacity
Capacity factor
Equilibrium re-load burnup
Thermal efficiency
Fuel price
Unit capital cost of power plant
RPP
Unit O&M cost of power plant
Unit electric distribution cost
Ratio of fixed assets formation
Economic lifetime
loan redemption period
Basic depreciation rate
Major repair depreciation rate
Funds raised by localities
Composite tax rate
Selling price of electricity

KWe

600,000
0.70

KWh/KgU

840,000
0.33

yuan/KgU
yuan/KWe

6500
6000
1.11

yuan/KWh
yuan/KWh

0.006
0.007
0.95

year
year

30
15
0.045
0.014

yuan/KWe

2250
0.054

yuan/KWh

0.23

The funds raised by localities are paid in the middle three years of
construction period in order to lower the intensity of government investment.
The interest rates of loans from different resources are different.An average
interest rate is taken as 5X p.a.
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4.2. Results of calculation
The investnent requirement and the composition of financing resources are
given in Table 3.

Table 3. Investment requirement and composition
1991

Total investment

180

1992

1993 1994 1995

540 1260

Funds by locality

RGI
CGI

1997

1998 1999 2000

2340 3060 3420 3600 3600 3600 3600

330 1020

1350

Reserve fund

Government Invest.

1996

(Million yuan RMB)

1350

1350

1350
264

180

540

930 1320

1710

1350
528

2070 2250 1986 1722
258

1350
792
1458

516

774

1728 1206

684

During the first 7 years , no nuclear electricity is generated,the government
investment sums to 62. 5% of the total .As soon as the first nuclear unit starts
operation, the government investment decreases at a rate of 264 million yuan per
year which is the unit reserve fund for NPP from sales profits of electricity
generated by one nuclear unit. Up to 2000, less than 1.5 billion yuan of
government investment is required.Taking into account the recovery of government
investment at the level of 258 million yuan per year, the complementary
government investment is no more than 0.7 billion yuan.
4.3. Sensitivity study
From the above analyses , it is found that the unit reserve fund is a key
factor which is of great effect on government investment requirement .Therefore,
the sensitivity of the unit reserve fund to some of the parameters is studied.
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If the selling price of nuclear electricity goes up from 0.23 yuan/KWh to 0.24
yuan/KWh, the unit reserve fund will increase by 17.6X , i.e.fron 264 million
yuan to 311 million yuan .
The drop of interest rate of loans of one percentage point, i. e.fron 5% to
4X, will cause a escalation of unit reserve fund by 20. OX ,i.e. from 264 to 317

million yuan.
When the amortization period of loans prolonged by 5 years,i.e.from 15 years
to 20 years, the unit reserve fund will change from 264 Million yuan to 344
nillion yuan with a grow of 30.3X .
5. CONCLUSION REMARKS

The investment programming is one of the important study subjects in the
field of system analysis and economic assessment of nuclear power industry.
Further research works will be required to make the model coincide with the
actual situation as far as possible.
Financing difficulty is a common problem in developing countries. China is a
big country and has a large potential market for nuclear power .It is necessary
and possible to finance NPPs by national finance.lt is difficult to finance NPPs
in the initial stage because of the limited participation of reserve fund from
the limited nucler power plants .
In China, self-financing for the home-made units will be the principal and
necessary approaches. But for the purpose of importing advanced foreign
technology and equipment and management experience, and reducing the investment
requirement pressure on limited national finance, the other three financing
resources,such as foreign loans,compensâtion trade and BOT model mentioned above
will surely find their own.way into nuclear power market of China,
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FINANCIAL FEASIBILITY OF SMALL AND
MEDIUM NUCLEAR POWER PLANTS:
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Vienna
Abstract

Financing problems are a major constraint on »ore widespread use of
nuclear power, in particular in developing countries. One problem is the
sheer magnitude of the investment cost of large nuclear power plants.
Small and medium power reactors would have lower absolute costs and would
offer some additional advantages. Taking Sgypt as an example, the paper
addresses the issue to what extent the features of small and medium power
reactors designs could improve the financial feasibility of nuclear power
plants in developing countries.

1.

IHTRODUCTIOR

The developing of infrastructure of a country is a basic step
toward real improvement of the standard of living. The electric energy
is an essential infrastructure element and a basic requirement for all
economic sectors. The financing of new power stations in general, and
especially nuclear power plants (NPP), faces many problems, in particular
in developing countries. One problem is the sheer magnitude of the
investment cost of large nuclear power plants ( 2.1 GW(e)) which could be
2 billion US$ or more. Small and aedium power reactors (SMPRs, ±600
MW(e)) would have lower absolute cost and could offer some additional
advantages. Taking 2gypt as an example, the paper will address the issue
whether SMPRs could improve the financial feasibility of- HPPS in
developing countries.
Zgypt has a total installed capacity of about 10 GW(e) in its
unified grid. The peak load is about 6.5 GW(e). The total gross
electrical energy generated in the past year was about 40 TWh, 26% hydro
and 74% thermal, using oil and/or natural gas.

Recent forecast studies show that the annual electric demand could
reach 80 TWh by the end of this century and may be doubled (to 160 TWh)
by the year 2015. It will thus be necessary to add about 1 GW(e) of
generation capacity per year in the coming decade, and about 1.5 6W(e)
yearly in the following 15 years.
Most of the hydro resources have already been harnessed through the
Aswan hydro complex with a total installed capacity of 2745 MW(e).
Indigenous coal reserves are too limited to be considered for power
generation. Oil reserves are about 600 Mt, and oil production about 46
Mt/a (1988). 55X of the oil is exported. Oil production is expected to
be insufficient for the local demand before the end of this century. The
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reserves of natural gas (290 billion m3) are expected to be exhausted
within 15 years.

With these constraints in aind, Zgypt is considering imported coal
and nuclear power for electrical energy generation. Bids for 1 or 2
nuclear units of 1000 MW(e) vere avaluated in 1984-36. Extensive site
investigations were carried out at El Dabaa with assistance of the French
engineering company SOFRATOME. The negotiations were terminated in the
wake of the Chernobyl accident because of the strong resenting public
opinion to nuclear power, and because of the difficult situation of the

Egyptian economy. In 1988, the IAEA
carry out a feasibility study of
project. The objective of this study
and financial aspects of SMPE'e and

accepted to co-operate with Egypt to
SMPRs as a technical assistance
is to evaluate technical, economic
to compare them with coal power

plants. The scope of the work includes review of

-

-

technical aspects of FTPPs, including design characteristics,
construction schedule, fuel cycle requirements and safety
features;
cost
estimates,
including
capital
costs,
fuel,
and
decommissioning costs, operation and maintance costs;
sensitivity analysis of cost per unit of generated electricity;
economic comparison of nuclear and coal-fired plants;
financial requirements of a nuclear project, and survey of

financing sources.
All information from this ongoing study is preliminary.

2.

INFORMATION OR EGYPT

2.1.

RATIONAL ENERGY MARKET [1,2,3]

To develop a national energy policy, a survey is needed that should
provide a reasonable knowledge of the country's available and potential
energy resources.

The main commercial energy resources in Egypt are oil, natural gas
and hydro resources Fig.(l). The coal available in Egypt is quite
limited and not exploited yet.
The proven recoverable resources of oil are about 600 Billion
tonnes. Most of then are located in the Gulf of Suez Basin. In 1988,
the oil production was about 46 million tonnes. 45X of the production
was consumed locally. Demand for petroleum products vs supply is shown
in Fig(2). Estimated proven reserves of natural gas are about 290
billion cubic meters. The majority of these reserves are found in the
Delta Basin, the Western Desert and the Gulf of Suez. The annual
production is about 5 billion B>3 used «ainly for electrical power
generation (more than 60X) and in Industry, specially the chemical and
fertilizer industries.
The River Rile is the only present source of hydro power in Egypt.
Most of this hydro resource has been already harnessed through the Aswan
hydro complex with a total installed capacity of 2745 MW(e). Additional
hydro projects can provide no more than 1 GW(e) which is quite small.

Coal deposits in Egypt are very limited, and are located in three
places in Sinai: Tor, Eiyon Moussa and El-Maghara. The last one has the
300

OJ

O

FIG.

1. Location of resources in Egypt.
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FIG. 2. Demand for petroleum products vs. supply.
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best quality coal, and the feasibility studies show the economical
feasibility to use it. Tne Maghara deposit is estimated to be about 40
million tonnes of recoverable resources, with an annual production
in the range of 0,6 million tonnes. Due to the high quality of this coal
it will be used in the iron and steel industry rather than for producing
electrical energy, Other coal deposits either have poor geological
characteristics for recovery or are otherwise not economical to exploit.
Egypt imports about 1.25 million tonnes of coal per year.
Hew and renewable energy resources (sun, wind, .... etc) are used
in a very limited scale, and they will not contribute to the energy
supply of Egypt at least up to the end of this century.
Table (I) shows the summary of energy balance in Egypt for the year
1988 [2].

TABLE 1. ENERGY BALANCE IN EGYPT FOR 1988
1988

Coal

Oil

Gns

Hydr/Oth

51770

2010.4

Imports
Exports
lull Marine Dunkcr«
Stock change (+/-)

VS2.7
- 1 1 .U

•Mi26l.5
52').4
-24546.6
-I69S.7
302.7

TOTAL ENKHCY REQUIREMENT

771.7 2084S.3

5177.0

Petroleum Refineries
Electricity Generation
Other Transformation '

• 1133.1
-5044.5
•120.3
-43.6

TOTAL FINAL CONSUMPTION

728.0

TOTAL INDUSTRY
Iron and Steel
Chemical
Non-Metallic Minerals
Unspecified
TOTAL TRANSPORT
Road
Air
Unspecified
TOTAL OTHER
Agriculture
Public/Commerce
Residential
Unspecified
Non-Energy Use
Elccir. Generated (GMt)

728.0
72S.O

Ir.üiccnoiiN Production

Electricity
.

Total

- .

5344S.9
1312.1
-24557.7
-1698.7
302.7

2010.4

.

28807.3

•2790.0
-270.0

-2010.4
.

3268.0
-473.0

-6576.9
-906.9

14550.3

2117.0

.

2795.0

20190.3

7499.2

na

.

na

.

.

na
728.0

-1133.1

,

•

,

7499.2
na

7499.2
na

no
470.7
.
3226.0
.
.
3226.0
.

na
470.7
na

!

3226.0

•
.

1027.2
18420

.
na
•

JOSSO

9000

1027.2

3SOOO

(I) Includes Returns. Traufen, Statistical Difference. Own Use and Losses,

2.2.

SITE INFORMATION

The site for the El-Dabaa nuclear power plant is about 150 Km west
of Alexandria along the Egyptian Mediterranean Sea coast (Fig. 3).
Extensive investigations for this site were carried out with the
assistance of the French consultant Sofratome. The results of this work
confirm the suitability of this site to accomodate nuclear power plants
with a total capacity of about 4 GW(e).
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FIG. 3. General map showing the EI-Dabaa site.
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The El-Dabaa region is free from tectonic deformation, the
stratigraphie
levels
are
almost
continuous.
The
geotechnical
characteristics of the bedrock revealed favourable foundation conditions
for a nuclear power plant and no special foundation will be needed. The
subsoil of the site is very permeable. The reference earthquakes
pertinent to the Site have been defined as VII MSK, consequently the
design spectrum according to the US BBC is scaled at 0.2g.
Meteorological and marine data are continuously processed from
special detectors and a meteorological station tower at the Site. The
studies show that there is no need for cooling towers, and the studies
show that the ecological impact of the NPP is acceptable.
The
radioactive impact will be less then 10E-6 and 10E-3 of the admissible
limits for liquid and gaseous normal releases, respectively. In the case
of accident release, the maximum doses could reach 3X of the admissible
limits.
A study had been completed in 1985 to evaluate the suitability of
the El-Dabaa site to accomodate two nuclear units with a total capacity
of 2 GW(e). This study showed that the site is suitable and the two
units can be connected to the UPS without technical problems; no
electrical system instability is expected. The HPP would be connected
using 500 KV lines. Extending this work showed that no technical
electrical problems would exist when the site would accomodate up to 4
GW(e). A NPP of medium size (600 MW(e)) at the same site would therefore
not cause any problem regarding the transient stability and load flow in

the electrical grid.
2.3.

PROJECT DEVELOPMENT

Due to the limited energy resources in Egypt, it was decided to
consider nuclear power as an option for electrical energy generation. In
the early 1980s efforts to acquire PWR units of about 1 GW(e) were
launched. These efforts vere halted in the wake of the Chernobyl
accident because of the strong resenting public opinion to nuclear power,
in addition to squeezing economic conditions.
In preparation for a new start, all alternatives are being studied,
one of which is a small or medium power plant [SMPR] as a means to lower
the financial burden. Egypt submitted a proposal to the IAEA asking for
technical assistance to carry out a Feasibility Study of SMPRs in
comparison with coal fired plants, taking Egypt as a study case. The
Agency approved to implement this project in 1989/1990, taking into
consideration that it will not only be of benefit to Egypt, but also for
other developing countries.
2.4.

ELECTRICAL SYSTEM ANALYSIS [5]

The basic objective of an electric power generation expansion plan
is to provide sufficient power to meet the demand, taking into
consideration the various factors related to generating system reserve
requirements and economics. Among the first steps in the feasibility
study of electric energy options is the study of the electric system.
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FIG. 4. The Unified Power System (UPS) of Egypt (1988-1989).
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2.4.1

ELECTRIC SYSTEM DESCRIPTION

By the end of 1989, the generating system capacity in Egypt was
about 10.8 GW(e) and the peak load was 6.6 GW(e). The existing electric
system comprises 37 power stations including steam turbines, gas
turbines, combined cycle units and hydro-electric generators.
The
largest hydro unit is 17? MW(e) and the largest steam unit 315 MW(e).
The hydro-electric generation contributed about 26% of the total
electricity produced in Egypt. The balance of the electrical energy is
generated from fossil thermal units using oil and/or natural gas.
The average annual electrical energy growth was 11,5% in the period
(1977-1982) and 9.4X in the period (1982-1987). The annual peak load
increase has almost the same rates. Its average was 11,3X in the period
(1977-1982) and 9.5X in the period (1982-1987). In 1967, the Unified
Power System (UPS) was commissioned. The UPS connects almost all the
power stations in Egypt (except in the western desert, red sea and Sinai).

Fig (4) shows the location of different power plants and their
connections, using 500 KV for transmission from upper Egypt to Cairo, and
220 KV for transmission in the Delta and Suez Canal regions.
2.4.2 DEMAND FORECAST

In 1988, about 40 TWh of electrical energy were generated. Recent
forecast studies [5] show that the electric energy generated by the end
of this century could reach 80 TWh/a and may be doubled (i.e. to about
160

TWh/a) by the year 2015. The detailed results of such studies are given
in Table (2), where six different methods were used, namely:
econometric, sectorial development, regional development, pro-capita
consumption,
dynamic
potential
demand
and
growth
rate-specific
TABLE 2. SUMMARY OF DIFFERENT ENERGY FORECASTS
MODEL

YEAR

Econometric

1990

37B90

Rate of Increase X
Sectors

7463
8.7

43849

Rate of Increase X

.42321

59323

Per-Capit»

40215

Rale of Increase K
45114

SC - G3

40357

79027

61209

52436
5.4

144.219

104318

191683
5.9

132389
4.9

83818
4.6

-145557
a

6

5.2

66834
4.9

119804

107567

80786
5.7

14327S
3.9

4.3

6.4

1SS575

118065

971C2

2015

3.7

3.9

4.9

6.8

6.J

97450

76559

56S95

132760
4.9

4.5

S.6

7.2

Dyn. Potential Demand
Rate ol Increase X

78375

Se:a6

2010

104496
6.2

5.7

6Ä

2005.

77492
6.2

6.1

Zones
Rate of Increase X

Rate of Increase JS

1995 2000

166303
4.7

103670
4-.3

127301
4.Z
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consumption models. The peak load forecast has been derived from the
energy forecast by introducing the projections of load factors. By the
end of this century the peak load could reach 14 GW(e) and by the year
2015 it nay reach about 30 GW(e) using the high scenario, or about 24
GW(e) assuming the lower scenario.
The forecast studies show the
necessity to add about 1 GW(e) of generation capacity annually for the
coming 10 years and about 1.5 GW(e) yearly for the following 15 years.
2.4.3

GENERATION EXPANSION PROGRAM

The results of the aforementioned studies for forecasting the
electric energy generated and the peak load are used as a base to
determine the generation expansion program.

The EGAPS computer program has been used to study the different
alternative scenarios, using the following assumptions:
a. All the additional hydro-electrical projects (totalling less
than 1 GW(e)) will be constructed in this period,
b. The fossil-fired generation units will be a combination from:
100 MW(e) [gas] gas turbines
150 MW(e) [oil, gas or coal fired] steam units
300 MW(e) [oil, gas or coal fired] steam units
600 MW(e) [oil, gas or coal fired] steam units
150 MW(e) combined cycle plants.
c.

Nuclear power plants in the range of small and medium units,
i.e. up to 600 KW(e).

The most attractive unit size is in the range of 300 up to 600
MW(e). A sensitivity study assuming different figures for reliability
will be carried out. The following fuel prices are assumed:

50 US$ / ton for coal
105 USi / ton for crude oil (15US$/barrel)
100 USt / ton for gas.
2.4.4 CHOICE OF PLANT TYPE AND UNIT SIZE

The Egyptian UPS can accomodate - without any foreseen technical
problem - units in the range from 150 MW(e) up to about 1000 MW(e) in the
next 10 years. Coal-fired and/or nuclear units of 300 to 600 MW(e) will
be used for base load. Egypt is aiming to use a mix of fuels, i.e.
imported coal and nuclear fuel beside the indigenous oil and natural gas.
The different scenarios for the generation expansion plans are
under detailed study right now to conclude the final decision. The
committed units during the next years are given in Table 3.
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TABLE 3. EEA OFFICIAL GENERATION EXPANSION PLANT
FISCAL YEARS

89/90

90/91

Tafcha Ext.

91/92

92/93

200

Oamistta Gas

93/94

|

95/90

94/95

96/97

200

250

Damîetta C.C.

400

Suer

100

no

Cairo South C.C.

Cairo Squth G.T.

110

Damenhour Ext.

300

Oamanhour C.C.

Atiak-a

55

50

300

Abu Kir

300

Mahmoudia, C.C.

100

Ajssuil Ext.

300

300

Sidi Krir

300

Cairo West

300

000

300
300

Ayun Mouse C.

300
600

Kurimat

600

Z-Jafarana

3.

TECHNICAL ASPECTS OF SMALL AJTD MEDIUM POWER REACTORS (SMPRs*)

The SMPR designs considered for this study include PWRs, PHWRs, and
HTRs, with plant sizes of about 300 to 600 MW(e) (Table 4).

Table 4

SMPRs considered for the feasibility study
Country

Canada

Germany

Germany

Supplier

AZCL

HTRGmbH
HTRNodule
4
80

HTRGmbH
HTS
500
1
560

320

560

Reactor type

CABDU-3

No. of units
1
Unit capacity 450
MW(e) net
Plant capacity 450
MW(e) net

Germany

US

US

Siemens Westing- GCRA
house
PWR
APWR
MHTGR
1
646

1
600

4
134.5

646

600

538

Information was also received for advanced BWEs. The reactors are
designed to meet at least the licensing requirements in their countries
and internationally accepted safety criteria. They have incorporated
modern and sometimes innovative design features in order to
-

simplify the design,
reduce the construction period,
make use of passive safety features.
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The PWR and PHWE designs were developed from larger reactors. This
implies, inter alias, that some design characteristics and some proven
components of large reactors are used .for the smaller reactors.
Particular emphasis is laid on designing the reactors for a short
construction period. Technical means to this end include

-

extensive use of modern construction equipment, incl. very
heavy lift construction cranes,
open top construction,
modularization.

Some suppliers expect that the construction period could be 4 years
or even shorter.
Although this remains to be demonstrated, a
construction period of 4 years should be feasible for a well-managed SMPE
project.
The design features of SMPRs appear very promising to political and
utility decision-makers in some industrialized and developing countries.
However, it should be kept in mind that there is some uncertainty in the
technical and cost information of SMPE suppliers since there is as yet no
relevant construction and operation experience with the designs
considered for this study. Considerable efforts were and are performed,
but only parts of the detailed engineering were completed for most of the
designs. SMPR development activities in the US, for example, are
scheduled to obtain design certificates in 1991, and a construction
license in 1993. One or more prototype SMPRs nay start operation in 1998.
4.

