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OPENING ADDRESS

by R. Skjöldebrand
International Atomic Energy Agency

Vienna

As an introduction to the Seminar I would like to dwell briefly
on the major problems, the uncertainties and the constraints which we
in the Agency see for nuclear power programme development in developing
countries. Now, the developing countries use about 19% of their primary
energy for electricity production. The world average is about 28%, and
this fraction is certainly one measure on the status of development
achieved in the country. In the Agency we hope that it will be possible
to increase that fraction from 19% to about the present world average
in the year 2000. That will mean an addition of about 600 to 800 GW(e)
of installed capacity in 15 years. This is an increase with a factor of
about 2 to 3, if it is achievable. That in itself is a very major
investment requirement in the energy production machinery of developing
countries.

As to the nuclear part of that we in the Agency have learnt to be
cautious. We have had to reduce our forecasts several times of the
past years and we are now very weary of giving preductions. But we
estimate that some 35 to 75 GW(e) could be nuclear of that new capacity
additions, that is some 6 to 10%. That is certainly not a major figure
and disappointing from many points of view. In the background of this
stated period we still see nuclear power .mainly used for electricity
production in the developing countries also, although there may be
some applications for jewel purposes for electricity prduction and
de-sorting, for instance.

You will receive later this morning a more detailed description
of the situation in developing countries. I would just like to say
here that we now have ten of our developing Member States which have
nuclear power programmes and nuclear power plants either in operation
or under construction. We estimate that some ten additional countries
could accommodate 600 MW units before the end of this century on their
grids and an additional ten could accommodate 300 MW units if such
nuclear units were to become available. That does not mean in any
way that those 20 countries will decide to use nuclear power. Several
of the countries which I am referring to, which could use nuclear power,
are major oil exporters. It is, of course, from a national economic's
point of view perfectly feasible and justifiable to introduce nuclear
power in this situation, but it is only a few of those countries that
have done so or have announced their intentions to use nuclear power.

The majority of the oil-exporting countries appear to have set their
development priorities differently and are not likely to purchase
nuclear power plants.

Mr. R. Skjöldebrand is Head. Reactor Engineering Section
of the Agency's Division of Nuclear Power.



On the other extreme, we have several countries which are very
dependent on oil imports. There are quite a number which could
accommodate nuclear power plants which are now paying more than 40%
of their export earnings for energy imports. This basically means
that they are in a vicious circle, where the increasing debt burden
due to the energy imports would make it increasingly more difficult
to make the investments necessary to change the energy system; not
even to mention the possibility of going nuclear, or to change the
energy system to one that is more capital-intensive.

The experience that we have seen of nuclear power in developing
countries - I would admit to you - is as varied as it is in
industrialized countries. One has certainly seen projects which have
been carried out in short and controlled schedules with good and low
capital cost results. There are also others that have resulted in
excessive over-runs of both, schedules and costs. On the operation
side, we have seen, both in developing countries and in industrialized
countries, that some utilities in some countries achieved consistently
good results with availability factors of more than 85% over several
years. I would admit again that these good results, both in
construction and operation, show what is achievable without, in any
way, sacrificing safety. The Agency has a clear responsibility from
the information available to it to analyse which factors contribute
to these good achievements and to assist the other owners to improve
on their performance. It is regrettable, of course, that it is the bad
examples that get the publicity and probably tend to discourage
financing institutions. It is possible that neutral and consistent
information of the type that the Agency provides regularly could help
to alleviate that situation.

Turning now directly to developing countries, we have seen that
a success on their programmes and on the projects is, to a large
extent, dependent on five infrastructures that we have defined:
First, of course, the grid size and its stability; secondly, the
availability of qualified manpower at all levels, from managing staff
to cold welders. Thirdly, the organizations to plan, to make the
decisions and to stick to those decisions, to execute and operate
the projects and to regulate its safety. Fourthly, the industrial
support, not only for construction, but also for operations, main-
tenance and repair. And, finally, the fifth infrastructure, that
of research, development and demonstration; not only on the nuclear
side but also in general industrial research, which is of fundamental
importance, for instance, for standards promulgation in the country.
Qualified manpower is undoubtedly the key to those infrastructures
and the Agency has, during the past ten years, focussed its attention
and its assistance to developing countries considering nuclear power
on assessment and on improvement and on development planning of these
infastructures, particularly manpower.

If nuclear power is going to find a further use in developing
countries, I believe that there are three conditions that have to
be met: First, we have to have standardized plants available;
standardized plants which can be built under standardized and repeated,
the same, contract models. We need the continuation of a stable non-
proliferation regime in which international treaties, bilateral agree-
ments and the Agency's Safeguards are the important components. And,
finally, it will be necessary to take a close look at the financing,
because financing certainly is a major constrant for nuclear power in



developing countries. The first two conditions should probably be not
so difficult to meet. We believed that the trend in industrialized
countries certainly is towards standardized plants and probably also
towards standardized plants in sizes which could be interesting to
developing countries; that is, in sizes in the 600 to 900 MW range and
possibly also in the 300 MW range. We will give you more information
on that at a later time. The non-proliferation regime we certainly
hope will continue to exist and there is a review conference on the
Non-Proliferation Treaty going on at the present time. The third
condition, financing, this brings me to the main objective of this
Seminar, which is a closer contact among the parties in a project
and a better understanding of the conditions and the possibilities
for financing, hopefully, also with consideration of new models which
will be used in the future.

It is a legitimate question to ask what the Agency's role can be
in the context of financing of nuclear power projects. It is not
clearly outside our mandate in the Statute because that sates - and
I quote, "Upon request, the Agency may also assist any members or
group of members to make arrangements to secure financing from outside
sources to carry out such projects." It is not clear what the
Preparatory Committee had in mind when writing this. However, our
Member States have certainly pointed to this article and requested
repeatedly that the Agency should be more active on the financing
side. In 1968, for instance, a proposal was made in our General
Conference that the Director General should study, and I quote again,
"how to secure finances from international sources for the creation
of a special fund". That came to nothing. But the question remains
on the Agenda and I have been informed that in the NPT review
conference that is now going on a paper has been tabled which urges
further exploration under the auspices of the IAEA of the problems of
securing international and multilateral finance for major capital
projects in the nuclear field. We do not know if that paper will
find a reflection in the final documents of the conference but it
shows*that our Member States - in this case the initiative comes
from industrialized Member States - keep this point on the agenda.
It is, of course, so that the Agency is not likely to contribute to
financing of nuclear power projects from its own resources. We have
a technical assistance budget which now amounts to 30 million dollars
per year. This has been a major increase since ten years ago, but we
are, of course, simply not in the same order of magnitude that would
be needed for a direct participation even in co-financing.

Still, the Agency's role may not entirely be insignificant and
I would like you to bear this in mind in your deliberations this
week. And also bear in mind that that role of the Agency will certainly
be dependent on the mode of financing, and there a note from the
programme that new models, new approaches to financing of nuclear power
projects in developing countries will be discussed in some of the papers
submitted to the Seminar. I think a look at such new approaches is
fundamentally important against the background, and I think it is
certainly now time to recognize the role of electricity as a driving
motor for industrial development and that without sufficent electric
energy other investments may become doubtful in the longer term in
developing countries. This is the unique role of the electricity sector
which, I think, one should pay more attention to in looking at the
general investment picture. I am personally confident that the role
of the Agency in the context of financing will depend very much on



recognition of our competence and neutrality in technical and economic
assessments. I am also confident that this competence and neutrality
exists and that they are there for our Member States to use. But a
better definition of the problems and the ways and means of surmounting
them is the main substance of your discussion this week. We certainly
look forward to results of those discussions with a great deal of
interest as they will be used in the shaping of our future programmes.



GENERAL OVERVIEW AND SUMMARY ]

by J.P. Charpentier, L.L. Bennett
Scientific Secretaries

International Atomic Energy Agency
Vienna

Nuclear power's technical feasibility and economic
competitiveness have been demonstrated in industrialized
countries, and although experience in the developing
world is somewhat limited for the time being, the
situation there is not so different. The examples of the
Agency's 10 developing Member States which already
have embarked on nuclear power programmes prove that,
step-by-step, technical problems can be solved and the
economic competitiveness of nuclear power can be
demonstrated.

As the IAEA has seen, the success of nuclear power
projects and programmes in developing countries is, to a
large extent, dependent on five infrastructures:
• Grid size and stability
• Availability of qualified manpower at all levels, from
managing staff to welders
• Organizational structures to plan, take decisions and
stick to those decisions, execute and operate the project,
and regulate its safety
• Industrial support, not only for construction but also
for operations, maintenance, and repair
• Research, development, and demonstration, not only
on the nuclear side but also in general industrial re-
search of fundamental importance, e.g., for standards
promulgation in the country.

Assistance in strengthening and developing these
infrastructures is a matter to which the IAEA -
especially during the last 10 years — has focused its
attention for developing Member States considering
nuclear power introduction.

It has become apparent, however, that it is also
necessary to focus on financing: It clearly is a major
constraint that must be solved if nuclear power is to
find more widespread use in the Agency's developing
Member States. To address the problems, the IAEA
organized a Seminar on Costs and Financing of Nuclear
Power Programmes in Developing Countries, in Vienna
from 9-12 September 1985.

The seminar dealt with three main topics: (I ) nuclear
investment and fuel cycle costs; (2) financial risk assess-
ment at project and country levels; and (3) loan condi-
tions. Its main objective was to promote a dialogue

among trie various parties involved in the domain of
nuclear power f inancing, i.e., buyers, suppliers, and
f inancing organisations. The keen interest in the subject
was demonstrated by the participation of some 80
delegates from 29 Member States (18 of them developing
countr ies) and seven international organizations. Many
f inanc ing organizations were represented in the seminar.

At the meeting, the Agency presented information
based on its own studies, national experience, and the
work of other international organizations showing tha t
nuclear power plants arc an economic means of
generating electricity.*

Performance and economic records

The records of power plants in operation clearly
indicate that availabil i ty factors have been increasing
steadily over the last 10 years and now reach a level of
around 70 to 80% in most countries, and even higher in
some. Furthermore, analysis of operating experience
data collected in the Agency's Power Reactor In-
formation System (PRIS) clearly shows tha t availabil i ty
factors are strongly influenced by the experience of
nuclear power plant operators.

The economic competitiveness of nuclear power
stations against oil-fired plants has been clearly established,
especially with crude oil prices being above S25 per
barrel.** With coal-fired plants the situation depends on
local conditions, on plant size and, of course, on the
coal price. Studies published by the Internationa! Union
of Producers and Distributors of Electricity (UN1PEDE)
and the OECD Nuclear Energy Agency (OECD/NEA)
have shown that in Europe and Japan, nuclear power
plants would have a 30 to 70% cost advantage over
coal-fired power plants. In the USA and Canada, the
competitiveness-depends very much on the region
considered. Nuclear power shows an economic advantage
in Central and Atlantic Canada and a small advantage in
the northeastern and southeastern parts of the
United States.

Mr Bennett is Head, Economic Studies Section of the Agency's
Division of Nuclear Power. Mi Charpentier is a staff member in
the section.

• See also "Economic performance of nuclear plants: How
competitive? ",/AEA Bulletin. Vol.27, No.l (Spring 1985).
*• Costs and prices throughout this article are expressed in
US currency.

Extracted from IAEA BULLETIN, WINTER 1985.



Projected nuclear plant additions

Ten developing Member States of the IAEA already
have active nuclear power programmes, as shown m the
accompanying table In terms of electrical power needs
and considerations of grid sizes, it might at first glance
appear t h a t an addit ional 20 to 30 developing countr ies
could be potent ia l users of nuclear power plants dur ing
the next 1 5 years

For various practical reasons, however, this is much
too optimistic The IAEA expects nuclear power
additions in the developing world to be some 35 to 75
gigawatts electric (GWe) dur ing this period, leading in
the year 2000 to some 45 to 85 GWe of nuclear power
capacity in developing countries The lower f igure
would apply if present programmes continue at a rate
slower than expected and only two or three new countries
introduce nuclear power The higher figure assumes
thai present programmes continue as planned and that
some five or six new countries place nuclear plant orders

Seen from the developing countries' point of view,
these figures would mean that only some 5-10% of
their new capacity additions will be nuclear, which is
certainly disappointing but probably a realistic assess-
ment of present and future constraints

Seen from the suppliers' point of view, this would
still mean a market for some 50 to 100 nuclear power

units, the great majority of which will be based on
imported designs This represents on the order of
15 to 20% of the total expected additions in the
industrialized world and very likely more than 50% of
the total export market

For this projected market to develop, however, in
particular at the higher figures, certain conditions
favourable to nuclear power would have to be met It
would cer ta in ly require that f inancing be made
available under acceptable terms, and that the new
countries would plan for development of their infra
s t ruc tures in an accelerated manner

Financing constraints

In spite of their proven overall economic compe
t i t iveness, the high capital requirements for nuclear
power plants pose difficult financing problems and
financing remains a major constraint on nuclear power
programmes in developing countries The capital costs
for a nuclear power plant in the size range of 600 to 900
megawatts-electric (MWe) are about SI 5 to 2 billion,
including interest during construction

It is interest ing to compare this amount for a single
plant wi th the approximately $2 5 billion that the

Status of Nuclear Power Programmes in Developing
Member States (as of 1 January 1985)

Country
PI an 13

m operation

Units MWe

Plants
under construction

Uni« MWe

Argentina
Brazil
China
Cuba
India
Korea. Rep. of
Mexico
Pakistan
Philippines
Yugoslavia

Total'

2
1

—
—
5
3

—
1

—
1

18

935
626
—
—

1020
1790

—
125
—
632

9140

1
1
1
1
5
6
2

—
1

—

19

692
1245
300
408

1100
5622
1308
-
620
—

12 202

* Total figure« include Taiwan, China, where there were five
units with a total capacity of 401 1 MWe in operation and on«
unit with a capacity of 907 MW« under construction.
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World Bank will have available for electric power sector
loans to the whole developing world during 1985, or to
the $10 billion of foreign exchange that, on average, is
made available for the power sectors of all developing
countries each year.

Current debt problems

In fact, it is not only the large amount of money
that hinders the financing of nuclear power plants, but
also the ere dit worthiness of countries, as seen by
various lending organizations. In a period where most
of the developing countries are facing difficulties in
fulfilling their debt services, commercial bankers as well
as governmental organizations of exporting countries
are reluctant to lend these countries additional funds.

Although the situation regarding the national debt
of different countries is improving nowadays, the situa-
tion still remains serious. Some countries have re-
scheduled the reimbursement of their debts, and the
interests due are generally paid step by step. Yet the net
export of goods often is still too low to supply sufficient
foreign exchange for repayment of the capital.

Of course, the situation is different from country to
country. However, in general, as long as the debt service
situation of a given country is not judged satisfactory
(e.g., by comparing the level of debt and debt services
against the gross national product and supply of foreign
exchange through export of goods), lenders, exporters,
and governments of industrialized countries will remain
hesitant to finance nuclear power plants. The major
problem is more a question of general economic policy
than a problem of nuclear power financing.

A "double difficulty"

Nonetheless, financing projects of SI .5 to 2 billion
under present conditions is not an easy task. A rough
simplified example can give an idea of the difficulties.
Let us take a $2 billion project. It is often requested
that 20% be financed locally in order to ensure the real
interest of the importing country (generally to cover
local expenditures such as site preparation and some
basic civil works). Most developing countries will face
difficulties in mobilizing the equivalent of some $400
million within their own banking systems or through
government donation. For the remaining share, no more
than 75% can be granted by export-credit agencies of ex-
porting countries under the present conditions of the
OECD Consensus of August 1984, which stipulates
guidelines for the export conditions of nuclear power
among OECD countries.* This means that the remaining
25% ($400 million in our example) will have to be
financed through commercial loans. As any commercial
bank is likely to limit its participation to $20 to 30 mil-
lion or less, some 20 banks will most likely have to
participate in the syndicated loan of $400 million.

It is not so much the total funds that cause dif-
ficulties, as the amounts are undoubtedly available on
the market. There are extremely complex problems in
arranging for this kind of financing and it will involve
getting together a significant number of the some
100 banks worldwide which could be interested in this
type of project.

In view of this "double difficulty" -- the need for
more foreign exchange in most developing countries and
the inadequacy and complexity of present international
financing systems for supporting financing requirements
on the order of a nuclear power project - the question
is now open for additional approaches and comple-
mentary mechanisms.

No magic solutions

It goes without saying that no new magic mechanisms
may solve the problem if the country's creditworthiness
and risk as perceived by the exporters are not improved.
Both are dependent on the economic policy of each
individual developing country and discussions on this
matter would go far beyond the scope of this article.

Foreign suppliers of nuclear plants will continue to
look for continuous improvements in the maintenance
and operation of electric networks and power plants
with skilled and effective staff as major conditions to
keep plant availability and reliability at satisfactory
levels. In parallel, lenders (foreign and local) will request
adequate tariff levels for electricity to ensure debt
reimbursement. A pre-requisite for the possibility of
setting up adequate tariffs is to demonstrate the need for
the produced electricity and to show, through coherent
planning studies, that the foreseen power investment
programmes are the most economical way of providing
this electricity. In particular, nuclear power programmes
should be carefully assessed within overall national
energy planning studies and not be decided from political
considerations.*

If all the various conditions mentioned above are
satisfied in a given country - national creditworthiness:
sufficient supply of foreign exchange through exports;
country risk estimated at a satisfactory level (which
implies coherent and continuous economic policy of
the government); satisfactory operation and management
of electrical utilities with qualified manpower; reliable
electric network; and overall well-justified energy
planning demonstrating the need for nuclear power -
then and only then will bankers and financial institutions
accept looking for a financing solution.

Additional approaches

As already indicated, the traditional financing
approach is mainly based on a double buyer credit: one
from the export-credit agency from the exporting

* See "Export financing in France", a related article in this
issue.

* See "An assessment of nuclear energy in developing
countries: How the Agency can help", IAEA Bulletin, Vol.24,
No.3 (September 1982).

11



country and the remaining part that should be covered
by f inancial loans from commercial lenders The
export credit is generally l imited to about 75% of the
cost of export and is subject to the present condition
of the OECD Consensus on nuclear power f inancing
(i e , maximum duration of 1 5 years and a rate varying
between 10 85% and 13 25% according to the wealth of
the country)

Some additional mechanisms can be introduced to
improve the present si tuation These include
• Creation of a joint venture between the exporting
and the importing country, such as what has been pro
posed by the Canadian and Turkish authori t ies for the
first nuclear power plant ( A k u y u ) m Turkey Such joint
ventures are, in fact, new companies created for 1 5 or
20 years composed of personnel of both the exporting
and the importing country , with governmental
guarantees from both sides In such a way the exporter
supplier of the nuclear power plant is better covered
against the risk of the plant not being completed and
the risk of low operational reliability due to shortage of
qualified personnel It also has better guarantees for the
repayment of the loan in foreign currency There are
different schemes of joint ventures and it is up to both
parties, buyer and supplier to find an acceptable
solution
• Implementation of an international investment fund
tha t would have as a goal to share the risks at a multi
national level In fac t , such joint international funds are
already studied by the World Bank under the name of
'Mul t i la te ra l Investment Guarantee Agency" This idea

which is in fact not new, is not easy to implement but
could help to partly solve difficulties
• ne multi country financing approach is also an idea
that is being considered in some cases It undoubtedly
could be an effective way of risk sharing This has
already been done in other domains It could be executed
either with or w i thou t a t u r n k e y contract

Several other approaches could be envisaged (such as
leasing or counter trade) but each needs careful analyses
among lenders suppliers, and potential buyers There is
a need for creative and realistic proposals to solve this
problem of nuclear power financing in developing
countries

New working relationships

During the seminar, the IAEA's competence and
neutral i ty for technical and economic assessmtnt of
nuclear power was recognized as being helpful in pro
viding confidence to lending agencies regarding the
suitability of nuclear power in specific cases It was
suggested that the IAEA could broaden its scope of
technical assistance to developing countries, in particular
by providing information on financing techniques and
by promoting feasibility studies which could lead to a
better risk appraisal How far the Agency could go m
the area of helping the preparation of financial feasibility

studies was not clearly defined and will require
fur the r investigations It was suggested that the IAEA
could for example, either commission such studies
from reputable third parties experienced in such matters,
or provide a function which could audit the country 's
methodologies and procedures Such preparation of
financial feasibility studies jointly with the host
country would carry great weight with lenders and
export credit agencies

The catalytic role that the IAEA could play to
establish new working relationships on the part of
potential buyer countries, suppliers, and lending orga
nizations was strongly emphasized
• Vis a vis developing countries, the IAEA should
continue to help in the objective definition of the role of
a nuclear power programme within their national energy
development plans, and with assessment of their infra
structures for nuclear power and formulation of
associated development programmes
• Vis a vis suppliers, closer co operation could st imulate
them to develop techniques and systems better adapted
to developing countries, e g , small and medium sized
reactors, standardized plants, etc
• The IAEA could also contribute to a better in
formation flow to commercial lenders, on the technical
proveness of nuclear power and on the specific financial
requirements and conditions of nuclear projects that are
qui te different from those of other industrial domains

Therefore, it was recommended that the Agency
develop and strengthen its contacts with commercial
lenders and export credit agencies, in order to enlarge
its role in assisting development of new financing
concepts better adapted to the nuclear domain Some
examples provided include joint ventures (such as the
one current ly being negotiated between Turkey and
Canada, which provide the lenders with more confidence
for project completion and operation), development of
a central fund in industrialized countries for project
financing in developing countries development of
schemes of multi national financing, and development
of mechanisms for re scheduling of financial loans
(complementary loans offered by commercial banks to
complete loans of export-credit agencies)

A point of major interest was the World Bank (IBRD)
presentation, which clearly stated that the IBRD has an
open mind on nuclear power and would be prepared to
consider requests for financing for well justified nuclear
projects However, given the limited resources of the
IBRD for loans in the power sector, the indications at
the present time are that the external financing for
nuclear power will continue to come mainly from
bilateral and private lending sources

Seminar participants regarded IBRD co-operation as
a major contribution to an objective judgement of the
appropriateness of nuclear projects m a specific country
It was clear that such and other co-operation of regional
banks (such as the European Investment Bank and the
Asian Development Bank) would provide more con-
fidence to commercial lenders

12



INTRODUCTION

Status of Nuclear Power in Developing Countries
Financing of Electric Power in Developing Countries

Papers presented:

Status of and Perspectives and Constraints for
Nuclear Power in Developing Countries
(Economic Studies Section, Division of Nuclear Power, NENP)

Presentation of the SMPR Study
(Reactor Engineering Section, Division of Nuclear Power, NENP)

Financing Electric Power in Developing Countries
(A. Heron, IBRD)

13



STATUS OF AND PERSPECTIVES AND CONSTRAINTS
FOR NUCLEAR POWER IN DEVELOPING COUNTRIES*

Economic Studies Section,
Division of Nuclear Power,
International Atomic Energy Agency,
Vienna

THE ENERGY SITUATION IN DEVELOPING COUNTRIES

The developing countries* represent a vast variety of situations and
there is certainly no "typical" situation. Each country has its own
characteristics and presents a unique challenge for individuals and
organizations working to assist them in improving their standard of living.