COST ESTIMATES

Coal Plant; A feasibility study for a 2x600 MW(e) coal plant at a
coastal site (Sidi Krir, near Alexandria) vas performed in 1988 [6].
Updated cost estimates are:
-

Overnight construction costs of 1150 and 1480 USi/kWe,
levelized electricity generation costs of about 52 and 62
mills/kWh, for plants without and with flue gas
desulphurization (FGD), respectively.

SMPR Construction cost; Based on suppliers' data, overnight
construction costs of about 900 to 1500 million DS$ (1500 to 3000 "
US$/kW(e), in monetary value of Jan.1989) are estimated, including
provisions for contingencies and owner's costs.
Some caution,
particularly with respect to the lower end of the cost range, appears to
be indicated since
-

-

the cost estimates refer to conditions in the suppliers'
countries,
some cost estimates include only a fraction or none of the
first-of-its-kind costs,
the extent of detailed engineering varies,
there is no direct construction experience with these plant
types.

Fuel costs of SMPRs are estimated to range from about 5 to 12
mills/kWh. The lower end of the range refers to the natural uranium fuel
cycle. A relevant reason for the relatively wide range of fuel costs
are different concepts and requirements for spent fuel and radioactive
waste management in the suppliers' countries. Egypt's policy with
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respect to spent fuel and radioactive vaste nanagement is not yet defined
in detail. If the US back end cost estimate of 1 nill/kWh is used for
all reactors fuelled with enriched uranium, the fuel cost range is 5 to
10 mi11s/kWh.

0 & M costs of SHPRs are estimated to range from about 8 to 13
mills/kWh under conditions valid in the suppliers' countries.
Electricity generation costs; Preliminary calculations indicate
that the levelized electricity generation costs of SMPRs will be in about
the same range as those of a coal-fired plant vith 600 MW(e) unit size.
This cost overlap requires more in-depth analyses before drawing
conclusions.
5.

FINANCIAL REVIEW

5.1

FINANCIAL REVIEW OF UTILITY

The Nuclear Power Plant Authority (NPPA) was established in 1976.
It is financially supported by the Government. According to the Egyptian
economic system all the funds allocated to the NPPA are drawn from the
Rational Investment Bank as a credit against nuclear power plant projects
realization. Such credits are supplied with interest rates that started
to be 6X and were raised to 8X lately. Pay back is supposed to come from
selling energy from such nuclear power projects.
On the other hand, there is more than 1 billion US dollar in a
special fund created to finance nuclear power projects. This fund was
created in 1981 from savings from oil revenues. The purpose has been to
use such fund to finance other electricity generation options
(particularly nuclear) to reduce the expansion in burning of oil for
generation of electricity.
All activities such as site investigations and consultant services
associated with the first nuclear power plant were financed through this
fund. It is planned that the local part of financing nuclear power units
would come also from this fund. That would include the downpayment, the
complementary financing (e.g. 15X), and the interest during construction
(IDC).
5.2

FINANCIAL REQUIREMENTS OF NUCLEAR PROJECT

A turnkey contractual approach (meaning single responsibility) will
be adopted for the first NPP project in Egypt, asking for maximum local
participation not less than 2OX. A provisional funding plan has been
drawn up on the basis of the division of the total investment cost
between local and foreign components. It has been assumed that the local
component of these costs (about 25X) would be funded by the National
Investment Bank (NIB). Financing on NIB will be a 15 years loan at 8X
interest rate, with a grace period compatible with the construction.
The foreign component of the investments can be secured as buyer's
credit supported by suppliers' countries, the suppliers, governmental,
International or regional banks (African Development Bank) in addition to
other funding organizations (Arab funds).
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Loans from such sources are long tern loans with the prevailing
interest rates and an average repayment period from 10 to 15 years after
a grace period of 5 to 7 years. These types of loans would finance up to
85X of the total foreign component of the investment. The remainding 15X
should be covered from Egyptian resources. RPPÀ plans to cover this
portion from the special fund mentioned in 5.1.
To minimize the burden of the foreign investment costs to construct
NPPs, Egypt is aiming at:

-

-

6.

Maximizing the local manpower participation in all the stages
of the project;
Maximizing the local participation in manufacturing the
components of the plant;
Self-dependence for spare parts and consumables to the maximum
possible extent;
Construction of SMPKs to reduce the amount of direct and
indirect investments for a nuclear power plant.

STATUS OF THE STUDY AND PRELIMINARY FINDINGS

Technical information provided by reactor suppliers is still under
review. Cost information is being analyzed and supplemented, as far as
applicable, by estimates of
-

cost of initial fuel supply,
owner's costs,
balance of project costs,
fuel cycle back end costs,
decommissioning costs.

Some reactor suppliers have included the costs of initial fuel
supply, and detailed engineering and first-of-its-kind costs in their
cost estimates whereas others did not or only partially.

Preliminary findings of the study are:
The levelized electricity generation costs of SMPRs are in the
same range as those of coal-fired plants with FGD;
From the financing point of view, SMPE plants have definite
advantages vis-a-vis larger nuclear power plants.
The study is scheduled for completion in early
expected that the report will be available by mid-1991.
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1991. It

is

GLOSSARY

AECL

Atomic Energy of Canada Ltd.

APWR

advanced PWK

BWR

boiling water reactor

EdF

Electricité de France

F6D

Flue gas desulphurization

GCEA

Gas Cooled Eeactor Associates

HTR

high temperature reactor

IDC

interest during construction

MHTGR

modular high temperature gas-cooled reactor

NPP

nuclear power plant

NPPA

Nuclear Power Plant Authority, Egypt

OECD

Organization for Economic Cooperation and Development

0 &M

operation and maintenance

PHWR

pressurized heavy water reactor

PSAR

Preliminary Safety Analysis Report

PVR

pressurized water reactor

R & D

research and development

SMPR

small or medium power reactor

UPS

united power system
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Abstract

Preparation -for continuation of nuclear program
in
Yugoslavia, resulted in international invitation of bids -forconstruction of a series o-f nuclear
power
plants
in
Yugoslavia, the bids collection -for nuclear -fuel cycle and
nuclear power plant technology selection as well as the
commercial bids collection for NPP Prevlaka equipment and
services supply being the first plant
from the series.
Financing plan for NPP Prevlaka, the role and importance of
countertrade combined with the export of electricity in
financial planning are set out in the paper.
In spite of nuclear program termination in the middle of
1989, by
enacting a moratorium on nuclear power plants
construction, up to that moment in the course of financial
planning several approaches were introduced.
From
that
experience, the basis for current strategy of financing the
power plants in Republic of Croatia has been created.
1.

INTRODUCTORY REMARKS

In all countries the financing of nuclear power plant
construction is
determined
by
the
specific
factors
influencing implementation of such type of project (e.g. high
investment value, long time for project implementation, high
risk of overinvestment) C i l .
In addition to these important factors, the financing is
also determined by the specific features of country in which
the plant is being built (financial ability and
otherresources needed for such a project, economic situation,
inflation, as well as overall energy situation and needs fornue! ear power).
That is why some of these factors,
specific
for
Yugoslavia and especially for one of its republics - Republic
of Croatia, will be
briefly
outlined
below
as
an
introduction.

1.1. Energy Resources, Production and Consumption of Energy
in Yugoslavia
Yugoslavia has modest reserves
of
primary
energy
resources. Its share in the total world population amounts to
0,5 X, and the share in geological energy resources amounts to
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0,1 X [23. The break down o-f the total energy resources of
primary energy is: - oil and gas 1 % each, uranium 2 X and
coal 96 X, o-f which 86 X is low caloric value coal [33.
There-fore, the needs are being solved by importing o-fall kinds
o-f energy, thus putting heavy strain on country's balance o-f
payment. The share o-f the imported energy in the recent years
ranges to 35 X -for both Yugoslavia and Republic o-f Croatia,
and -for the year 2OOO it is estimated to amount approximately
to 32 % -for Yugoslavia, and approximately 40 X -for Republic of
Croatia [2,33.
During 1970-1980 primary energy consumption growth rates
in Yugoslavia
amounted to 6,1 X, and during 1981-1985 to
3.4 X, when due to economic crisis, the proportion of this
growth rate in proportion to gross national product growth
rate amounted to as much as 4,9 C33. During 1981-1985 that
rate of growth in Republic of Croatia amounted to 3,5 %, and
the rate in proportion with gross national product amounted to
3.5 [23.
During 1960-1970 electricity consumption growth rate
amounted to 11,5 %, during 1970-1980 to 8,5 %, 1981-1985 to5,l
% and during 1985-1987 to 2,8 %
[3,43. In 1989 total net
electricity consumption per capita amounted to 2910 kWh in
1989 [43.

1.2. Electricity Generation In Yugoslavia

In
Yugoslavia
exist
six
independently
organized
utilities, each
of
them
responsible
for
generation,
transmission and distribution of electricity in each of six
Yugoslav Republics. Their- mutual cooperation is carried out
through
JUGEL,
the
organization
associating
republic
utilities. JUGEL's basic activity is coordination of republic

utilities in electricity generation planning, coordination of
electricity generation and transmission of energy exchange
between republics, as well as handling imports and exports of
energy with the european countries.
Each of republic utilities is organizationally
and
economically independent. Participation of two
or
more
utilities in implementation of some joint projects is being
regulated by joint venture arrangements.
Towards the end of 1989 the total available power in
Yugoslav electric power system amounted to 21,5 GW (39 % in
hydro power plants and 61 X in thermal power plants) and has
increased by 3,5 % in comparison to 1988
C43. Total gross
consumption in 1989 amounted to 82,6 TWh, that is 0,7 % more
than the previous year. Total import in the same 1989 year
amounted to 2,2 TWh and total export to 2,6 GWh [43.
At the end of 1989 the available power of Croatian Utility
amounted to 4 GW that is 18 X of Yugoslav total, and the total
gross consumption in Republic of Croatia amounted to 16 TWh
(19 % of consumption in Yugoslavia). In 1989 the consumption
has increased by 1 TWh (1,5 X approximately) E 43.
Primary resources for electricity generation (especially
coal) are not located in proportion with the needs. The
biggest disproportion between the needs and the country's own
resources is in north-west part of Yugoslavia, especially in
Republic of Croatia [53.
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Possibilities of increasing electricity generation in
hydro power plants are not evenly distributed over Republics,
moreover, they are
limited due to economic and growing
ecological requirements.

1.3. Nuclear Program History
Utilization o-f nuclear power for electricity generation
started in Yugoslavia with an agreement concluded between
governments of Croatia and Slovenia in 1971, for two nuclear
power plants construction, the first one to be built in
Slovenia and the other one in Croatia
163. Following this
agreement the utilities of Slovenia and Croatia signed a joint
venture agreement on construction of the first nuclear power
plant (NPP Kräko) on the territory of Slovenia.
NPP Kr£ko, 632 MW net power, Westinghouse type PWR, is in
commercial operation since 1983. It generates in average 4 TWh
per year. In 1989 that was 17 % of the total electricity
production of both republics - Slovenia and Croatia <in
Yugoslavia 5,4 %)
[43. Over the past period NPP Kr£ko
operation has been safe and reliable, with an
average
availability factor 0,79.
Foreign financial institutions share in Kr*ko project was
45 % of the total investment. The amount of total foreign
financing (investment and interest during construction) was
515 mio US * at the time Kr£ko start-up. But, due to economic
crisis in Yugoslavia, that began at about that time, Kr£ko
project foreign loan repayment has been postponed several
times, and so the cumulative debt has bynow more than doubled.
However, the continuation of nuclear program has been
planned by all utilities in Yugoslavia. In that respect, an
intei—republic agreement has been reached and concluded in
1985 for uniform procedure of nuclear fuel cycle and nuclear
power plants technology selection [73. According
to this
agreement and the documents therefrom, by the end of the
century
the
commencement of four nuclear power
units
construction 1000 MW each has been foreseen, NPP Prevlaka
being the first of them.
International
bid
invitation
for
NPP
Prevlaka,
anticipated to be built in Croatia, had been officially
announced at the end of 1985 [83 and closed in the middle of
1986. The bids were submitted by the most eminent nuclear
power plants equipment suppliers. The bids of Kraftwerke
Union, F.R. Germany; Framatome, France;
Westinghouse
Ansaldo, US - Italy Consortioum; Atomenergoexport, Soviet
Union and AECL, Canada, have complied with all essential
requirements from the Bid Invitation Specifications. First of
all, these requirements were: split package approach (Nuclear
Island - NI, Turbine Island - TI, Nuclear Fuel - NF and the
remaining part of plant - BOP), financing (foreign loans and
countertrade) and domestic participation [83. Evaluation of
the bids was completed by the end of 1987, but the federal
government decided not to approve the best bidder selection
announcement.
At that time, when the bids for Prevlaka project were
under evaluation, the
green
movement
activities
were
intensified, nuclear energy being the most important subject.
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Moreover, on the -field o-f accumulated needs for changes of the
political system in Yugoslavia, the polarization on different
views regarding the concept of these changes took place. No
question, that the political changes influenced the energy
strategy changes in all of Yugoslav republics, especially in
those, that dispose of relatively vast resources of coal.
It is difficult to say weather the green movement or the
energy strategy changes caused the obstruction of nuclear
program. Nevertheless, there is no doubt, that the green
movement and the changes in energy development strategies,
together with the current energy policy of some republics,
were deeply involved acting in the Federal Parliament to enact
the law which will impose a ban on nuclear power plants
construction. Consequently, such law was enacted in the
middle of 1989 [93. Research, geological uranium survey,
personnel education and training and solving the rad waste
storage are the only activities that are permitted.
2.

FINANCIAL PLANNING

Economic crisis and Yugoslav adverse balance of payment
were of significant importance in Prevlaka project financial
planning approach. In addition, the experience with the loan
repayment for the first nuclear power plant NPP Kr*ko served
as an evident fact, that the total country's economy is not
strong enough to be able to provide for the hard currency
surplus in the near future, that could be redeemed by nuclear
power plant owner for the purpose of servicing loan repayment.
That is why the financial plan of Prevlaka project has been
based on countertrade that means Yugoslav goods and services
export in order to provide hard currency for the foreign loan
repayments.
Prevlaka project Bid Invitation Specifications defines
the financial planning and the terms and conditions for
realization of countertrade, namely!
- Hard currency
for import equipment and nuclear fuel
deliveries
financing
will be provided by concluding
loan agreements with foreign banks.
- Foreign loans repayment should
be serviced by hard
currency provided through Yugoslav equipment and services
export, whose value should reach a total accumulated loan
repayment value and match with the loan repayment schedule.
- Foreign and domestic suppliers obligations with respect to
the counterdeliveries,
will
be defined by a mutual
agreement, which is the precondition for signing the
contract for delivery of equipment and services for NPP
Prevlaka.
- Foreign main supplier should bear subsidiary liability in
respect
to
foreign
loans
repayment
should
the
counter-deliveries not be executed.
Realization of counterdeliveries have to commence at the
same time with the foreign loan repayment. The counter
deliveries schedule and value, have to be in accordance
with foreign loan repayment schedule and value, including
interest.

During the

bid

evaluation

and

negotiations

with

the

foreign bidders, it was clarified that a maximum of 9O % of
the escalated value of the foreign deliveries for nuclear
island could be compensated through counterdeliveries.
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At the same time, through the contacts made with the
neighboring
countries, an
interest in concluding
an
arrangement for electricity supply -from NPP Prevlaka had been
expressed.
The -final -financing plan had been established, based on
counterdeliveries o-f Yugoslav equipment and services and
electricity export -from NPP Prevlaka. The final financing plan
was as follows:

Loan 1 (foreign)

Loan 2 (foreign)

Loan 3 (foreign)

Foreign loan for financing 90 % of
escalated amount for foreign equipment
and services
delivery
for
nuclear
island (NI).
Foreign
loan
for financing 90 % of
nuclear fuel for first core and one
reload <NF>.
Foreign commercial loan for financing

10 %

of

escalated

amount

of

foreign

equipment and services delivery
for
nuclear island and nuclear fuel and the
total escalated
amount financing of
foreign equipment and services within
the owner scope of supply for balance of
plant (BOP).
Loan 4 (foreign)
Foreign commercial loan for the interest
during construction financing - payable
under the loans 1, 2 and 3.
Credit 5 (domestic) - Domestic loan for financing the domestic
equipment
and
services
delivery,
erection and civil works and other costs
(BOP), all in escalated amount (82 %
of dinars portion in the investment).
Utility Investment
Utility investment funds for financing
Funds
the
domestic equipment
delivery,
services, erection and civil works and
other costs (BOP) in escalated amount
(19 %
of
dinars portion
in
the
investment).
During the bid evaluation process it was realized that
the countertrade could reach, as a maximum, the amount of the
foreign debt repayments associated to nuclear island equipment
and services suppliers loan (Loan 1). The outstanding foreign
debt obligations, associated with nuclear fuel for first core
and one reload (Loan 2), interest during construction and the
owner scope of supply import equipment and services financing
(Loan 3 and 4) would have been compensated by export of
electricity from NPP Prevlaka.
3.

COUNTERTRADE OF GOODS AND SERVICES REALIZATION PROBLEMS

During the bid evaluation and negotiations with the main
suppliers it turned out that
all terms and conditions
relating to countertrade set out by the owner could not be
met. None of the potential main suppliers agreed, neither to
be a signatory of the loan agreement nor to accept any of the
conditions for financing the foreign deliveries. All bidders
have required the countertrade to be defined by a separate
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agreement, under which the consortium of three partners would
be established: main -foreign supplier - owner - group o-f
Yugoslav equipment and services suppliers. For the purpose o-f

the countertrade implementation, the consortium would set up a
respective o-ffices in Yugoslavia and in the main supplier's
country. Obligation o-f the main supplier would be to ensure
sale o-f Yugoslav goods to the market in his country or to the
third markets, or to include
Yugoslav
suppliers
into
realization o-f his projects. The main supplier is obliged to
pay the penalties to the owner in the proportion to the value

o-f unrealized countertrade.
His right is

to accept onlythose equipment and

whose prices and quality are competitive on the world

services

market.

It is owner's right to control the price and delivery
equipment and services schedule. He is obliged to effect
timely payment o-f dinars
countervalue of the supplied
equipment and services to Yugoslav suppliers by converting
the price expressed in foreign currency at the exchange rate

valid at the moment of delivery.
Yugoslav suppliers are obliged

to

provide

goods

of

satisfactory quality in accordance with the delivery schedule
and at competitive price.
The potential main suppliers had required, that the

realization of counterdeliveries should

commence

already

in

course of NPP Prevlaka construction in order to expedite the
countertrade arrangement. That request could not have been
accepted by the owner. For the owner that would mean a
necessity of the additional loan arrangements, since in no

other way he could provide for the means before

collecting

a

revenue by selling electricity. Moreover, such loans would be,
no question, less favorable than the loans arranged for the
delivery of plant.
The problem was also how to fit the
countertrade
arrangement into the existing Yugoslav law and regulations,
taking also into account that in suppliers' countries could

also be some obstacles for such arrangements. At that time

in

Yugoslavia, the foreign trade and banking
system
were
regulated in details and under strict control of the state
institutions. The analysis of relevant legislative field has
shown that establishing the consortium for countertrade and
smooth functioning of such organization w o u l d have required
great efforts and would have taken a long time, especially due
to quite a number of approvals, which ought to be issued by
the government authorities on the federal and republic level.
Also, some of those regulations should have been modified and

amended.
An overall analysis
the

countertrade

of

the

negotiations

experience
for

gained

making

arrangements shows that all foreign bidders
conclude such an arrangement, provided that
requirements are modified.

through

countertrade

were ready to
the basic bid

The analysis has shown that such an arrangement would result
in at least 5 % higher electricity price from NPP Prevlaka,
due to costs incurred with countertrade realization. To

that loss should be added the amount

included

into

the

bid

price in order to cover countertrade realization risk, which a

bidder

has

been

exposed

to

accepting

such

arrangement.

However, any countertrade arrangement from macro
point of view means certain distortion on the
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economic
goods and

services market. There-fore, the overall e-f-fects are more or
less negative in comparison with another kind of trade
arrangements.
Countertrade arrangement can be accepted only i-F another
method o-f -financing could not be implemented.
4.

ELECTRICITY EXPORT REALIZATION PROBLEMS

Even be-fore banning the construction of nuclear power
plants in Yugoslavia
19], all utilities, except Croatian
Utility, have withdrawn from nuclear program due to the
reasons explained in this paper. In such circumstances,
Croatian Utility tried to find another partner for Prevlaka
project implementation, not only for ensuring the financing
but also due to balancing the electricity generation and
demand, taking here into account the projects in construction
and the ones which were planned to be built in Croatia beside
Prevlaka project. At that time, utilities of neighboring
countries have shown an interest to enter into an arrangement
with Croatian Utility, for the purpose of financing NPP
Prevlaka project and importing certain electricity quantities
as compensation for- their share in project financing. The key
point was to reach an agreement on the electricity tariff as
the parameter which determines the quantity of electricity to
be exported.
Croatian Utility position
was that the tariff for
determining electricity quantity which ought to be exported,
should be based on the actual NPP Prevlaka production price.
This would make the foreign partner more stimulated to reach
electricity production price as low as possible.
The foreign partner position was that the tariff has to
be determined in advance and based on average electricity
price reached at the electricity surplus sale on european
market.
Although those negotiations have not been brought to the
end, it is our judgment that such arrangement could have been
possible, provided it is based the NPP Prevlaka production
price and an average price of the electricity surplus on the
european market.
There is growing opinion in Croatia that it is more
efficient to have the foreign partner entering into financing
of power project by sharing of all risks in the construction
and exploitation. Such an approach implies a long standing
state commitment, to support such orientation by appropriate
legislation and current policy.
5.

ELECTRICITY QUANTITY FOR LOANS REPAYMENT

The estimate of costs and quantity of electricity which
ought to be exported during 15 years of operation for
compensation of one part of the total hard currency outflow
has been performed. The results are set out in Table I (Export
electricity quantity for compensation of
foreign
loans
currency outflow, excluding the loan for the nuclear island
equipment and services). According to data in Table I, the
total export electricity quantity during the loan repayment
amounts to 17.768 GWh which is 17 % of the total electricity
generated during 15 years of plant operation, or 8,7 % of the
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TABLE I
EXPORT ELECTRICITY QUANTITY FOR COMPENSATION
OF FOREIGN LOANS CURRENCY OUTFLOW

excluding the loan for nuclear island equipment and services
Years
of
opérât.

1

Annual
electr.
gener.

Hard
curency
outflow

Electricity quantity
far loan repayment
CORRECTED PRICE

Electricity quantity
for loan repayment

Price

Quant. of
energy

Price

Quant,. of
energy

US*/kWh

GWh

X

7

8

9(8/2)

GWh

000 US*

US$/kWh

GWh

2

3

4

5

X
6(5/2)

PRICE PROPOSED BY
FOREIGN PARTNER

1

6990

45769

0,0429

1066

15,26

2

6990

BB936

0,0684

1301

18,61

3

6990

85465

0,0663

1289

18,44

4

6990

81994

0,0643

1276

18,25

5

6990

78524

0,0622

1262

18,06

6

6990

75053

0,0604

1242

17,77

o.0400
o t 0400
o,0400
o,0400
o,0400
o,0400

7

6990

71583

0,0584

1226

17,55

8

6990

69112

0,0563

1210

17,31

9

6990

64642

0,0542

1193

17,06

10

6990

61171

0,0521

1174

16,79

11

6901

57700

0,0500

1153

16,71

12

6901

54230

0,0479

1132

16,40

13

6901

50759

0,0458

1108

16,05

14

6901

47289

0,0437

1082

15,68

15

6901

43818

0,0416

1054

15,27

16

6901

20608

0,0348

592

104402

995653

0,0560

17768

1144

16, 37

2223

31, 81

2137

30, 57

2050

29, 33

1963

28, 09

1876

26, 84

0, 0400

1790

25, 60

1703

24, 36

1616

23, 12

1529

21, 88

1443

20, 90

1356

16, 65

1269

18, 39

1182

17, 13

1095

15, 87

8,58

o, 0400
o,0400
o, 0400
o, 0400
o, 0400
o, 0400
o, 0400
o, 0400
o, 0400

515

7, 47

17,02

o,0400

24891

23, 84

Total
(1-15)

total
electricity generated during
the
plant
operation.
Calculating the quantity by the unit
price of

1 if etime

0 , 04 US
24
% of
*/kWh, these data amount to
24.891 GWh which
is
produced electricity during 15 years operation time, or
12 *
1 if etime
of the total electricity generated during the plant

operation.
An estimate of electricity cost and quantity was also
performed for the option where the counterdelivaries are
excluded entirely and foreign currency outflow is compensated
by the electricity export taking into account the same unit
prices as in the preceding option.
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The results of this calculation are shown in Table II
(Export electricity quantity for compensation of the total
currency outflow).
According to Table II data, the total export electricity
quantity for currency outflow compensation, during the first
15 years of plant operation is 39.726 GWh which is 38 X of the
total electricity generated during 15 years of operation, or
19 % of total electricity generated during the plant lifetime
operation.
Calculating the quantity by the unit price of
0,04 US
*/kWh, these data amount to 53.770 GWh which is 51 % of the
electricity generated during 15 years of operation or 26 % of
total electricity generated during
the
plant
lifetime
operation.

TABLE II
EXPORT ELECTRICITY QUANTITY FOR COMPENSATION
OF THE TOTAL CURRENCY OUTFLOW

Price

Quant . of
energy

Price

Quant, of
energy

US*/kWh

GWh

*

GWh

000 US*

USVkWh

GWh

2

3

4

5

6(5/2)

7

8

9(8/2)

*

1
1

6990

97571

0,0429

2273

32,52

0,0400

2439

34,90

2

6990

189789

0,0684

2776

39,72

0,0400

4745

67,88

3

6990

182650

0,0663

2754

39,40

0,0400

4566

65,33

4

6990

175512

0,0643

2731

39,07

0,0400

4388

62,78

5

6990

168373

0,0622

2707

38,73

0,0400

4209

60,22

6

161234
154096

0,0604
0,0584

2668

38,17

2640

37,77

0,0400
0,0400

4031
3852

57,67

7

6990
6990

55,12

8

6990

146957

0,0563

2611

37,35

0,0400

3674

52,56

9

6990

139819

0,0542

2579

36,90

0,0400

3495

50,01

10

6990

132690

0,0521

2546

36,42

0,0400

3317

47,46

11

6901

125541

0,0500

2510

36,37

0,0400

3139

45,48

12

6901

118403

0,0479

2471

35,80

0,0400

2960

42,89

13

6901

111264

0,0458

2429

35,19

0,0400

2782

40,31

14

6901

104126

0,0437

2383

34,53

0,0400

2603

37,72

15

6901

96987

0,0416

2333

33,80

0,0400

2425

35,13

16

6901

45816

0,0348

1316

19,07

0,0400

1145

16,60

104402

2150819

0,0560

39726

38,05

0,0400

53770

Total
(1-15)

51,50
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6.

CONCLUSION

The experience o-f Croatian Utility accumulated in the
course of Prevlaka project preparation, represents a good
basis -for the future financial planning.
The financial plan involving countertrade appears to be
complicated and economically not favorable in comparison with
other models being used in practice.
For the financing of large projects, as well as for the
small ones, Croatian Utility shall try to attract the partners
through longterm arrangements which include the sharing of
all risks in the construction and operation, or in other words
mutual ownership.
It is undoubtedly necessary, that the State establishes a
longterm energy strategy, in order to facilitate longterm
arrangements between utility and other partners in power
projects realisation, and using its respective instruments of
overall economic policy, supports such arrangements.
In our country, such support has recently been given, by
issuing the law C103 in which
the foreign
citizens,
concerning ownership, are treated the same way the citizens of
Yugoslavia are.
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NUCLEAR DEVELOPMENT POTENTIAL BSf NEW BRUNSWICK:
THE 'WHOLE-TO-COAL' MODEL
K.B. LITTLE
New Brunswick Power,

Fredericton, New Brunswick,
Canada
Abstract

New Brunswick Power is a small Canadian utility with a single 635 MW
CANDU nuclear unit at Point Lepreau. The high capital and early year power
costs of the nuclear option are difficult for a smaller utility to cope
with, even in a developed country. Recent discussions with Atomic Energy
of Canada Limited in respect of early construction of a demonstration
CANDU-3 unit (450 MW) led to the development of a "whole-to-coal" concept.
This model limits the initial capital investment and the early-year power
costs for the buying utility to the level of an equivalent coal plant,
thereby making it easier to finance and absorb a new nuclear unit.
Elements of the model may be of interest for nuclear power programs in
developing countries.

Background
New Brunswick

New Brunswick is among the smallest of Canada's 10 provinces with a
population of 720,000 persons. Gross provincial product last year was
$11,078 million (U.S. $9,550 million equivalent).
New Brunswick Power is wholly-owned, and its borrowings are
guaranteed, by the province. The utility is the monopoly supplier of
electricity throughout the province. Peak electrical demand was 2,562 MW
in the latest year. Total sales were 19,175 GW.h,
of which, 7,187
GW.h was
sold to neighbouring utilities in Canada and the United States.
Existing Nuclear Commitment

New Brunswick Power currently owns and operates a single CANDU-6
nuclear unit (Point Lepreau I). The unit was brought into commercial
operation in February 1983 and has a net output rating of 635 MW.
Point Lepreau I represents an enormous financial commitment for New
Brunswick Power as illustrated in the following comparisons:

Fixed assets
Long-term debt

Total Company

Point Lepreau I

$2,456 million
$1,860 million

$1,252 million (5H)
$1,252 million (67%)

The large magnitude of this existing nuclear commitment has had
several profound effects upon New Brunswick Power.
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For one thing, the utility has chosen to sell 37% of the unit's output
to neighbouring utilities on an all-risk basis to reduce New Brunswick's
own exposure to poor performance. To achieve this, sales have had to be
cost-based to give the buyers sufficient economic incentive to accept the
risks.
A second effect relates to the fact that New Brunswick Power cannot
afford to have the unit perform poorly. Therefore, the utility has made
and will continue to make every effort to minimize downtime and maximize
performance. The annual operating and maintenance budget for Point Lepreau
I currently stands at some $53.8 million (U.S. $46.3 million equivalent),
or roughly 2.5x the O&M cost per kilowatt for the utility's thermal plants
(oil and coal). Fortunately, the commitment to excellence made at Point
Lepreau has paid off in the form of a 93% capacity factor since the unit
went commercial.
A third effect relates to the future and is the focal point for this
paper. New Brunswick Power's existing financial commitment to nuclear is
so great in relation to the size of the company and the province that
another nuclear unit cannot reasonably be undertaken on a normal commercial
basis until the late 1990's or beyond.

This is the background against which New Brunswick Power must assess
its involvement in a possible CANDU-3 demonstration unit being proposed by
Atomic Energy of Canada Limited ("AECL").
The CANDU-3

AECL has developed the CANDU-3 concept to appeal to smaller and
medium-sized utilities in Canada and in export markets. The unit has a net
output capacity of 450 MW, a size which is more suited to New Brunswick
Power. The CANDU-3 design has also been simplified and configured so as to
be easier and quicker to construct. These design changes, advanced
licensing prior to construction and the smaller unit size all contribute to
a lower, more acceptable capital cost for a utility such as New Brunswick
Power.
AECL approached New Brunswick Power in late 1986 to determine the
basis upon which a demonstration CANDU-3 unit might proceed early in the
1990's at Point Lepreau. The utility's requirements for an early
demonstration unit to proceed became known as the "whole-to-coal" concept.
At time of writing, AECL has been unable to commit to the "whole-tocoal" concept. Rather, they have asked New Brunswick Power to consider a
more commercially-oriented proposal for a unit in the late 1990's or
beyond. Negotiations on such a concept have just begun.
Whether or not the "whole-to-coal" concept or some variation thereon
is ever applied to a demonstration CANDU-3 unit in Canada, it may be useful
to review the structure that was proposed by New Brunswick Power in the
context of the problems associated with financing nuclear units in
developing countries.
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"Whole-to-Coal" Concept
General

As the name suggests, the essence of the "whole-to-coal" concept is
that the purchasing utility and its customers are assured of being in the
same economic and financial situation they would have been in had the
utility constructed a coal plant rather than a nuclear unit. A schematic
of the concept follows:
Construction

based
NB Power

AECL

funding

own

construct

Lepreau II

Operation

coal
O&M
NB Power

AECL

and fuel

nuclear nuclear
fuel
O&M

Lepreau II

buy-out
option

"Whole-to-Coal" Concept
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Ownership

Point Lepreau II would be owned by AECL.
Nev Brunswick Power Investment
The utility would invest in the
the construction of a reference coal
been necessary to achieve the agreed
needed to construct the nuclear unit

project what it would have invested in
unit on the schedule that would have
in-service date. All remaining funds
would be provided by the owner, AECL.

Reference Coal Unit
The reference coal unit would be based upon the costs of actual 450 MW
coal unit(s) being constructed at Belledune in New Brunswick. The units
include scrubbers and will burn imported coals.
Operating Costs

AECL, as owner, would pay all costs to fuel, operate, maintain and
decommission the nuclear unit. New Brunswick Power would pay to AECL each
month operating and maintenance costs of the reference coal unit, along
with the fuel cost that would have been incurred to generate from coal
whatever energy was actually produced by the nuclear unit. Any gains or
losses from selling nuclear power on a coal basis would be for the account
of AECL.
Delay Protection

If the nuclear unit completion date were to slip by more than 12
months, AECL would pay New Brunswick Power an amount intended to return the
utility to the same economic position it would have been in had the
reference coal unit been available and operating. The 12 month deductible
was intended to allow for the delay which could reasonably occur with a
coal unit.
Outage Protection
Beyond a 6 month deductible for any given outage, AECL would
compensate New Brunswick Power so as to return the utility to the same
position it would have been in with an operating coal unit. In the case of
abandonment, such compensation would continue for 4 years and the utility's
coal equivalent investment would also be returned, with interest.
Buy-Out Provisions

New Brunswick Power would have the right to buy the unit during the
first three years of operation at cost plus an amount to allow AECL to
recover any economic losses incurred due to the "whole-to-coal"
arrangements since the in-service date. In effect, the utility could
capture all of the economic benefits of nuclear following a 3 year
demonstration period by making AECL whole.
If New Brunswick Power chose not to buy the unit in the first 3 years,
the buy-out price would be lowered to encourage the transfer of ownership,
but AECL would retain an entitlement to 50% of the nuclear unit's lifetime
economic benefits. The buy-out price would be depreciated original cost
(New Brunswick Power's option) or such lower price as necessary to make
nuclear cheaper than coal generation (if buy-out forced by AECL).
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Observations

Certain features of the Lepreau II "whole-to-coal" model relate to the
fact that:
(a)
(b)

the unit would be a prototype, and
the unit would be advanced into the middle 1990's (ie. earlier
than New Brunswick Power could reasonably accept additional
nuclear-related financial and economic risks).

Specifically, the extent of the delay and outage protection features,
as well as the optional nature of the buy-out provisions, would have to be
considered unusual under more normal circumstances.

Deleting the foregoing special features would produce a modified model
as illustrated in the schematic which follows this page. During the
construction and early operating period, the utility's financing
requirements would be equal to the coal alternative. Buy-out would be
mandatory (subject to plant acceptability and performance tests) at a preagreed time and, on an agreed schedule, the utility would pay back all
amounts earlier financed by the supplier entity (including any losses from
selling power on a coal basis), together with interest.
Viewed from the perspective of a smaller utility, this model makes a
nuclear unit more financially feasible by spreading the financing
requirement over a much longer timeframe. The nuclear unit has a
demonstrated track record before the bulk of the financing must be raised
by the buyer.

The structure also has a rate phase-in feature during the early
operating years which removes a major concern over "rate shock" when a
large, capital intensive facility is added to a utility.
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Construction

coal
based
Supplier
Entity
own

Utility
funding

construct

Nuclear Unit

Early Operation
(Phase-In Period)

coal
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Entity
nuclear
O&M

Utility
and fuel

nuclear
fuel

Nuclear Unit

Buy-Out Period

Mandatory
Repayment
Supplier
Entity

Utility
with interest

Ownership

Nuclear Unit

Modified Coal-Based Model
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NUCLEAR POWER: FINANCING OPTIONS
FOR DEVELOPING COUNTRIES

G.W. GROOM
Westinghouse Electric Corporation,
Pittsburgh, Pennsylvania,
United States of America
Abstract
The Westinghouse AP600 nuclear power plant
is a new simplified pressurized water reactor
design that results in a dramatic reduction of
plant capital cost and significant improvement
in overall power generation costs A major
benefit that adds to the economy of the new
AP600 design is the shortened construction
schedule. This, along with a 30% reduction in
capital costs, allow finance costs related to an
AP600 project to be substantially contained
and provides more flexibility in financing
vehicles used during the construction program
and subsequent repayment term. The

FINANCE TO MEET THE NEED

Westinghouse has developed finance
packages for nuclear power projects
worldwide for over twenty years. We long ago
identified the importance of finance related to
the full range of project sales and established
a professional finance team dedicated to
developing the most competitive financing
packages available in the world marketplace
Large power projects and, of course, nuclear
power projects are a specialty that has been
developed fully over the past two decades.
The commitment to quality that is evident in
Westinghouse's dedication to manufacturing,
research and development, construction, and
operations and maintenance is the same
commitment to quality that is dedicated to
financing. Just as we have earned the
reputation as the world leader in nuclear
power, so have we developed leadership in
financing nuclear power projects worldwide.

NUCLEAR POWER ECONOMICS THEN AND NOW

As a result of a development program for the
Advanced Passive 600 megawatt design
(AP600), capital investment for this nuclear
plant has been reduced by almost one-third

shortening of the construction schedule
coupled with changes in U S Eximbank
programs will allow for the utilization of short
term funding vehicles during the construction
phase that will add to the already significant
interest cost savings
This paper will detail a comparison between
the financing costs of previous conventional
nuclear power projects and the new AP600
design and address funding mechanisms that
can be utilized to provide the most competitive
financing available for the project

Public concerns about safety and the licensing
process are being addressed and operating
and fuel cycle costs will be substantially
reduced (Figure 1 ) These changes, coupled
with the demonstrated average capacity factor
of over 80% for Westinghouse two loop plants
in the U.S (Figure 2), will result in greatly
reduced financial risk to lenders In
comparing the overnight construction costs of
the AP600 design in 1990 dollars versus a
conventional 600 megawatt nuclear plant, we
have a cost buildup resulting in a total vendor
overnight cost of $930 5 million for the AP600

versus $1,283.5 million for the conventional
design (Table I). This savings of 30% is
impressive but does not take into account the
savings in escalation, reduced interest during
construction, and overall lower interest on the
total project debt during the repayment period.
A further comparison utilizing completed
capital costs of the AP600 versus a
conventional 600 megawatt nuclear plant,
reflecting these additional soft costs as well as
owners costs and first time engineering,
shows an AP600 cost of $1.740 billion versus
$2.459 billion for the conventional design - a
savings of $719 million using a 30 year
comparison. This translates to a cost savings
of 30% (Table I). The concept of a
standardized design, one-step licensing
process and modular construction allows for a
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U.S.

Nuclear vs Coal

<£/Kwh
2.4
2.2
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2.0
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1.6
1.4
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1.0

I

_L

0.8
81

82
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84
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I

I
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Source. UDI data - operating costs include fuel and operations and maintenance costs

Figure 1. Average Operating Costs: Combining operating and maintenance costs with fuel
costs, the AP600 offers a one third advantage over the current U.S. industry average.

U.S.

Nuclear

Capacity Factors, %
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Westinghouse
Two Loop
(6 plants)

85
80
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65
Industry
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I

I

55
85

86
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Source: UDI - Design Electrical Rating - Capacity Factor

Figure 2. Average Capacity Factors: The six Westinghouse two-loop plants operating in the U.S.
achieve a capacity factor consistently higher than the industry average. Proven features of this
technology can be found in the AP600 design.
Table I.
Completed Capital Cost
AP600 vs. Conventional 600 MWe Plant
Conventional 600 MW

AP600

Vendor's overnight cost

Owner's cost
First time engineering
Total overnight cost
Escalation
Interest during construction
Total completed cost

SMillions

$/kw

SMillions

S/kw

822.5

1370

1165.9

1944

82.2

137

1176

196

25.8

43

930.5

1550

12835

414.0

690

534.0

note) (See

note)
2140
890

396.0

660

642.0

1070

1740.5

2900

2459.5

4100

AP600 advantage
Note Included in vendor's overnight cost
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(See

30%

compressed construction schedule and lower

where today it reflects the capital market

capital costs, which translates to the interest

capabilities of the world financial markets and
the leverage that sovereign guarantee
programs offer.

during construction savings alone of almost
$250 million. These potential savings are
highlighted in Table I using conventional long
term finance.