All developing countries do, however, have the common feature that
their energy consumptions are quite low in comparison to industrialized
countries, as shown in Figure 1 for some selected countries. On the other
hand, because of increasing industrialization, the energy consumption in
many developing countries is growing rapidly. Furthermore, their
electricity consumption is growing more rapidly than their primary energy
consumption, and also more rapidly than electricity consumption in
industrialized countries (Figure 2) .

At present, in the developing regions only about 18X of primary
energy is used for producing electricity, compared to about 33X in the
industrialized regions and a world average of about 28%. According to
IAEA estimates, by the year 2000 this fraction in the developing regions
may reach the present world average (Figure 3).

This will mean an addition in the developing countries of some
600-800 GW(e) of generating capacity during the next 15 years, increasing
their total installed capacity by a factor of 2.3 to 2.8. This is a
substantial increase, which requires careful planning of the human,
technical and financial infrastructures.

* The term "developing countries" as used in this paper does not
encompass the industrializing countries in the centrally planned
economies of Europe (CPE-Europe)

* Revised on October 28, 1985.
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Ve have estimated that, realistically, only some 35-75 6W(e> of these
capacity additions up to 2000 would likely be with nuclear power plants.
Thus, it is clear that, although nuclear power will be important in a few
developing countries, most of the electricity needs in the developing
world will continue to be met by other energy sources.

This is not surprising considering that most of the developing -
countries have and will continue to have extremely low electricity
consumption, which means that they have difficulties to utilize plants of
600 MW(e), which is the smallest size nuclear unit currently available on
the export market.
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Electricity Production Growth in
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Table 1 shows that 10 countries account for about 65% of the total
electricity production in the entire third world. It is significant that
8 of these countries have active nuclear power programmes. An additional
10 countries account for a further 15% of total electricity production in
the developing world (Table 2). Of these, two have nuclear power plants
in operation or under construction, two are negotiating their first
nuclear power plants and three countries are in the planning stage. All
of these countries have grids of the size that - using the 10%
rule-of-thumb for the biggest unit on the grid - they can accept 600 MW(e)
units now or at the latest in the mid-1990's.

Table 1. Electricity production in developing countries in 1984(1)

Country Electricity
Production (TWh)

Fraction of total
Production in

developing countries (%)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

China
Brazil
India
Mexico
Yugoslavia
Korea, Rep. of
Taiwan, China
Argentina
Venezuela
Korea, Dem. P. R.

370
168
138
88
60
55
46
43
43

(2) 41

22.8
10.3
8.5
5.4
3.7
3.4
2.8
2.6
2.6
2.5

Subtotal

All developing countries

1052 64.6

(1) 1626 TWh

(1) Excluding CPE-Europe
(2) Countries which currently have no nuclear power programmes

Source: IAEA/EEDB
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Table 2. Developing countries with electricity production
in the range 18-40 TWh in 1984

Electricity
Production (TWh)

Saudi Arabia
Iran, Islamic Rep. of (2)
Colombia
Turkey (2)
Egypt (2)
Philippines (1)
Greece
Thailand
Pakistan (1)
Portugal

38.3
32.1
28.1
27.4
25.3
20.7
20.3
19.5
18.7
18.6

Subtotal 249

(1) Countries with nuclear power programmes
(2) Countries starting nuclear power programmes

Source : IAEA/EEOB

The remaining some 100 developing countries produce only 20X of the"
electric energy. Some 9 of these would still be able to accept 600 MW(e)
units on their grids before 2000, and in a recent study on project
initiation for small and medium power reactors we identified an additional
10 countries which could accept 300 Mtf(e) units.

There are 10 developing Member States of the IAEA which already have
active nuclear power programmes (Table 3). From the above, it would
appear that an additional 20-30 developing countries could be potential
users of nuclear power plants during the next 15 years. For various
reasons, however, this is much too optimistic and as already mentioned,
the IAEA expects nuclear power additions in the developing world to be
some 3S-75 GW(e) during this period, leading in the year 2000 to some
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45-85 GW(e) of miclear power capcity in the developing countries. The
lower figure would apply if the present programmes continue at a slower
than expected rate and only two or three new countries introduce nuclear
power. The higher figure assumes that the present programmes continue as
planned and that some five or six new countries place nuclear plant orders.

Table 3. Status of nuclear power programmes in developing countries
(as of 1st. January 1985)

Country

Argentina
Brazil
China
Cuba
India
Korea, Rep. of
Mexico
Pakistan
Philippines
Yugoslavia

In
No. o
units

2
1
-
-
5
3
-
1
-
1

operation
f Capacity

(HW(e)>

935
626
-
-

1020
1790
-

12!)
-

63;?

Under
No. of
unit«

1
1
1
1
5
6
2
-
1
-

construction
Capacity
(MW(e))

692
1245
300
408
1100
5622
1308
-
620
-

Total 18 9140 19 12202

The totals include figures for Taiwan, China, where five units with a
total capacity of 4011 HW(e) were in operation and one unit with a
capacity of 907 MW(e) was under construction

Seen from the developing countries' point of view, these figures ~
would mean that only some 5-10% of their new capacity additions will be
nuclear, which is certainly disappointing but probably a realistic
assessment of the present and future constraints.

Seen from the suppliers' point of view this would still mean a market
for some 50-100 nuclear power units, the great majority of which will be
based on imported designs, representing of the order of 15-20X of the
total expected additions in the industrialized world and very likely more
than 50% of the total export market.
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CONDITIONS FOR INTRODUCTION OF NUCLEAR POWER IN DEVELOPING COUNTRIES

In order for the above-described market to develop, however, in
particular at the higher figures, certain conditions favourable to nuclear
power would have to be met. It would certainly require that financing be
made available under acceptable terms, and that the new countries would
plan for development of their infrastructures in an accelerated manner.

The local infrastructures in the country will have a fundamental
influence on whether nuclear power can be successfully implemented or
not. In the IAEA these infrastructures have been defined as follows:

planning and decision-making capability and organizational
structures;
electricity grid size and stability
qualified manpower
industrial support

- R & D support
financial planning.

Since 1975, infrastructure development in developing countries has
been a primary focus for IAEA assistance through general guidance in
publications, specific advice and assessments of national situations and
through tranfer of experience in international or national courses. The
key to all these infrastructures is the availability of qualified
manpower, from the management level to the skilled crafts level, and this
was the first infrastructure dealt with by the IAEA. This assistance is
now also rapidly expanding into the other infrastructures, and we are now
receiving requests for help with, e.g. local industry assessments.

We also are receiving a large number of requests for assistance in
energy, electricity and nuclear power planning, including assessment of
future needs for energy and electricity and evaluation of the economic
potential for nuclear power in the generation system.

The Agency's assistance in these fields to transfer to its developing
Member States the experience from successful nuclear power programmes,
thereby helping to ensure that their nuclear power projects can be
successfully implemented. We would hope also that this would help to give
financing organizations more confidence with regard to the technical,
economic and financial feasibility of nuclear power projects.
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COMPETITIVE SITUATION OF NUCLEAR POWER IN DEVELOPING COUNTRIES

The IAEA follows the economic competitiveness of nuclear power with
other fuels for electricity production on a continuing basis. The data
for nuclear power plants is mostly for units above 600 MW(e). As shown in
Figure 4 it is clear that with oil at or near present world prices,
oil-fired plants cannot be competitive with nuclear plants in these sizes.

In most countries, natural gas cannot be regarded as a long-term
alternative fuel for electricity production, but can give a respite even
in those countries which have fairly limited resources. In many of those,
however, the value of natural gas as an industrial raw material is
overlooked in the natural gas pricing policy. We would argue that natural
gas as a fuel for electricity generation should be considered only as a
short-term alternative, and should be priced in the context of overall
economic and industrial development plans.

Estimated Cost of Electricity Generated by
Nuclear. Coal and Oil Power Plants

Starting Operation in 1990

1982 currency values
70V. plint lo»d f jctor

300 600 900

Plant Size. MWIel

150

FIG. 4.
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Thus, in the IAEA view, hydro power plants, coal-fired thermal plants
and nuclear plants are the only viable alternatives for large scale
expansion of electricity systems in the foreseeable future.

Many developing countries have large-scale hydro power potential.
Its use will place smaller requirements on national infrastructures; also,
its financing structure, with a large domestic fraction in civil
construction and a comparatively small foreign exchange component which is
spent late in the construction period, is easier to support. Therefore,
hydro power should likely be a first choice in countries where the
potential exists. It should also be expected that countries will
increasingly agree on big joint projects on major frontier rivers, as has
been the case between, e.g., Argentina/Uruguay and Brazil/Paraguay. In
the longer term such joint projects could have favourable implications for
nuclear power introduction, as they will provide a basis for larger,
internationally integrated grids.

For other situations, coal and nuclear are the only two
alternatives. Indian studies have shown that the creation of national
infrastructures for mining and transport of coal can be very costly
indeed, making nuclear competitive even with a standarized 220 MW(e)
unit. Most countries would have to rely on the international coal market,
which at present has an overcapacity permitting negotiation of contracts
for GIF delivery in , 'e.g., the Far East at about US$50/ton and in other
regions at the order of US$60/ton. We must, however, forecast a rapid
increase in coal demand, which the suppliers should be able to meet but
probably with some increase in real costs. The costs for handling the
coal and transporting it to inland power plants also has to be added.
We have learned that the capital costs of the coal-fired power plants can
be a moving target, which can profoundly affect the economic competition
between coal and nuclear. We have been surprised by the low capital costs
at which several developing countries have actually contracted turnkey
installation of coal-fired plants in the 300-600 MW(e) range. Admittedly,
the costs are low in part because these plants are without flue gas
desulphurization systems, but it would also seem that they constitute a
new generation of highly standardized plants produced and installed in a
routine manner which permits cost savings.

Experience has, however, shown that capital costs of nuclear plants
also can be kept both under control and at a relatively low level. The
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Canadian example is certainly valid, as is also the outstanding economic
performance of the highly standardized French plants.

TECHNICAL AND ECONOMIC PROVENNESS OF NUCLEAR POWER

Plant availability and load factor
As will be discussed later, the charges on capital investment costs

of nuclear power plants contribute around 60-80X of the total cost of
electricity from nuclear power plants. Thus, a high load factor on
nuclear generation units is essential for good economic performance, and
this requires that the nuclear units be reliable in operation. Data on
the technical performance of nuclear power units are collected by the IAEA
in the Power Reactor Information System (PRIS). Analysis of these data
show (Figure 5) that during the past 7 years there has been a perceptible
general improvement of nuclear power plant performance in several
countries.
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Performance has been consistently good in some of these countries
(Argentina, Belgium, Bulgaria, Canada, Finland, Switzerland). It is
significant that in four of these countries the good performance is made
with power plants from two or more suppliers, and also in four countries
there are two or more utilities operating the plants. It is significant
also that two of the countries shown in Figure 5 are developing countries
(Argentina and Bulgaria).

In the Federal Republic of Germany a high degree of improvement has
been achieved by several utilities. The most remarkable improvement has,
however, been achieved in Japan with its large numbers of both suppliers
and utilities.

Careful analysis of the performance statistics in PRIS on a country
and utility basis indicate that the main factors influencing performance
are:

degree of standardization in plant design and construction
the quality assurance standards used

- the regulatory climate
- the competence of the operating organization.

The main conclusion which can be drawn from these statistics is that
nuclear power is a mature, safe and reliable technology for electricity
generation. Successful plant operators have shown what can be achieved,
and one objective for the Agency's work is to collect and disseminate
information about how the good performance was achieved, in order that
other operators can benefit from this experience.

Economic Performance
Many national and international studies on the economics of nuclear

power have been made, in addition to those of the IAEA which were
mentioned earlier. Highlights from some of these studies are presented in
Appendix I.

The overall conclusion which can be drawn from these studies and
reported actual experience on generating costs is that nuclear power is
economically viable and competitive with fossil-fired electricity
generation. For example, UNIPEDE (International Union of Producers and
Distributors of Electrical Energy) released in June 1985 at its Congress
in Athens the results of an extensive study carried out in 1984, aimed at
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determining the relative competitiveness of the nuclear and coal-fired
plants in the economic context of six European countries. The basic
result from this study is that the levelized cost of electricity from
coal-fired power plants would be 25% to 70% higher than from nuclear power
plants.

The Nuclear Energy Agency of OECD published in December 1983 results
from a similar study for European countries, Canada, Japan and the United
States. This study showed that in Europe and Japan, nuclear power plants
would have a 30% to 70% cost advantage over coal-fired power plants. In
the USA and Canada the competitiveness depends very much on the region
considered. Nuclear power will have economic advantage in the Central
and Atlantic Canada and may retain a small advantage in the northeastern
and southeastern parts of the United States. However, a new coal-fired
plant close to the major North American coal fields is likely to have an
economic advantage over nuclear, even when the coal plant is equipped
with flue gas desulphurization systems,

Based on sensitivity studies, the OECD study concluded that the
economic advantage of nuclear power in Europe, Japan and Central Canada
could still hold even with pessimistic assumptions, e.g., a 50% increase
in nuclear plant capital costs, or a two to three-fold increase in
nuclear fuel cycle costs, or for operation of nuclear plants at or below
a 50% load factor.

Structure of Nuclear Generation Costs
The electricity generation costs during the depreciation period of

power plants can be divided into three major components, namely:

capital charges on plant investment
fuel costs
operation and maintenance (O&M) costs

The share of total generation costs attributable to each of these
three components depends on the particular situations and characteristics
of the country considered, the size of the plant and its operating mode,
and on the basic assumptions made.

However, Table 4 indicates ranges of the percentage distribution of
electricity generation costs in typical circumstances (see also Appendix
I).
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Table 4. Component Distribution of Generation Costs

Component/plant type
Investment
Fuel
0 & M

Percent
Nuclear
60-80
20-35
5-15

of total cost
Oil Coal

10-25 15-45
70-85 40-80
5-10 5-15

Total 100 100 100

It may be clearly seen that for nuclear plants the main
contributor to the generating cost is due to plant investment. Once
the nuclear plant is built, the generation costs are relatively
stable and not strongly influenced by possible variations in future
prices of fuels, due to the rather low contribution (some 30% or so)
of fuel costs to total generation costs. Generation costs for
fossil plants, on the other hand, will be much more sensitive to
future changes in fuel prices, as the fuel component is a very large
percentage of total generation cost, and less controllable as well.

The major components of the fuel cycle for a light-water
reactor (LWR) using enriched uranium fuel are shown in Figure 6. To
demonstrate that large cost or price variations in the nuclear fuel

DISTRIBUTION OF LWR FUEL CYCLE COSTS

8.6 mills US $/KWh(e)

FIG. 6.

Notes:

- Figures for Uranium cost Include conversion to UF6
- Figures for Uranium and Enrichment costs are net, including

the respective credits from reprocessing
- Figures tor Fabrication include shipping of fresh fuel
- Source: NEA.1985 - The Economics of the Nuclear Fuel Cycle
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cycle have small effect on the total cost of electricity generated
by nuclear power plants, we have carried out sensitivity studies in
which extreme (100%) cost increases are assumed for each component.
The results are shown in Figure 7 and may be summarized as follows:

Sensitivity of LWR Fuel Cycle Costs
to Various Cost Parameters

TÄF AN F Np-BS-

VI
oo

a>oc

(Dû:**-o
"c
o
Q.

140-

120-

100-

80-

60-

40-

20-

Reference Doubling of
Uranium

Price

Doubling of
Enrichment

Price

Doubling of
Back end

Costs
Notes:

- Figures for Uranium cost include conversion to UFg
- Figures for Uranium and Enrichment costs are net, including

the respective credits from reprocessing
- Figures for Fabrication include shipping of fresh fuel

FIG. 7.

Effect of changes in the uranium price (Reference case value
US$ 32/lb U308 and real escalation of 2%/yr, equivalent to a
levelized cost of US$ 46.4/lb U308). It can be seen that if
the uranium price were doubled (that is, a 100% increase), the
total nuclear fuel cycle cost would increase by 35%. However,
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as the fuel cycle contributes only about 20-35% to the total
generation cost, the assuned 100% increase in uranium price
would increase the generation cost of the nuclear power plant
by about 7-12%. By comparison a 100% increase in fossil-fuel
prices would increase generation costs in a conventional
thermal power plant by about 40-80% for coal-fired plants and
about 70-85% for oil-fired plants. Thus, it is clear to see
that, once a nuclear power plant is built, the future
generation costs are much less sensitive to changes in the
basic fuel prices than in the case of fossil-fuel-fired plants.

Effect of changes in the enrichment prices (reference case
value US$ 130/SWU). The results are similar to those already
discussed for uranium prices. A 100% increase in enrichment
prices would lead to about 26% increase in fuel cycle costs,
resulting in only about 5-9% in total generating costs of the
nuclear power plant.

Effect of changes in the back-end costs (reference case value
US$ 900/kg fuel). The third major component of the nuclear
fuel cycle of a light water reactor is the cost of managing the

K-spent fuel, which includes reprocessing and waste disposal, the
so-called "back-end" of the fuel cycle. A 100% increase in the
back end costs would lead to about 30% increase in fuel cycle
costs, resulting in only about 6-11% increase in total
generation costs.

?#>
It should be noted that it is possible to mitigate the cost
effects of price increases in some steps of the fuel cycle by
appropriate measures, within certain limits. For instance
increases in uranium prices could be compensated by using less
uranium and more separative work units to produce the same
enriched fuel, and vice-versa, by proper adjustment of the
tails in the enrichment plant. Increase in the back-end cost
could compensate by increasing the fuel burn-up. These
possibilities were not taken into consideration in the above
sensitivity studies.
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SUMMARY OF ECONOMIC VIABILITY OF NUCLEAR POWER

The preceding discussion leads to the conclusion that, based on
classical economic tests such as levelized generation costs, nuclear power
plants are economically competitive with or cheaper than fossil-fuel-fired
power plants. However, in spite of this generally favourable economic
picture, not very many developing countries have proceeded to introduce
nuclear power projects into their energy supply systems. One of the
factors which has constrained nuclear power use in developing countries
has been difficulties in arranging financing for nuclear power projects.

PROBLEMS OF NUCLEAR POWER FINANCING

MaRnitude of Nuclear Power Investments
A particular characteristic of nuclear power projects is that they

require a large investment to be made over a long construction period.
Figure 8 shows IAEA estimates of the fore costs* for nuclear units in the

Fore Costs of Nuclear Power Plants
(1982 US $)

SUPPLIERS-
ESTIMATES
IN 600 MWe
RANGE

IAEA estimates
including owner's costs

SMPR SUPPLIER
ESTIMATES

INDIAN 235 MWe

200 LOO 600 800 1000 1200
Unit Size IMWel FIG. 8.

*"Fore cost", also called "over-night cost", is the construction cost not
including interest and escalation during construction.
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size range above 600 MW(e), together with some suppliers' estimates for
new designs of SMPR units. As may be seen, the fore cost of a 600 MW(e)
nuclear unit is around US$ 1.2 billion (1200 million); that is, about
2000 US$/kW(e).

Table 5 presents an illustrative example of the investment cost
breakdown by major cost account and between local and foreign
expenditures. As shown, the foreign currency component could be some 75%
of the total.

Table 5. Illustrative breakdown of direct capital cost
for a nuclear power plant

Plant System

Land, structures
and site facilities

Reactor

Turbine-generator

Electric plant

Water intake and
heat rejection

Miscellaneous
Total **

Percent of Total

Factory
Equipment

1.1

20.0

16.1

2.9

2.2

1.7
44.0

Direct Costs Local
costs

Foreign
costs

Construction Site Total
Materials

8.7

1.8

1.1

1.7

0.4

0.6
14.3

Labour
16.8 26.9* 18.3

8.2 30.0 0.0

6.2 23.4 0.0

5.2 9.8 0.5

1.9 4.5 3.5

3.2 5.5 2.0
41.4 100.0 24.3

8.6

30.0

23.4

9.3

1.0

3.5
75.7

* Including 0.3X for land.

** Column entries may not sum exactly to the listed total, due to
round-off differences.
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The total capital investment cost, including interest and escalation
during construction, is shown in Figure 9. showing the importance of
construction period, interest rates and escalation rates on the f i na l cost
of the project. With a six-year project t ime, interest and escalation add
50-80% to the fore cost, whereas with a ten-year project time the amount

added is 100-165%.

Effects of Escalation and Interest During
Construction on the Capital Investment Cost

of a 600 MWe Nuclear Power Plant
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Cash-flow Analysis and Short Term Implications
Although nuclear power plants are competitive with thermal power

plants in terms of levelized generating costs in roost situations when
sizes larger than 600 MW(e) are considered, a nuclear power plant will
require higher disbursements in the early years of the project. There is
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a long period before and after commercial operation during which the
cumulative expenditure for building and operating a nuclear plant is
larger than that for a fossil-fuelled plant. Figure 10 presents a very
simple example which shows that a 600 KW(e) nuclear power plant might
require some 12-13 years after commercial operation to breakeven with a
coal plant of similar size burning coal costing 75 US$/t, at a real
discount rate of 5%/yr. If one takes into account also the lead time
needed to build the power plant, the utility could be faced with a period
of some 20 years during which it has to invest more on the nuclear
alternative, although the long-term economics are favourable for the
nuclear option. This is clearly a problem in the short term due to the
more capital intensive nature of nuclear power and to the longer

Cash-flow Analysis of
Nuclear vs. Coal Power Plants
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implementation period needed. This could be a very important
consideration for utilities in developing countries which are perennially
short of capital for investment purpose».

Figure 11 summarizes sensitivity study results for the payback period
under different assumptions regarding nuclear plant fore costs, reference
price for coal and rate of escalation oin coal price.

Breakeven Time Period for Nuclear
and Coal-fired Plants
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A particular problem which often arises is the financing of the local
portion of a nuclear plant. Developing countries aim at a domestic
participation in a nuclear project, including technology transfer to their
national industries, but the domestic banks and the utility are often not
in a position to finance this local portion. A possible solution is the
financing by foreign banks, with governmental guarantees. If, however,
the country is already indebted near or beyond the limits set by financing
institutions, this solution may not be viable.
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The repayment period will have to include the construction period of
6 to 10 (sometimes even more) years, with early expenditures in
foreigncurrency (in contrast to hydropower projects where expenditures for
turbines and electrical equipment will occur towards the end of the
project). The economic life of nuclear power plants is usually assumed to
be 25 - 30 years. However, commercial banks will usually offer loans with
repayment periods of up to only 10 years, and export credit agencies up to
15 years. This means that refinancing of part of the initial investment
will be required after some years.