A typical package from Eximbank currently
reflects an 85% Eximbank guarantee which
facilitates complementary commercial bank
loans to cover local costs, and related costs
during construction that are not normally
included in export credit agency guarantees.
This approach is not new in financing nuclear
power plants. The current treatment that the
capital markets and PEFCO offer does
represent positive change from the support
offered to past nuclear power projects. These
changes are driven by the ability to transfer
export credit agency guarantees from one
financing instrument to another, enabling short
term construction loans to be converted to
long term debt at optimum market conditions

As a result of changes in the guarantee
programs of the Export Import Bank of the
United States (Eximbank) and improved
support from the commercial bank community
and the Private Export Funding Corporation
(PEFCO), we now have access to short term
funding mechanisms for project lending under
an Eximbank guarantee that allow the most
advantageous short term capital market
vehicles - including the U.S. commercial

paper market - to be tapped. This provides
significant further cost savings in interest
during construction. These short term
vehicles are well suited to the AP600 schedule
and can be converted on a multiple tranche
basis to long term fixed rate loans placed to
take advantage of market conditions when
they are most favorable to the borrower.

Now, real finance-generated savings can be
developed. The current commercial paper
market would offer 60 day all-in rates of
8.55% p.a. representing the interest rate
during project construction This compares
favorably with an historical average
commercial paper rate for sixty day A1/P1
rated paper. A private placement takeout of
this commercial paper vehicle based on
Eximbank guaranteed paper would currently
offer a 15 year repayment at a fixed rate of
9.53% p.a. For reference purposes, historical
actuals for private placement activity as well
as 10, 20 and 30 year U.S. treasuries and
short-term commercial paper rates are shown
in Figure 3. Both the commercial paper and
private placement rates available now are well
below the current OECD nuclear sector rate
for U.S. dollars.

EXPORT CREDIT AGENCIES - KEYS TO
SUCCESS

The Export credit agencies under the OECD
nuclear sector understanding have always
been the keystone to financing nuclear power
projects in developing countries. This
support, in particular that of Eximbank of the
United States, has facilitated Westmghouse's
export of nuclear programs to many of the
countries that now use the Westmghouse
pressurized water reactor (PWR) design as
their standard. Eximbank support and that of
other export credit agencies has evolved to

Percent

6 Month LIBID/1 Month CP vs. T-Bond

14

6 Month UBID

12
20 Year T-Bona

10
8

1 Month C-Papor

6
30 Year T-Bond

4
2

10 Year T-Bond

I

0
1983

1984

I
1985

I

I

1986 1987 1988

1989

1990

Rgure 3. Borrowing Rate Comparison Short Term vs. Long Term Trends 6 month LIBID/1
Month CP vs. T-Bond: Both commercial paper and private placement rates available are now wellbelow the current OECD nuclear sector rate for U.S. dollars.
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Using our standard construction disbursement
curve for the AP600 design along with a
quoted construction schedule of six years
from contract signing to commercial operation
and a fifteen year repayment period, the
additional finance savings, shown in
comparison form in Table II, is created. Using
this enhanced approach to finance
generates incremental interest during
construction savings of $92.0 million along
with $141 million of reduced interest cost
during the repayment period These total
savings of $233 million are impressive - and
over and above those savings cited by my

Westmghouse colleague in his earlier paper on
the new economics of nuclear power
When even a straight forward financing
program, such as the one discussed here, is
used versus the conventional export credit
agency finance of the past, the savings are
significant This is further complemented by
the fact that local construction effort is
minimized by the modular construction
approach, thus reducing the amount of funds
that must be borrowed outside the umbrella of
export credit agencies The effect will again
reduce the total cost of borrowing on the project

Table II.
Completed Capital CostAP600 Conventional Finance vs Optional Finance
Conventional
Vendor's overnight cost
Owner's cost
First time engineering
Total overnight cost
Escalation
Interest during construction
Total completed cost

Optional

SMillions

$/kw

SMillions

822.5

1370

8225

8^2

137

258

43

930.5
414.0

1550

690

822
25.8
930.5

$/kw
1370
137
43
1550

396.0

660

304.0

690
507

1740.5

2900

16485

2747

414.0

Note Included in vendor's overnight cost

FINANCING OPTIONS

Reliance on export credit agency support will
remain the mainstay of constructing nuclear
power plants in developing countries. But
there are other options within this framework
that could apply to specific country situations
Local cost export credit agency support is an
option that on a case-by-case basis may prove
necessary and viable. This allows up to 15%
of the export value of the project to be
covered by export credit agency support for
local host country costs. While limited by
policy, capitalization of interest is also
permitted under OECD consensus. In some
instances this approach may be justified to
facilitate the construction of a cost effective
AP600 nuclear power plant.
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Westmghouse has thoroughly investigated
numerous ownership structures which include
local and foreign equity investment in power
projects in developing countries. All of these
various ownership structures, in some manner
loosely termed Build-Own-Transfer schemes
(BOTs) have not proven cost effective on
major projects. Nonetheless, Westmghouse
continues to investigate any number of
optional finance structures which may facilitate
the commercial implementation of the AP600
design. The benefits of the AP600 design
with its shortened construction schedule,
lower capital requirement and advantageous
cycle costs should not require the more
complex and expensive finance schemes
associated with BOT structures in order to
access competitive financing in today's
environment.

STRONG GOVERNMENT SUPPORT
Export credit agency support for nuclear
power remains strong. The Westinghouse
International Project Finance Team routinely
canvasses export credit agencies and the
commercial banking community for their
support of major exports - specifically, nuclear
power exports. This is accomplished in part
through an extensive network of licensees
who provide Westinghouse quality products
under license in numerous countries around
the world. This offers Westinghouse a distinct
advantage in multi-country sourcing and the
resultant strength of multi-country finance.
Westinghouse can assemble attractive finance
packages utilizing the export credit agency
support and commercial banking support from
industrialized markets throughout the world in
a single package. This greatly simplifies the
implementation process for potential borrowers
while still allowing the respective host
countries to exercise autonomy in the financial
marketplace. Buyers can therefore obtain the
best of both financial worlds, utilizing their

standing in the world credit markets and
Westmghouse's knowledge of financial
markets around the globe.
FINANCABLE NUCLEAR POWER

The AP600 Advanced Passive nuclear power
plant design offers great savings over
conventional nuclear power plants of the
recent past. These savings translate to a far
more bankable project. The AP600 allows for
greater flexibility in financing options during
the construction and repayment phases of the
projects. It further allows the world capital
markets to view these projects with increased
scheduler and performance credibility and with
greater assurance of timely operation and loan
repayment.
Truly, nuclear power through the new
generation AP600 will be fmancable on
terms superior to that offered on past
nuclear power projects or, for that matter,
other major power projects of similar
magnitude.
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FINANCING OF LARGE ENERGY PROJECTS:
THE GUARANTEE SCHEME
E. SAUX

Société générale,
Paris, France
Abstract

I.

FINANCING THROD5H EXPORT CREDIT

. Evolution of the concept (buyer's credit, soft loans, concession,
BOT, guarantee scheme)
II.

GUARANTEE SCHEME IN TÜRKEY

. Thermic power plant
, Hydrauelectric power plant
. The Energy Fund (caracteristics, source of financing of the Funds,
guarantees).
III.

CONCLUSION ON THE PRESENTED GUARANTEE SCHEME

. Necessary involvement of all the parts for guarantees and
financings.

I. FINANCIER THROUGH EXPORT CRE

Most of large energy projects which have already been made were financed
through buyer's credit, financial credit or soft loans. This particular type of
financing means a direct involvement of the local authorities in the form of a
direct guarantee. Obviously those projects have increased the international
debt of the concerned countries.
Then, some developping countries, which have to develop their
infrastructures and which are facing a great need of energy projects, have put
forward the idea of BOT projects, concession or self-supporting projects. The
goal was to have a project with an off balance sheet structure, having no
direct consequences for the local economy and which will permit the developping
of the private sector.
This type of financing was supposed to be the only one feasable for the host
country of the project because of the very huge amount of the contracts. Due
to the will of its president, M. OZALXTURKEY was probably one of the first to
try to find a solution for the financing of big energy projects under new
schemes.
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The discussions (in Turkey), began with the three obligations required by
the local authorities which were ;

- an off balance sheet structure
- no involvement of the local authorities because it was a private
project.
- no guarantee given by the local public authorities.

The general position, now, after long négociations, and taking into account
the necessary requirement of all the parts to the deal are :
- still an off balance sheet structure
- & direct participation of the local electricity authority in the
project
- guarantee given by the local authorities through & particular
guarantee scheme described in the next part.

And, given the above conditions, the export credit agencies were more receptive
to supporting the projects. The success of the financing of a project is
obviously dependent upon an equitable distribution of risks between sponsors,
host government and potential leaders.
II. GUARANTEE SCHEME IN TUBKEY

1. Thermic power piarrc
Description of the guarantee scheme of the 3AZI YUMURTALIK project (4 X 350
MW) (annexe attached)

2. Hydrauelectric power station

The new particularities of the scheme.
3. The notion of Energy Fund

This is the key of all the structure which will permit te the local authorities
to give a guarantee to a private company through a ublic fund, which means an
off balance sheet structure.
This fund will need to be directly guaranteed by the financial authorities of
the country but will also need to be sourced. The main financing may be
provided by :
-

direct contribution of the budget of the country
participation of local banks
participation of local or foreign investors
participation of the world bank .....

The list is not exhaustive but we roust keep in mind that, as guarantee of the
local financial institutions, the funding of this Energy Fund would be required
by the various export credit agencies before the granting of credits.
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Ill. Conclusion

To finance large energy project, there will be still a great need for
buyer's credit, because of the amount of the financing. The host country of the
project should have in mind that they will perhaps not have to give their
direct guarantee to the project but, at least/ an involvement through a
structure like an energy fund will be required.
The key for the financing of those type of project in developping countries it
an involvement of all the parts in the project ; suppliers, banks for the
credits, export credit agencies and local authorities

339

ANNEX

• TEK
• FOREIGN
SHAREHOLDERS

Buyout
Transfer of Shares
Buyout - Payment

Ministry
of Energy

0 & M/Coal Costs

Debt
Service

Shortfall^
Repayment

Debt Service
Reserve
Account
Dividend

340

IMPORTED-COAL-FIRED THERMAL POWER PLANT
PROJECT ON BOT BASIS IN TURKEY
H. TSUCHIDA
Electric Power Development Company Ltd,
Tokyo,Japan
Abstract

EPDC(Electric Power Development Co.) group is negotiating with the
Turkish government for the development of a 1000MW imported-coal-fired
thermal power plant project on BOT (Build-Operate-Transfer) basis. A private
joint venture company to be established by the Turkish Electricity Authority
and Japanese sponsor companies led by EPDC and Mitsubishi Corporation will
arrange all the finance necessary for the project totalling one billion
dollars including equity, export credit from Japan EXIM Bank and commercial
loan from Japanese commercial banks. The security arrangement for the finance
is based on that originally developed by the US EXIM Bank taking into account
the government's request to the bank to provide export credits without a
conventional letter of guarantee. The security in lieu of the conventional
L/G is centered on the escrow account/subordinated loan mechanism on top of
the guarantee by the government to pay the energy tariff on take or pay basis
and in currencies required for the debt service. An escrow account is
established offshore which always holds a minimum cash balance equal to the
next installment of the debt service. The government guarantees to provide an
additional fund to maintain the minimum balance in case there is a shortfall
due to reasons not attributable to the project company and, for a limited
period until certain years after the commencement of the commercial
operation of the project, due to reasons attributable to the company. The
dividend portion of the energy tariff is kept in separate escrow accounts as
a read illy available additional fund to maintain the minimum balance to make
up a shortfall due to reasons attributable to the company. To avoid the
occurance of the commercial risk during the long period of operation it is
crucial to construct à reliable power station in the first place.

1.

Finance without Conventional Letter of Guarantee

The imported-coal-fired thermal power plant project, which EPDC(Electric
Power Development Co.) group is planning to realize in Turkey on BOT(BuildOperate-Transfer) basis, is still under negotiation with the Turkish
government although it is approaching the final stage. At the moment we can
not present to you the contractual and financial conditions of the project as
finalized ones and we have no intention to claim this is the best possible
way of structuring a BOT project, but simply as a reference to you in
considering the finance for nuclear power plant projects.
The focus of the finance for BOT projects when the Turkish government
commenced a study on this concept was that the government would not issue a
conventional letter of guarantee(L/G) for loan repayment, but instead
guarantee the payment of the energy tariff to a private joint venture
generating company to be established for the project. The Turkish government
claimed that the borrower of all the loans necessary for the project was not
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the government but the generating company and the guarantee of the loan
repayment on top of the guarantee of the energy tariff payaent would
constitute a double guarantee.
The Turkish government's aim was that a guarantee of the energy tariff
payment by a government would not be treated as a sovereign debt(i.e. treated
as off balance) and the position of the government with regard to the outside
borrowing would be improved by such. But lender's concern lies not only in
whether the payment of the energy tariff is secured but also in what happens
to the debt service in case the generating company fails to earn revenues due
to some reason such as war, natural disaster or plant failure.
The first discussion on the security conditions for the finance in lieu
of a conventional L/G was carried out between the Turkish government and the
US EXIM Bank for similar thermal power plant projects in Turkey. Presumably
after long negotiations the US EXIM Bank agreed to provide export credits,
without a conventional L/G, under a security arrangement with the so-called
escrow account/subordinated loan mechanism as a feature.
EPDC group's finance for the 1000MW one-billion-dollar project requires
export credits provided by the Japan EXIM Bank and its security package is
basically derived from the US EXIM security arrangement. The structure of the
security scheme for our project will be outlined later, but first we w i l l
look at the requirement for the energy tariff payment.

2. Guarantee of Energy Tariff Payment
The energy tariff is set up on per kwh basis based on the annual net
generation corresponding to an agreed plant factor. So if the agreed annual
generation is not fully sold the generating company cannot earn enough
revenue for the debt service and operating expenses. Therefore it is necessary
for the energy tariff to be paid, so long as energy is made available, on
take or pay basis up to the agreed annual generation regardless of the
actual energy requirements of the purchaser which is the Turkish Electricity
Authority in our case. The Treasury of the Turkish government guarantees the
payment of the energy tariff by the purchaser.
The energy tariff is to be paid in currencies required by the generating
company. For example, if the loan is provided in Japanese yen the debt
service portion of the energy tariff is paid in Japanese yen. The repayment
term of any export credit for a thermal power plant is 10 years after
commissioning.
3. Establishment of Escrow Accounts
As a security for the debt service to senior lenders three separate
escrow accounts are to be established offshore and the energy tariff directly
goes from the payer to the escrow accounts from which the debt service
portion goes to the senior lenders and the operation and fuel cost portions
go to the generating company. The dividend portion is held within the escrow
accounts as a security.
3.1 Escrow Account 1
The first escrow account("Escrow Account 1") always holds a minimum cash
balance equal to the next installment of the debt service. During the normal
construction period the debt service consists only of the interest during
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construction and is comparatively small. On and after-the commencement of the
commercial operation the required minimum level jumps to a considerable
amount because the. repayment starts 6 months after the commencement of the
operation.
The Escrow Account 1 is initially funded by a separate loanC'Escrow 1
Loan") arranged by the generating company and every time the debt service
portion of monthly energy tariff is paid into this account, this loan is
withdrawn fron it by the sane amount. Immediately after the debt service is
carried out fro« the Escrow Account 1 the Escrow 1 Loan will be reborrowed
to restore the minimum balance equal to the'next installment 6 months later.
So the Escrow 1 Loan revolves every 6 months in line with the debt service
schedule.

3.2

Escrow Accounts 2 and 3

Escrow Account 2 accumulates 50X of dividends included in the energy
tariff until the balance reaches an amount equal to the next one year's
senior debt service. This point in time is called "Graduation" for
convenience's sake.
Escrow Account 3 accumulates the remaining 50X of the dividends until
the combined total balance of the Escrow Accounts 1,2 and 3 equals the
remaining principal amount of the senior debt.
Actually the dividends are kept in the Escrow Accounts as a security
for the senior debt service for several years. Practically speaking during
the period no disposal of the profit earned by the generating company to
investors will be expected.
4.

Additional Funding

4.1 Default Not Attributable to Generating Company

In case additional funding is needed to maintain the required level of
the Escrow Account 1 due to reasons not attributable to the generating
company such as a change in Turkish legal requirement or an event of force
majeure, a Turkish government entity("Fund") will always provide a loan("Fund
Loan" or "Subordinated Loan") to the generating company.
4.2 Default Attributable to Generating Company

In case additional funding is needed to maintain the required level of
the Escrow Account 1 due to reasons attributable to the generating company
such as plant failure the following sources are utilized in that order on
top of any available liquidated damages and insurance proceeds:
(1) An additional loan("Standby Loan") arranged by the generating company.
(2) Dividends held in Escrow Accounts 2 and 3.
(3) As the last resort the Fund Loan during the construction period and the
first three years of operation. The Fund Loan is available beyond three
years until the Graduation. After the Graduation the Fund has no
obligation to provide the Fund Loan.
The Fund Loan utilized for reasons attributable to the generating
company should ultimately be repaid to the Fund by the company.
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U)

BOT PROJECT SCHEME OF 1MPGRTED-COAL-PIRED THERMAL POWER PLANT IN TURKEY
Ministry of Energy
and Natural Resources,
Turkey
Purchaser
(Turkish Electricity
Authority)

Implementation
Agreement

Equity Participants
(Sponsors)

Electric Power Development Co. (EPDC)
Mitsubishi Corp.
(MC)
Mitsubishi Heavy Industries (Mill)
Hitachi
(HITACHI)
Ishikawajima-llarima
Heavy Industries Co.
UHI)
llazama Corp.
(IIAZAMA)
Kajiroa Corp.
(KAJIMA)
Nippon Yusen Kaisha
(NYK)

Equity

Vehicle Company
for Commercial
Loans
(2)

Equity

Energy Tariff

Electricity
Supply

Generating
Company
(JVC)

Loans(l)

Turn-key
Construction
Contract
Construction
Joint Venture
EPDC
MC

Mill
HITACHI

Note 1. Loans consist of:
Project Loan
Escrow 1 Loan
Stand by Loan
2. Vehicle Company is established by Sponsors.
3. Dividends are kept in the Escrow Accounts.

Supplier's
Credit

Illl
IIAZAMA
KAJIMA

Operating Costs
JVC<-

Japan-OX IM BANK
Commercial Banks

Debt Service

4.3 Dispute

During the period of any dispute over the reason which necessitates the
additional funding the Fund Loan is provided to maintain the required level
of Escrow Account 1.

4.4 Guarantee to Provide Fund Loan
The provision of the Fund Loan is guaranteed by the Treasury of the
Turkish government.

4.5 Guarantee to Assune Senior Debt
In case the energy tariff is not paid or the Fund Loan is not provided
even with the Treasury's guarantee, the project goes into a process of
transfer to the Turkish governnent. On the transfer equity portions held by
the Japanese sponsor companies are purchased by the Fund. At the sane time
the balance of the senior debt is assuaed by the Fund and this assumption is
guaranteed by the Treasury.
This obligation to assuae the senior debt also applies if the Turkish
government decides at any tine to take over the project.
5. Commercial Risk
I have outlined the security arrangement for the finance. Since the
Turkish principle of BOT risk sharing is that the project company should basically take care of risk caused by reasons attributable to it. For example,
in case the company suffers from a revenue shortfall caused by plant failure
at the operating stage it has to provide the additional funding to cover the
debt service and operating expenses. Although the Turkish government extends
the assistance to cover the debt service by providing the Fund Loan, it should
somehow be repaid by the company from its future cash generation.
Even with these security arrangements to satisfy the lenders it is
essential to avoid the occurrence of such plant failure in the first place.
We are of the opinion that once a plant has been improperly designed,
manufactured or erected there are limitations in what even the best operator
can do to improve the availability or performance of the plant. A plant has
to be designed and supervised during the erection by an engineering firm, or
preferably by a power utility, which has good knowledge about key factors
that affect the stable operation of the plant for a long period.
The plant also has to be carefully procured so as to achieve reliability
throughout the long operation period. Suppose a power utility procured a
power plant in a super multi-package with a riew to procure it at the lowest
possible price, the plant may somehow pass an acceptance test, but after two
or three years of operation there might arise a difficulty in maintaining
the rated output or a neccessity to renovate part of the plant. The retrofitting itself will certainly deteriorate the annual availability.
Similar care has to be taken in selecting civil and architectural
contractors and in supervising the works by the engineering firm ,or
the power utility, to achieve the on-schedule implementation of the works.
In EPDC group's commercial configulation all the member companies which
constitute the construction joint venture are at the same time the equity
participants in the generating company. So the outcome of the construction
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activity, such as whether the plant was completed on schedule or whether the
plant is continuing the stable operation, has some bearing on the prospective
roturn on the investment which they themselves made.
Moreover, as I explained, the dividends included in the energy tariff
are to be kept in Escrow Accounts for several years and dedicated as a
security for the debt service. We think all these risks and restrictions
related to the return on equity night not be acceptable to any other shortterm-prof it-oriented investors in considering the participation in a BOT
project.
To summarize, although detailed what-if risk analysis nay be needed,
it is essential for sponsors of a BOT project to have mutual trust and
confidence in the past experience in the similar physical plants in finally
deciding to participate in the project. Of course I am talking about
conventional thermal power plant projects. In the case of nuclear power plant
I presume the situation will be different.

6. Time Period of BOT Development
Finally I would like to comment, drawing from our experience in
developing the Turkish project, on the time period required for the development stage of a BOT project. If any other country wishes to embark upon a BOT
project, we would suggest that it is necessary to allow sufficient time for
the development stage of the project.
The first reason is the time necessary for negotiations on the security
package for the finance. The security arrangement developed for Turkish BOT
projects will surely be a good reference to other similar projects. But there
can be many alternatives with regard to the assistance by a host government
to a project company for events attributable to the company.
Secondly, there will be many laws and regulations related to a project
and therefore to be reflected in project documents. For example, there are
laws stipulating the power and authority of each government entity involved,
laws governing a national power utility and private power producers, laws
regulating the inflow and outflow of foreign currencies and granting
incentives to foreign investment including one related to the so-called free
trade zone, laws regulating the environmental pollution and power station
siting, and laws related to the establishment of a company, taxation and
employment.
All these regulations and restrictions differ from country to country and
the negotiation and documentation will take considerable time. 1 think in the
case of nuclear power plant more careful legal consideration would be needed.
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THE POWER SECTOR AND THE BOT MODEL IN TÜRKEY
M.SHEN
Ministry of Energy and Natural Resources,
Ankara, Turkey
Abstract

Turkey Is a developing country with almost fifty
percent
dependence on imported energy, particularly oil. The Sixth Five Year
Development Plan (1990-1994) attributes great emphasis on the energy
sector and the main objective is to utilize economical indigineous and
imported energy resources and make use of all financial and investment
capabilities of public and private sectors.

In order to achive this objective, and in the context of
liberalization of the Turkish Economy, Law No:3096, named "Respecting
Authorization to the Institutions Other than Turkish Electricity
Authority for Generation, Transmission and Trade of Electricity" has
been issued on December, 1984 and the related regulations had been
prepared and put into effect afterwords, to form the basis for the
power projects to be realized under the Build-Operate-Transfer (BOT)
scheme.
In parallel to these legislation studies, two committees had been
set up,one technical, one decision making committee,for the evaluation
of BOT power project offers, particularly the imported coal fired
thermal power project offers.Ministry of Energy and Natural Resources,
Undersecretariat of State Planning Organization, Undersecretariat of
Treasury and Foreign Trade and General Directorate of Turkish
Electricity Authority are the members of the committees.
In about five years time, technical committee set up the
basic principals applying to BOT concept and prepared the project
documents necessary for implementing
BOT power projects. These
principals are related with power purchase,financing,return on equity,
tariff structure and contract term. One the other hand technical
guarantees to be provided by the Project Company are identified as (a)
designing and constructing a power plant operable for its economic
life (b) making power available based on an agreed level (c) coal
consumption based on an average net heat rate and (d) confirming with
the environmental regulations.
An Implementation Agreement
mentioned principles and technical
such as Energy Sales Agreement,
have also been drafted in parallel
Implementation Agreement.

has been prepared based on above
guarantees. Other project documents
Construction Contract and so forth
to the principles covered in the

BOT power projects of large investment cost and long construction
period take time to come to a conclusion.Therefore governments,private
investors as well as the lenders should keep that fact in mind and
should be patient to reach their objectives.
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l - ENERGY AND ELECTRIC POWER SITUATION OF TURKEY
1.1 - ENERGY SITUATION

Turkey has almost all types of primary energy re sources?such as
coal, lignite, oil, asphaltite, natural gas, hydraulic energy and
biomass. The most important primary energy recource is lignite which
is mainly used for household purposes in the residential/commercial
sector for electricity generation and for industry. However economic
potentials of these energy resources are not sufficient to meet the
demand. Therefore, nearly fifty percent of the needs are met by
imported oil.
Recently, Turkey has started to import natural gas and coal as
well. Long term energy demand and supply programs show
that
imported natural gas and coal will have an increasing share in the
total final energy consumption and Turkey's dependence on imported
energy will rise to 55 percent by the end of this century.
Total primary energy consumption for 1989 was around 53 million
tons of oil equivalent of which 40 percent was oil, 18.8 percent
lignite, 11.6 percent hydraulic, 9.4 percent coal and the remaining
20.2 percent natural gas and new and renewable energy resources such
as wood and geothermal energy.
The Sixth Five Year Development Plan (1990-1994) attributes
great emphasis on the energy sector and it is assummed that energy
is the main sector which will play a key role in
supporting and
driving the Turkish Economy. In this respect the main policy is to
utilize both indigineous and imported energy resources on condition
that they are economical and make use of all financial and investment
capabilities of public and private sector,as well as assuring timely
supply of energy. The objective for power is to raise its share in
the total final energy consumption from 8.9 percent in 1989 to 15
percent in the year 2000.
1.2 - ELECTRIC POWER SITUATION

1.2.1 Power Situation in the Period 1975 - 1989
Turkey's present installed capacity is about 15 800 MW of which
58 percent is thermal and the balance is hydro (Table-I). The share
of lignite has increased substantially over the past fifteen years
from 14.5 percent in 1975 to 30 percent in 1989. Hard coal capacity
remained almost the same because of restricted hard coal reserves
of the country.

The total installed

capacity

based on oil is 2093.2 MW where

1019.2 MW of that capacity belongs to Turkish Electricity Authority,
106 MW of it is owned by one of the private utilities and the
remaining 908 MW has been introduced into the system by private
enterprises (either as autoproducers or emergency groups) gradually
during the period 1973-1983 mainly due to power shortages.

From 1985 on, Turkey has started introducing natural gas power
plants into its network as a result of her policy of diversifying
imported energy.
As regards hydropower, its capacity has quadrupled in fifteen
years,but still the present capacity represents only around 20 percent
of economic hydropower potential of Turkey.
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TABLE - I

INSTALLED POWER CAPACITY OF TURKEY ( 1975 - 1989)

Unit: MM
YEARS

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Hard
Coal
350.3
350.3
350.3
323.3
323.3
323.3
323.1
323.3
245.9
219.9
219.9
197.7
181.6
181.6
331.6

Lignite
608.6
608.6
908.8
1069.1
1069.1
1069.1
1234.1
1621.5
1825.8
2381.4
2886.4
3601.4
4456.4
4456.4
4735.8

Oil

1435.7
1520.3
1583.1
1583.1
1583.1
1583.1
1611.5
1611.5
1624.1
1968.1
2023.0
2021.0
2036.3
2091.6
2093.2

Natural
Gas

__
__
__
__
__
__
__
__
__
100.0
400.0
800.0
1555.2
2032.8

Other

Fuels

Thermal
Total

HydroElectric

12.4
12.4
12.4
12.4
12.4
12.4
12.4
__
__
__
__
__
__
__
__

2407.0
2491.6
2854.6
2987.9
2987.9
2987.9
3181.1
3556.3
3695.8
4569.4
5229.3
6220.1
7474.3
8284.8
9193.4

1779.6
1872.6
1872.6
1880.8
2130.8
2130.8
2356.3
3082.3
3239.3
3874.8
3874.8
3877.5
5003.3
6218.3
6597.3

GeoThermal

—
.—
__
__
__
__
__
__
15
15
15
15
15
15

Grand
Total
4186.6
4364.2
4727.2
4868.7
5118.7
5118.7
5537.6
6638.6
6935.1
8459.2
9119.1
10112.6
12492.6.
14518.1
15805.7

Total gross generation in 1989 is about 52 000 Gwh, and the main
contributing resources are hydropower, lignite and oil. As can be seen
from Table-II power supply has been inadequate from 1971 up to 1983
mainly due to delays in construction programs,high rates of inflation,
financing problems and insufficiency of the public organizations.
During this period many of the enterprises, even the tradesmen
installed their own diesel generation groups for meeting their power
requirements thus minimizing their economic losses. Certainly this
was the most expensive solution from Turkey's economy point of view.
1.2.2 Long Term Objectives
The Sixth Five Year Development Plan (1990-1994) foresees 7.9
and 8.1 percent growth rates for installed capacity and power
production respectively. The objective is to reach 22600 MW installed
capacity for meeting the power demand which is forecast to be
90 070 Gwh by the end of 1994, and net per capita consumption to
increase from 771 kWh in 1989 to 1175 kWh by the end of the same
period.(Table-Ill)
Above mentioned Development Plan, also foresees commissioning of
the Ataturk Hydroelectric Power Plant (2400 MW, 8900 Gwh) and one
imported coal thermal power plant. Additionally great emphasis
is
attributed to privatization activities in the sector so as to lower
financing burden of public enterprises.
In the year 2000 the total installed capacity is expected to be
around 40 000 MW with an annual production close to 178 000 Gwh.
Hydropower will constitute 35 percent of the total generation over
the considered period. It is assumed that almost half of the hydro
power potential will be utilized by the end of this century. The
remaining 65 % is expected to be based, mainly,on lignite and imported
coal.Possibilities of having a nuclear power plant by the end of this
century or in early 2000's are also under consideration.

Investment Program for the period
1990-2000 is given in
Table-IV. Breakdown of investment figures for generation clearly
shows increasing share of private sector. The figures given on
"Private Sector" line are mainly composed of the expenses of BuildOperate-Transfer (BOT) Model Projects like Aliag"a Imported Coal
Termal Power Plant (2x500 MW) , Birecik (672 MW), Konaktepe (210 MW)
Hydropower Projects and the power investment figures of two private
regional utilities which have been active since mid 1950's.
2 - STRUCTURAL CHANGES IN THE POWER SECTOR

Developments in the power sector, briefly summarized in
previous section,clearly revealed the following facts;

the

- delays in the construction of power plants had adverse impact
on the Turkish Economy due to power supply shortages and the
expensive measures which had to be taken by some enterprises,
- present public organizations are insufficient to fulfil
obligations as the power system grows at a higher rate,

their

- financing will become more and more crucial since the installed
capacity by the year 2000 is to be almost two and a half times of
the 1989's capacity.
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TABLE - II

DEVELOPMENT IN POWER CONSUMPTION IN TURKEY

Unit: Gwh

(1975- 1989)

YEARS
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Internal
Use

Gross
Generation

592.1
823.7
1010.0
1225.9
1340.3
1393.9
1327.8
1420.5
1680.2
1890.7
2306.8
2815.0

15622.8
18282.8
20564.6
21726.1
22521.9
23275.4
24672.8
26551.5
27346.8

30613.5
34218.9
33694.8
48048.8
51956.7

Gross
Net
Per Capita
Import Consumption Losses Consumption Consumption
(Kwh)
15126.9
17791.3
20046.8
21121.2
22225.9
23222.7

25131.0

96.2
332.2
492.2
621.0
1044.3
1341.2
1616.1
1773.4

25666.6

2220.8

27877.4

28722.8
31912.1
36879.8

2653.0

31375.8
34054.5

41745.2

2142.4
776.6
572.1

45648.8
48855.1

381.2
559.3

15030.7
17459.1
19554.6
20500.2
21181.6
21881.5
23345.0

2607.7
2400.0
3101.6

44352.9

Net
Generation

1635.2
1712.4
2078.0
2187.4
2562.8
2824.5

24961.1

2931.1

26904.4

3317.6
3422.3
3740.6
4345.9
5446.7
5620.0

37656.4
42317.3
46030.0
49414.4

6674.0
6714.4

13491.7
16078.9
17968.8
18933.8
19663.1
20398.2
22030.0
23586.8
24465.1
27635.2
29708.6
32200.7
36697.3
39356.0
42700.0

Power
Shortage

337
393
430
444
452
459
484
505
511
564
591
625
694
726
769

175
140
111
1326
1625
1753
1656
1083
1335
- ——
———
———
- ——
— »*.
— —-

TABLE III

POWER SUPPLY AND DEMAND PROGRAM

(1990

1990

1991

- 2000)
1994

1992

1993

53798
28315
82113
1600
83713
63480

56466
33910
90377
1600
91977
71330

59212
37869
97081
1600
98681
80150

64841
39895
104736
1600

9732
7520
17251

10176
8690
18866

10634
10161
20795

11528
11040
22568

1995

1996

1997

1998

1999

2000

GENERATION (GWh)

Thermal
Hydro
Total
Export
Supply (Total)
Demand

54545
25326
79871
892
80763
56490

106336
90070

69697

75356

85436

42860
112498
1600
114098
101210

49865
125221
1600
126821
110610

54813
140250

95546
57804
153351

140250
120640

153351

12282
12179

13140
14470
27610

14740
16120
30860

104870
61403
166273

116702
62168
178870

166273
143505

17887C

131575

16393

17923
18045

19855

16942

33335

35968

156515

INSTALLED CAPACITY (MW)

Thermal
Hydro
Total

9887
6948
16835

24461

18287
38142

U)
C/l

to

TABLE - IV

POWER SECTOR INVESTMENT
PROGRAM
( 1990 - 2000 )
Million US $

1990

1991

1992

1993

1994

1995

1996

1997

1998

1200.0

1350.0

1500.0

1650.0

210.0 210.0
787.6
905.8
169.6 186.6

1041.6
205.2

1999

2000

A-GENERATION
Ticity

Authority
- State Hydraulic
ic
Korks

- Private Sectorr

Total

185.2

140.4

182.4

557.8
569.1

315.6

233.8

487.5

88.2
246.2

555.2

1001.4

1147.0

1148.5

1055.0

1056.0

1375.6

1816.9

369.3

491.2

251.0

B-TRANSMISSION
C-OISTRIBUTION
0- OTHERS

309.2
105.3

424.7
377.2
115.8

283.4
460.2
127.4

308.9
561.4
140.2

209.2
684.9
154.2

TOTAL

1959.3

1972.7

1927.0

2386.1

2865.2

2367.2

2652.4

1800.0 2000.0

210.0 210.0 210.0 210.0
1197.2 1377.6 1584.2
225.7
248.3 273.2

2956.8

3282.9

3635.9 4067.4

items

In order to overcome these problems, initially, in late 1982 some
had been added to the foundation law of Turkish Electricity

Authority JTEK) abolishing

the

monopoly

of

TEK and State Hydraulic

Works (DSI) in building and operating thermal
respectively.
In

1983,

Government of

the present
Turkey

has

Goverment
started

took

adopting

and hydro power plants

office. Since
liberal

then, the

market economy

policy and tried to define the role of private
sector in Turkish
Economy. Within this context, to start the privatization activities
in the power sector the Law No: 3096, named "Respecting Authorization
to the Institutions Other than Turkish
Electricity Authority for
Generation, Transmission, Distribution and
Trade of Electricity" has
been put into effect and is in force since December 19, 1984.
As it is understood from the title of the law, its aim is to form

the legal basis for the local and foreign private enterprises so as to
take part in the power sector.
There are two main activities covered by the law.The first one is
related with granting permission to the power companies, other than
TEK for construction and operation of power plants and the
concerned with creation of new regional utilities.

other is

As regards granting permissions to power companies to construct
and oparate power plants, Ministry of Energy and Natural Resources
(Ministry) has been appointed as the direct responsible authority
whereas for creation of new regional utilities Ministry presents the
proposal to the Council of Ministers and then gets the right to sign
a contract which is to be prepared in parallel with the guidelines
given by the Council of Ministers.
Three different regulations have been prepared and put into force
to help application of the Law No:3096. One of these regulations is
related with power companies, the other with creating new regional
utilities and the third one with listing the provinces which can
become regional utilities.

On the other hand, a new law, Law No: 3613, dated March 7,1990
has been put into effect for the establishment of the Electrical
Energy Fund (EE Fund) which is the legal entity under the authority
of the Ministry for the purpose of providing financial support for the
activities performed in the power sector. As

it will be

explained in

the following sections the EE Fund has quite important obligations,
generally in the application of Law No: 3096 and especially in
BOT
Power Projects.Regulation related with the application of the EE Fund
Law is under preparation. After it is put in force the EE Fund
Administration will be formed to perform its obligations.
It is believed that the laws and regulations mentioned in this
section together with the laws such as " Law for Encouraging Foreign
Capital"and "Free Trade Zone Law" provide the main legal basis for
realizing power projects under the framework of the BOT Model.

3 - STATUS OF THE BOT PROJECTS

After abolishing TEK's and DSI's monopoly on constructing and
operating power plants,in 1982, and especially after the Law No:3096
had been put in force, too many companies applied to the Ministry for
different types of power projects.
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In the very beginning,the Ministry, with the help of DSÎ prepared
a list of hydropower projects which are open for the application of
private companies.Companies are free in selecting the projects either
from the list mentioned earlier or to bring their own projects.However
the result of technical, economical and financial evaluations of
these projects determine if they are to be realized or not. Average
tariff rate for fifteen years of operation is the key factor
effecting Ministry's decision in proceeding with a project.
In case it is proved that a project is technically, economically
and financially feasible,then an "Implementation Agreement" is signed
by the Ministry and the project proponents of the joint venture
company. Implementation Agreement covers the main principles and forms
the basis for the other project documents like Energy Sales Agreement,
Construction Contract,Operation and Maintenance Contract and so forth.
Detailed information about these documents is given in Section 5 of
this paper.

As at the date of August 1990,Ministry has signed Implementation
Agreements with 20 Companies for 25 hydro power projects. Total
installed capacity of these projects adds up to 1648 MW and
5731 Gwh/year, and the sizes vary from 1.97 MW to 672 MW.
The first project (15 MW, 36 Gwh) has been commissioned and has
been in commercial operation since November 1989. Two other
hydro
projects, with local companies, one 8 MW and one 33 MW installed
capacity, are under construction and they are expected to be in
operation in

1991.

Implementation Agreements where the companies have not fulfilled
their obligations have been cancelled by the Ministry and the related
projects are added back to the list of projects open for application
(Totally 497.7 MW, 1724 Gwh).

On the other hand, four contracts have been signed for creating
regional utilities. Two of them are related with modification of some
of the articles of available contracts in the light of the Law No:3096
of two old private utilities, and the other two are for newly
established private utilities, one for Anatolian part of Istanbul, and
the other one for Kayseri Province.

Situation of imported coal-fired thermal power
realized in a free trade zone is as summarized below.

projects

to be

From 1984 to the end of 1986 Government of Turkey had received
five imported coal thermal power project offers, of
installed
capacities ranging from 1000 MW to 1400 MW. For the purpose
of
evaluation of these offers two committees had been set up by the High
Economic Affairs Coordination Council on October 1986. One of these
committees is technical and the other is decision making committee.