Financial analysis

The financing analysis has to be carried out in current money terms
because, drawdowns and repayments are expressed in current money of the
year in which they are made and the different fees are expressed as a
fraction of the total amount in current money as spent.

Factors to be considered for the financial analysis include general
factors such as:

design and construction period
- current and projected escalation rates

current and projected currency exchange rate
discount rate

and loan-specific such as

interest rate
fees (management fee, commitment fee, guarantee fee)
frequency of interest payments
grace period
repayment period.

A financial proposal usually includes different currencies end
different interest rates, either fixed of floating.

The evaluation has to include projections of escalation rates,
exchange rates, and interest rates (if floating). Payment schedules must
be evaluated, converted to a common currency, and discounted to a
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reference date. The thorough evaluation of all the above parameters Is
very important, but difficult and complex. Different projections of
currency exchange rates may lead to larger variations in the final cost
evaluation than the price differentials of the bids.

As an example, a relatively modest nuclear project scheduled for
completion in the mid-1990's could easily require total financing of the
order of US$ 2 billion in current money terms. Assuming that only 75% of
this amount could be financed through official supplier country agencies,
some US$ 500 million may have to be raised from commercial banks. Each
bank is likely to limit its participation to US$ 20 to US$ 30 million or
less, so some 20 banks are likely to have to participate in the syndicated
US$ 500 million loan. This would require a significant amount of
co-ordination.

To illustrate the complexities involved in the financing analysis a
greatly simplified case example is presented in Appendix III. It is
assumed that the investment will be supported by an export credit, with a
fixed interest rate. It is also assumed in a simplistic way that 85% of
the base cost of the equipment and services supplied will be financed by
export credit and that 15% of the base price will be covered by equity or
internal financing (cash). In this simple example, which can represent
only a part of the total power plant, the final cost in current money
terms, including escalation on prices, interest, payment of different
fees, can exceed the orginal base cost, or contractual price, by some 80%.

The message here is that the financial analysis is very difficult and
complex, it can change completely the results of a pure economic analysis
and it should be integrated into the economical comparison of different
bids to allow for normalized comparisons.

The problems of financing nuclear power projects of even modest size
are immense and without support of official lending agencies of supplier
countries they are virtually impossibles.
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APPENDIX I

Economic Performance Outlook of Nuclear Power Plants

Many national and international studies on the economics of nuclear
power have been made, in addition to those of IAEA. Highlights from a few
of them are reviewed below, together with some reported actual experience
on generating costs of thermal power plants.

UKIPEDE

UNIPEDE (International Union of Producers and Distributors of
Electrical Energy) presented - in June 1985 in Athens the results of
work carried out in 1984, aimed at determining generating costs of nuclear
and coal fired thermal plants. Also relative competitiveness of the two
types of plants in the economic context of each country represented was
assessed to determine a general trend in the European context. The method
used in the study was levelized generating cost in constant money terms.
The basic result is summarized in Table A.I-1 together with basic
assumptions made.

Table A.I-1 Competitiveness of nuclear and coal power plants (cost ratios)

Country

Total kWh(e)
coal/nuclear

Ratio of fuel
nuclear
coal

UK(l)

cost ratio
1.3/1.61

cost to total
0.22/0.27

0.64

Germany,
Fed. Rep.

1.57

cost
0.24
0.70

Italy

1.34

0.32
0.70

Nether-
lands

1.24

0.28
0.65

Belgium

1.53

0..32
0.61

France

1.71

0.33
0.70

(1) First figure is for Sizewell B, second is for repeated PWR plants.
Basic Assumptions: real discount rate: 5%/yr.; life: 20 years

load factor: 6600 h/yr
constant money of 1st January 1984
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NEA/OECD

The Nuclear Energy Agency (NEA) of OECD publishes regularly a study
on the comparison of nuclear and coal power plant generating costs in a
number of Western European countries, Canada, Japan and the United States.

21From the last study published — in December 1983, the following
main conclusions can be extracted. In Europe and Japan nuclear power will
have a cost advantage over coal power plants commissioned in 1990, ranging
from 30 to 70%. In the USA and Canada the competitiveness depends very
much on the region considered. Nuclear power will have economic advantage
in the northeastern and southeastern parts of the United States. On the
reference assumptions, however, a new coal plant close to the major North
American coal fields is likely to produce cheaper electricity even when
the plant is equipped with flue gas denulphurization systems.

Based on the sensitivity studies, the NEA study concluded that the
economic advantage of nuclear power in Western Europe, Japan and Central
Canada could still hold, even with pessimistic assumptions of a 50%
increase in nuclear capital costs, or a two to three-fold increase in
nuclear fuel cycle costs, or for operation of nuclear plants at or below a
50% load factor.
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BELGIUM

As shown in Table A.1-2 studies in Belgium (3_/> have demonstrated

that coal generation is expected to be from 25% to 9OX more expensive than
nuclear power, depending on whether flue gas desulphuriration is
considered or not and whether the coal used is domestic or imported.

Table A.1-2 Estimated Generating. Costs for Base Load Plants in Belgium

Reference Case
Chooz B Nuclear

(1390 MWe)

Coal-fired power plants
Imported Coal
wo/FGD w/FGD

Domestic Coal
wo/FGD w/FGD

Cos t Conpone n t B
capital
0 & H
fuel

57%
9%
34%

26%
TU

67%

29%
7%
64%

18%
5%
77%

20%
6%
74%

Cost relative
to reference
case 1.0 1.26 1.36 1.80 1.91
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CANADA

In Table A.1-3 for Canada, the comparison (V) IB made between two
specific plants, the Bruce A nuclear station with 4 x 740 MW(e) units
which entered full commercial operation in 1979, and the Nanticoke
coal-fired power plant with 8 x 490 MW(e) units, which started to be fully
operational in 1978. A clear economic advantage for the nuclear station
is shown.

Table A.1-3 Comparative generation costs for nuclear and fossil
plants in Canada.

Nuclear
(Bruce A)

Cost (1) %
Capital (2) 10.8 63

Fuel 2.8 17
O & M 3.5 20

Total 17.1 100

Coal
(Nanti coke)

Cost (1)
3.4

22.0
1.3

26.7

X
13
82
5

100

(1) In tnills/kWh(e) of 1981, for base load operation
(2) Includes heavy water for the nuclear power plant.

FRANCE

Expected costs for electricity generation for thermal plants entering
in operation in 1992 are summarized in Table A.1-4. The study (5/> showed
that nuclear competitiveness would be assured not only for base load but

\/also for load-following operation down to load factors of around 20X
depending on a variety of factors such as cost of coal, whether
desulphurization for coal plants is considered or not, and how many
nuclear plants are built on a given site.
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Table A.I-4_.__ Estimated costs for thermal electricity gene ration in France
(French

Availability factor (h/a)
Load Factor (h/a) Nuclear

Coal

Nuclear
Investment
0 & M
Fuel

TOTAL

cent imes/kW. h) •

8760
6200
6600

12.0
4.3
6.4

22.7

(Note 1)

4000
3300
3400

23.3
8.4
7.1

38.8

2000
1650
1700

45.8
16.4
8.4

70.6

Coal
Investment
0 & H
Fuel

Sub-total

Desulphurization (FGD) (2,

TOTAL with FGD

8.2
3.5
20.9

32.6

3) 2.9-2.4

35.5-35.0

15.1
6.7
20.9

42.7

3.3-4.4

46.0-47.1

30.3
13.4
20.9

64.6

4.0-8.7

68.6-73.3

Oil
Investment
0 & M
Fuel

Sub-total

Desulphurization (FGD) (4,

TOTAL with FGD

6.0
3.0
63.0

72.9

3) 8.1-2.4

81.0-75.3

12.7
5.7
63.0

81.4

8.1-4.4

89.5-85.8

25.4
11.4
63.0

99.8

8.1-8.7

107.9-108.5
(1) Currency values of January 1984 for plants entering service in 1992
(2) Lime Injection (4) Stack gas scrubbing (90% efficiency)
(3) Use of very low sulphur fuel oil.
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INDIA

Tables A.1-5 and A.1-6 show generating costs from a PHWR plant in
comparison with a coal power plant under Indian conditions (6_/). The
return on investment (ROI) and discounted cash flow (DGF) methods have
been used for calculating the generating costs. The comparison was made
for nuclear and thermal units with common commissioning dates using two
points of time for the commissioning d&tes: 1983 and 1992.

Table A.I-S Comparison of Actual Costs of Generation
from Nuclear and Thermal Units Commissioned in 1983

Nuclear
HAPS-Unit 1
235 MV(e)

Coal
Singrauli STPS
3x200 MW(e)

mine- 800 km
mouth from mine

Capital Cost* (Rs.lakhs)
Capital Cost* (Rs/kW(e))
Unit Energy Price (P/kWh)
(a) Return on Inv. Method
7%/a IDC; 12%/a ROI
i.generation 5500 h/a

ii.generation 6570 h/a

(b) Discounted Cash Flow method
IDC = 7%/a and discounted
cash-flow with 12%/a IRR
i.generation 5500 h/a
ii.generation 6570 h/a

11584
4930

48.1(1)
41.0(2)
42.2(1)
35.2(2)

35.9(2)
30.9(2)

30375
5060

40.8

37.1

36.1
33.1

49.3

45.6

44.6
41.6

(1) Gestation period: 16 years (2) gestation period: 9 years

Mixed-year currency values.

Note: Lakh = 100.000
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Table A.1-6 Comparison of Estimated Costa of Generation
from Nuclear and Thermal Units Commissioned Around 1992

Nuclear
2x235 MW(e)

Coal
2x210 MW(e)

Capital Cost* (Rs.lakhs)
Capital Cost* <Rs/kV(e»
Coal Cost (Rs/t)
(a) Return on Inv. Method
IDC = 7%/a and ROI = 12%/a
i.generation 5500 h/a

ii.generation 6570 h/a
(b) Discounted Cash Flow method
IDC = 7%/a and discounted
cash-flow with 12%/a IRR
i.generation 5500 h/a

ii.generation 6570 h/a

72400
15400

99.0
84.6

83.1
71.3

62100
14790

577 883

101.2
91.1

85.2
77.7

119.2
109.2

103.2
95.8

* Mixed-year currency values; inflation at 7% per annum.

It can be observed that, talcing into account capital and operational
costs for existing plants, nuclear power compares favourably with thermal
power from stations at load centres. In the years to come, the studies
indicate that the cost of nuclear power would be cheaper than from coal
plants, even located at pithead.

INTERNATIONAL ENERGY AGENCY (OECD)

The International Energy Agency (IEA) of OECD has carried out
comparisons of generating costs of thermal power plants (.]_/).

Indicative generation costs of new oil, nuclear and coal-based power
plants to be commissioned in 1990 are shown in Table A.1-7. All plants
considered are assumed to operate at 70% capacity factor and to have an
economic life of 30 years. Four cases are examined for coal prices: two
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cases in coal importing regions (US $55/ton constant over time; and two
cases in coal producing region where cheap coal is available (US $38/ton
constant over time; and US $38/ton with a real escalation of 2X/yr after
1990). Fossil fuel plants are assumed to have FGD and other pollution
control measures including combustion modifications for NOx. Prices of
high sulphur heavy fuel oil are assumed to be US $ 80/ton.

Table A.1-7 Generating Coats of Thermal power plants

5% Real Discount Rate (1984 US mills/lcWh)

Oil w/FGD Nuclear PWR Coal w/FGD
2x600 MW(e) 2x1100 HW(e) 2x600 MW(e)

Lead Time Importing Keg. Producing Reg.

Capital 8.2
0 & M 4.2
Fuel 43.2

TOTAL 55.6

6 yrs 10 yrs (1) (2) (3) (4)

15.2 16.8 11.0 11.1 11.1 11.1
5.0 5.0 5.0 5.0 5.0 5.0
9.0 9.0 20.3 25.8 14.6 18.6

29.2 30.6 36.4 41.9 30.7 34.7

10* Real Discount Rate (1984 US mills/kVh)

Oil w/FGD Nuclear PWR Coal w/FGD
2x600 MW(e> 2x1100 MW(e)

Lead Time
6 yrs 30 yrs

2x600 HW(e)
Importing Reg. Producing Reg.
(1) (2) (3) (4)

Capital
0 & M
Fuel

TOTAL

13
4
43

61

.6

.2

.2

.0

27
5
10

42

.2

.0

.0

.2

2.2. 9
5.0

10.0

47.9

19.
5.
20.

44.

0
0
3

3

19.0
5.0

24.3

48.3

19.0
5.0

14.6

38.6

19
5

17

41

.0

.0

.5

.5

(1) US $ 55/t,no escalation (2) US $ 55/t, 2%/yr real escalation
(3) US $ 38/t,no escalation (4) US $ 38/t, 2X/yr real escalation
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JAPAN

Some recently published data (8_/) for Japan are presented in Table
A. 1-8. It is shown that nuclear power generation is far cheaper than any
other alternatives available in Japan.

Table A.1-8 Comparative Costs of Power Generation in Japan

Type
Capital Cost

US $/kW(e)
Generating Cost
US cent/lcW.h(e)

Fuel as percent
of generating cost

Nuclear

Thermal
Oil
LNG
Coal

Hydro

1080

520
680
800

1400

4.8

8.0
7.6
6.0

8.0

25

80
70
50

-
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APPENDIX II

Payback Time for Nuclear Power Planta
Relative to Coal Plants

There is a long period before and after commercial operation during
which the cumulative expenditures for building and operating a nuclear
power plant are larger than for a fossil-fired plant. Table A.II-1 gives
the relative payback periods for a nuclear plant of 600 MW(e> compared to a
coal power plant of the same size for different real discount rates
(excluding inflation), capital costs and coal prices.

Table A.II-1 Relative Payback Times

Fore Costs (1)
Nuclear
Coal

discount rate (X/yr)
coal price (US$/t) 60
escalation on coal
price (%/yr) 0 1

Payback time (yr) 10 10

2000 US$/kV
1000 US$/kW

0 : 5 : 10
: 75 : 60 : 75 : 60 :
• • • • •• • • • «

:0 1:0 1:0 1:0 1 :
: 8 7 :20 19 :13 12: 304 30+:

75

0 1
30+ 30+

Fore Costs (1)
Nuclear
Coal

1850 US$/kW
1000 US$/kW

discount rate (%/yr) 0 : 5
coal price <US$/t> 60 : 75 : 60 : 75
escalation on coal : : :
price (X/yr) 0 1:0 1:0 1:0
Payback time <yr) 9 8:7 6 :17 15 :11

10
60

1:0 1
10: 30+ 30+

75

0 1
30+ 27

(1) Lead-times nuclear: 8 years, coal: 5 years
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It can be seen that the payback time, that is the time after
commercial operation that the nuclear plant needs to break-even with the
coal plant is very much sensitive to the real discount rate assumed. For
plants of this size with a real discount rate of 10% the nuclear plant
payback time is around 30 years or longer, which confirms the results
obtained from a levelized generating cost analysis, namely that the
nuclear plant is only marginally competitive under these conditions. For
other discount rate the relative payback period ranges from 10 to 20 years.
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APPENDIX III

Simplified example of loan analysis

This appendix will describe in detail a loan analysis for a simplekcase to demonstrate the complexities of the matter.

In this example the base cost of supply of equipment and services,
representing only part of the total cost of a plant, will be assumed to be
100 units split into cash (15%), that is, an internal financing of the
utility and a loan by an export credit agency (85%). For the sake of
simplicity no complementary credit and no capitalization of interest
during construction are assumed.

The project time, during which draw downs are needed, is assumed to
be 90 months and the loan conditions of the export credit agency are the
following:

interest rate (fixed rate): 10%/yr
repayment period: 15 years starting at the commercial operation date
payment of interest: every six months after the first draw down
return of principal: in equal parts every six months, during the

repayment period (30 payments)
commitment fee: 0.25% to be paid according to credit drawing,
management fee: 0.3% lump-sum to be paid as down-payment.

Further the following rates are assumed:

escalation rates:
month real escalation
1-30 1. 5%/yr
31 - 90 1.0%/yr

inflation
7%/yr
5%/yr

apparent escalation
8.605%/yr
6.050%/yr

discount
month
1-30
31 - 90
91 -270

rates:
real discount rate

6%/yr
6%/yr
6%/yr

inflation
7%/yr
5%/yr
5%/yr

apparent discount rate
13.42%/yr
11.30%/yr
11.30%/yr
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The base price is assumed to be agreed based on the economic
conditions of six months before the contract comes into force, a
correction of 3.4X on the basic price being necessary to take this fact
into consideration.

Table A.III-1 indicates the payment schedule under which, the
supplier will be paid for his equipment and services. It also indicates
how the drawdowns from export credit will be made to cover 85% of the
needs for this payment and the difference to be covered by internal
financing by the utility <cash).

Table A.III-1

Payment Schedule and Financing Needs

month p«y-roent schedule export credit c«ih

« 5.000 - 5.000

3 -
6 2.000

9 3.000

12 3.500

15 3.500

18 3.500

21 3.500

24 4.000

27 4.000

30 4.000

33 4.000

36 5.000

39 5.000

42 5.000

45 5.500

48 5.500

51 5.500

54 4.000

57 4.000

60 4.000

63 4.000

66 2.000

69 2.000

72 1.500

75 1.500

78 1.500

81 1.000

84 1.000

87 1.000

90 1 - 000

TOTAL 100.000 85.000 15.000

50

1.789

2.682

3.132

Î.132

3.132

3.132

3.579

3.579

3.579

3.579

4 .474

4 . 4 7 4

4 . 4 7 4

4.921

4.921

4.921

3.579

3.579

3.579

3 .579

1.789

1.789

1.342

1.342

1.342

0.895

0.895

0.895

0.895

0.211

0.318

0.368

0.368

0.368

0.368

0.421

0.421

0.421

0.421

0.526

0.526

0.526

0.579

0.579

0.579

0.421

0.421

0.421

O.421

0.211

0.211

0.158

0.158

0.158

0.105

0.105

0.105

0.105



From Table A.III-1 it can be seen that 5% downpayment is included in
this example as coming from the internal resources of the utility (cash).

Table A.HI-2 gives the financial expenses during the construction
period, expressed in constant money of the date of the base price
agreement (six months before contract entering into force), to take into
consideration interest paid during construction, and the management and
commitment fees. In Table A.III-2 all allowances for funds used during
construction, including payment of interest and commitment and management
fees related to the export credit, are calculated. It can be seen that
for payment of interest alone the owner has to pay some 34% of the basic
price or some 34/85=40X of the value of the loan. In the example this
payment of interest, and the management and commitment fees, are added to
the cash needs, which must come from internal resources or may have to be
refinanced. Attention also has to be called to the fact that in this
example the above needs are in the currency of the supplier country and
that corrections for escalation and inflation have to be added. Table
A.III-3 takes escalation and inflation into consideration, establishing
the additional needs that have to be added to those of Table A.III-2.

Some examples of calculations made in Table A.III-2 are the following:
contract into force: management fee= 0.003*85=0.255

month 15: interest= 7.603*0.10/4=0.190
month 18: interest= 10.735*0.10/4=0.268
Interest paid in month 18 0.458

month 18: commitment fee » 71.133*0.0025/2=0.089

Interest is calculated every three months and paid every six months.
Commitment fees are calculated and paid every six months.

Table A.III-3 is a repetition of the calculation of Table A.III-2,
considering the additional escalation and correcting for inflation. The
first correction to be made on the basic price is for six months of
inflation, to take into account that the price reference date and the
effective date of the contract are separated by six months. So there will
be an addition of 3.4% on the base cost (half year of inflation at 7X/a).
The escalation on the schedule of the basic price is divided into
escalation on export credit and cash needs according to the ratio of
export credits to cash needs, 85/15 in this example. Interest and fees
are calculated in a similar manner as in Table A.III-2.
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Some examples of calculation of escalation factors used in Table
A.HI-3 are given below:

month 12: 1.034*1.08605-1 = 0.123
month 24: 1.123*1.08605-1 = 0.220

For months 15 and 18 the differential escalation factor between
months 24 and 12 are split linearly.

It can be seen from Table A. 111-3 that the effect of escalation
during construction is to increase the basic price by some 33%, interest
payments by some 27X and the cash need» by some 29X.

Table A.III-4 is a composite of Tables A.HI-2 and A.HI-3 giving the
total escalated price involved in this contract for the implementation
period of the project.

Table A.HI-5 describes the events that occur during the payback,
period when the principal has to be paid in equal amounts every six
months, together with interest on the balance of the amount.

In the case of comparisons of different bids with different financial
offers the results presented in the previous tables have to be converted
to common currency involving the need to forecast exchange rates and
inflation in the different countries involved. This is a very complex
matter and should be dealt with extreme care. For the comparison also
Tables A.III-4 and A.HI-5 would have to be present-worthed for the
analysis of effect of different implementation and payback periods,
interest rates, fees, escalation etc. The plethora of currencies,
interest rates and loan conditions in the various tenders makes it
difficult to evaluate the relative attractiveness of the different bids to
the customer. In most cases other non-quantitative aspects come also in
the matter.
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Table A.HI-2
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PRESENTATION OF THE SMPR STUDY*

F. WALD
Reactor Engineering Section,
Division of Nuclear Power,
International Atomic Energy Agency,
Vienna

For 20 years the Agency has been trying to promote small reactors,
mainly for the benefit of the developing countries.

These efforts have not been fruitful although small nuclear power
plants are in operation in parts of the world or are under construction,
especially in Argentina, India, the Soviet Union and China. While these
projects are not a direct consequence of the Agency's efforts the decisions
which led to embarking on them nevertheless constitute confirmation of the
arguments which were brought out clearly in the study launched by the
Agency- .in 1983 to survey the potential market, the designs currently
proposed by the builders and the factors which could lead to a decision
to establish a facility. Incidentally, the above-named countries, among
others, participated in this study.

First of all, the study highlighted a general fact. Ten or so years
ago the developing countries which were candidates for nuclear power were
relatively numerous, but the builders, whose order books were filled by
domestic programmes based on large power plants, were only moderately
interested in the development of projects concerned with power plants of
smaller size.

At present, the situation has been reversed. The recession in
domestic markets is leaving builders to take a new look at future export
markets. Furthermore, the low growth rates in production capacity and the
limitation of financial risk are inducing some industrialized countries
to take an interest in smaller and standardized nuclear power plants as
an alternative to the large ones. Conversely, on the potential customer
side, a number of factors appear to make for a more reserved attitude
than that of a few years ago.