Ministry of Energy And Natural Resources, Undersecretariat of
State Planning Organization, Undersecretariat of Treasury and Foreign
Trade and General Directorate of Turkish Electricity Authority are
the members of both technical and decision making committees.
It took almost two years to evaluate and rank the offers. In the
mean time major project documents such as Implementation Agreement,
Energy Sales Agreement and Shareholders Agreement were prepared.
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Above mentioned documents were initialled in August, 1988 by the
Technical Committee and the Consortium led by Westinghouse-Chiyoda
Group which was

ranked as

the first

among the five offers. Although

both parties worked hard on giving the final form of Construction,
Operation and Maintenance and Coal Supply Contracts and some of
them were initialled, unfortunately the Consortium couldn't arrange
the financing in the period of time they were given.
In order not to loose more time and considering the mid-term
power
supply
and demand
projections it was decided to start
negotiations with the Consortium led by Japanese EPDC - Mitsubishi
companies. Implementation Agreement, Construction and Operation and
Maintenance Contracts were initialled on 11 July 1990 and the
Energy Sales Agreement on 22 September 1989.

At present, both the Technical Committee and the EPDC-Mitsubishi
Consortium have concentrated their efforts on exchanging views on
financing, security and other related project documents and they are
trying to conclude all the documents, with satisfactory

solutions

to

both sides, as soon as possible.

The project site, Izmir-AliaQa, has been declared as free trade
zone. There,Government of Turkey faced some problems stemming
from
environmentalists. Execution of the decree related with the free trade
zone had been stopped by the High Court. Some documents have been
prepared and some are under preparation to convince opposing groups
and people living on or nearby the project site. Also, reports have
been prepared to answer questions raised by the High Court. Ministry
is trying to do

its

best to

overcome all of these

problems

and it

has made the necessary applications to other related authorities to
get the authorizations for the construction of the plant so that the
first

imported-coal fired thermal power plant based on BOT Model will

be realized as soon as possible.
4 - BOT PRINCIPLES AND PROJECT DOCUMENTS

Since early 1985,Technical Committee and especially the

Ministry

is in the process of developing the project documents in parallel with
evaluating the power project offers of different

hundreds of kW's to
development of a

sound

sizes

leveling from

hundreds of MW's. The Ministry's concern is
mechanism

sponsors, lenders and government.

which

is

attractive

for project

All the information given in this section applies mainly to
imported coal fired thermal power projects to be realized in a free
trade zone. Actually there is no major difference
between the
principles of imported coal fired thermal power projects and the other
types of power projects except the tax obligations. Howover,the amount
of investment is a factor causing some minor changes in the principles

like contract term.

Following are the principles applying to

BOT Power Projects.

. Power made available will be purchased regardless of the needs
of the system.
. Financing needed to reach full commercial operation under
normal conditions will be arranged by the Project Company.
(This comprises both the loans and the equity.)
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. Contract will have a term covering
fifteen years of operation.

construction

period plus

. Agreed return on equity and repatriation of the equity will be
included in the tariff calculations.

. Average tariff rate for fifteen years of operation will be set
up such that the shares of the Project Company will be
transferred to the Ministry at zero cost, at the end of the
contract term.
The technical guarantees to be
are as summarized below.

provided by the Project Company

. Designing and constructing a power plant which is operable for
its economic life under normal working conditions.

. Making power available based on committed capacity factor.
. Coal consumption based on an average net heat rate.

. Confirming with the environmental regulations.

Based on the principles and the technical guarantees mentioned
above, an Implementation Agreement has been prepared to be signed by
the Ministry and the Project Company. It is the main Project Document
and forms the basis for other agreements, to be performed with other
related
parties
like Turkish
Electricity
Authority, Lenders,
Construction Contractor and Operator as is shown in Fig.l.
Details of the tariff structure, financing of the project and
EE Fund's obligations and other main subjects referred to in the
Implementation Agreement are given in the following paragraphs to help
understanding the BOT mechanism.
Tariff Structure;
Fig.2 shows the tariff structure over the BOT operating term.
Horizontal axis represents the years of operation, and the vertical
axis shows the power tariff expressed in constant cent/kWh per year.

The power tariff per kilowatt hour is calculated by dividing the
deemed costs by the guaranteed annual net generation. As it is seen
from the figure varying tariff rate is applied to enable the payment
of coal cost, operation and maintenance expenses, debt and equity
services. This structure provides the first security for the lenders.
If the Project Company meets the contractual commitments and TEK pays
the bills in time, the Project Company's revenues will be adequate
to meet its debt service as it is programmed.

In case the Project Company is able to operate the plant above
the guaranteed generation level, then a different tariff rate applies
to that excess amount. Excess power tariff rate is the sum of coal
costs and dividends components of the tariff then applicable to energy
up to the guaranteed annual net generation plus the incremental
operation and maintenance costs attributable to the generation of such
excess. On the other hand if the plant availibility is below the
guaranteed level then the Project Company is automatically penalized,
since the revenues will be below the level programmed for such year.
This is the reward/risk structuring of the thermal BOT Projects.
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FIG. 1. BOT project documents.
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FIG. 2. Tariff structure.

Financing;

All financing for a 80T Project will be arranged by the Project
Company and based upon an equity of minimum 15 percent of the Total
Investment Cost. The financing to be arranged shall include at least
sufficient funds for construction and escalation during construction
and the Project Company shall be liable for the repayment of such
loans.
The Project Company is also asked to arrange a Standby Loan
facility available for the entire term of the Implementation Agreement
to be repayed through future dividends. The purpose of this facility
can be either solely financing the cost overruns due to Project
Company Default or for all purposes including cost overruns resulting
from Events of Forje Majeure or Agreed Changes on the Project, as well
as Pdoject Company Default, depending on the agreement reached among
the parties. In case it is utilized for Events of Forje Majeure or
Agreed Changes, then that portion will be treated as a senior loan.
However that amount of Standby Loan has to be replaced by the Fund
if it is needed for the Project Company Default.
Although it is not so easy to arrange a Standby Loan Facility, it
provides a security for the completion of the project.
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EE Fund's Obligations;

EE Fund has subordination obligation to BOT Power
way it is structured in the Implementation Agreement.

Projects the

As it was explanied earlier,the Projet Company is responsible for
arranging financing needed to reach full commercial operation under
normal conditions. However, during the construction or operation of
the plant there may be some cases causing increases in the total
investment cost. These cases may be as follows;
- Any changes in the Turkish legal requirements after the date
of signing the Implementation Agreement requiring additional
investment,

- Events of Force Majeure resulting with delays in completion of
the projet or causing damages not covered with insurance.
EE Fund is responsible for extending loans during the period of
any dispute requiring additional funding also. After the dispute is
resolved then that loan will immidiately be paid back to the EE Fund
if arbitrators decide that it has been extended for funding
costs
attributable to the Project Company Default.
Implementation Agreement deals with transfer of shares of the
Project Company as well. There are cases where both the Ministry and
the Project Company may terminate the Implementation Agreement perior
to exariation of its term. If the Agreement is terminated before the
senior debt is repayed then the unpaid portion of it will be assumed
by the EE Fund,and if the termination is not attributed to
Project
Company Default a purchase price is to be paid by the EE Fund to the
Project Company.
A Subordinated Loan Agreement covering
together with other terms and conditions is to
by the EE Fund Administration and the Project
complition of the project and comforting the
Company.

EE Fund's obligations,
be prepared and signed
Company, thus assuring
lenders and the Project

Escrow Accounts}
As an additional security for the lenders escrow accounts are to
be established where the energy tariff payments directly go from TEK
to Escrow Agent, then to the accounts of senior lenders, operator,
coal supplier and so forth. Dividend portions of these payments are
held within the escrow accounts as a security for lenders.
An Escrow Agreement is to be implemented among the EE Fund, TEKProject Company and the Lenders where the payment mechanism is clearly
shown.

Coal Procurement;
Project
Company
is
responsible
for
developing a coal
specification for high-grade, low-sulphur steam coal, taking into
account availability, consistancy, cost of fuel, cost of delivery and
environmental considerations and is also responsible for procuring the
coal competitively on the international market.
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These are the basic principles and project documents related with
BOT power projects Nevertheless,the experience to be gained with the
Implementation Agreements signed or ready to be signed will help in
testing and verifying them.

5 - CONCLUSION

In the light of almost five years experince,and dealing with
BOT power projects and documents the following conclusion can be
derived;
For developing countries such as Turkey,where power generation is
originally a public service,the BOT power projects can not simply be
considered as pure private sector investments. Furthermore,the product
is not exportable and there is no possibility for the investor to sell
power to customers other than the utility, which is TEK in case of
Turkey. Under these conditions development of the concept, the
principles and the necessary documentation take time. In the same way
issuing new laws, decrees, communiques or ammending some of the
available laws may be needed which also take time.Therefore,in forming
the BOT mechanism, government's support to a certain extent, should be
considered,particularly for the projects with a substantial investment
cost and long construction periods.
Countries willing to apply the BOT concept to their power system,

private investors as well as the lenders have to be patient and all
the parties have to work in close cooperation to achieve their target.
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THE BOT MODEL FOR NUCLEAR POWER PLANT
PROJECTS FROM A SUPPLIER'S POINT OF VIEW
F. RUESS, G. LEBRETON
Nuclear Power International,

Paris-La Defense, France
Abstract

The significant financing requirements in particular for Nuclear Power Plants
as well as the mandatory need for a professional management of their
construction and operation has led to the discussion of so called "BOT"

models for the implementation of such projects.
Under this model, a "Joint-Venture" would be established which would act as
the Purchaser, owner and operator of the Plant The equity of this JointVenture would be held by the Supplier(i) of the Power Plant, the local private
or state-owned utilities and possibly additional private or institutionnal

investors. The Joint-Venture would, in addition to the Shareholder agreement
concluded between the investors, enter into a Power Sales Agreement with
the local utilities, a Supply contract with the vendor of the Power Plant and
Loan Agreement for the financing of the Project. After a defined period,
during which the return on and of equity of the investors would be affected
and the loans taken out for the project would be rapaid, the ownership of the
Plant would be transferred to the local utility.
The paper briefly describes the structure of such a model and discusses in
particular the assessment of its feasibility from a supplier's point of view.
It is concluded that any private investor including the supplier of the plant will

necessarily limit his financial obligations in such a scheme to his equity in the

joint venture. Hence, the feasibility of such a model depends on the security
concept for the financing of the project which according to our present
experience will have to comprise an exposure of the Government of the
country, in which such a project shall be implemented.

Characteristics of a BOT model

Normally the ownership and operatorship of power plants is vested into stateowned or private utilities, which bear the risks of the generation and
distribution of electrical energy. These utilities perform the project-
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management of the owner, order the equipment from the supplier and
operate the plants after commissioning. The suppliers are responsible for
their scope during the construction of the power plant, which may range from
the supply of defined packages up to a full turnkey responsibility for the
whole plant. The risk-sharing between the supplier and the owner is
therefore well defined in the respective supply-contracts.
In the case of a BOT-model,a private joint-venture has to be set up, which acts
as owner and operator of the plant. The supplier of the plant is expected to
take an equity in such a joint-venture, most likely together with the stateowned or private utility normally responsible for electricity generation and
eventually additional private investors.
The contractual structure for such a model is shown in figure 1.

Project Implementation
Contract

t t t
Loan Agreements
l ll

Joint Company

(JC)

Power
Sales
Contract

builds, owns,
operates and
transfers

Shareholders
Agreement

FIG. 1. Contractual project structure.
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Othc
loca
Shareho

Utility

It comprises the following agreements:

Shareholder-agreement for the joint-venture

A shareholder agreement has to be concluded between the prospective
shareholders of the joint-venture, clearly defining its object as to
construct, own, operate, maintain and finance a nuclear power plant
and to sell the electricity to the national utility. In this sharholderagreement the commitments and rights of the shareholders have to be
clearly agreed upon.
An indispensable requirement of any shareholders in such a company
including the supplier will certainly be a clear limitation of their
financial obligation to the scheduled equity contribution subscribed by
them.
None of the private shareholders will accept any commitment to inject
unlimited "fresh-money" into this company, should the revenue be not
sufficient to fulfill its obligations. This "limited-liability" character of
the joint-venture leads to difficulties in the financing scheme of the
project, as will be explained later on.

Supply contracts
The joint-venture will have to conclude supply contracts for the
construction of the nuclear power plant and later on for the supply of

services and fuel for this plant.
It is evident, that in view of the limited resources of the joint-venture
and in order to minimize the risk of the joint-venture, the supply
contract has to be a turnkey contract covering afunctionnally complete
nuclear power plant on a lumpsum basis. The Supplier has to take over
all risks usually attributable to him as far as completion-schedule and
technical warranties and guarantees are concerned, the only possible
limitation being events beyond his reasonable control. The Supplier will
however limit his responsibilities out of the supply-contract to the
payment of liquidated damages, which according to international
practice do not fully cover the risk of the owner of the plant, in
particular not the risk of indirect damages.
On the other hand, the Supplier in its role of shareholder of the jointventure, hence of the owner of the plant has to take over such risks, at
least in proportion and up to the limit of this equity in the jointventure.
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Power Sales contract

The joint-venture has to conclude a power-sales contract with the
national utility on a lake and/or pay if tendered scheme. This means
that any energy tendered from the joint-venture has to be paid by the
national utility wether taken or not.
The power-tariff has to be calculated and agreed upon on the basis of
the expenditures of the joint-venture company and has to ensure a
positive cash-flow of the joint-venture. This power-tariff has to cover
the full debt-service, the operating charges including fuel and the
return of and on the equity.
It has furthermore to contain a portion devoted to accumulate a
reserve fund, which shall be used in case the revenues of the jointventure company fall short of its obligations.
The power-tariff has to be paid in the currencies of the respective cost

of the joint-venture company, the payment by the national utility and
the transfer of the foreign currency has to be guaranteed by the
Government.
The power sales contract is the only source of income of the jointventure and has thus to be acceptable to its shareholders and more
importantly to the lenders providing the financing of the project. It will
be explained below, that this requirements is particularly difficult to
meet.
Loan-agreements
Loan-agreements have to be concluded between the joint-venture
company and lenders for export credits und other project loans.
These loan-agreements together with the equity provided by the
shareholders have to ensure the raising of sufficient funds to enable
the joint-venture company to complete the project within the
scheduled time, most probably including a contingency for unforeseen
events. The financing of nuclear projects under a BOT-scheme
represents the by far biggest hurdle for its implementation and shall
therefore be briefly discussed below.
The capital intensive nature of nuclear power projects require a longterm financing at ideally fixed rates over the full term of such loans. As
explained in other papers presented during this seminar such loans are
in principle available for a term of 15 years after commissioning of the

plant, but such long-term loans are restricted to a value of 85 % of the
import-portion including the escalation for this portion. Eventually an
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additional amount may be available for the capitalization of the
interest during construction under the export-credit scheme, but this
amount is not sufficient to cover the total interest during constructions

for the import portions.

Hence, the remaining 15 % of the import portion including the
escalation on it, the total local portion and the interest during
construction not covered by export-credits and in addition the total

expenditures for the set-up and the operation of the joint-venture
company have to be financed by the equity and commercial loans. The
debt-equity ratio is therefore particularly important.

Since the shareholders have to put their equity at risk, the total

investment in nuclear projects is extremely high and the investment
does not generate any return during the relatively long construction
period, the equity portion will have to provide higher return during the
operation of the plant and has thus to be limited to a reasonable
amount.
The provision of additional commercial loans to the project over and
above the equity and the export credits is therefore indispensable. Such
commercial loans however are only available on shorter terms, which
means that they have to be repaid during the very first years of
operation of the plant. This repayment is a heavy burden on the cash-

flow of the joint-venture company during the first years and can not
easily be accomodated in an acceptable power-tariff during this period.
Even if the power-tariff calculated on the basis of such a financing
scheme and based on an expected availability of the plant would be
sufficient to theoretically meet the cash-flow requirements of the jointventure company, it will be very difficult to get the necessary financing
commitments from the potential lenders.
The main difficulty to achieve this goal is the security for such loans.
The joint-venture company has no assets besides the plant itself and as
outlined before, its only source of income is the power-sales contract.
Any unforeseen events during the construction and/or the operation of
the plant may therefore result in the inability of the joint-venture
company to fulfill its obligations resulting from the loan-agreements.
Since it can be excluded, that the shareholders of the joint-venture
company will be prepared to provide an unlimited liability for any such
events, the lenders including the export credit agencies will necessarily
ask for a comprehensive security concept.
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Such a security concept may comprise the following :
The joint-venture company through appropriate ruling in the
Shareholder-Agreement is committed to build up a special reserve
found out of its income from the sale of energy, whereby a return on
the equity may not be distributed on the Shareholders until such
reserve fund reaches a defined level. Such a reserve fund has to be
accumulated in a Foreign-Escrow-Account and would serve as a first
ranking back-up to overcome a probable shortfall in the revenues of
the joint-venture company.
Naturally the built-up of such a reserve fund is an additional burden on
the energy tariff in particular during the first years of operation of the
nuclear power plant during which the above mentioned necessity of

repayment of commercial credits exists.

Take and/or pay scheme has to be adopted for the Power Sales
contract.
Payments under the Power Sales contract in the currencies of cost of
the joint-venture company has to be guaranteed by the Government
and to be affected into a Foreign Escrow Account at least for the
portion covering the debt-service.

The experience with projects for both conventional and nuclear power plants
for instance in Turkey has shown that a security concept as described above is
not considered to be sufficient from a lender point of view. Therefore an
additional back-up security concept will have to de developped to serve as a

last-resort.
Such a last-resort guarantee has to be given by the Government of the
country, in which the project shall be realized. This requirement of a lastresort guarantee is naturally in contradiction with the basic idea of the jointventure company being a private enterprise. Many attempts have been made
in the past to overcome this difficulty. For instance, a guarantee of the
Government has been proposed for a limited time of operation, until a
sufficient reserve fund has been built up.
Another proposal in some projects has been made, according to which the
Government would have to provide "subordin.iled-loans" to the jointventure company in case of its inability to service the debt. All of these
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solutions have in common, that an exposure of the Government is mandatory
for the financing of the project.
Such an exposure of the Government has to be agreed upon for instance in a
"Project Implementation Contract" to be concluded between the
Government and the Shareholders of the joint-venture company.
In the specific case of a nuclear project, additional requirements will have to
be solved in such a "Project Implementation Contract". Without making the

attempt of exhaustively listing such requirements, two specific issues shall be
mentioned.
The first is the question of nuclear third party liability. In this respect it has to
be ensured that such a liability is exclusively channeled to the Operator of the
plant and that this liability is strictly limited to amounts congruent with
available insurance coverage, any exposure beyond such a coverage must be
covered by corresponding governmental indemnity schemes.
The second question is related to the back-end of the fuel cycle and provisions
for a dismantling of the plant. The joint-venture company will at best be able
to store the fuel during a defined period, a final solution has to be arranged
by the Government. Provisions for dismantling of the plant after its end of life
could be made after the transfer of the plant to the national utility.

Overall assessment of BOT-modelsfor nuclear power projects

The BOT-model is supposed to provide the following advantages in the
implementation of a nuclear project:

Appropriate

management

through

a

private

joint-venture

company ensures a timely construction and safe and reliable
operation of the plant.

The construction of nuclear power plants through a private jointventure facilitates the financing and relieves the State-budget
from heavy foreign-investment.

The appropriate management of a nuclear project and in particular the
assurance of a safe and reliable operation is of decisive importance for the
overall success. In this respect, the involvement of a Supplier in a BOT-scheme
may indeed lead to an improvement at least as long as the national utility has
not gained enough experience in the nuclear energy field. Short construction
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times and the best achievable availability may result from such a scheme and
may offset the consequences of e.g. relatively high returns on the investment
made by private investors.
However, to achieve this goal, it is not necessary to apply a real BOT-scheme.
This task could also be fulfilled by means of a "management model"which

would foresee to establish a joint-venture for the management of the
construction and for the operation of the plant, however acting on behalf
and for the account of the national utility, which would be the owner of the
plant.
As far as the financing is concerned, the BOT-scheme does in principle not
solve the difficulties encountered so far. The only advantage may be the
contribution of the equity provided by foreign investors such as the supplier
of the plant, however such equity has to generate attractive returns.
Moreover the raising of loans for a project appears to be more difficult, if a
security scheme acceptable to the lenders is not offered, which means, that

the Government has to give appropriate guarantees. Finally, the foreign
exchange balance of a country will not be relieved from the burden of the
financing of such projects, since the electricity has to be paid in foreign
currency to the extent the cost of the project is paid in foreign currency.
Hence the only advantage of a BOT-scheme with respect to financing is
probably the fully committed financing for the total project at the very
beginning if it is feasible to arrange it.

Conclusion

The BOT-concept for the implementation of nuclear power projects appears

to be one way to ensure an appropriate management of such projects during
construction and operation. From the viewpoint of a supplier of nuclear
power plants a participation in such a project may be feasible, provided his
financial obligations are strictly limited on an agreed upon equity in a jointventure company which owns and operates the plant and provided such
equity generates a reasonable rate of return, which will be even more

important for other investors in such a scheme, who do not have the direct
interest of a supplier. The financing of such schemes has up to now been the
major problem. Taking into account the credit-worthy ness of a private jointventure company, which owns and operates only one unit, it is difficult to
envisage a solution for this financing problem in the future, unless a
governmental back-up is fully put in place.
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Abstract

A much discussed, yet little utilized, alternative method of financing and
managing new electric generation facilities in LDCs is the Build Own (Operate)
and Transfer (BOT) system. The initial attempts to implement the BOT focussed
on fossil fired units, but the allure of the BOT approach has now spilled over
to the nuclear power field.
The many articles written on the BOT approach have usually been positive and
delineated the advantages the new approach could bring to developing and
financing new power plants in LDCs. Since so few projects have been
implemented under the plan, the pitfalls of implementation still have not been
experienced and there have been frustrations in bringing such projects to
financial close.
LDCs that have attempted to implement the BOT approach for fossil fired units
have done so for many reasons. These include a desire to:
(a)

Attract new foreign equity investment and bank loans

(b)

Instill private incentives, including at risk management and
technology transfer

(c)

Finance "off balance sheet" and reduce the "government" debt
exposure

(d)

Fast track construction/plant operations

The BOT approach, which had its beginnings in the early 1980s in the movement
toward privatized power, particularly cogeneration and waste-to-energy in the
U.S., was adopted in the mid-1980s to finance power projects in LDCs. The
projects were to be structured so that the lenders would accept project risks

associated with repayment of the debt. While equity investors would be at
risk, they could expect a reasonable return on equity. The host government
wished to purchase and pay for power consumed, but did not wish to assume sole
responsibility for the risks.
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The BOT approach may have a place in nuclear power development in LDCs. The
development of new nuclear power plants including small, simpler, pre-licensed
plants may make such plants a more viable option for BOT financing in LDCs.
However, these new nuclear technologies are still in the development stage,
while the BOT model is already evolving for fossil power. Therefore,
investors will be evaluating BOT fossil experience before embarking on a
nuclear BOT.
INTRODUCTION

The possibility of developing a nuclear power plant through the Build, Own,
(Operate) and Transfer (BOT) arrangement is beginning to be seriously
discussed in several LDCs. The BOT model is being considered because normal
financing means for projects in LDCs would be severely stretched by the
capital requirements and the regulatory and technical complexities of a
nuclear power project. Also, the privatization of some existing nuclear power
plants by nuclear suppliers is moving forward in the U.S. The possibility of
similarly shifting the financing responsibilities and associated risks to BOT
participants (usually equipment suppliers and plant constructors/operators)
has interested officials responsible for electric power development in several
LDCs.
The practicality of using the BOT model for such development will depend on
several technical, economic, financial, and local factors. These factors will
be interrelated in some cases. The size of available units will determine the
absolute amount of capital required for the project, and large capital
requirements may well be the limiting factor in application of the BOT model.
These and other conditions that will decide the appropriateness of applying
the BOT model to development of a nuclear power project are discussed below.
But prior to examining the model in detail, a review of the status of the
development of the safer, possibly smaller, more easily constructed new
generation of nuclear energy plants is in order. The schedule for the new
units' availability will determine the timetable for implementing of the BOT
model in the nuclear energy field.
1.

STATUS OF THE NUCLEAR POWER INDUSTRY

1.1

Current Commercial Status

In 1989, nine nuclear plants in eight countries began operation, bringing the
total number of nuclear plants to 428, representing 318 GW of capacity.
Nuclear power produced 17% of the world's electricity in 1989. With the linkup of the power grid of the Laguna Verde Plant, Mexico joined the ranks as the
26th country to produce nuclear electricity. An additional 105 units
representing 87 GW supply are under construction.
Since 1980, France has topped the list for utilization of nuclear energy, and
1989 was no different, with 74.6 percent of its electricity coming from 54
operating nuclear energy units. Other countries using nuclear energy to
produce a quarter or more of their electricity were: Belgium (60.7%),
Republic of Korea (50.1%), Hungary (47.5%), Sweden (45%). Switzerland (41.6%),
Spain (38.5%), Federal Republic of Germany (36.5%), Finland (35.7%), Taiwan
(35.2%), Bulgaria (32.9%), Czechoslovakia (27.6%), and Japan (26%). The
United States currently has 112 nuclear generating units with commercial
licenses and, in 1989, received 19.1 percent of its electricity from nuclear
energy.
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1.2

Advanced Nuclear Reactors

A new generation of nuclear reactors is under development.
The shorter construction times believed possible with these new reactors may
significantly improve the viability of the nuclear power option for LDCs.
Work on these new designs is progressing in Europe, Japan, the United States,
and Canada. The programs include advanced light water reactors (passive and
evolutionary), modular high temperature gas-cooled reactors, liquid metal
reactors, and advanced heavy water reactors. (See Table 1.)

Table 1
Reactor Tvpe/Schedule/Size/Vendor
Reactor
Type

Schedule
Available

Size
(MW)

Vendor/
Country

ABWR
System 80+
APWR (SP-90)
AP-600
SBWR
SIR
CANDU-3
MHTGR
ALMR
PIUS

Early 1990s
Early 1990s
Early 1990s
1995
1995
1995
1995+
2000+
2000+
1995-2000

1300
1300
1300
600
600
640
300
1400
1000

GE/U.S.
ABB-CE/U.S.
W/U.S.
W/U.S.
GE/U.S.
ABB-CE/U.S.
AECL
-/U.S.
-/U.S.
ABB-CE/Sweden
NPI/France + FRG

Evolutionary PWR

1.2.1

~

Evolutionary Plants

The most developed advanced nuclear energy plants involve evolutionary
advanced light water reactor (ALWR) designs that make incremental improvements
to current light water reactor (LWR) technology. Because this technology is
based on over 30 years of experience and because most design and performance
detail is already available to support regulatory certification, these designs
are viewed as the near-term option, available in the early 1990s for
deployment in the U.S., Japan, and Europe.

In the U.S., the evolutionary plants will comply with predefined criteria
pertaining to design, construction, and performance as set forth by the
Electric Power Research Institute (EPRI). These criteria include: limitation
of the risk of core damage to less than one in 100,000 per reactor year,
limitation of the risk of a large offsite release of radiation to less than
one in 1,000,000 per reactor year, a life span approaching 60 years, easy
operation and maintenance, 2-year refueling cycle, availability factor of 87
percent, reduced workforce radiation exposure levels, and production of a
smaller volume of radioactive waste. The design goals are to simplify the
evolutionary designs in order to permit plant construction in 48 months,
similar to the average construction time for nuclear plants in Japan, but far
below the average for recently completed U.S. nuclear units.
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1.2.2

"Passive" Advanced Light Water Reactor Plants

A second approach to advanced light water reactor power plants (after the
large evolutionary ALWRs) focuses on improvements to smaller, 600 MWe plants
that provide significant simplification and increased reliance on a particular
type of safety feature. This safety feature is often referred to as "passive"
systems, which use natural forces (gravity, for example) rather than powered
machinery, moving parts, or operator action. Like the evolutionary plants,
the small, passive ALWRs are descendants of current LWR technology, and build
on the extensive LWR experience. At the same time, their smaller size,
modular designs, and projected shorter construction schedules offer advantages
attractive to many utilities. Detailed designs will be needed to obtain
regulatory standard design certification, which — in the U.S.--is targeted for
1995.
This makes the passive ALWR plants candidates for commitment by U.S.
and world utilities in the latter half of the 1990s.
1.2.3

Innovative Reactor Concepts

Other innovative, cost-competitive, second-generation reactor concepts that
are being developed place ultimate reliance on their inherent characteristics
or passive safety features to assure public health and safety. In the U.S.,
these include the helium-cooled, high temperature, gas-cooled reactor and the
advanced, liquid metal reactor concept utilizing sodium coolant.
The elimination of active safety features and simplification of auxiliary
systems in these concepts contribute significantly to their cost
competitiveness. These concepts also maximize the use of modular
construction. In Sweden, the PIUS reactor is an innovative design concept
that ensures that case integrity is maintained by keeping the reactor under
water at all times.
Innovative designs will not be ready until the turn of the century.
1.2.4

Commercialization

Development of new reactor concepts involves product development, government
certification, and funding of detailed design. The process of product
development and certification takes approximately 9 years. Given that
development of advanced reactors began in the early to mid-1980s, the earliest
date for start of construction is the early 1990s for the advanced LWR's and
the mid- to late 1990s for the passive LWRs.

Other factors influence the schedule for bringing advanced reactor designs to
market. Siting procedures that ensure timely start of construction will be
needed to avoid delay-induced financing costs. Before putting their money at
risk, investors will require reform of the licensing process to ensure timely
start of commercial operation. Particularly in the U.S., they will also
require reform of the rate-making process to ensure they recapture their
investment with an appropriate return.
Governmental agencies regulating electricity prices will require proof of the
need for additional capacity and will insist on cost limits for new plants.
Progress toward radioactive waste management will be demanded by the public.
These factors will have as much influence on the time required to bring the
product (new reactors) to market as development of the technology itself.

Overall, increasing electric demand, new reactor designs, and increasing
concern for the environment appear to be laying the groundwork for a
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revitalization of the world nuclear industry. Appendix 1 details the advanced
nuclear power reactors under development and schedule for future operability.
1.3

Implications for LDCs

Beyond the technical, environmental, and regulatory constraints that
development of nuclear power in an LDC will face are the issues of
availability and high cost of financing and the guarantees required by the
lenders. These may well impact whether the nuclear option is selected more
than any technical consideration. Since nuclear power plants are capital cost
intensive when compared to fossil power plants, the interest rate used in the
economic model developed to select the type of power plant (fossil or nuclear)
is critical. Low interest rates favor nuclear, high rates favor fossil.

Even with the advanced technologies, the capital requirements per unit of
capacity are expected to remain higher for nuclear units than fossil units.
Fuel costs for nuclear units have continued to be relatively low. Even if the
nuclear option is predicted to be less costly on a life cycle cost basis, the
added complexity of procuring the nuclear system may cause governmental energy
organizations to opt for a less complex fossil solution, or to adopt
innovative approaches, such as the BOT, for financing of nuclear power plants.
2.

THE BOT'S ORIGIN

2.1

U.S. Experience

The desire of several LDCs to increase foreign investment, attract additional
capital, and bring the efficiencies of the private sector to electric
generation in their country led to the development of the BOT model for fossil
power plants. The origin of the BOT model is probably the private
(cogeneration and waste-to-energy) power market that developed in the U.S.
after the 1978 passage of the Public Utility Regulatory Policy Act (PURPA), a
law that requires private utilities to purchase power from independent power
generators and pay a price equivalent to the utilities projected avoided cost
for not producing a similar amount of power.
This law created a firm market for electricity produced in plants not owned by
the utilities. Based on this new market opportunity, entrepreneurs soon
created an entire industry with its associated successes, failures, leaders,
followers, financial models and schemes, and jargon. Since PURPA's passage in
1978, about 25,000 MWe of electric capacity has been privately developed and
contracted to private utilities in the U.S.
2.2

Single Purpose Project Company

The most common ownership/financing approach that evolved for these private
power plants is the single purpose project company. This project company
obtains an electric power purchase contract from a private electric utility
company under PURPA regulations, thus assuring the market and revenue stream.
The project company contracts with a major firm for supply and erection of the
power plant at a fixed price and with extensive performance guarantees. The
project company also contracts with a financially sound entity to provide O&H
services. The plants are usually fossil units based on proven designs. Thus,
the project company has a fixed capital cost and a fixed O&M cost, both
assured by major firms under specific contracts. The project company also has
a firm price electric sales contract. At this point, the project company is
ready to obtain debt for construction of the plant under a limited recourse
financing structure.
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The project company is formed for the single purpose of developing and owning
the plant; the investors (owners) can avoid any responsibility for repayment
of the debt other than from the revenues generated by the plant itself.
Several major banks see in this risk an opportunity to provide the guarantees
necessary to allow a project company to access debt markets normally available
only to large, well-established companies.

2.3

Financing Instruments

These banks furnish Letters of Credit (LC) that guarantee the actual lenders
(either banks or bond holders) payment if revenues from the project company's
operations prove insufficient to pay the debt service. The LC banks require
that the project economics be quite strong - many require projected revenues
to be 40 to 50% greater than costs. They also require investments (equity) of
20 to 30% of capital costs by the owners of the project company. These
investments are at risk and are not serviced until current debt service is
paid and a significant debt reserve is accumulated.
The actual residual risks that the LC bank undertake are quite limited if the
above described program is strictly followed. A major construction contractor
takes plant completion and performance risk. Another firm takes most of the
operations risk. And, the investors' monies (20 to 30% of capital cost)

receive no return prior to the LC bank being called upon to pay debt service.
In return for taking this residual risk, the LC bank is paid a fee of usually
1 to 2% of the outstanding debt.
As can be seen, this model in essence provides a new project company without

an established creditworthiness track record with the ability to borrow 80% of
the monies necessary to build a power plant at an interest rate of 1 to 2%
above that of a triple A rated entity. That is, the lending institution is
providing their funds on the basis of the LC bank's credit. Most banks
providing LCs have been double or triple A rated.

It is not hard to see this model's appeal to an LDC attempting to finance a
large, new power plant. The country's utility could guarantee purchase of the
electricity generated just as a U.S. utility does under PURPA. Major
international contractors would provide firm-priced construction agreements
with completion and performance guarantees. Potential investors in the
project company include contractors and an operating services company willing
to provide guaranteed operating levels. The Build, Own (Operate) and Transfer
model is evolving for fossil fired power plants in LDCs.
3.

THE BOT APPROACH

3.1

Organizational and Ownership Options

The BOT approach as applied to LDCs started to take shape in the mid-1980s
with the development of privatized cogeneration and waste-to-energy plants in
the U.S. and with the move in the U.K. to private electric power production.
The Turkish BOT effort started in 1984 and the Pakistan effort in early 1988.
Since then Thailand, Indonesia, and the Philippines have been considering the
BOT approach to private power generation, and the Hopewell project was
developed in the PRC.
The private sector involvement in a grass roots nuclear power plant can take
the form of two structures: the Build/Own/Operate (BOO) and
Build/Own/Transfer (BOT). Both structures require that the private owners
develop, finance, construct, own, and operate the power plant. The main
difference is that the BOT scheme features a transfer of ownership back to the
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government after an agreed upon period (typically 10 to 15 years), at which
time the debt and equity will have been repaid. The BOO plant can, in
principle, continue in private hands throughout the useful life of the project
or to some other date agreed to by the government and the private owners.
Another variation, unlikely for a nuclear power plant, is a
Build/Lease/Transfer arrangement (BIT), whereby the plant has the above
characteristics except the plant is leased to the government utility for a
rental fee.

Figure 1 shows a typical BOT structure for an electric generating project, the
key players/investors/lenders, and how they are bound via key agreements and
contracts.

Equity Subscription Agreement
Authorizations,
- Base and overrun
and Assurances
commitment
Term Loan
Possibly:
Agreement
- Equity participant
- Party to offtake agreement
- Plant purchase option

Construction
Schedule and
Performance
Guarantees

Consortium

FIG. 1. BOT structure for an electric generating station.

3.2

Recent BOT Power Projects

If the project company concept for private
the U.S. and the BOT so closely paralleled
similar boon to power plant development in
similarities, the BOT and the U.S. project
dissimilar in several critical respects.

power development worked so well in
it, why has the BOT not been a
LDCs? For all their apparent
company concept are in reality

First, the revenue stream for the U.S. project company is in U.S. dollars; the
electric revenues in a LDC are in local currency. Secondly, the U.S. is
viewed as politically and financially stable; many LDCs are viewed as
significant political and economic risks. Thirdly, the U.S. is not subject to
country exposure limitations by the banks as are so many LDCs. And finally,
the cogeneration projects in the U.S., though not small, were not in the
billion dollar range. Also, the export credit agencies and the multilateral
lenders, the usual catalysts for major loans to LDCs, are accustomed to
receiving the borrowing country's guarantee -- sovereign risk. Much time and
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effort has been spent attempting to disguise this requirement, but in the end
the BOT still in reality remains much more akin to sovereign risk borrowing
than limited recourse, project company financing.
Many more questions are raised than answered when examining the recent history
of the BOT model when applied to fossil power plant development. Are export
credit agencies really necessary sources of debt for major power plant
projects? Are commercial banks still unwilling to accept different (more
project based) risk levels when co-financing projects with export credit
agencies than the export credit agencies themselves? Even with guarantees of
currency conversion, do lenders view BOT project loans subject to country
exposure limits? The answer today remains yes.

The Turkish Coastal Coal Projects and the Hab River Project in Pakistan are
large current BOT endeavors that have been delayed for years and have cost
sponsors and proposers millions of dollars in project development
expenditures. The Hopewell Project in PRC is excluded from this analysis
because it is based more on a Hong Kong revenue stream than LDC issues. There
is still hope that the Turkish and Pakistani fossil based BOT projects under
development will be financed this year. The BOT model for fossil power may
well be confirmed or significantly changed, depending on the outcome of either
or both of these projects.
4.

BOT PROJECT DEVELOPMENT CYCLE

4.1

Feasibility and Commercial Aspects

A BOT project generally has three phases.

(a)

Phase I involves a pre-feasibility assessment arrived at by
defining the project market and technical, economic, and
commercial parameters to establish project viability. In a
nuclear power plant much attention must be given to the type of
technology, project site, and environmental factors.

(b)

Phase II further assesses project feasibility with emphasis on the
commercial, financial, and legal structure. In the case of
nuclear power plants, regulatory and licensing arrangements are
most important.

(c)

Phase III provides for negotiation of the arrangements agreed to
in Phase II, e.g., the electricity tariff under the power sales
agreement and other key agreements to bring the project to
financial closing.

Organizational, financial, and commercial aspects are central to the
development of a BOT project, and are important from inception to financial
close. The process of creating an "owner" and a "project company" that are
tied together under a commercial structure is both time consuming, complex,
and costly.

4.2

Project Developer/Sponsor/Owner

The sponsorship of project development can take a number of different forms.
Typically, several parties may join in a development consortium which involves
companies with direct interest in the power project. Such companies are
represented by suppliers of equipment, engineering, construction services, and
operation and maintenance services. These entities generally are the "active"
investors, make up key members of the project company, and share in the
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project development costs. The host country can also participate in the
project as an equity investor.
The key to project success is the involvement of confident, responsible, and
creditworthy sponsors/developers which help attract additional equity
investment and are key to creating lender confidence.
4.3

Development of Agreements

A sound, cost effective project development effort requires the same project
management discipline involved in successful construction management. Of key
importance is a step-by-step "milestones" approach with clear go or no go
decision points for sponsors/investors. Ideally, this takes the form of a
series of written agreements between the host country and the project sponsor
formalizing the evolving understandings between the parties.

For example, following completion of certain pre-feasibility work, the sponsor
and host government enter into a Memorandum of Understanding that sets forth a
development schedule specifying project milestones and deadlines for achieving
them. After the milestones specified in the Memorandum of Understanding have
been accomplished, the parties then enter into a full Implementation Agreement
specifying obligations and responsibilities including cost sharing for both
parties up to financial close.
The Power Sales Agreement is probably the most important financial security
arrangement. This provides for the government-owned utility to buy electric
power from the private project company at a price that covers operating costs,
fuel, debt service, repatriation of equity, and a fair return for the services
provided and risks assumed. In turn, the project company agrees to deliver a
base amount of electricity at negotiated prices. The power sales agreement
can also provide incentives in the form of bonuses or penalties to encourage
efficient plant operations. Figure 2 shows a project development schedule
including the key actions to be carried out in the three phases.

4.4

Project Development Costs

The cost of implementing a BOT model should not be underestimated. It may
amount to 3 to 5% of total project costs, much of which must be expended prior
to any assurance that the project will be approved and implemented. On large
fossil fired power plants, this equates to the cost of detailed engineering
design. Because these costs are high, involving expert legal and financial
skills, the examination of the host country's objectives, and to assurance
that there is a government consensus, appear to be prudent.
The special considerations that are inherent in a nuclear power plant must be
added to the already complex and costly BOT process. Even with the new
generation technology, nuclear power projects will likely have large capital
costs (about U.S. $1 billion) and may take from 5 to 8 years to develop,
license, and construct.