The Agency's study has helped shed light on these factors, the most
important of which are as follows:

* SMPR: Small and Medium Power Reactors (100-500 MW(e)).
Translated from French.
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financing difficulties;
- the economics of SMPRs in comparison with the other options;
- infrastructure requirements in industry and with respect to

manpower.

As far as the economics of these plants is concerned, the main
factors are a knowledge of the cost of the plant and its availability, which-
will make it possible to write off the investment as quickly as possible;
the time required for construction, short and carefully controlled,
becomes a very important factor.

The availability of the plant is itself a function of the reliability
of the equipment and the presence of skilled personnel capable of operating
and maintaining it at its best availability rate. As regards the
reliability of the equipment, the great technical expertise of the builders
is a recognized fact and we are justified in thinking that this will be
applied in the development of smaller-scale projects.

The economics of SMPRs in comparison with alternative options, especially
coal, would appear to have been comprehensively analysed, but specific studies
are still necessary.

Study of the potential market has resulted in the identification of
a number of developing countries which could have access to nuclear power
by means of SMPRs. This market involves some 10-15 units, not including
those in the industrialized countries.

The study has led to the collection of brief descriptions of 23 designs
of SMPRs, covering the whole range and at different stages of development.

As of now, it would appear that future developments in the Agency's
role with respect to SMPRs should be concerned with providing assistance
to the developing countries which request it, carrying out studies adapted
to the particular case in the matter of technical feasibility (grid,
specific site characteristics, infrastructure, etc.), economics and financing
(the latter can be investigated only on the basis of preliminary feasibility
studies drawing on the two preceding areas).

The first phase of the SMPR study has now been completed and is the
subject of a publication which will be sent to you on request to the
Administrative Secretariat (TECDOC 347, SMPR Project Initiation Study - Phase 1).
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FINANCING ELECTRIC POWER IN DEVELOPING COUNTRIES*

A. HERON
Energy Department,
The World Bank,
Washington, B.C.,
United States of America

I.

THE PAPER DISCUSSES THE FUTURE GROWTH OF ELECTRICITY DEMAND,

THE LIKELY CHANGES IN POWER INVESTMENT PATTERNS, AND THE GLOBAL

INVESTMENT REQUIREMENTS DURING THE ID YEAR PERIOD IPRfi-CS FOR POWER

GENERATION, TRANSMISSION, AND DISTRIBUTION- THE INVESTMENT DURING THE

PERIOD IS ANALYSED AS BETWEEN FOREIGN AND LOCAL CURRENCY REQUIREMENTS,

THE LIKELY PRINCIPAL SOURCES OF FINANCE, THE PROBLEMS WHICH ARE

EXPERIENCED IN FINANCING POWER INVESTMENT, AND THE ORIGIN OF THOSE

PROBLEMS.

THE PAPER PROVIDES DETAILS OF THE ORIGIN, NATURE ANT) FINANCES

OF THE WORLD HANK GROUP, REVIEWS ITS PAST LENDING OPERATIONS AND SOME OF

THE BROADER ASPECTS 0^ ITS LENDING OPERATIONS-

THE PAPER DRAWS HEAVILY ON SPEECHES AND ARTICLES BY RANK
COLLEAGUES.

II. POWER DEMAND AND INVRST1FHT PATTERNS

CURRENT ENVIRONMENT

THE RECENT GLOBAL RECESSION HAS SEVERELY DISRUPTED
THE GROWTH MOMENTUM ACHIEVED BY MANY DEVELOPING C O U N T R I E S «
ALTHOUGH THE CURRENT ECONOMIC RECOVERY HAS BESTOWED
CONSIDERABLE BENEFITS ON MANY INDUSTRIAL NATIONS, IT HAS
ONLY REACHED A FEW DEVELOPING COUNTRIES. ÏT IS ENCOURAGING
TO NOTE THAT THERE ARE SOME IMPRESSIVE SUCCESS STORIES OF

* The paper does not necessarily represent official World Bank Group thinking on this
subject; the author alone is responsible for the views it contains.
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RECOVERY ANO GROWTH IN ASIA, RUT THE TRANSITION TO SUSTAINEDLONG-TERM GROWTH FOR THE MAJORITY OP NATIONS IN THEHEVELOPING WORLD WILL RE COMPLEX AND LONG- ÎN THIS CONTEXT,AS WOULD BE EXPECTED, THE F I N A N C I A L ENVIRONMENT FOR POWERUTILITIES AROUND THE WORLD CONTINUES TO BE DIFFICULT.REFLECTING ROTH CAPITAL SHORTAGES AND A SLOWING OF DEMANDGROWTH, THERE HAVE BEEN MAJOR REDUCTIONS IN INVESTMENTPROGRAMS IN THE POWER SECTOR- $OME IMPROVEMENT, HOWEVER, ISTO RE EXPECTED AS ECONOMIC RECOVERY TAKES HOLD.
POWER SYSTEM INVESTMENT LEVELS AND PATTERNS OVERTHE NEXT TEN YEARS WILL RE DOMINATED RY FOUR CONSIDERATIONS:THE GROWTH OF DEMAND, THE USE OF POWER SYSTEMS AS ANIMPORTANT INSTRUMENT FOR C H A N G I N G THE MIX OF A COUNTRY'SENERGY CONSUMPTION, THE CRITICAL NEED TO IMPROVE EFFICIENCYAND RESOURCE UTILIZATION, AND PERHAPS MOST IMPORTANT, THEA V A I L A B I L I T Y OF C A P I T A L -

DEMAND OUTLOOK
DEMAND FOR E L E C T R I C I T Y GROWS RELATIVELY RAPIDLYBECAUSE OF ITS V E R S A T I L I T Y AND E F F I C I E N C Y IN END~USE AND THE

F A C T THAT FOR SOME P U R P O S E S E L E C T R I C I T Y IS THE ONLY U S A B L E
E N E R G Y S O U R C E - A C L E A R M A N I F E S T A T I O N OF C O N S U M E R S '
P R E F E R E N C E F O R E L E C T R I C I T Y I S T H E COST THAT I N D U S T R I A L U S E R S
I N M A N Y D E V E L O P I N G C O U N T R I E S A R E W I L L I N G T O I N C U R T O M E E T
T H E I R O W N N E E D S W H E N SUPPLY FROM T H E P O W E R U T I L I T Y I S
I N A D E Q U A T E A N D U N R E L I A B L E - G E N E R A T I N G T H E I R O W N P O W E R M A Y
COST AS MUCH AS 70 TO 40 I L S - C E N T S PER K^H AS C O M P A R E D TO
P O W E R T A R I F F S IN THE R A N G E OF 4 TO ?0 U.S. PER

ÏN THE l^ROs AMD 70s ELECTRICITY CONSUMPTION INTHE DEVELOPING COUNTRIES GREW AT ABOUT 0 PERCENT A YFAR,ALTHOUGH IN SOME OF THE MORE I N nil STR ] AL I 7 ED COUNTRIES LIKFBRAZIL, KOREA, INDONESIA, AND THAILAND, GROWTH RATFS HAVEBEEN IN THE TV?0? PER ANNUM R A N G E - OvE R THE PAST FEW YEARSTHE SLOWING DOWN OF ECONOMIC A C T I V I T Y HAS REDUCED THE GROWTHOF ELECTRICITY DEMAND IN HOST DEVELOPING COUNTRIES.HOWEVER, IN SOME COUNTRIES, SUCH AS CHINA (10. Q^), INDIA(S-ST), INDONESIA fl^ï), PAKISTAN (Q*), AND TURKEY (**), THE
G R O W T H OF E L E C T R I C I T Y C O N S U M P T I O N HAS B E E N C O N S T R A I N E D BY
S U P P L Y AND THERE IS A L A R G E U N S A T I S F I E D D E M A N D W H I C H HAS A
H I G H E C O N O M I C COST F O R THOSE C O U N T R I E S - T H E F U T U R E R A T E O c

G R O W T H IN THOSE C O U N T R I E S W I L L FOR SOME Y E A R S TO COME BE
D E T E R M I N E D AS MUCH BY THE S C H E D U L E OF C O M M I S S I O N I N G OF NEW
P L A N T S AS BY THE G R O W T H IN THE U N D E R L Y I N G D E M A N D FOR
E L E C T R I C I T Y .

THE GROWTH OF DEMAND FOR ELECTRICITY COMES NOTONLY FROM NEW CONNECTIONS RUT ALSO FROM EXISTING CUSTOMERS-THOUGH UTILITIES CAN USE CHANGES IN PRICE AND OTHERTECHNIQUES OF LOAD MANAGEMENT TO RESTRAIN DEMAND TO ACERTAIN EXTENT, IN PRACTICE IT IS IMPOSSIRLE TO LIMITCONSUMERS TO A GIVEN AMOUNT OF ELECTRICITY. IF CAPACITY ISINADEQUATE, THE QUALITY OF SERVICE DETERIORATES RAPIDLY WITHSEVERE CONSEQUENCES FOR THE EQUIPMENT ROTH SUPPLYING ANDUSING ELECTRICITY- THIS MEANS THAT ONCE A POWER SYSTEM ISIN OPERATION, PLANNING ITS EXPANSION TO MEET LESS THAN THELEVEL OF DEMAND WILL INEVITABLY LEAD TO REDUCTION IN ITSEFFICIENCY.
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IN 19R3 THE RANK E S T I M A T E D THAT THE CONSUMPTION OF
E L E C T R I C I T Y IN THE D E V E L O P I N G C O U N T R I E S M I G H T GROW AT ABOUT
72 A Y E A R OVER THE P E R I O D l^RS-l0)^ AS E C O N O M I C A C T I V I T Y
P I C K S UP- ^ORE R E C E N T I N D I C A T I O N S ARE THAT 77- M I G H T BE A
L I T T L E ON THE O P T I M I S T I C S I D E AND THE E S T I M A T E COULD BE OFF
BY ABOUT A P E R C E N T A G E POINT. AT A fi* A N N U A L GROWTH RATE,ELECTRICITY CONSUMPTION WOULD INCREASE ABOUT RT7, IN THE NEXTID YEARS. EVEN AFTER THE INCREASE, THE UNTAPPED MARKET FORELECTRICITY IN THE DEVELOPING COUNTRIES WOULD BE ENORMOUS-MEARLY 757, OF THE HOUSEHOLDS IN DEVELOPING COUNTRIES WILLSTILL NOT HAVE ACCESS TO ELECTRICITY AND THE AVERARECONSUMPTION PER CAPITA WILL R E M A I N ONLY ONE TWENTIETH OFTHAT IN THE INDUSTRIALI7ED COUNTRIES-
INVESTMENT PATTERNS

POWER SYSTEMS OFFER EFFICIENT MEANS OF USING COAL,LIGNITE, AND GAS TO DISTRIBUTE ENERGY TO A WIDE RANGE OFUSERS- HYDROPOWER, NUCLEAR, AND TO SOME EXTENT GEOTHERMALENERGY, CAN ONLY BE HARNESSED EFFECTIVELY IN THE GENERATION
O F E L E C T R I C P O W E R - I N C O U N T R I E S W H I C H HAVE A P P R O P R I A T E
E N E R G Y SOURCES, A N I M P O R T A N T O B J E C T I V E I N T H E N E A R F U T U R E
W I L L BE TO M O D I F Y THE P A T T E R N OF E L E C T R I C I T Y G E N E R A T I O N ,
U S I N G THE P O W E R SYSTEM AS AN I N S T R U M E N T TO R E D U C E D E P E N D E N C E
ON I M P O R T E D O I L - THE L A R G E SCOPE FOR THIS IS E V I D E N C E D RY
THE MAJOR S H A R E OF E L E C T R I C I T Y IN THE E N E R G Y S E C T O R - FORMANY COUNTRIES, CHANGING THE ENERGY SOURCES FROM WHICHELECTRICITY IS GENERATED IS AN ESSENTIAL PART OF ADJUSTINGTO THE HIGHER PRICE OF O I L « RANK PROJECTIONS HAVEINDICATED THAT THE COST OF IMPORTED OIL FOR ELECTRIC POWERGENERATION WILL ACCOUNT FOR ABOUT ONE'THIRD OF DEVELOPINGCOUNTRIES' OIL IMPORTS. PLANTS USING SOURCES SUCH AS HYDRO,COAL, LIGNITE, GAS, GEOTHERMAL, AND NUCLEAR ENERGY WHICH MAYHAVE BEEN UNECONOMIC AT LOWER OIL PRICES «AY NOW BEDEVELOPED PROFITABLY EVEN THOUGH ALL BUT NATURAL GASTYPICALLY REOUIRE LARGER INVESTMENT PER KW THAN OIL BASEDPLANTS- THE ECONOMICS FOR SUBSTITUTION ARE PARTICULARLYATTRACTIVE IN THE COUNTRIES WHICH HAVE AN ABUNDANT SUPPLY OFINDIGENOUS GAS.

THE écoPE FOR CHANGING THE GENERATION MIX DEPENDSON THE SIZE OF THE SYSTEM AND THE COUNTRY'S SPECIFICCONDITIONS. A DOZEN DEVELOPING COUNTRIES WITH A SIZEABLEAMOUNT OF LOW COST COAL, LIGNITE, HYDRO, OR GEOTHERMALENERGY MIGHT BE ABLE TO M A I N T A I N GENERATION COSTS OFINCREMENTAL SUPPLY AT ABOUT I) U.S. CENTS PER K^/H- EXAMPLESARE A L G E R I A , COLOMBIA, GABON, TRINIDAD AND TOBAGO, /AIRE,ZAMBIA, A-ND ZIMBABWE- AT THE OTHER EXTREME, SEVERALCOUNTRIES WILL CONTINUE TO RELY HEAVILY ON OIL OR EXPENSIVEHYDROPOWER AND WILL BE UNABLE TO AVOID COSTS OF 1? U.S.CENTS TO 7.1\ M.S. CENTS PER ADDITIONAL KWH- FXAMPLES ARERENIN, CHAD, MALI, NIGER, SOMALIA AND PPR YEMEN. FOR THIS
L A T T E R G R O U P , NOT ONLY IS THE RESOURCE TOO S M A L L OR C O S T L Y
TO D E V E L O P , BUT THE USE OF IMPORTED COAL IS NOT E C O N O M I C A L
B E C A U S E ' E I T H E R P O W E R S Y S T E M S ARE MODEST IN S I Z E OR THE
C O U N T R I E S A R E L A N D L O C K E D , R A I S I N G T R A N S P O R T A T I O N C O S T S - I N
B E T W E E N THESE TWO E X T R E M E S , MOST C O U N T R I E S ARE M A N A G I N G TO
P H A S E OUT A S H A R E OF T H E I R O I L - B A S E D G E N E R A T I O N . A N O T H E R
A L T E R N A T I V E FOR AN I N D I V I D U A L COUNTRY IS THE R E P L A C E M E N T OF
O I L B A S E D G E N E R A T I O N W I T H IMPORTED E L E C T R I C I T Y . A K E Y
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FACTOR HERE IS THE DEVELOPMENT OF NATIONAL AND R E G I O N A LINTERCONNECTION GRIDS WHICH ALLOW A POOLING OF RESOURCES ANDSUBSTANTIAL ECONOMIES OF SCALE IN GENERATION ANDTRANSMISSION.
FOR SOME COUNTRIES WITHOUT SUFFICIENT NATIONALRESOURCES FOR THE GENERATION OF POWER, NUCLEAR POWER PLANTSARE AN ALTERNATIVE. Two IMPORTANT CONSIDERATIONS ARE THESIG N I F I C A N T ECONOMIES OF SCALE IN THF.IR CONSTRUCTION AND THE

FACT THAT FOR TECHNICAL AND ECONOMIC REASONS, THEY MUSTOPERATE CLOSE TO THEIR FULL AVAILABLE CAPACITY. LESS THAN ADOZEN DEVELOPING RANK MEMBER COUNTRIES NOW HAVE POWER GRIDSLARGE ENOUGH TO USE THE SMALLER ECONOMICALLY VIAPLE REACTORSOF FiOn MW., AND FOR SOME OF THESE COUNTRIES, THIS INCREMENTREPRESENTS SEVERAL YEARS OF BASE LOAD GROWTH- SOME COUNTRIESLIKE A R G E N T I N A , RRA?IL, INDIA, PAKISTAN, AND K"OREA ALREADYHAVE NUCLEAR CAPACITY, AND PLAN THAT RY l^S, NUCLEAR ENERGYWILL SUPPLY IS TO Sn PERCENT OF THEIR ELECTRICITY. OTHERSWILL SOON START MODEST NUCLEAR POWER PROGRAMS- HOWEVER,EVEN RY THE TURN OF THE CENTURY NUCLEAR POWER IS EXPECTED TOSUPPLY LESS THAN 10 PERCENT OF THE ELECTRICITY IN DEVELOPINGCOUNTRIES AS A GROUP.
EFFICIENCY PEOUIREMENTS

IN MOST D E V E L O P I N G C O U N T R I E S TODAY, THF MOST COSTEFFECTIVE WAY OF INCREASING THE SUPPLY OF ELECTRICITY IS TOIMPROVE THE EFFICIENCY OF EXISTING FACILITIES. ÎHIS CAN REDONE RY R E H A B I L I T A T I N G UNITS OUT OF SERVICE, I M P R O V I N G THEA V A I L A B I L I T Y AND EFFICIENCY f]F EXISTING PLANT, AND BYREDUCING LOSSES INCURRED IN DISTRIBUTION AND T R A N S M I S S I O N -THE INTRODUCTION OF COMPUTER DESIGNED TURBINE RUNNERS CANINCREASE THE CAPACITY OF HYDROELECTRIC PLANTS AND THEIRGENERATING E F F I C I E N C Y - SIGNIFICANT AMOUNTS OF FUEL CAN BFWASTED IF THERMAL PLANTS ARE NOT OPERATED AT OPTIMALCONDITIONS OF TEMPERATURE AND PRESSURE- PREVENTATIVPMAINTENANCE SHOULD RE UNDERTAKEN, AS IMPROVING THEAVAILABILITY OF UNITS REDUCES INVESTMENT REQUIREMENT FOR NF.WPLANT- SIMPLE CORRECTIVE MFASURES SUCH AS CLEANING BLOCKEDCONDENSERS OR REPAIRING LEAKING VALVES CAN HAVE PAYBACKPERIODS AS SHORT AS A FEW DAYS. ADEQUATE SPARE PARTS SHOULDRE ON HAND- STAFF TRAINING PROGRAMS NEED TO RE IMPROVED ANDEXPANDED.•
THE WORLD HANK is GIVING SERIOUS ATTENTION TOTHESE MATTERS IN ALL OF ITS POWER AND ENERGY ASSESSMENTOPERATIONS. AS REGARDS THE LATTER, IN APRIL 1983 HWDP ANDTHE WORLD RANK STARTED A JOINT ENERGY SECTOR MANAGEMENTASSISTANCE PROGRAM (ESMAP) WITH THE OBJECTIVE OF ASSISTINGCOUNTRIES IN IMPLEMENTING THE MAIN INVESTMENT AND POLICYRECOMMENDATIONS OF THE ENERGY SECTOR ASSESSMENT REPORTSPRODUCED UNDER ANOTHER JOINT UNDP/WORLD RANK PROGRAM. ESMAPPROVIDES STAFF AND CONSULTANT ASSISTANCE IN FORMULATING ANDJUSTIFYING PRIORITY PRE INVESTMENT AND INVESTMENT PROJECTSAND IN PROVIDING MANAGEMENT, INSTITUTIONAL AND POLICYSUPPORT. MANY OF THE STUDIES REING UNDERTAKEN UNDER THEPROGRAM RELATE TO POWER SECTOR EFFICIENCY. THE REPORTSPROVIDE GOVERNMENTS, DONORS AND POTENTIAL INVESTORS WITH THEINFORMATION NEEDED TO SPEED UP PROJECT PREPARATION ANDIMPLEMENTATION- ÎHE PROGRAM AIMS TO SUPPLEMENT, ADVANCE AND
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STRENGTHEN THE IMPACT OF BILATERAL AND MULTILATERALRESOURCES ALREADY AVAILABLE FQR TECHNICAL ASSISTANCE FOR THEENERGY SECTOR. THE PROGRAM IS A MAJOR INTERNATIONAL EFFORTAND WHILE THE CORE FINANCING HAS BF.EN PROVIDED BY THE HMDPAND THE WORLD RANK, IMPORTANT FINANCIAL CONTRIBUTIONS TO THEPROGRAM HAVE ALSO BEEN MADE RY A NUMRER OF RILATERALAGENCIES-

IH. FINftHC.IMCi OF POWFR EXPANSION IN LnCs

ON THE ASSUMPTION OF A fiT ANNUAL GROWTH RATE INELECTRICITY DEMAND THE TOTAL INVESTMENT OVER THE NF.XT DF.CADE(19*6-1995) FOR ELECTRIC POWER FACILITIES (GENERATION,TRANSMISSION, AND DISTRIBUTION) WOULD RE ABOUT MS*52?BILLION (EXCLUDING INTEREST DURING CONSTRUCTION) FOR ANINCREMENTAL CAPACITY OF ABOUT 2*5,000 MEGAWATTS- AVERAGECAPACITY COST ON WHICH THIS FIGURE IS RASED IS ASSUMED TO BEUS$1,*30 PER «W, OF WHICH GENERATING PLANT WOULD BE AROUTUS$1,2*0 PER «W AND TRANSMISSION AND DISTRIRUTION 1IS$55n PERKVI. THE GENERATION INVESTMENT REFLECTS A MIX OF THERMAL(51"!) , HYDRO (36T), NUCLEAR (I?.*-) AND GEOTHERMAL (I1?).
FOREIGN EXCHANGE REQUIREMENTS

ON THE BASIS THAT ABOUT ONE THIRD OF THE TOTALCOST OF L DCS POWER INVESTMENT WILL RE IN FOREIGN EXCHANGE,THE TOTAL EXTERNAL REQUIREMENTS WOULD BE ABOUT $172 RILLIONIN THE 1986-95 PERIOD. THIS FUNDING WOULD HAVE TO COME FROMEXPORT RELATED SOURCES, COMMERCIAL RANKS, MULTILAYERALRANKS, BILATERAL CONCESSIONAL SOURCES AND IF AVAILABLE,DEVELOPING COUNTRY FOREIGN EXCHANGE RESERVES- THE ROLE OFTHE WORLD RANK IN ANY PARTICULAR COUNTRY'S POWER SECTORCANNOT BE DEFINED OUTSIDE THE CONTEXT OF WHAT OTHERFINANCING IS IN PROSPECT FOR THE POWER SECTOR AND WHAT RANKASSISTANCE IS BEING SOUGHT FOR OTHER SECTORS- HOWEVER, ONTHE ASSUMPTION THAT ANNUAL RANK LENDING FOR POWFR ISMAINTAINED AT ABOUT 111 OF TOTAL LENDING, THE ANNUAL AMOUNTAVAILABLE FOR POWER COULD RE ABOUT US$2.5 BILLION IN 19RÇ USDOLLARS- IN THE LIGHT OF PAST EXPERIENCE, OTHERMULTILATERAL AGENCIES MIGHT CONTINUE TO LEND FOR POWER ATABOUT 7(T* OF THE VOLUME OF THE RANK GROUP OR SAY US$1.*BILLION AND BILATERAL CONCESSIONAL LENDING MIGHT PROVIDEABOUT US$1.7 BILLION. THESE SOURCES TOTAL $6-0 BILLION,WHICH IS FAR SHORT OF THE $17«? BILLION ANNUAL FOREIGNEXCHANGE INVESTMENT REQUIREMENT UNDER THE 6^ PER ANNUM
GROWTH S C E N A R I O « THE 19*6 R E Q U I R E M E N T IS E S T I M A T E D AT $1^.0BILLION, ESCALATING TO $22-0 BILLION RY 1995.

PRIOR TO 19*2 IT COULD BE EXPECTED THAT A LEVEL OFABOUT $4.6 BILLION OF COMMERCIAL BANK LENDING AND $4.*BILLION (BOTH IN US 1935 DOLLARS) OF EXPORT CREDITS WOULD BE
A V A I L A B L E A N N U A L L Y . As YOU KNOW, THE FORMER HAS D R I E D UP
FOR ALL BUT A FEW D E V E L O P I N G C O U N T R I E S AND THE V O L U M E OF
EXPORT CREDIT HAS BEEN SHARPLY REDUCED- THE LOWER
A V A I L A B I L I T Y OF THESE SOURCES P R I M A R I L Y REFLECTS
C R E D I T W O R T H I N E S S , BUT IN THE CASE OF EXPORT CR E D I T S MAY A L S O
R E F L E C T L O W E R E Q U I P M E N T ORDERS AS D E V E L O P I N G C O U N T R Y P O W E R
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SECTOR I N V E S T M E N T P R O G R A M S HAVE R E E N CUT P A C K - THUS, AT
LEAST F O R T H E N E A R A N D M E D I U M T E R M O B T A I N I N G T H E H I S T O R I C A L
LEVEL OF F O R E I G N EXCHANGE F I N A N C I N G FROM P R I V A T E SOURCES
W I L L RE A F O R M I D A R L E TASK, AND W I T H O U T A S I G N I F I C A N T
I M P R O V E M E N T I N T H E C R E D I T W O R T H I NESS O F D E V E L O P I N G C O U N T R I E S ,
C O M M E R C I A L L E N D I N G AS IT HAS EVOLVED TO DATE S I M P L Y W I L L NOT
RE F O R T H C O M I N G . A V E R Y ROUGH E S T I M A T E S U G G E S T S THAT O V E RTHE NEAR TERM AROHT US$9.0 B I L L I O N OF FOREIGN EXCHANGE WILLRE AVAILARLE FROM ALL SOURCES, QF WHICH ONLY 11^3-0 B I L L I O NWILL RE FROM EXPORT CREDITS ($2-5 RILLION) AND COMMERCIALRANKS (*0.5 RILLION).

T H I S F X P E C T A T I O N OF A S H O R T F A L L IN F O R E I G N
E X C H A N G E C I N A N C I N G FOR THE POWER SECTOR HAS TWO
R A M I F I C A T I O N S - DOWER SECTOR I N V E S T M E N T M A Y R E R E S T R I C T E D I N
L I N E W I T H F O R E I G N E X C H A N G E A V A I L A B I L I T Y * F O R E X A M P L E , A T AU% ANNUAL GROWTH RATE IN POWER DEMAND, THE FOREIGN EXCHANGER E Q U I R E M E N T WOULD RE REDUCED TO ^10S R I L L I O N , WITH THE 19Rfi-
1995 ANNUAL REQUIREMENT REING $9.0-$10.0 PILLION. L I M I T I N GPOWER G E N E R A T I O N F A C I L I T I E S WILL MOST CERTAINLY REDUCEECONOMIC GROWTH. ALTERNATIVELY, NEW WAYS TO MORILI7EF I N A N C I N G FOR THE DEVELOPING COUNTRY POWER SECTOR WILL REFOUND AND INVESTMENT PROGRAMS WILL RE APPROPRIATE TO DEMANDREQUIREMENTS. To ATTRACT COMMERCIAL LOANS AND PRIVATESECTOR INVESTMENT, DEVELOPING COUNTRIES WILL HAVE TO ADOPTPOLICIES WHICH WILL IMPROVE THE INVESTMENT CLIMATE AND
REDUCE P O L I T I C A L , F O R E I G N EXCHANGE, A N D C O M M E R C I A L R I S K - I NTHIS REGARD, ROTH TURKEY AND PAKISTAN HAVE INVITED PROPOSALSFOR PRIVATE SECTOR CONSTRUCTION AND OPERATION OF POWERGENERATING STATIONS, THE OUTPUT OF WHICH WOULD RE SOLD TOTHE NATIONAL POWER AUTHORITIES AT PRICES WHICH WOULDAMORTIZE DERT F I N A N C I N G AND PROVIDED A RETURN ON EQUITY. ToASSIST IN MORILIZING PRIVATE SECTOR CAPITAL TO DEVELOPINGCOUNTRIES, THE WORLD RANK HAS DEVELOPED CO-FINANCING SCHEMESAND IS WORKING ON OTHERS, INCLUDING GUARANTEES TO MITIGATERISKS DUE TO A PROJECT'S LOCATION IN A DEVELOPING COUNTRY.
LOCAL CURRENCY REQUIREMENTS

RASED ON THE ASSUMED 6* ANNUAL GROWTH RATE, LOCALCURRENCY POWER INVESTMENT REQUIREMENT OF THE LDCs WILL RE INTHE AGGREGATE TO RE !!S*35f) RILLION. (ÎIVEN THE PARALLELEXTERNAL F I N A N C I N G PRORLEM DISCUSSED AROVE, IT IS ESSENTIALTHAT DEVELOPING COUNTRIES TAKE MEASURES TO GENERATE THESERESOURCES LOCALLY- THE AVAILABILITY OF DOMESTIC RESOURCESW I L L ALSO RE A DECISIVE FACTOR IN THE SUCCESS OR F A I L U R E OFPOWER INVESTMENT PROGRAMS« MANY DEVELOPING COUNTRIES HAVEDIFFICULTY IN MORILIZING DOMESTIC RESOURCES FOR POWERINVESTMENT PARTLY FOR REASONS SPECIFIC TO THE SECTOR ANDPARTLY RECAUSE POLITICAL PRESSURE KEEPS RATES RELOWAPPROPRIATE LEVELS AND PARTLY RECAUSE DOMESTIC SAVINGS INGENERAL ARE LOW AND FINANCIAL MARKETS ARE ALMOST NON-EXISTENT.
POWER SECTOR OPERATIONS IN MANY DEVELOPINGCOUNTRIES ARE NOT EFFICIENT, ROTH FROM AN OPERATING COST ANDINVESTMENT STANDPOINT- POWER ENTITIES HAVF TO VARYINGDEGREES REEN RESET PY THE IDENTICAL PRORLEMS - TOO LITTLEM A N A G E R I A L AUTONOMY AND ACCOUNTAR I L ITY, CUMBERSOME
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PROCEDURES, IINCOMPETIT I VE SALARIES, EMPLOYMENT OP REDUNDANTSTAFF, ETC- THESE PROBLEMS, COMPOUND THE F.FFECTS OF SUR-OPTIMAL TARIFFS AND HAVE SERIOUS IMPLICATIONS FOR THEF I N A N C I A L VIABILITY OF THE ENTITIES AND THEIR ABILITY TOMOBILIZE DOMESTIC RESOURCES FOR INVESTMENT- ALL MUST RERESOLVED, RUT UNLESS THE POLITICAL WILL IS FOUND TO RAISETARIFFS TO LEVELS WHICH WILL PRODUCE A REASONABLECONTRIBUTION TO INVESTMENT, A COUNTRY'S POWER SECTORINVESTMENT PROGRAM WILL RE EITHER CONSTRAINED OR MAINTAINSAT THE EXPENSE OF THE GENERAL REVENUES-
PURING THE IQBOs AND EARLY 1P70S MANY POWERUTILITIES FINANCED A REASONABLE PORTION (iN THE RANGE OFMIT?) OF THEIR INVESTMENT REQUIREMENTS FROM INTERNALSOURCES. REVENUES FROM POWER TARIFFS OFTEN COVERED LOCALINVESTMENT COSTS AND EXTERNAL BORROWINGS WERE USED TOFINANCE FOREIGN EXCHANGE REQUIREMENTS- -SlNCE THE INITIALOIL PRICE SHOCK IN lc>73/ THE FINANCES OF POWER UTILITIESHAVE SERIOUSLY DETERIORATED- SHARP INCREASES IN FUEL ANDBORROWING COSTS HAVE NOT BEEN MATCHED BY INCREASES INTARIFFS« INVESTMENTS NOW BEING CONTEMPLATED HAVE LONGERGESTATION PERIODS AND MUCH HIGHER COSTS REQUIRING LOANS WITHLONGER MATURITIES THAN ARE GENERALLY AVAILABLE« RELIANCE ONBUDGET SUPPORT FOR FINANCING POWER INVESTMENT MEANS THATINVESTMENT HAS OFTEN TO BE RESTRAINED WHEN MACROECONOM1CPRESSURES ON THE BUDGET BECOME SEVERE. INABILITY TO RAISEDOMESTIC FINANCIAL RESOURCES HAS DELAYED THE IMPLEMENTATIONOF POWER INVESTMENTS IN MANY COUNTRIES, LEADING TO SHORTAGESOF POWER AND HEAVY ECONOMIC LOSSES DUE TO THE DISRUPTION OFPRODUCTION. SHORTAGE OF LOCAL CURRENCY ALSO HAMPERSMAINTENANCE PROGRAMS WHICH REDUCE THE OUTPUT OF EXISTING

GENERATING PLANT« ON THE OPTIMISTIC ASSUMPTION THAT THFRATE OF INTERNAL CASH CONTRIBUTION TO INVESTMENT CAN REINCREASED TO ÜfT*, THERE WOULD (AT A W GROWTH RATE) STILL BEA GAP OF î\Hl BILLION TO RE FINANCED BY GOVERNMENTS OR LOCALCAPITAL MARKETS.
THE GROWING FINANCIAL STRAINS ON POWER UTILITIESMEAN THAT GREATER ATTENTION MUST THEREFORE RE PAID TO THREEKEY FACTORS INFLUENCING F I N A N C I A L VIABILITY - OPERATIONALEFFICIENCY, TARIFFS AND FINANCIAL STRUCTURE«

OPERATIONAL FFFICIENCY
THE GROWTH OF REVENUES IS BEING HELD BACK IN MANYCOUNTRIES BY TECHNICAL INEFFICIENCIES, LACK OF SPARES ANDSKILLED MAINTENANCE AND OPERATING STAFF. POOR MAINTENANCEORGANIZATION IS CAUSING UNSATISFACTORY PLANT AVAILABILITYAND RELIABILITY AND HEAVY LOSSES IN THE TRANSMISSION ANDDISTRIBUTION OF POWER. PLANT IS IN URGENT NEED OFREHABILITATION« RAD METERING, AND POOR COLLECTION OP BILLSADD TO THESE PROBLEMS. UNPAID RILLS EXCEEDING SIX MONTHS OFREVENUES IS COMMON. F.VEN WHEN TARIFF LEVELS ARE ADEQUATE,UNCOLLECTED BILLS PAYABLE BY GOVERNMENTS AND OTHER STATEENTERPRISES OFTEN ARE A SERIOUS PROBLEM, AND ONE THAT CANNOTBE RESOLVED WITHOUT BUDGETARY INTERVENTION, ESPECIALLY WHENTHE SITUATION HAS BEEN ALLOWED TO DETERIORATE FOR MANYYEARS« THE RANK is INCREASINGLY ADDRESSING THESE ISSUES AND

IS MAKING LOANS FOR MAINTENANCE, REHABILITATION, AND
INSTITUTIONAL IMPROVEMENTS«
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POWER T A R I F F S
IN MANY UTILITIES POWIER TARIFFS DO NOT EVEN COVERTHE OPERATING COSTS AND DEBT SERVICE AND IN MOST COUNTRIESRATES ARE BELOW THE LONG RUN M A R G I N A L COST OF SUPPLY, INSOME CASES BY VERY SIZEARLE MA R G I N S - ÏN ADDITION TO ITSECONOMIC IMPACT, UMDERPRICING ELECTRICITY CAUSES THEWASTEFUL USAGE OF FNERGY AMD CRITICALLY IMPAIRS THEOPERATING REVENUES OF UTILITIES,, FORCING THEM TO REDUCEINVENTORIES, FOREGO ESSENTIAL MAINTENANCE, REQUESTGOVERNMENT SUBSIDIES AND IINDERTAKF ADDITIONAL BORROWING THATIMPOSES A HEAVY DEBT SERVICE BURDEN IN LATER YEARS- MANYNATIONAL POWER ENTITIES NOW NEED TO INCREASE THEIR TARIFFSBY AS MUCH AS 40 TO 60"? TO REGAIN THEIR LONG~TERM F I N A N C I A LBALANCE AND TO BRING DOWN THEIR BORROWING REQUIREMENTS TOMORE MANAGEABLE LEVELS- GOVERNMENTS' UNWILLINGNESS TO R A I S ETARIFFS IN LINE WITH COSTS STEMS BOTH FROM THE POLITICALUNPOPULARITY OF THESE MEASURES AND THE MISTAKEN CONVICTIONTHAT ClhRRING UTILITIES' TARIFFS HELPS CONTROL INFLATION-RECENT TARIFF INCREASES IN MOST DEVELOPING COUNTRIES HAVEBEEN GRANTED ON A HAPHAZARD RASIS TO OVERCOME IMMEDIATEDIFFICULTIES, RATHER THAN TO ENSURE THEIR LONG TERMFINANCIAL EQUILIBRIUM. THE RANK HAS ALWAYS AGREED WITHBORROWERS ON REVENUE OBJECTIVES IN ITS LOAN COVENANTS,AND ASA RESULT RANK POWER SECTOR CLIENTS ARE PROBABLY BETTER OFFTHAN OTHERS- ÎN OUR CURRENT PROJECTS, WE ARE GOING BEYONDTHE REVENUE OBJECTIVE AND OBTAINING BORROWER AND GOVERNMENTCOMMITMENT TO AN ACTION PROGRAM SPECIFYING COST CUTTING ANDREVENUE ENHANCEMENT MEASURES DESIGNED TO ACHIEVE THE AGREED

T A R G E T S -

F I N A N C I A L STRUCTURE
SHORTFALLS ON LOCAL COST F I N A N C I N G FROM INTERNALLYGENERATED FUNDS HAVE LED SOME GOVERNMENTS (COLOMBIA FOREXAMPLE) TO ATTEMPT TO CREATE NEW SOURCES OF MEDIUM-TO-LONGTERM LOCAL F I N A N C I N G OR TO INCREASE GOVERNMENT LOANS OREQUITY INJECTIONS FROM THE PUBLIC BUDGET TO THE UTILITIES-CAPITAL CONTRIBUTIONS FROM THE GOVERNMENT ARE NOT ALWAYSFORTHCOMING WHEN DUE, AND U T I L I T I E S THEREFORE HAVE EITHER TORELY TO A GREATER EXTENT ON MONEY BORROWED AT HIGH RATES OFINTEREST OR CUT BACK THEIR PROGRAMS- 'IjILITY BORROWING ISALSO SOMETIMES RESTRAINED RY A COUNTRY'S NF.FO TO LIMIT NEWDEBT AS A RESULT OF SUPPORT AGREEMENTS- THE DIFFICULTIES INGENERATING CASH, COUPLED WITH THE INADEQUACY OF DOMESTICCAPITAL MARKETS IN DEVELOPING COUNTRIES, IN SOME CASES, HAVEFORCED UTILITIES TO BORROW FOREIGN EXCHANGE TO MEET LOCALCOSTS- IN VIEW OF THE SCARCITY OF EXTERNAL CAPITAL, ITWOULD CLEARLY RE INAPPROPRIATE TO BORROW ABROAD FOR LOCALCOSTS WITHOUT FIRST HAVING ASSURED A MAXIMUM EFFORT TO R A I S ETHE RESOURCES DOMESTICALLY- SlICH EFFORT SHOULD INCLUDE ANAPPROPRIATE TARIFF LEVEL AND STRUCTURE TO PROVIDE AREASONABLE DEGREE OF SELF-FINANCING WITHIN THE SECTOR- AsPREVIOUSLY INDICATED, RECENTLY SOME UTILITIES HAVE BEEN

LOOKING AT THE POSSIBILITY OF HAVING PART OF THEIR CAPITALCOSTS MET BY PRIVATE SECTOR INVESTMENT IN GENERATING PLANTAND SELLING POWER TO THE GOVERNMENT ON A COMMERCIAL BASIS-
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IV. THF WORLD BANK GPflllP - ORIG IN . NATIIRF AMD FUNCTIONS

STRUCTURE AND FUNDING
THE WORLD RANK GROUP CONSISTS OF THREEINTERNATIONAL F I N A N C I A L INSTITUTIONS: THE WORLD RANK ITSELF,OFFICIALLY KNOWN AS THE INTERNATIONAL RANK FORRECONSTRUCTION AND DEVELOPMENT (IR'RD) OR, IN SHORT, THERANK; AND TWO AFFILIATES, THE INTERNATIONAL DEVELOPMENTASSOCIATION (IDA) AND THE INTERNATIONAL FINANCE CORPORATIONUFC). EACH HAS ITS OWN SPECIAL FUNCTION, BUT ALL AREDEVOTED- TO THE SAME GENERAL OBJECTIVE - THE PROMOTION OFECONOMIC DEVELOPMENT-
THE RANK, THE SENIOR INSTITUTION OF THE THREE, WASESTABLISHED IN IPM TOGETHER WITH THE INTERNATIONALMONETARY FUND. IT MAKES LOANS TO MEMBER GOVERNMENTS OR,WITH A MEMBER GOVERNMENT GUARANTEE, TO AUTONOMOUS AGENCIES

OR P R I V A T E F I R M S , AT C O N V E N T I O N A L RATES OF INTEREST. RYJUNE 30, 1QRS, THE RANK HAD l^R MEMBERS- AT THE SAME DATETHE RANK HAD MADE 2,S83 LOANS TOTALLING ABOUT *11?.Q BILLION
TO MORE THAN 10R C O U N T R I E S « O l J R I N G FYRÇ THE R A N K A P P R O V E D
134 L O A N S T O T A L L I N G I ISML4 B I L L I O N TO 43 C O U N T R I E S -

THE WORLD RANK is AN INTER-GOVERNMENTALORGANIZATION, BUT IT RELIES MAINLY ON PRIVATE CAPITALMARKETS FOR FUNDING OF LOANS- ALTHOUGH A TOTAL OF MORE THAN*56 BILLION OF ITS AUTHORIZED CAPITAL OF APPROXIMATELY $7UBILLION HAS BEEN SUBSCRIBED, MEMBERS HAVE BEEN REQUESTED TOPAY IN LESS THAN If) PERCENT- THE REMAINDER - THE CALLABLECAPITAL IS PRIMARILY FOR THE PROTECTION OF THOSE FROM WHOMIRR!! HAS BORROWED MONEY- ÎHE POSSIBILITY IS REMOTE,HOWEVER, THAT A "CALL* WILL EVER RE MADE AGAINST ITSCAPITAL- THE RANK HAS NOT HAD ANY LOSSES ON ITS LOANS ANDNO LOAN HAS EVER BEEN WRITTEN OFF-
TO DATE THE RANK HAS BORROWED A CUMULATIVE TOTALOF ALMOST WH BILLION OF WHICH $54-2 BI L L I O N ISOUTSTANDING- THE INTEREST RATE THAT THE RANK CHARGES ONLOANS TO ITS BORROWERS IS RELATED TO THE COST AT WHICH IT

R A I S E S FUNDS IN C A P I T A L M A R K E T S - ON LOANS MADE B E F O R E JULY
1982, THE I N T E R E S T RATE WAS F J X E D FOR THE L I F E OF THE
LOAN. ON LOANS MADE SUBSEQUENTLY, THE INTEREST RATE ISVARIABLE AND is SUBJECT TO CHANGE EVERY six MONTHS- THE
PRESENT RATE IS 8.*? î. ON JHE AVERAGE. ^ANK LOANS AREREPAID OVER 15 TO 20 YEARS-

ASIDE FROM BORROWINGS, PAIO-IN CAPITALSUBSCRIPTIONS, AND CHARGES ON ITS LOANS, THE RANK HAS TWOOTHER PRINCIPAL SOURCES OF FUNDS IT CAN LEND. MOSTIMPORTANT IS THE FLOW OF REPAYMENTS ON PREVIOUS LOANS-ALSO, THE RANK EARNS SUBSTANTIAL PROFIT ON ITS OPERATIONS.NET INCOME FOR FISCAL 1985 WAS US$1.IH BILLION. THE PROFITIS USED PRIMARILY TO BUILD RESERVES AND THUS INCREASE THERANK'S FINANCIAL STRENGTH. SINCE 1%4 THOSE EARNINGS NOTPLACED IN RESERVES HAVE REEN GIVEN EACH YEAR TO IDA TO HELPINCREASE ITS ABILITY TO ASSIST THE POORER COUNTRIES.
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THE NEED FOR LENDING TO MANY POOR COUNTRIES ONMUCH EASIER TERMS THAN THE 'BANK COULD PROVIDE BECAMEAPPARENT I'N THE l^SO's AND RESULTED IN THE FOUNDATION OF THEINTERNATIONAL DEVELOPMENT ASSOCIATION (IDA) IN 1PRO. iriA
HAS 133 M E M B E R S . ÏT F I N A N C E S THE SAME G E N E R A L TYPE OF
PROJECTS AS THE R A N K , SELECTED A C C O R D I N G TO THE S A M E
STANDARDS, RUT ON TERMS W H I C H PLACE A L I G H T E R B U R D E N ON THE
B A L A N C E OF P A Y M E N T S OF THE B O R R O W I N G C O U N T R Y « ITS
A S S I S T A N C E , IN THE M A I N , HAS B E E N C O N F I N E D TO C O U N T R I E S
W H E R E P E R C A P I T A I N C O M E S A R E E X C E P T I O N A L L Y LOW, A N D W H I C H
C A N N O T MEET ALL T H E I R E X T E R N A L CAPITAL R E Q U I R E M E N T S ON THE
B A S I S OF B O R R O W I N G ON C O N V E N T I O N A L T E R M S - I HA DOES NOT H A V E
A SEPARATE STAFF, ALL R A N K STAFF M E M B E R S A U T O M A T I C A L L Y HOLD
THE S A M E P O S I T I O N S IN THE A S S O C I A T I O N . As OF J U N E 30, 19H5,
I PA HAD MADE 1 ,4^7 C R E D I T S (THE TERMS "LOAN" FOR A R A N K
O P E R A T I O N AND "CREDIT* FOR AN IDA O P E R A T I O N ARE USED TO M A K E
A D I S T I N C T I O N B E T W E E N THE TWO) A M O U N T I N G TO ABOUT 11^36.5
B I L L I O N TO 86 C O U N T R I E S «

IDA HAS T H R E E M A I N SOURCES OF FUNDS:

(i) CONTRIBUTIONS PRIMARILY FROM THEASSOCIATION'S RICHER MEMBERS, BUT ALSO FROMA NUMBER OF DEVELOPING COUNTRIES« THIS
SOURCE IS THE L A R G E S T OF THE THREE. S l N C E
1QR4 ABOUT $UD RILL.ION WAS PROVIDED, M A I N L Y
U N D E R SEVEN A G R E E M E N T S TO R E P L E N I S H IDA
FUNDS- THE SEVENTH R E P L E N I S H M E N T WAS
C O N C L U D E D E A R L Y IN ]Q8*1, TO COVER THEPERIOD JULY T, 1QR4 TO JUNE 30, 1W.THIRTY-THREE COUNTRIES PLEDGED TOCONTRIBUTE SOME W BILLION TO I FIA'SRESOURCES. HOWEVER IT HAS BEF.N MOREDIFFICULT FOR I HA TO ASSURE ADEQUATE ANDTIMELY REPLENISHMENT OF ITS RESOURCES THANFOR THE RANK TO OBTAIN ADDITIONAL FUNDSTHROUGH BORROWING IN THE CAPITAL MARKETS.