The workability of the BOT model for major fossil power plants in LDCs is yet
to be proven conclusively. If the BOT model is proven beneficial for fossil
projects, then its application to nuclear power plants can be addressed.
Figure 3 shows a project development schedule for a nuclear power plant and
its related development costs in the different phases.

377

U)
-0

oo

Phase II

Phase 1

Tasks

Phase III

Engineering

j

L

%i
»«F

Evaluation

N

s« ect-~
^

^

xar

subml

Afçdcalten

s Application ^y

0
U

Y

k ———^-Q——

^

v>i^

Permitting/Authorizations
Power Sales Contract

^

Prevld« Support

Proposal..'

Design Book and N( got aled
lump Sum Cosl EPC
, C(ntfBd

Design andf0
Equifmi

Conceptual
Design and Cos)

Term Sheet
V

.,

NeO.W,

1

Permit s/Au hoilratlons
Awe rded
\y

Proc IM ParmltVA rihorteatlorn

Negc llaled
•'l Parties
„ , Review ^ ova 1
° i_

i
j

!r

n

Negotiated
Term Sheet

Dbcussbns -

Fuel Purchase Contract

l,
r\~
\J . rv'3
\*r —— —— —— —— <

Financing Plan/Financial
Analysis

O
W

Development, Project
Company Formation,
Closing Documents
Equity/Debt Placement

Project Insurance

Site Selection

Indicates Critical Path

V !

Plan

r\f ,
\J*

F reposai
Evalualbn
^7

Ne

pj

^

O— O'

'-^
FH ji
Plan

.

J

! T

Seled
"^

knpbmenlaMn Formation
C impany
Agreement J Aorïomsnt
F<»tmalkin
Neg<)lialt ^
-•' Drall ^T N«9ollat8 ^

j
j

Discussions -

S*!
•=:

Conceptual

Feasbifty =

„

"'"

Recehn
Propowb
^

Finan ial
,All Doff urnents
*•
Ctosii
^

Ï

Coi imit
Le (er
^?____

1

Mlal
Investigation .=

Proposal

o— o-'

T

Initial
Investigation
Report ?

FinaS •» Site Seledk

o— o-

FIG.

2. BOT project development schedule.

—— C > ———— '

sr

Com mit

L«!l
er=

*

r"

Site
J
Approvi i=

r'

3 - 6 Months

PHASE I

12-18+ Months

12-184- Months

-»

Pre-feasibility
Study

PHASE III

PHASE II

Commercial and Financial Feasibility

*
Government
Decision

Financial closing Including
detailed documentation

Government
Decision

Release Detail
Design and
Construction

Development Period •

FIG. 3. BOT project development pattern/cost.

5.

CAPITAL STRUCTURE

5.1

Debt/Equity Ratio

Similar to other privatized power projects, a BOT nuclear power plant should
be capitalized on the basis of debt and equity. In a developing country, the
key determinants of the debt to equity ratio are the project's economics which
establish the debt service capacity and the project's risk profile. A project
with a strong economic structure and sound credit structure typically requires
less equity. However, given the construction and startup risks in a nuclear
power plant, it is likely that export credit agencies and commercial banks
will require an equity participation somewhat greater than a conventional
power plant, unless sovereign risk guarantees are available from creditworthy
governments. Lenders (i.e., export credit agencies and commercial banks) not
only will be looking at project revenues as a means of repayment, but also at
the type of security structure which assures that under certain risks or
contingencies that debt will continue to be serviced. There may also be a
requirement, particularly by export credit agencies, to provide for the host
country sovereign risk guarantees under certain circumstances (e.g., force
majeure or political risks).

5.2

Financing for Nuclear Power Plants in LDCs

Financing for nuclear power plants is limited primarily to export credits,
commercial bank loans, and supplier credits. Annex III of the OECD
arrangement entitled Sector Understanding on Export Credits for Nuclear Power
Plants, spells out the guidelines and the terms and conditions for such
financing. Under the arrangement, the western creditors (Western European
countries, United States, Japan, and Canada) have agreed not to provide tied
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aid credits, aid loans, grants, or any other kind of financing at credit terms
that are more favorable than those set out in the understanding. The World
Bank and the regional development banks, as a matter of policy, have not made
loans for nuclear power plants to Third World countries. Thus, except for
export credits, commercial bank loans, equity and loans by the owner, and
supplier credits, there are no other sources of financing for nuclear power
plants in LDCs.

Specifically, the Sector Understanding provides for terms that, in the case of
Category II and Category III countries (Third World countries), are at the
current consensus matrix plus 100 basis points for a period of up to 15 years
following completion of plant construction and startup. The cost of money for
such plants is high and runs between 10% and 12%, depending on the country
category. In addition, an exposure fee can add an additional 1% to the
financing costs. Terms in excess of 15 years will be at a slightly higher
interest rate. There may be a reluctance by export credit agencies to finance
interest during construction (IDC), thus placing an additional up-front
borrowing burden.
Such are the terms that apply to virtually all aspects of a new nuclear power
plants including equipment, materials, services, training and commissioning.
Official financing for local currency costs and capitalization of interest may
not cover an amount exceeding 15% of the export value, assuming the export
credit agency is willing to finance. In addition to direct credits, export
credit agencies can also guarantee commercial bank loans.
Thus, given the sector arrangement, it is clear that available funding is

likely to be limited for financing of LDC nuclear power plants and the cost of
money is not likely to be too far below commercial terms.

5.3

Security Structures

Another interesting area of divergent interests may exist in the central bank
or treasury of the host country. The requirement for payment under the Power
Sales Agreement in foreign currency is mandatory since the project's cost and
debt will be primarily in foreign currency. The responsible authorities may
require greater flexibility in determining priorities for use of their foreign
exchange. Also, the impact of such a commitment for a specific project may
encourage other lenders who in the past assumed convertibility risk to require
similar convertability assurances. It may be necessary, therefore, to seek
convertability guarantees, similar to the arrangement by the World Bank for an
Enhanced Co-financing Operation (ECO).
5.4

Risk Considerations

The risks that a developer will face in attempting to implement the BOT model
for a nuclear power plant will include all those normally associated with a
complex power project plus heightened risks in the environmental, regulatory,
siting, and public relations areas. These risks are compounded by a lack of
legislation or legal precedence related to nuclear power in many countries.
The lack of this historical basis may cause the financial community, both debt
and equity sources, to view the project as significantly more risky than a
competing fossil option.
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6.

CONCLUSIONS

6.1

The development of new nuclear power plants including small, simpler,
pre-licensed plants with shorter construction periods may make such
power plants a more viable option for BOT financing in LDCs. However,
the BOT model is still evolving in the fossil power field, and thus, BOT
for nuclear power in LDCs is at least 5 to 10 years away, considering
that the new generation of nuclear power plants still have to be made
operational.

6.2

Since the application of the BOT approach to nuclear power plants in
LDCs is more complex than for fossil plants, investors, host
governments, and financial institutions will be looking very closely at
the track record of developing and implementing BOT fossil plants. This
scrutiny will encompass a review of all phases of the projects including
financial close and plant completion/operations before these parties
will pursue BOT for a nuclear power plant. The outcome of the Turkish
coal-fired power plants and the Hab River Power Plant in Pakistan will
no doubt influence investors' receptivity of the BOT option for nuclear
power plants.

6.3

The BOT approach for a fossil project adds complexity and time, and has
a costly development process: a 2- to 3-year time cycle from development
to financial close should be expected. BOTs for nuclear power plants
are likely to add to these time and cost factors because of more
complicated licensing, siting, environmental, and financing
considerations. Thus, investors/sponsors should be prepared to bear
large project development expenditures.

6.4

Having an up-front consensus within the host government and its
agencies, both on the nuclear and BOT option will be essential to
attract equity investors and institutional lenders and to permit the
development process to move forward expeditiously.

6.5

The BOT provides a vehicle for attracting new capital (i.e., equity
investment and bank loans) for a capital intensive nuclear power plant
that may otherwise not be available to the host country through its
budget or from financing institutions.

6.6

Nuclear power plants are capital intensive and thus the larger the plant
size, the more complicated the BOT financial and commercial structure.

6.7

In a BOT model, particularly for a nuclear power plant, investors, host
government, and financial institutions may have competing interests in
how to protect their investment and how to structure an appropriate
security arrangement. Investors will be seeking a fair return on equity
commensurate with risk and will wish to leverage their investment with a
lower equity to debt ratio. The host government will be seeking
financing by the investors free of sovereign risk guarantees and will
wish to keep any debt assumed for a nuclear power plant "off budget."

6.8

The financial institutions will wish to protect their loans and will
require a security structure that assures that debt is repaid on "date
certain." Thus, the financial institutions will be seeking a larger
equity participation for a nuclear power plant compared to a fossil
plant, and also will be seeking sovereign guarantees or third party
guarantees. Escrow and reserve accounts also will be sought by the
lenders.
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6.9

The development of an international institutional instrument, such as
the Enhanced Co-financing Operation (ECO), which presently is being used
by the World Bank for BOT projects, may dramatically improve the
probability of bringing a BOT project to financial close.

6.10

Owner/sponsors/lenders/suppliers all desire a process that is well
defined, logical, fair and firm when undertaking a major project.

6.11

BOT remains a promising but unproven alternative for revenue earning
power projects, particularly for a complex nuclear power plants.
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Appendix 1
Country-Specific Advanced Nuclear Reactors

I.

Evolutionary Advanced Reactors
ABWR (Advanced Boiling Water Reactor)
The ABWR being designed by GE in cooperation with the Tokyo
Electric Power Company in Japan is basically similar to the
large BWRs recently completed in the U.S. However, it
contains the following major new features:

Internal reactor coolant pumps that replace the former
BWR external reactor coolant recirculating pumps
(eliminating the external pipe loops outside the
reactor vessel). This design feature not only reduces
piping quantities, but simplifies plant layout and
eliminates openings in the reactor vessel below the
core, adding to the safety margin.

•

A cylindrical, reinforced concrete containment vessel
integrated into the rectangular reactor building.
A smaller reactor building size compared to earlier BWR
plants.

•

Simplified and optimized safety systems to provide
protection against possible core damage at least a
factor of ten better than the present BWR models.
Digital technology and multiplexed fiber optics signal
transmission technology combined to integrate control
and data acquisition for both the reactor and turbine
plants.

•

Upgraded liquid and solid radwaste facilities to obtain
a reduction in final radwaste volume to fewer than 100
drums per year.

System 80+

The System 80+ reactor plant being designed by
ABB/Combustion Engineering is basically similar to the U.S.
Palo Verde System 80 plants built for Arizona Public Service
Company. It contains the following major new features:
•

Whereas the Palo Verde System 80 plant has a
cylindrical reinforced concrete containment building,
the System 80+ has a free-standing spherical steel
containment vessel surrounded by a concrete
environmental and biological shield structure.
The steam generators include several design
enhancements such as Inconel 690 tubes, improved
dryers, increased heat transfer area, and a larger
secondary system feedwater inventory.
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Safety systems are revised to both simplify them and to
provide more reliable systems.

•

Utilization of the Nuplex Advanced Control Complex to
ensure a completely integrated design approved for both
NSSS and BOP system interfaces.

Advanced PWR (SP-90)
The Advanced PWR being designed by Westinghouse (W) with the
Kansia Electric Power Company of Japan is similar to
existing Westinghouse PWRs, but contains the following major
new features:
•

While most W PWRs built to date have reinforced
concrete containment buildings, the SP-90 may have a
spherical steel containment. However, optimized
layouts at a variety of future siting conditions have
been studied, and these studies could affect
containment design selection.

•

The primary coolant systems have larger capacity pumps
and accumulators.

•

The steam generators have more corrosion resistant
tubing, improved tube sheets, better sludge removal
features, increased heat transfer areas, and features
to reduce earthquake- and flow-induced vibrations.

Safety systems are revised to contribute to a decrease
in the core melt probability without increased cost
penalties.
•

The control system is designed with a duplexed digital
data processing system and a multiplexed data
transmission system using optical fibers.
The radwaste system is designed to reduce solid waste
output to fewer than 200 drums per year.

Siemens. Framatome and B&W

In Europe, major reactor vendors Siemens and Framatome, in
collaboration with Babcock & Wilcox in the U.S., have
announced a collaborative effort to design a new generation,
more inherently safe nuclear reactor for the North American
market. In parallel, Framatome and Siemens began
cooperating in 1989 on a joint company, Nuclear Power
International, to market advanced nuclear plants around the
world. The plant will be in the range of 1,000 MWe. Thus
far, design details are not available, although it is
reported the plant will encompass an "evolutionary" design.
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II.

Passive Advanced Reactors
AP600

The AP600 plant being designed by W is based on proven
concepts and equipment with a 60-year life. The AP600
reactor building consists of a cylindrical steel containment
surrounded by a tornado missile-resistant concrete shield
structure. The capability of this steel containment to be
cooled by natural circulation with outside air is a key
design feature of the reactor building.

Other major features of the AP600 are:
•

The primary reactor coolant system uses hermetically
sealed canned rotor pumps in a close-coupled steam
generator and pump configuration.

The "passive" safety injection system provides two
functions: residual heat removal and primary reactor
coolant inventory control. For short-term accident
conditions, the system utilizes accumulators on the
primary loop. For long-term cooling, gravity flow from
large storage tanks inside containment to the vessel
and natural circulation of the reactor coolant through
heat exchangers located in the storage tanks are
utilized for decay heat removal.
•

"Passive" containment cooling is provided in case the
normal containment air coolers are not functioning.
Only the opening of 1 of 2 normally closed valves is
required to initiate natural circulation outside air
cooling in the space between the containment vessel and
the concrete shield structure.
In conjunction with the air cooling, an elevated water
storage tank provides up to 3 days of containment
cooling by a gravity flow of water over the exterior
surface of the containment vessel. After 3 days,
operator action is required to refill the tank although
the naturally circulating air will prevent containment

failure if no water cooling is maintained.
•

Due to elimination of active safety systems and a
modularized design, the amount of piping and equipment
is considerably reduced from the typical 600 MWe
design.

The 600 MWe Simplified Boiling Water Reactor (SBWR) being
designed by GE has significant design differences with
existing BWRs. The most important is that all core heat
generated during operation is removed by natural
circulation. This results in substantial design
simplification, since the recirculation pumps and controls
needed for forced coolant recirculation (in current BWRs and
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the ABWR) are not required.
SBWR are:
•

Other major features of the

The containment consists of a reinforced cylindrical
concrete vessel integrated into the rectangular reactor
building (similar configuration to the ABWR).

An isolation condenser (also used in earlier
conventional BWR designs) allows the reactor vessel to
be isolated from the turbine condenser without the need
to provide safety relief valves, which must open and
close to discharge reactor vessel steam to the
suppression pool.
A "passive" containment cooling system provides a 3-day
cooling capability for the containment. Beyond 3 days,
water makeup is all that is required to continue
containment cooling.

•

The control complex space requirements are less than
half that required for current conventional plants
because of advanced man-machine interface designs as
well as the use of a multiplexing system and extensive
use of standard microprocessor-based control and
instrumentation modules.

Safe Integral Reactor

The Safe Integral Reactor (SIR) being designed by ABB/CE is
a PWR utilizing features significantly different from
current PWRs. The reactor is about one-half the size of the
SBWR or the Westinghouse AP600; two SIR steam supply systems
feed one turbine generator to produce 640 MWe. Major design
features of the SIR are:
•

Twelve steam generators are located inside the reactor
vessel along with six reactor primary coolant pumps.

•

The upper part of the reactor vessel forms the
pressurizer.
The current design is capable of operating at 20
percent of full power on natural circulation alone.
Coolant flow after a depressurization is guaranteed by
a "passive" gravity drain from the containment pressure
suppression tanks.

•
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Decay heat can be removed for a minimum of 72 hours
without operator intervention using a closed cycle,
natural convection boiling and condensing system which
only requires battery power to operate the initiation
valves. The heat sink is the pressure suppression
tanks (eight). Decay heat can also be removed using
the safety relief valves and containment pressure
suppression tanks.

CANDU-3

In 1982, in response to a perceived trend to smaller power
stations, Canada's AECL undertook the development of a new,
smaller-sized version of the CANDU design. Sized at 300
MWe, the CANDU 3 uses proven systems, components, and
concepts throughout, while incorporating the latest
available technologies, ranging from design and construction
methods to control systems. The new design incorporates
modularization, a heavy-lift crane, and the all-around
access of a new station layout. This results in a reduced
construction time of under 3 years, leading to significant
construction savings.

III. More Innovative Advanced Reactors
MHTGR

The Modular High Temperature Gas Reactor (MHTGR) is composed
of four reactor modules, each rated at 350 MWe, combining to
generate 1,400 MWe. Both the reactor and the steam
generator are located below grade, thus minimizing the above
grade height of the top portion of the reactor building
structure. The reactor vessel is in a separate compartment
from the steam generator. The reactor module has the
following main features:
•

An annular, prismatic core containing spherical coated
fuel particles embedded in graphite fuel rods, which in
turn are inserted into graphite fuel elements
containing coolant passages. The layers coating the
fuel particles provide fission gas space and act as a
containment barrier for fission products generated
during reactor operation.
A main circulator (in the top of the steam generator)
to circulate the pressurized helium gas through the
reactor core and then through the steam generator.

•

A crossover vessel providing a concentric flow path
which transports the hot helium to the steam generator
in the center section and returns cold helium to the
reactor vessel in the annulus.

•

A smaller shutdown circulator used to circulate the
helium coolant through the reactor core and then
through a water cooled shutdown heat exchanger (in case
cooling through the steam generator is lost).

•

A passive decay heat removal system consisting of an
intake/exhaust structure and concentric ducting to
provide natural circulation of air past the reactor
vessel.

•

Control rod drives and fuel handling ports entering the
top of the reactor vessel.
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In addition to conventional electricity generation, the
turbine plant may also be configured for cogeneration
applications.

Advanced Liquid Metal Reactor (ALMR)
The sodium cooled modular ALMR is also under development in
the U.S. The design involves location in a below grade
structure to simplify the design of the above grade portion
of reactor building. However, in contrast with the closecoupled MHTGR steam generator, the ALMR steam generator is
located in a separate structure to which the heated
secondary sodium is conveyed through an underground pipeway.
The reactor module has the following main features:

A reactor core containing metal fuel rod assemblies
cooled by low pressure sodium.

Four electromagnetic primary pumps to circulate the
primary sodium coolant through the reactor core and
then through the two intermediate heat exchangers which
are used to transfer primary coolant heat to the
secondary (non-radioactive) sodium coolant.
•

Control rod drives and a sealed rotatable plug in the
reactor vessel closure.

•

Space in the reactor vessel for temporary storage and
decay of spent reactor fuel assemblies prior to removal
from the reactor vessel.

A secondary containment vessel outside the primary
reactor vessel and a secondary confinement structure
above the reactor vessel closure which forms the top
containment boundary.
A natural convection air cooling system for removal of
reactor core heat when the secondary cooling system
that is normally used is not available.
In addition to addressing the need for increased electrical
production, the ALMR has the capability to recycle Pu and
minor actinides which significantly reduces the long-lived
waste volumes.

PIUS
In Sweden, the PIUS reactor is being developed by ABB Atom
and ABB Combustion Engineering Nuclear Power. PIUS is based
on a new design philosophy in that reactor safety (core
integrity) is: guaranteed by the laws of thermo-hydraulics
and gravity alone; independent of the function of mechanical
and electrical eguipment; and insensitive to human errors
and mistakes.
Core integrity and reactor safety accordingly are ensured by
keeping the reactor core under water at all times. The
reactor core is located near the bottom of a large
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prestressed concrete reactor vessel (PCRV), which is filled
with cold water containing the neutron absorbing natural
element boron. This water has open access to the reactor
core. The thermo-hydraulics of the primary circuit is so
arranged that it is not possible to have thermal power in
excess of the cooling capability of the pool water. The
amount of water is sufficient in an emergency to remove
residual heat for a week by evaporation.
All of these PIUS features, which are fundamental to the
design, equal or exceed EPRI's proposed designs for passive
reactor safety systems—and they do so entirely without
movement of mechanical systems, external electrical power
supply, sophisticated instrumentation and control, or
operator action.
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