(n) TRANSFERS FROM THE RANK'S NET EARNINGS.
(in) MEMBERS' SUBSCRIPTIONS.
IDA R E S O U R C E S ARE C A R E F U L L Y R A T I O N E D FOR USF IN

THE POOREST OF THE D E V E L O P I N G C O U N T R I E S . THERE ARE FOUR
M A I N C R I T E R I A THAT A COUNTRY MUST MEET IN ORDER TO B O R R O W
FROM I D A -

(i) IT MUST BE VERY POOR. WHILE THE "INCOMECEILING" is ROUGHLY $805 PER CAPITA, INABOUT H(17> OF IDA COMMITMENTS COUNTRIES HAVEAN ANNUAL PER CAPITA GNP BELOW ^11- ABOUT50 COUNTRIES (INCLUDING CHINA AND INDIA)WHICH TOGETHER HAVE A COMBINED POPULATIONOF MORE THAN 2-1 BILLION, COME UNDER THEINCOME C E I L I N G -
(il) IT MUST HAVE SUFFICIENT ECONOMIC,FINANCIAL AND POLITICAL STABILITY TOWARRANT LONG-TERM DEVELOPMENT LENDING-
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( i l l ) IT MUST HAVE LITTLE PROSPECT OF B O R R O W I N G
ON C O N V E N T I O N A L TERMS FROM P R I V A T E SOURCES
AND L I M I T E D A B I L I T Y TO S E R V I C E NON-
C O N C E S S I O N A L DEBT.

(IV) ÏTS POLICIES MUST INDICATE A G E N U I N E
C O M M I T M E N T TO DEVELOPMENT-

DURING FY85 IHA APPROVED 103 CREDITS TOTALLINGl!S*3 RILLION TO 4S COUNTRIES- A BLEND OF IRRU LOANS ANn IDACREDITS WAS PROVIDED TO ANOTHER SIX (INCLUDING INDIA ANDCHINA).
WITHOUT FUNDS ON SOFT TERMS, ANY SIGNIFICANT HELPTO THE VERY POOREST COUNTRIES OVER THE NEAR TERM MIGHT WELLRE IMPOSSIBLE« OVER THE LONGER TERM IT IS HOPED THATREVISED POLICIES AND ENHANCED ECONOMIC GROWTH WILL CREATECLIMATES WHERE PRIVATE SECTOR INVESTMENTS CAN BE MADE ANDWHERE DEBT SERVICE CAPACITY WILL SUPPORT COMMERCIALBORROWINGS- THE AVAILABILITY OF IDA RESOURCES TO INITIATETHE PROCESS OF POLICY CHANGE AND GENERATE INCOME WILL REDETERMINED CHIEFLY BY THE LEVEL OF CONTRIBUTIONS AGREED TOFROM TIME TO TIME BY I DA'S DEVELOPED MEMBER COUNTRIES-
THE INTERNATIONAL FINANCE CORPORATION (IFC),

FOUNDED IN 1956, S U P P L E M E N T S THE A C T I V I T I E S OF THE RANK BY
M A K I N G AMD E N C O U R A G I N G I N V E S T M E N T S ON COMMERCIAL TERMS IN
PRODUCTIVE P R I V A T E E N T E R P R I S E S IN DEVELOPING MEMBERCOUNTRIES. IN JUNE 30, 1985, IFC HAD 127 MEMBERS. AT THE
SAME DATE IFC HAD MADE 848 L O A N S T O T A L L I N G MS*? .2 B I L L I O N .
I F C ' S ROLE IS TO S T I M U L A T E THE FLOW OF P R I V A T E C A P I T A L INTO
PRODUCTIVE P R I V A T E AND M I X E D P R I V A T E / P U B L I C E N T E R P R I S E S ~
NOT TO REPLACE IT. THUS IFC O P E R A T E S AS A C A T A L Y S T IN
B R I N G I N G TOGETHER E N T R E P R E N E U R S H I P , INVESTMENT C A P I T A L A N D
P R O D U C T I O N .

SECTORAL AND REGIONAL DISTRIBUTION OF RANK LOANS AND IDACREDITS
BANK/IDA LENDING ON A SECTOR BASIS HAS BEEN MAINLYFOR: TRANSPORTATION 171, ELECTRIC POWER 16*, AGRICULTURE25* , AND INDUSTRY (INCLUDING DEVELOPMENT FINANCE COMPANIES)14*. THE REMAINING 2** WAS SPLIT UP AMONG COMMUNICATIONS,EDUCATION, POPULATION, TOURISM, WATER SUPPLY, OIL AND GAS,AND URBAN PROJECTS AND GENERAL PROGRAM LOANS- THE REGIONALDISTRIBUTION HAS BEEN AS FOLLOWS: 24* TO LATIN AMERICA; 21*TO EUROPE., THE MIDDLE EAST AND WORTH AFRICA; 21** TO SOUTHASIA; 202 TO FAST ASIA AND THE PACIFIC; 87 TO EAST AFRICA;AND 6* TO WEST AFRICA.

f.OF I N A N C I N f i

FOR THOSE WORLD RANK BORROWERS THAT CAN BORROW ONCOMMERCIAL TERMS, THE MOST IMPORTANT SOURCE OF EXTERNALFINANCING is EXPORT CREDITS AND COMMERCIAL RANKS- UNDER THE
T R A D I T I O N A L A R R A N G E M E N T F O R C O F I N A N C I N G WITH C O M M E R C I A L
BANKS, THE WORLD R A N K AND A C O M M E R C I A L BANK ENTER INTO
S E P A R A T E LOAN A G R E E M E N T S W I T H T H E B O R R O W I N G C O U N T R Y - LOANS
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FROM THE COMMERCIAL RANKS ARE ON MARKET TERMS AND NEGOTIATED
DIRECTLY RY THE RANKS WITH THE BORROWER. THE LOANS ARE
L I N K E D TO THE RANK LOAN THROUGH AN OPTIONAL CROS S~ DE F A1ILT
CLAUSE, AND A MEMORANDUM Of7 AGREEMENT IS SIGNED BY THE R A N K
AND THE AGENT FOR THE C O M M E R C I A L R A N K -

IN AN ENDEAVOR TO STRENGTHEN ITS ROLE AS A
CATALYST FOR MORE C O M M E R C I A L INVESTMENT, IN 1^3 THE RANK
INTRODUCED I N N O V A T I V E NEW C O - p I N A N C I N G INSTRUMENTS- THE SO-
CALLED "R" LOAN PROGRAM WAS DESIGNED TO INCREASE THE
PARTICIPATION OF COMMERCIAL RANKS IN WORLD RANK ASSISTED
PROJECTS- IT WAS INTENDED TO SUPPLEMENT THE RANK'S
T R A D I T I O N A L METHODS OF CO^INANCING WITH THE PRIVATE SECTOR
AND PROVIDE A WIDER RANGE OF OPTIONS FOR STRUCTURING
COFINANCED OPERATIONS.

UNDER THE "R" LOAN SCHEME THREE ADDITIONAL OPTIONSBECOME A V A I L A R L E THAT PERMIT THE RANK TO PARTICIPATE INF I N A N C I N G FROM COMMERCIAL SOURCES, IN ADDITION TO M A K I N G ADIRECT LOAN. THE NEW OPTIONS ARE:(1) OIRECT F I N A N C I A L P A R T I C I P A T I O N IN THE LATERMATURITIES OF A C O M M E R C I A L LOAN;
(2^ GUARANTEES OF THE LATER M A T U R I T I E S OF APRIVATE LOAN INSTEAD OF DIRECT FUNDING;
(3) CONTINGENT PARTICIPATION IN THE LATERMATURITIES OF A COMMERCIAL LOAN THAT,INITIALLY, WOULD RE FINANCED ENTIRELY RYCOMMERCIAL LENDERS-
RY PROVIDING TO COMMERCIAL R A N K S WAYS RY WHICH

THEY CAN RECOME MORE CLOSELY ASSOCIATED WITH THE WORLD RANK,THEIR PERCEPTION OF THE QUALITY AND SECURITY OF C O F I N A N C E DASSETS WILL RE INCREASED. THE NEW INSTRUMENTS ALSOSTRENGTHEN INVESTOR CONFIDENCE, RESULTING IN AN INCREASE INNET CAPITAL FLOW TO DEVELOPING COUNTRIES AND EXTENDED LOAMMATURITIES. As OF THE PRESENT, THE PROGRAM HAS PRODUCEDGOOD RESULTS AND HAS ESTARLISHED A RASE FOR FUTURE EVOLUTIONOF THE R-LOAN INSTRUMENT. FISCAL YEAR 1.9*4 MARKED THE FIRSTYEAR OF R LOAN APPROVALS- ÎN 3.9R4 AND 1^85 ELEVEN WERECOMPLETED FOR A TOTAL VOLUME OF $1-1 RILLION. SPECIFICALLY,FOR THE POWER SECTOR IN COLOMBIA THE RANK TOOK A 15* DIRECTPARTICIPATION IN TWO LOANS TO A POWER F I N A N C I A L I N T E R M E D I A R YTOTALLING $200 MILLION. THE C O F I N A N C I N G PACKAGE REPRESENTED
SOMETHING OF A BREAKTHROUGH. THE LOANS WERE AMONG THE FIRSTNEW MARKET OPERATIONS AND THE FIRST SYNDICATED LOANS TOCOLOMBIA SINCE 1983. THEY REPRESENTED A S I G N I F I C A N TIMPROVEMENT WITH RESPECT TO ROTH MATURITIES AND SYNDICATEPARTICIPATION OVER THE TERMS AND CONDITIONS OF COLOMBIA'SMOST RECENT PREVIOUS BORROWING-

THE RANK IN THE CONTEXT OF ITS OVERALL ENERGYLENDING OPERATIONS IS ACTIVELY LOOKING AT THE POSSIBILITIESFOR NON-RECOURSE OR LIMITED RECOURSE F I N A N C I N G TECHNIQUES ASA MEANS OF MOBILIZING ADDITIONAL RESOURCES FOR POWER
DEVELOPMENT. THESE TECHNIQUES, WHICH HAVE SO FAR BEEN USED
IN ONLY A FEW INSTANCES IN FINANCING ENERGY DEVELOPMENT IN
DEVELOPING COUNTRIES, ALLOW'COMMERCIAL FIRMS AND LENDERS TO
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F I N A N C E A T T R A C T I V E P R O J E C T S ON THE B A S I S OP THE PROJECTS'
OWN CASH FLOW R A T H E R T H A N ON THE R A S I S OF AN O V E R A L LGUARANTEE OFFERED RY THE HOST GOVERNMENT OR THE PROJECTOWNER- THE REQUIRED CONDITIONS FOR SUCCESSFUL PROJECTF I N A N C I N G OF THIS NATURE INCLUDE A REASONABLE PERCEPTIONOF COUNTRY AND PROJECT RISKS, A STRONG AND INTERNATIONALLYRECOGNIZED PROJECT SPONSOR, PREFERABLY AN EXPORT ORIENTATIONOF THE PROJECT AND GENERALLY A LONG-TERM PURCHASECONTRACT. THESE CONDITIONS ARE ONLY LIKELY TO PREVAIL IN AVERY FEW POWER PROJECTS- NEVERTHELESS THE RANK FEELS THATTHERE IS A NEED TO EXPLORE THE USE OF THE TECHNIQUES AS AMEANS OF MOBILIZING ADDITIONAL EXTERNAL F I N A N C E -
ELECTRIC POWER LENDING

THE RANK HAS BEEN THE LARGEST SINGLE INTERNATIONALF I N A N C I E R OF ELECTRIC POWER IN DEVELOPING COUNTRIES SINCE ITMADE THE FIRST POWER LOAN TO CHILE IN 1948. SlNCE THEN OVERTHE PAST 37 YEARS POWER PROJECTS ACCOUNTED FOR ABOUTRILLION, ABOUT Ifi? OF THE RANK'S TOTAL LENDING FOR SOMEPROJECTS IN ABOUT ^0 COUNTRIES-
IN THE TEN YEAR PERIOD 1976-1085, L°I7 ELECTRICPOWER LOANS TOTALLING ^IS-Q BILLION WERE APPROVED (IN TERMSOF 1HR5 US HOLLARS THE AMOUNT is *21-3 MILLION). THISFIGURE EXCLUDES LENDING FOR ELECTRIC POWER COMPONENTS INOTHER SECTORS: MULTIPURPOSE IRRIGATION, RURAL DEVELOPMENTAND TOURISM.
R A N K F I N A N C E D PROJECTS ARE G E N E R A L L Y OF A MULTI-

COMPONENT N A T U R E AND OFTEN IN C L U D E SIZEABLE COMPONENTS FOR
SYSTEM R E H A B I L I T A T I O N . IN C O U N T R I E S WHERE THE POWER SECTORIS WELL DEVELOPED AND WELL MANAGED, A SECTOR LOAN MAY BEMADE« AN ANALYSIS OF THE PROJECTS FINANCED SHOWED THAT OVERTHE PAST SIX YEARS THERE HAS BEEN A DISTINCT MOVEMENT AWAYFROM OIL-FIRED THERMAL GENERATION TOWARDS HYDRO-GENERATIONWITH SIGNIFICANT ACTIVITIES IN TRANSMISSION, DISTRIBUTION,AND RURAL ELECTRIFICATION. SlNCE 1Q80 ANNUAL AVERAGELENDING FOR HYDRO PROJECTS HAS BEEN A LITTLE OVER tfiOOMILLION, WITH LENDING FOR TRANSMISSION AND DISTRIBUTIONALMOST $750 MILLION- UN AVERAGE, RANK FINANCE COVERS ABOUT307- OF TOTAL PROJECT COSTS-

EQUALLY, IF NOT MORE IMPORTANT THAN ITS FINANCIALCONTRIBUTION, IS THE RANK'S ASSISTANCE IN STRENGTHENINGINSTITUTIONS IN THE POWER SECTOR, BY ADVISING ON PRIORITIESFOR SYSTEM DEVELOPMENT, MANAGEMENT STRUCTURE, ELECTRICITYTARIFFS, FINANCIAL AND TECHNICAL OPERATING PRACTICES, AND BYENHANCING THEIR ABILITY TO RAISE FUNDS FOR EXPANSION FROMDOMESTIC AS WELL AS PUBLIC OR PRIVATE EXTERNAL SOURCES OTHERTHAN THE RANK- THE RANK IS NOW LOOKING DEEPER AND MORESYSTEMATICALLY INTO THE DEVELOPMENT EFFECT OF POWERPROJECTS, AND IS TRYING TO BECOME INVOLVED AS EARLY ASPOSSIBLE IN THE PROJECT IDENTIFICATION STARE, PARTICULARLYIN ORDER TO ENSURE THE OPTIMUM SELECTION AND DESIGN OFPROJECTS.
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NUCLEAR POWER
THE WORLD RANK HAS FINANCED ONLY ONE NUCLEAR UNITIN ITS LONG HISTORY OP LENDING- IN 1^59 THE RANK MADE AUS$40 MILLION LOAN TO ITALY FOR A 150 MW RWR, WHOSE ECONOMICJUSTIFICATION AT THAT TIME WAS PROBABLY ONLY M A R G I N A L ,ALTHOUGH THE PROJECT WAS QUITE USEFUL TO ITALY FOR T R A I N I N GAND INSTITUTION BUILDING PURPOSES- SlNCE THEN THE RANK HASMONITORED THE ECONOMICS OF NUCLEAR POWER AS WELL AS THEAVAILABILITY OF ENOUGH PROVEN TECHNOLOGIES/EQUIPMENT TOALLOW INTERNATIONAL COMPETITIVE RIDDING TO WORK- THE LASTREVIEW, CONDUCTED IN 1974-1975 CONCLUDED POSITIVELY IN ROTHASPECTS. NUCLEAR POWER HAD BECOME AN ECONOMIC ALTERNATIVETO OTHER FUELS IN SOME OF THE DEVELOPING COUNTRIES WITHPOWER SYSTEMS LARGE ENOUGH TO ACCOMODATE THE LARGE UNITSIZES THEN BEING MANUFACTURED- ALSO BOTH THF LIGHT-WATFRREACTORS AND HEAVY-WATER REACTORS HAVE DEMONSTRATED THEIRRELIABILITY IN COMMERCIAL OPERATION AND CAN NOW RE PROCUREDTHROUGH INTERNATIONAL COMPETITION, ALONG WITH THE REQUISITETURBINE GENERATORS AND OTHER PLANT-
THOUGH RANK LENDING WAS THUS FEASIBLE, NONE HAS ASYET TAKEN PLACE- THE PRINCIPAL REASON HAS BEEN THEAVAILABILITY TO DEVELOPING COUNTRIES OF BILATERAL F I N A N C I N GON FAVORABLE TERMS FROM A NUMBER OP INDUSTRIALIZED COUNTRIES- US, PRANCE AND CANADA- ANOTHER COMMERCIAL REASON is THATIN THE RELATIVELY FEW LARGER COUNTRIES WHERE NUCLEAR POWERIS ECONOMIC, THERE HAVE BEEN OTHER ENERGY PROJECTS WHERE THERANK COULD CONTRIBUTE MORE "NON FI N A N C I A L ASSISTANCE" PERDOLLAR LOANED THAN FOR NUCLEAR POWER- ^XAMPLES ARE NATURALGAS DEVELOPMENT WHERE THE RANK CAN HELP IMPLEMENT A STRATEGYFOSTERING DEVELOPMENT AND UTILIZATION OF GAS TO BACK OUTIMPORTED FUELS-
WHILE THERE is NOTHING UNIQUE ABOUT NUCLEAR AS ATECHNOLOGY THAT JUSTIFIES ANY DIFFERENT FINANCIAL TREATMENTVIZ A VIZ E.G. IMPORTED COAL, THE PRINCIPAL D I S T I N G U I S H I N GFEATURES ARE THE SIZE OF THE PLANTS AND THE AMOUNT OFINVESTMENT INVOLVED- PERHAPS AS MUCH AS 15? OF THE TOTALFOREIGN EXCHANGE REQUIRED FOR POWER EXPANSION IN DEVELOPINGCOUNTRIES IN THE NEXT TEN YEARS MAY BE ALLOCATED FOR NUCLEARPLANTS« IIP TILL NOW THERE HAS BEEN LITTLE FINANCING BYMULTILATERAL AGENCIES, MAINLY BECAUSE INDUSTRIAL NATIONSHAVE BEEN WILLING TO PROVIDE THIS ASSISTANCE, MANY TIMESUNDER EXCEPTIONALLY GENEROUS TERMS, TO ASSIST THEIRMANUFACTURERS IN ESTABLISHING A POSITION IN THE NUCLEARPOWER EXPORT MARKET. ÏN THIS RESPECT, THE US RxiMBANK HASPLAYED A MAJOR ROLE IN FINANCING US MANUFACTURED NUCLEARPLANT EXPORTS TO INDUSTRIAL AND DEVELOPING COUNTRIES.FRANCE, GERMANY AND CANADA ARE NOW ALSO IN THIS MAR K E T -GIVEN THE RANK'S LIMITED RESOURCES, THE INDICATIONS AT THEPRESENT TIME ARE THAT THE EXTERNAL FINANCE FOR NUCLEA.RPLANTS WILL CONTINUE TO COME MAINLY FROM BILATERAL ANDPRIVATE LENDING SOURCES.
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POSSIBLE SHORT AND LONG TERM EVOLUTION
IN THE COST OF PWRs NUCLEAR FUEL AND COAL

J.BAUMIER
Nuclear Power Economics Branch,
Programme Department,
Commissariat à l'énergie atomique (CEA),
Paris, France

1. Introduction

Cost evolution is a problem which keeps coming up whenever there
is discussion about an energy policy. In their attempts to get over
the uncertainty involved, policy-making authorities resort to the aid
of experts, who study past trend and, too often, try only, depending
on the case, to make a simple extrapolation from the past in a linear
or logarithmic form. Can we claim to do better? Certainly not, but
let us nonetheless try to identify the causes of the past changes and
ask ourselves whether the costs are now better understood and whether
the present forecasts are reliable. We will rely on the French
context.

In the case of fuels, there are two types of cost:

Changes in the cost of ore, which will be dealt with
by the representative of Canada as far as uranium is
concerned. We will take coal as a reference fuel
for determination of the competitiveness of nuclear
power, since it is more expensive to use hydrocarbons
than coal to generate electricity, except for peak
loads;

Estimate of costs relating to operations, especially
for nuclear fuel, which entail an added value. We
deal here basically with the enirchment, fabrication
and reprocessing of LWR fuels. Let us look at
enrichment and reprocessing.
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2. Fast changes (Ref. /!/)

Each decision to build nuclear units in France, between 1964 and
1979, was preceeded by a study of the problem by the members of the
Consultative Committee on Nuclear Power Production (PEON). Work of
this type is now carried out by a working group headed by a representa-
tive of the Ministry of Industrial Redeployment and Foreign Trade.
We can thus follow the changes in the cost assumptions taken into
account in the forecasts of the cost of power generation at nuclear
and coal-fired plants. These forecasts are necessary for deciding
on the optimum number of each type to be built in seven to ten years
from now.

Table 1 shows, in constant fracs as of 1.1.84, the changes in
our estimates for enrichment and reprocessing.

Table 1. Reference costs and the share (%) of enrichment and
reprocessing in the nuclear fuel cycle costs.

Cons-cant franc
at 1.1.1984
Eva luac ion

year

1972
1974
1976
1977
1978
1979
1981
1982
1984

Enr ic.hment
in

F/SWU

520
630
930
970

1 020
1 020
1 090
1 070
910

Reprocess ing
in F/kg

heavy metal

840
1 100
2 210
3 540
4 630
5 040
5 980
5 670
6 150

Enrichment in
cent imes /kWh

U)
1,2 (40)
? (?)
1,9 (39)
1,8 (33)
1,9 (29)
1,8 (27)
1,7 (27)
1,7 (27)

1,7 (27)

Reprocess ing
in

cenc imes/kWh
(%)

0,2 (7)
? (?)
0,7 (14)
1,1 (20)
1,4 (22)
1,4 (22)
1,7 (28)
1,6 (25)

1,7 (27)

The structure of the estimates for nuclear fuel cycle costs is
shown in Fig. 1. The increase in the evaluations done between 1974
and 1978 is due to an increase in the estimates for the reprocessing
cost and for the price of uranium.
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cent imes/kWh
(Constant francs as

of 1.1.84)

6.0-

4.0

2.0-

Year of commission!)

77

1972 1974 1976 19781980 1982 1984
Year of evaluat ion

_1_. Cost of the nuclear fuel cycle.

The overall estimate of the fuel cycle cost has been remarkably
constant since the 1978 evaluation. This is due to the fact that the
fall in the average price of uranium used for the calculations and
the increase in the estimates of the reprocessing cost have balanced
each other.

Table 2. Changes assumed in the cost of coal used by power stations.

Constant franc at
1 .1.84

Year of evaluation

1972
1974
1976
1977
1978
1979
1981
1982
1984

Average cost over the lifetime of ehe plant
in cent imes/kWh

11,7
16,0
14,1
13,7
15,3
20,7
28,4
25,2 (1)
20,9 (2)

(1): 486 F/t + 2%/year up to 2000, 17„/year thereafter.
(2): 352 F/t + 1.5%/year.
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Table 2 shows in constant fracs as of 1.1.8A the changes in
our estimates for the cost of coal.

The forecasts for coal show the delayed influence of events on
the experts, since the considerable rise in the expected average price
of coal reflects, with a certain time constant, the soaring oil prices;
the decline of the latter is felt in the estimates for the average
price of coal, starting from 1982.

Figure 2 shows the costs of coal and the nuclear fuel cycle.

centimes/kWh
(Constant francs as

of 1.1.84)

25-

20

15

10 Nuclear fuel

1972 1974 1976 1978 1980 1982 1984
Year of evaluation

Changes in the relative estimates of the coal and
nuclear fuel costs.

It will be seen that the range of variation in coal costs is
incomparably greater than for the fuel cycle according to the
assumptions adopted for the exchange rate, the cost of coal varies
considerably. Let us note as an illustration that the 1984 evalua-
tion was made by assuming US $ 1 = Fr.F. 7.5 (average value during
the lifetime of the power plant from 1992 to 2017); however, if the
dollar reaches an average equivalent to Fr.F. 10.3, as it did in
March 1985, the cost of coal will regain the value adopted in 1981
(apex of the graph).
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3. Future changes

We shall take 1990 as the short-term limit and 2005 for the
long term.

3.1. Coal

There are conflicting views as to trends in the price of coal.
Some foresee a fairly substantial rise, wheras others think it should
remain steady in real terms. We have used the values and assumptions
given in Table 3 in order to find, as far as possible, a reasonable
range of future prices (see Table 3).

Table 3. Changes assumed in the price of coal used by power stations.

Constant franc
as of 1.1.1984

Assumed price
increase

0 %/an

1.5 Van

3.0 I/an

1 9 8 5 (1)

F/t

408

408

408

cent imes/kWh

17,2

17.2

17.2

1 9 9 0

F/t

408

440

473

:entimes/kWh

17.2

18.5

20,0

2 0 0 5

F/t

408

550

737

cent ines/kl*i

17.2

23,2

31,1

(1) Average price paid by Electricité de France in 1984:
6.74 centimes/thousand kCal with 6054 thousand kCal/t and
2.55 thousand kCal/kWh.

Note ; Here the cost is for the year considered and is not the average
cost over the lifetime of the power plants.
Desulphurization costs are not taken into account.

3.2. Nuclear fuel

(a) Uranium; We assume a constant price up to 1990, and
from then on a 2% growth per annum.

(b) Fabrication: The fabrication costs have remained very
stable over the years and raise no problem.
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(c) Enrichment: As Table 1 shows, the enrichment costs
remained constant for several years before the
commissioning of the Eurodif plant in 1979. This is
due to the fact that, from the beginning of
construction, the cost forecasts were right.

The cost structure is approximately as follows /2/:
Investment 43%

- Energy 52%
- Operation 5%, the last item including 36% staff

costs and 64% maintenance costs.

Since the economic life of the plant is of the order of
15 years, it can be estimated that after 1995 the Eurodif
plant, which will most probably have a much longer physical
life, will be producing separative work units (SWU) at
the proportional cost. We do not, of course, prejudge
the actual sales price, which is determined on bases
other than a 9% internal rate of return, and will, in
any case, be a function of the market price of enrichment
in that time horizon. However, on a purely economic
basis, we estimate that it would be possible to obtain
a cost of the order of Fr.F. 520 per SWU (constant
francs as of 1.1.84). Moreover, in that t-ime horizon,
or at least a few years later, the laser enrichment
technology is likely to bring the enrichment cost down
to approximately Fr.F. 400-450 per SWU.

In conclusion, we expect the cost of the item "enrichment"
not to increase but but assume it will tend to be about
half of the present cost.

We therefore use the present cost up to 1990 and a cost
of Fr.F. 520 per SWU in 2005.

(d) Reprocessing; Table 1 shows the increase in the estimates
for this item over the years, although there has been some
stability since 1981. This is because the reprocessing
technology for LWR oxide fuels has reached industrial
maturity relatively recently. The experience of
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reprocessing the low-burnup metallic fuel used in gas-
cooled graphite-moderated reactors had not until 1980
enabled the reliability of the equipment to be tested.
However, since 1983, when the basic safety regulations
for the plant were established, it has been possible to
determine the estimated investment costs for construction
on the basis of project studies totalling 2.5 million hours
of work. We therefore consider the resulting cost to be
rubust. Today we have no reason to hope for a positive
trend in the reprocessing costs. We we shall keep the
present value for the 1990 time horizon. What will it be
in the 2005 time horizon? The economic life of the UP2-800
plant at La Hague is of the order of 15 years. This plant,
as we know, is an extension of the UP2-400-plant which is
already operating (250 t of oxide fuels were reprocessed
between January and July 1985). There is no precise
date for commissioning, since sections of the new plant
will be replacing the corresponding sections of the previous
one at different dates. However, it is thought that the
theoretical date of start-up of the new plant will be 1990,
with a linear rise such that a capacity of 800 t/year will
be attained by 1994.

Table 4. Assumed enrichment costs.

Constant franc
as of 1.1.84

1 9 8 5 (1)
i

F/SWU centimes/kWh

912 1,7

1 9 9 0

F/SWU cent ines/kVAi

912 1,7

2 0 0 5

F / S W U c

520

entim-'s/kWh

1,0

(1) 1985 evaluation for supply in 1992.

On this basis, the plant would be amortized by 2005. It
is probable, however, that there could be a much longer
physical life, say 25 or 30 years, but this will require
serious rejuvenation work. If these works would require
investments equal to a third of the investment, for example,
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and if the new type of production were amortized over a
period of ten years, the cost of reprocessing proper could
be reduced to a little less than half of the present value.

All the operations included Ln the item "shipping, repro-
cessing proper, conditioning and intermediate storage of
waste", the cost of which is used for the calculations,
would then amount to 55 - 60% of the present cost.

Table 5 shows what the costs would be like.

Table 5. Assumed reprocessing coses.

Cons tan t f r a n c
as of 1.1.84

1 9 8 5
F /kg centimes/kwh

heavy metal

6 150 1,7 j

1 9 9 0
F /kg centime s /kWh

heavy rretal

6 150 1.7

2 0 0 5
F/kg cent üivs/kWh

heavy mptal

3 700 1,0

So the nuclear fuel cycle costs are as follows. Let us
note that, in the case of uranium, we do not use an
average price over the lifetime of the power plant but,
as in the case of coal, the price assumed for the year
considered. See Table 6.

Table 6. Prospective costs of the nuclear fuel cycle.

centimes/kWh of 1.1.84

U r a n i u m

Enrichment

Reprocess ing

Total i n c l u d i n g
convers ion and
f a b r i c a t i o n

1 9 8 5

1,9

1.7

1.7

6,00

1 9 9 0

2,1

1,7

1,7

6,2

2 0 0 5

2,9

1,0

1,0

5,6
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3.3. Comparison of the future costs of coal and nuclear fuel

The foregoing considerations enable us to plot the graph shown in
Figure 3.

cent imes/kWh
(Constant .franc of

1.1.84)

30

25

20

15

10

_3- Reprocessing
Enrichment

*- Uranium
1985 1990 1995 2000 2005

Fig. 3. Anticipated costs of coal and nuclear fuel in
the 1990 and 2005 time horizon.

4. Conclusions

The cost of the nuclear fuel cycle should remain at about
6 centimes/kWh in constant francs as they were on 1.1.84, if the
price of uranium does not increase by more than 2% per annum, since
an increase in this item is more than balanced by the anticipated
fall in the enrichment and reprocessing costs after amortization of
the relevant plants.

In fact, the main parameter is the price of coal. If it remains
constant, the competitiveness of nuclear fuel will not decline but
will, on the contrary, increase appreciably, even given a moderate
rise in coal price.
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NUCLEAR INVESTMENT AND FUEL CYCLE COSTS
SHORT AND LONG TERM EVOLUTION OF URANIUM COSTS
CANADIAN PERSPECTIVE

V.R. SLIGL
Uranium and Nuclear Energy Branch,
Energy, Mines and Resources Canada,
Ottawa, Ontario, Canada

NUCLEAR POWER IN DEVELOPING COUNTRIES

GREAT POTENTIAL FOR NUCLEAR POWER INDEVELOPING COUNTRIES

IAEA is THE MOST IMPORTANT AND COMPETENTINTERNATIONAL ORGANIZATION
FOR DISSEMINATION AND TRANSFEROF NUCLEAR KNOWLEDGE, PRODUCTS ANDTECHNOLOGYTO DEVELOPING COUNTRIES

IAEA's ASSISTANCE IN NUCLEAR POWER PLANNING,FINANCING, DEVELOPMENT OF INFRASTRUCTURE ANDHUMAN RESOURCES

Focus OF MY PRESENTATION ON GENERAL ASPECTS
OF FUEL CYCLE COSTSAND URANIUM ORE SUPPLY AND PRICING

WORLD-HIDE SITUATION

SLOW BUT STEADY ECONOMIC RECOVERY

HEALTHY 4.7 % ELECTRICITY GROWTH

NUCLEAR GENERATION GROWTH 18,7 Z

NUCLEAR GENERATION SHARE REACHED 18Z
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ESTIMATED
INSTALLED NUCLEAR ELECTRICAL

CAPACITY AND NATURAL URANIUM
REQUIREMENTS FOR SELECTED WOCA"

COUNTRIES IN 1985

Country Capacity
(Net OWE}"

UNITED STATES

FRANCE

JAPAN

GERMANY. F.R.

UNITED KINGDOM

CANADA

SWEDEN

BELGIUM

SPAIN

TOTAL WOCA1

80.5

35.7

23.7

16.4

10.0

10.0

9.4

5. 5

5.5

204.0

' World Qutside Centrally Planned Economy

" GWE = 109 Watts

Source: NEA/OECD.

Electrical

April 1985

Requirements
(Tonnes U)

11 400

6 000

5 800

2 600

2 150

960

1 400

990

1 067

33 600

Areas

DEVELOPING COUNTRIES SITUATION CURRENT SITUATION IN WOCA

NUCLEAR POWER GROWTH SLOW 3470 REACTOR YEARS OF TOTAL OPERATINGEXPERIENCE
RAPID INDUSTRIALIZATIONAND 2-3X POPULATION GROWTHAND ^-5 URBANIZATION GROWTH

CREATING
NEED FOR ENERGY, INCLUDINGELECTRICITY
LEADING TO
REDISTRIBUTION OF GLOBAL ENERGYDEMAND

CONFIRMS THE MATURITY AND GOOD TRACK RECORDOF NUCLEAR POWER TECHNOLOGY

ON-GOING CONCERN

IN FIVE COUNTRIES, NUCLEAR ELECTRICITYSHARE BETWEEN 30 - 60 X

MOST PREVALENT IN HYDRAULIC AND NUCLEARPOWER

NUCLEAR POWER OFFERS A SECURE LONG TERMDIVERSIFICATION OF ELECTRICITY SUPPLY

TEN COUNTRIES WITH 20 Z NUCLEAR SHARE

80 I GROWTH OVER THE LAST FIVE YEARS
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NUCLEAR SHARE
OF ELECTRICITY GENERATED

IN SELECTED COUNTRIES. 1984 AND 2000
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FUTURE PROSPECTS

NUCLEAR POWER STILL COMPETITIVE WITH COAL

COMPETITIVE PERFORMANCE AND HIGHER PLANTAVAILABILITY
ARE KEYS TO FUTURE EXPANSION

EXPECTED ANNUAL GROWTH UP TO 3 I

NUCLEAR GENERATION WILL REACH 368 GWE IN 1990(227 GWE IN OECD COUNTRIES)
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ESTIMATED
INSTALLED NUCLEAR ELECTRICAL
CAPACITY AND NATURAL URANIUM

REQUIREMENTS FOR WOCA*
IN SELECTED YEARS

Year

1985

1990

1995

2000

Capacity Requirements
(Net G WE )" (Tonnes U)

204

277

318

368

33 600

41 500

50 800

59 500

' World Outside Centrally Planned Economy A/eas

'• GWE = 109 Watts Electrical

Source: NEA/OECO. April 1985

DECISION CONSIDERATIONS CHARACTERISTICS OF NUCLEAR FUEL CYCLE

SECURITY OF FUEL SUPPLY HIGHER CAPITAL COSTS

TOTAL COSTS OF FUEL CYCLE TECHNOLOGY LOWER OPERATING AND FUEL COSTS

CAPABILITY TO MAINTAIN THE SELECTED OPTION RELATIVELY INFLATION-PROOF

SUPPORT INFRASTRUCTURE GOOD SECURITY OF URANIUM SUPPLY

HUMAN RESOURCES EXPERTISE AND CAPABILITY AUTONOMY

88



BASIC APPROACH FOR DEVELOPING COUNTRIES

NUCLEAR TECHNOLOGY is HIGH TECHNOLOGY

REQUIRES TECHNICAL AND MANAGEMENTCAPABILITIES AND SUPPORTING INFRASTRUCTURE

CREATES MANY DEPENDENCIES

SOLUTION —> FUEL CYCLE TECHNOLOGY TRANSFER

CONTRACT SERVICES FOR THE LIFETIME OF THEFIRST SERIES OF PLANTS

GRADUALLY DEVELOP DOMESTIC CAPABILITIES

ACHIEVE AUTONOMY AND INDEPENDENCE

RESULTS OF NEA NUCLEAR FUEL CYCLE ECONOMICS STUDY
BREAKDOWN OF FUEL CYCLE COMPONENT COSTS

(US MILLS/KWH AND Z)

FRONT END
URANIUMCONVERSIONENRICHMENTFUEL FABRICATION
SUB-TOTAL
BACK END
TRANSPORTATION OF SFSTORAGE OF SFREPROCESSINGSF DISPOSALWASTE DISPOSAL
SUB-TOTAL
SUB-TOTAL OF CREDITS -0,82

REPROCESSINGCYCLE

3.480,172,280.88
6,81

0.140,172.18
0.08
2,57
0.82

40.7%2.0Z26. 6Z10. 3*
79. 6Z

1.6Z2.0Z25, 5Z
0.9Z
30. OZ
-9.6

ONCE-THROUGHCYCLE

3.480.172.280.88
6.81

0.140.65
0.18

0.97

44, 7Z2.0Z29, 3Z11. 3Ï
87. 5Z

1.8Z8.4Z
2.3Z

12, 5Z

PHWR / CANDUCYCLE

2.56

0,74
3.30

0.16

0.52

0,68

64, 3Z

18. 6Z
82, 9Z

4.0Z

13. 1Z

17, 1Z

TOTAL COSTS 8.56 100.02 7.78 100.OZ 3.98 100.OZ
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FUEL CYCLE STAGES

FRONT END - FROM URANIUM MINING UP TODELIVERY OF FABRICATED FUELELEMENTS

FUEL USE IN REACTOR - INCLUDES UN-SITE SPENTFUEL STORAGE

BACK END - OFF-SITE SPENT FUEL STORAGE,REPROCESSING (IF UNDERTAKEN),AND DISPOSAL

LESS DIVERGENCY IN FUEL CYCLE COSTS FORDIFFERENT REACTOR TYPES/TECHNOLOGIES

COMPARISON BY LEVELIZING ALL COSTS OVER THELIFETIME OUTPUT

RESULTS OF NEA NUCLEAR FUa CYCLE ECONOMICS STUDY
URANIUM PRICE IMPACT

REPROCESSINGCYCLE____
Z CHANGEFROMREFERENCE CASE

ONCE-THROUGHCYCLE
Z CHANGEFROMREFERENCE CASE

PHWR / CANDUCYCLE____
I CHANGEFROMREFERENCE CASE

REFERENCE CASE21 REAL ESCALATION
OX REAL ESCALATION
4Z REAL ESCALATION

OZ
-10Z
+15Z

OZ

-1«
+21Z

OZ

-21Z
+32Z
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SUMMARY OF SENSITIVITY ANALYSIS FOR THE ONCE-THROUGH CYCLE

-20 -15 -10 -5
Variation from reference, t,

10 IS 20
1 1 1 1 1

Parameter •
Load Factor (75 %) f

Llf« of Reactor (20 years)

Tail» Assay

Discount Rate (3~4%)

Lead Tim«

Lag Time

Uranium Price

(0 % P.«.)

Enrichment Price ($ 100 / kgSWU)

Fabrication Price ($ 160 / kgU) 1

Storage of SF Price ($ (20+2 / y) / kgHM)

SAS?' 01», kgHM, E

High bum up

t i l l

1 1 1 1
* For each change of

D(fl<. ... parameter, all other
' ' parameters are held at

the reference values.

"I (30 years)

~~"j (0.3 %)

! J (0 % p.a.)

(10%)

] (variants)

(variants)

(4 % p.«.)

($ 150/kgSWU)

"J ($210/kgU)

] ($(QO+«/y)/kgHM)

1 (SSSO/kflHM)

(45.000 MWd / t)

1 1 1 1 1

7.78
Fuel Cycle Cost, mill» l kWh

URANIUM COMPONENT OF NUCLEAR FUEL CYCLE

ONE OF THE MOST DECISIVE FACTORS IN THEFUEL CYCLE CHOICE ARE
SECURITY OF URANIUM SUPPLY

AND
SENSITIVITY OF FUEL CYCLE COSTS TOURANIUM PRICES

URANIUM PURCHASES : LONG-TERM CONTRACTSflEDiUM-TERM CONTRACTSSPOT CONTRACTS
AND ALSO SURPLUS INVENTORIES

INDIVIDUAL PRICING TERMS CAN BE VERY DIVERSE
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URANIUM PRODUCTION SITUATION IN WOCA

PRODUCTION ALWAYS EXCEEDED CONSUMPTIONIN BALANCE NEXT YEAR

ENOUGH URANIUM FOR MANY DECADESEVEN ON ONCE-THROUGH CYCLE

URANIUM PRODUCED BY RELATIVELY SMALL GROUP OFCOUNTRIES

CANADA BECAME THE WORLD'S LEADING PRODUCERIN 1984 CANADA PRODUCED 11,200 TUABOUT 30X OF TOTAL MARKET OF 38,000 TU

PRODUCTION is EXPECTED TO REACH 67,000 TU INTHE YEAR 2000OECD's SHARE ABOUT 50,000 TUREPRESENTS; ANNUAL GROWTH OF 4ZCUMULATIVE; PRODUCTION OVER NEXT15 YEARS OF 750,000 TU

WORLD* URANIUM PRODUCTION
(1957-1984)

ess ' »80 ati &t4 me, w» «'o »72 ir»<
YEAR

rwOHLO OUTSIDE CENTRALLY PLANNED AREAS * WOCAI

1976 H78 1980 1982 1384
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1984
PRODUCTION OF URANIUM

BY MAJOR PRODUCING COUNTRIES

Country Tonnes oi Uranium
in Concentrates

Canada 11 200

United States 6 000

South Africa 5 200

Australia 3 800

Namibia 3 600

Niger 3 400

France 3 300

Gabon 900

CANADIAN URANIUM PRODUCTION SUMMARY

BULK OF CANADIAN URANIUM is SOLD UNDER MEDIUMAND LONG TERM CONTRACTS

ABOUT 851 OF CANADIAN PRODUCTION FOR EXPORT

IN THE LAST 10 YEARS, CANADA ACCEPTED MORETHAN 110 CONTRACTS TOTALLING SOME 104,000 TU

MORE THAN 30 CONTRACTS ACTIVE AT THE 1984 END

FORWARD COMMITMENTS OF 63,000 TÜ OVER THENEXT 18 YEARS

POTENTIAL FOR EXPORTS TO DOUBLE/TRIPLE
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SCHEDULED DELIVERIES
OF CANADIAN URANIUM

FOR THE EXPORT MARKET

Sch«dul«d Deliveries

1984-2003

1988-1984

N EUROPEAN UNITED
ECONOMIC STATES

COMMUNITY (EEC]

NON-EEC
EUROPE

SOUTH
KOREA

CANADA'S URANIUM EXPORT MARKETS
-NUCLEAR CAPACITY

& FORWARD SCHEDULED DELIVERIES-

NUCLEAR CAPACITY
UNDER CONSTRUCTION

OR PLANNED
FORWARD SCHEDULED
URANIUM DELIVERIES

UNITED EUROPEAN JAPAK » NON-EEC
STATE* ECONOMIC SOUTH KOREA EUROPE

COMMUNITY (CECI
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CANADIAN URANIUM PURCHASE PRICE

COMPETITIVE EDGE FROM LOW-PRICE, HIGH-GRADEURANIUM

AVERAGE PRICE OF EXPORT DELIVERIES INWAS $US 69/K6Ü ($CDN 90/KGÜ)

IMPACT OF SPOT MARKET25Z UNDER SPOT SALES753! UNDER LONG/MEDIUM TERM CONTRACTS
10X UNDER SPOT IN 19831.5X UNDER SPOT IN 1982

DOWNWARD EFFECT DUE TO THE CURRENTCOMPETITIVE SITUATION ON THE URANIUM MARKET

NUKEM's LONG TERM URANIUM IN 1984 WAS :$US 30/KGU IN U.S.A.SUS 77/KGU IN EUROPE
SPOT JUS 40/KGU AT THE END

$US 46/KGU AVERAGE

Historical Uranium Price Indicators

140-

120-

100-

80 -

»US/hgU

60 -

40-

20 -

Canadian Uranium Shipment*
Canadian Uranium Exports
Long-term Europa (NUKEM)
Long-torm U.S. (NUKEM)
Short-term (NUKEM 6 NUEXCO )

89 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
YEAR
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URANIUM PRICE FACTORS

PRICE is DEPENDENT ON THE URANIUMPRODUCTION COSTS OF THE SUPPLIER

TOTAL COST OF PRODUCTION INCLUDES COSTS OF
ORE MINING, TRANSPORTING AND PROCESSINGENVIRONMENTAL AND WASTE MANAGEMENTMAINTAINING NON-OPERATING PRODUCTIONPROVIDING NEW PRODUCTIONFINANCINGOVERHEADS, TAXES, AND ROYALTIESFUTURE EXPLORATION AND DEVELOPMENT

HIGH GRADE URANIUM DOES NOT MEAN MOREINEXPENSIVE URANIUM

ULTIMATELY - LAW OF SUPPLY AND DEMAND WILLDECIDE

EXISTING INVENTORIES ARE GREATEST UNCERTAINTYOVER THE SHORT-TERM

URANIUM PRICE PROJECTION

PRICE EQUIVALENT TO 1.5 TO 2x OF EXPECTEDPRODUCTION COSTS is CONSIDERED SUFFICIENT

HISTORIC REAL ESCALATION is CLOSE TO 3Z

BECUASE OF VARYING OPINIONS AND UNCERTANTIES,THE PRICE RANGE is REQUIRED
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HISTORICAL NATURAL URANIUM DELIVERED PRICES

60 r—

115

30

25

20

10

CONSTANT 1984 US S

Europa

-Can« il«

ol__L I I I I

60

Si

SO

10

I I I I J___lo
1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 I9M

SOU/CM : Department of Eneigy. Mines and Resources, Canada. 26-7-1984. Annual Reports of the Euratom Supply
Agency (1971-1983). Brussels. Belgium. Marketing Surveys ol the USAEC. USEROA and USOOE (1968-1884) : USA.

RANGE FOR FUTURE URANIUM PRICE

LOHER BOUND
NEW DEPOSITS ARE BROUGHT TO WORLD'S HARKET ORSLOWDOWNS IN NUCLEAR POWER PROGRAMS EXPANSION
UP To 1992

No PROBLEMS ARE ANTICIPATED
- PRICE AROUND 1984$US 78/KoU ($US

30/LB)

PERIOD 1992 - 2000DEFINITE NEED FOR HEW PRODUCTIONNo MAJOR PROBLEMS ARE FORESEENPRICE TO VARY BETWEEN 1984*U$ 78 AND104/K6U (JUS 30 TO 40/LB)

UPPER BOUND
INCREASED ENVIRONMENTAL PROTECTIONRAPID EXPANSION OF NUCLEAR POWER CAPACITYURANIUM MARKET DISRUPTIONSURANIUM NOT EXPLOITED EXPEDITIOUSLY

BY 2000- PRICE WILL REACH 198<*$US L46/KGU
CORRESPONDS TO ANNUAL REAL ESCALATION OF 42

CORRESPONDS TO ANNUAL REAL ESCALATION OF 22



URAHIUn PRICE PROJECTION BEYOND 2000

PRICING MORE SENSITIVE TO POLITICALCONSIDERATIONS AND TIMING OF NEW PRODUCTION

KNOWN RESERVES - 2.5 MILLION TU OF R.A.R.- 2.5 MILLION TU OF E.A.R.

TIMING OF BRINGING THESE RESERVES INTOPRODUCTION BECOMES AN IMPORTANT FACTOR

WILL REQUIRE PROPER FORECASTING, PLANNING ANDINVENTORY MANAGEMENT

SIGNIFICANT PERCENTAGE OF HOCA's CONVENTIONALRESOURCES SHIFTED INTO "HIGH COST" CATEGORY

IN 2030, THE PRICE OF URANIUM WILL BE ABOUT
- 1984SUS 195/K6U FOR 2Z LOWER BOUND- 1984SUS 470/KGU FOR <tX UPPER BOUND

DISTRIBUTION OF URANIUM RESOURCES
AMONG PRINCIPAL PRODUCING COUNTRIES

1000-

760-

Zo
ooo

600

260

ESTIMATED ADDITIONAL RESOURCES - CATEGORY I
(£*U.S. 130/kg U)

REASONABLY ASSURED RESOURCES
(fW.S. 130/kg U)

U.S. NIGER NAMIBIA

AUSTRALIA S.AFRICA CANADA FRANCE

GABON I
WOCA'
OTHER

SOURCE:NBA/IAEA DECEMBER 1983 "REDBOOK" PLUS 1984
REVISIONS FOR AUSTRALIA. U.S.. NIGER AND CANADA

ÛUTSIDE CENTRALLY
PLANNED-ECONOMY AREAS
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U R f l H I Ü H P R I C E P R O J E C T I O N
see

lUS/kyU
(in 1934$)

i t i i i i

268-

199-

1984 1998 2939

EFFECT OF DISRUPTIONS

URANIUM PRICE NEED NOT FOLLOW STEADY COURSE

DISRUPTION OF WORLD OIL SUPPLIESOR ENVIRONMENTAL CONCERNS OVER "ACID RAIN"
WOULD LEAD TO

SUDDEN SURGES IN DEMAND FOR URANIUMAND SUBSEQUENT PRICE INCREASES

SLOWDOWNS IN NUCLEAR POWER PROGRAMS
WOULD CURTAIL

EXPECTED DEMAND CAUSING INVENTORYBUILD-UPS AND SUBSEQUENT PRICEDECREASES
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APPENDIX A

Canadian Status and Experience

Aside from being known as the world's leading uranium producer,
Canada is widely known for its abundance of other electricity
generating resources. Unlike many industrial countries, we have
the luxury of diversity in our primary energy resources - coal,
oil, gas, hydro, and uranium.

These vast reserves of primary energy resources have not required
a wide-spread adoption of nuclear generated electricity as is the
case of other countries such as France, Belgium, Germany, 3apan,
and others, who have chosen nuclear energy to provide for their
security of supply. It is fair to say, however, that some of our
provinces such as Ontario and New Brunswick made their commitment
to nuclear power, as the countries mentioned above, for energy
supply security and diversity reasons. Ontario has helped and
benefited most from Canada's success in developing a unique nu-
clear reactor system, the Canadian D_euterium U_ranium system known
as CANDU.

Today, we can say that in the field of nuclear energy, Canada, as
a mid-size industrial country, is the world's leading producer of
uranium and radionuclides for medicine and industry, while at the
same time, its indigenous CANDU reactor system is the leading
world performer. With the exception of enrichment and reprocess-
ing technologies which Canada has not found necessary to develop,
this country has made technical advances in all aspects of the
nuclear fuel cycle. This is all the more significant in view of
the entirely non-military nature of Canada's nuclear program.

Canadian domestic nuclear program has been a success from all
points of view. As of the end of 1984, 16 reactors with close to
9,700 MWe of net installed capacity have been in service. Seven
more are being constructed and planned for operation before 1995.
Of the 23 CANDU reactors in operation or under construction in
Canada, 21 are in Ontario. There is one in New Brunswick and one
in Quebec. The next likely prospect for a new CANDU order is
Point Lepreau 2 in New Brunswick.

Nuclear power supplied about 11.2% of Canada's total electricity
in 1984 and will supply close to 18SS by year 2000. In Ontario,
slightly below 40% was supplied by nuclear power in 1984. This
will increase to over 60% by the early 1990s when the current
construction program is complete.

If CANDU had not been adopted as a major component of Ontario's
electric power system, some $2 billion of additional costs would
have been incurred to date to produce the power from coal-fuelled
plants. By 1992, these savings are projected to be approximately
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$6 billion with $1 billion per year thereafter. In terms of in-
vestment,- nuclear power in Ontario will represent an investment
of about $30 billion and will generate about $4 billion worth of
electricity each year. In 1983, it contributed more than Cdn$
3.6 billion to the Canadian economy and ranks with other national
industries such as smelting and refining (Cdn$ 3.4 billion),
communications equipment (Cdn$ 3 billion) and industrial chemi-
cals (Cdn$ 3.2 billion).

Many indirect economic benefits result from Ontario's and
Canada's commitment to CANDU. About 31,000 direct and 55,000
indirect permanent jobs have been created in Canada. Adopting
CANDU as the major component of Ontario's electricity generation
mix has had very positive effect on the balance of payments. A
substantial proportion of the construction costs and virtually
all operating and fuelling costs over the life of a Canadian
CANDU are spent in Canada. Replacing nuclear generated power
with coal would have produce a balance of payments deficit of
about $900 million in 1984, since most of Ontario's cqal needs
are imported from U.S.A.

Ontario's nuclear generated electricity cost is among the
cheapest in the world. According to recent OECD study, the only
nuclear electricity as cheap as Ontario's is probably that of
France, which takes the same approach using a large centralized
utility, and building standardized units on multi-unit sites.

Looking beyond Ontario, CANDUs are found in New Brunswick,
Quebec, India, Pakistan, Argentina, Korea, and Romania - opera-
ting and under construction in sizes from 20 to 900 megawatts.
CANDU reactors have the present capacity to supply the electrical
industry needs of 5 million people in Canada alone.

In the context of the world-wide experience with nuclear power.,'
Canada's CANDU system has clearly been an outstanding success.
In terms of annual performance, our CANDU's have again been among
the best in 1984 with Bruce Unit 14 topping the list. It ope-
rated for all but six days last year. For lifetime performance,
Canada has five reactors among the best ten in the world. How-
ever, this excellent record of performance is not the monopoly of
Ontario Hydro's multiunit stations as demonstrated by single 600
MW CANDUs in New Brunswick and Quebec. As a matter of fact, in
the first half of 1985 Point Lepreau 1 reactor has been perform-
ing consistently at 100 per cent rating.

This succès of our CANDUs is not due only to the innovative and
unique design using on-line refuelling approach. The CANDU
system was designed by hundreds of engineers in AECL, Ontario
Hydro, and other private engineering companies who had the full
support of federal government. Tens of thousands of Canadian
workers have been involved in CANDU's construction. Thousands of
components have been supplied by numerous Canadian companies.
Thus, the co-operation and co-ordination of many resources can be
seen as a foundation for CANOU success. Credit also must be
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given to federal government whose policy and forthsight to adopt
the nucleary technology has resulted in the development of our
infrastructure, our design and project management capabilities,
construction capabilities, manufacturing capabalities, operating
and maintenance capabilities, training.

CANDU REACTORS

OPERATING, COMMITTED AND PLANNED

DOMESTIC
NPD
PICKERING 'A1

8RUCE 'A1
POINT LEPREAU
GENTILLY 2
PICKERING 'B1

8RUCE 'B'
DARLINGTON

CAPACITY
(MWe)

22
4 x 514
4 x 775

630
638

4 x 516
4 x 795
4 x 881

IN SERVICE
DATES

1962
1971-1973
1977-1979
1983
1983
1983-1985
1984-1987
1988-1990

ABROAD
India - CIRUS (NRX-type research reactor)
Pakistan - KANUPP 125
Taiwan - (NRX-type research reactor)
India - RAPP1 200
India - RAPP2 200
Argentina - EMBALSE 1 600
Korea - WOLSUNG 1 629
Romania - CERNAVODA 1 630
Romania - CERNAVODA 2 630

1960
1970
1971
1972
1981
1983
1983
Early 1990s
Early 1990s
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NUCLEAR POWER COSTS IN DEVELOPING COUNTRIES*

E.J. MEYER
Kraftwerk Union AG,
Erlangen, Federal Republic of Germany

Talking about costs for nuclear power plants a lot of parameters
have to be analysed influencing the costs. If a developing
country decides to introduce nuclear power plants in its grid,
studies will have to be elaborated about grid expansion planning
and the capacity growth rate for the next 1 0 - 1 5 years expected.
Introducing nuclear energy in a country a decision should be made
about the size of the nuclear program mostly consisting of a
series of nuclear power plants, a minimum of 5 - 6 units. Another
very important cost related parameter is the plant capacity of
each individual unit, because specific plant costs (DM/kWe)
depend very much on the unit size. Considering the total grid
capacity with 100 % the additional unit size shall not exceed^10 %.
Starting a nuclear program in a developing country a very de-
tailed assessment of the already available industrial capacity
has to be elaborated. Deciding for the appropriate contract
approach the knowledge of the available capability in engineering
project management, licensing experience and manufacturing ex-
perience is of great importance. It is recommended to decide as
early as possible for the desired contract model to enable the
national industry or the government to prepare a national invest-
ment program and to decide for cooperation with other developing
countries with similar nuclear programs or industrialized coun-
tries. Looking around'the world to countries started with very
ambitious nuclear programs an industrial development program has
to be carefully matched for enabling the national industry to
produce the heavy reactor components on the basis of an appro-
priate workload, hence profitability has to be granted. For the
first nuclear power plant a turnkey contract is recommended
where a single contractor has the overall responsibility in
order to become acquainted with all cost related problems and to
reduce the possibility of a cost overrun already in the first
project and to minimize the risk of economic losses. The multi-
package as well as the split package contract model may increase
the costs for nuclear projects, extend the construction time and

* Transcript from the tape of the oral presentation.
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as a major aspect transfer the risk of costs to the owner,
because no architect engineer takes over cost responsibilities.
These aspects have to be analysed for the specific country on a
case by case basis. Regarding experience in several cases of
export orders with a high content of national participation, the
costs for a nuclear power plant became much higher than previous-
ly calculated because of serveral cost influencing factors. Some
factors may be mentioned as follows:
- Learning effect of the national industry
- Training of personnel
- Material imports
- QA procedures to be established
- Licensing procedures and criteria to be established
- Administrative procedures (import license, customs, taxes)
- Engineering and documentation practices
- Erection and construction practices
All these aspects can be the sources for additional costs for a
nuclear plant constructed in a developing country. Mostly the
costs accounted in the respective country in national currency
may be evaluated differently compared to foreign loans, however,
in the case of time delays in the whole project also an increase
in foreign currency financing has to be calculated. To reduce
the costs for the whole project a detailed extensive analysis
may be recommended to identify the risk parameters and bottle
necks as early as possible.
A further aspect influencing the development may be seen in an
extensive technology transfer program, which may have to be
established within the frame of a complete nuclear program. Only
a long-term nuclear power program can justify the sizeable
effort needed to plan and implement the national infrastructure
development and the supporting organizational structures and
activities. Technology transfer will have an impact in the whole
field of industries. Thus the investment spent may not be only
accounted for the nuclear program.
General figures for costs of nuclear energy especially in com-
parison with other energy sources cannot be given with respect to
the heterogeneous problems to be analysed in a specific country.
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INDIAN EXPERIENCE IN INVESTMENT COST IN
SMALL SIZE NUCLEAR POWER REACTOR UNITS

A.R. PARTHASARATHI
Nuclear Power Board,
Department of Atomic Energy,
Bombay, India

1« Introduction
1*1 Generation of electricity was one of the diverse
nuclear applications in the atomic energy programme of
India postulated about three decades ago« The strategy
for this was patterned on the most effective exploitation
of the extensive reserves of thorium and the comparatively
small reserve of uranium available in the country« The
sequence of the programme contemplated the setting up of
uranium fuelled thermal reactors followed by plutonium
fuelled fast-reactors, with uranium-233 fuelled breeder
reactors in the ultimate phase« The economic viability
of nuclear energy to supplement conventional energy
resources, such as coal and hydro-electricity to meet the
long term power needs of the country in appropriate locat>-
ions has also been established by studies«
l.l/ A comprehensive long range national energy planning
is a sine qua non for economic and social development and
any deficiency in such planning is fraught with the risk
of adverse impact on the economic growth and development.
During the next 10 to 15 years power needs of the country
can be met by a blend of coal« hydel and nuclear power«
In the intermediate range (2000-2010 AD)« expansion of
power generations capacity would have to be increasingly
based on nuclear power as a major part of the readily
exploitable hydel resources would already have been tapped
on and resource constraints would limit the expansion of
coal based power« In the long range, alternatives like
solar, geothcntial and fusion power nay hold a promise
but these nre all at still too formative a stage of develop-
ment to r.?ndGr the planning t:o be more definitive» Thoro-
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fore,barring any major technological breakthroughs, nuclear
power hoc to be the riainstay for electricity generation»
In the light of this, the Indian experience in Sfnall sir.o
power ropctor units o-r.poc.1aHy with regard to costs is
of significant interest and relevance»

1.3 On a balance of all relevant conciderationa, tho
natural uranium fuollod pressurised heavy water (PHWR)
system was the '̂noice for the first phaso of the Indian
strategy» However, to introduce nuclear power in tho
country eôrly and to gain experience in building, onur-iU 17
and maintaining a nucloor power station in an Indian
electrical grid systo~n tho first station was cet up in
1969 at Tarapur by having tvo Toilxng Water ureter S y ?•'!:'. %
from the USA on a turn-k^y ban In.

1.4 TV- Torapur station vhich v^s constructed and
co-mniseicncd in a re.r.arknbly r.hort period of ooout '3.5
years cost only about 1020 ruppos p^-r KU' installed
(yocir 1961) which io aoonq the? lowest f^r a nMcl^-.:r pc.-;r
station. Tho Tarapur reactors ,i;(* perhaps tîr- only B'.;\s
in the woxld of that vintor,o vj',,.fch are otill opnratincj.
MGverth«losr-/ «ven nftrr reckon.! 10 t^a additional
expenditure tov;ardn corr>:ctin'j «quJp'nont and aosign
deficlcncioo, and moùifications to tneot more stringent
safety criteria and rug lotsry ro<uiro^ents, the colling
rate of 34.69 paioe p«--r KWh is extremely competitive v/ith
conventional thermal povcr costs In th:? region«

1.5 In addition to ïorapur, ot prosont, two units of
220 r'W(o) each of PiiWH design »re cp^ratinc, at the
R-Jast'ian Atomic Pc-.:or Station (rcAt'S) and ono unit of
235 I'.vfa) of. the sono c>s^c'n nt K-.l̂ a>.\am a~ar Madras CAPS) .
Pivo more units of 235 MW(e) each are under various stages
of construction - one at Kalpakkam (MAPP)# two at Narora
(NAPP) and two at Kakrapar (KAPP). Sites have been
notified for four more units of 235 MW(e) each and work
will commence on these soon»
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2. Investment
2«i The Initial capital coat of a nuclear power station
includes direct costs« housing* engineering, commissioning,
customs duty, in-reactor fuel inventory equal to one half
of the initial fuel charge, contingency, escalation and
other over ads. Under the Indian practice all heavy water
inventory is held in a central pool and requisite quanti ties
are made available to nuclear power stations on lease*

2.2 Table I summarises the investment cost per kilowatt
installed of PHWR nuclear power stations in operation and
under construction in India.

Table I« Nuclear Power Investment Costs in India-PHWR

StationProject

RAPS-I
RAPS-11
MAPS
MAPP
NÄPP
KAPP

InstalledCapacity

1x220
1x220
1x235
1x235
2x235
2x235

, YearofSane»tion

1964
1967
1967
1971
1974
1981

Estima-
ted coston sanc-tion perkilowattinstalled

Rupees
1565
2645
2630
3009
4466
8140

Year ofcomple-tion
(actual.
antici-
pated)

1973
1980
1983
1985
1987.88
1990-91

Actual/
antici-
pated
cost on
comple-
tion
per kilo-watt inst-
alled.

Rupees
3330
4659
5260
5400 b
10212 b
11277 b

Acutal/
antici-pated
cost oncomple-
tion per
kilowattinstalled
atconstant
1983 costs
Rupees
10340
10590
10260
7860 b
11360 b
11370 b

a« Constant 1983 costs have been arrived at by normalising
yearly expenditures to 1983 rupee value,

b. Estimated completion costs.

It will be seen from the data in Table I that the capital
coats in terms of constant money value have tended to be
fairly stable.
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2 «3 The increase in investment costs of RAPS« MAPS and
MAPP in terms of current rupee« is, apart from the universal
Inflation arising from the oil-price adjustments since 1973-
74, is broadly attributable to (a) increase in scope of
work, (b) augme tation of heavy water upgrading facilities,
(c) incrensed price of fuel and heavy water and (d) augmenta-
tion/increase of social overheads like housing and associated
facilities. The increase of anticipated completion cost of
NAPP over the original estimate is mainly resiilting from
(a) escalation, (b) design charges, (c) increase in scope or
quantity and (d) new works« However, the NAPP situation is
also a reflection of the effort to standardise, as far as
possible, the design for futur«; power stations of this size«
Consequently, deliberate design criteria involving seismic
factors, scaling up of the sizes of certain equipment in
the interest of easy adaptability for future 500 MW(e)
stations planned, and increasingly stringent safety standards,
have been incorporated in NAPP» This may also be inferred
from the fact that the anticipated capital cost par KW of
NAPP at Constant 1983 Costs is 11360 which is about 10.3%
higher than the corresponding average capital cost completed
from the investment costs for RAPS, MAPS and MAPP, and
NAPP (10465, 9060 and 11360 rupees respectively)« viz.
10295 rupees.

3* Characteristics of Indian Experience
3.1 The thrust of the nuclo^r power programme in India
has been the indigenisation of designing, manufacturing and
construction of equipment and s/sterns not only for the
power reactors but also for the facilities for the front
and back ends of the nuclear fuel cycle« The development
of indigenous capability in the entire spectrum of activities
in this frontier of technology has been, to some degree,
contributing to the slower pace of nuclear power development.
The indigenous capability and near self-sufficiency having
been achieved now, an accelerated growth rate is now
anticipate«
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3.2 Major causes having an influence on capital costs
«re the following apart from increase in scope and/or
quanti tie"r

1) Gestation period.
2) Discreteness and discontinuity in the progn *rnr>,
3) Design modifications midstream,
4) Mismatch between delivery of materials, equip«i'-n'.

and hardware» and progress of work at site.
5) Siting of power plants.
These aspects are discussed in the following

paragraphs. Indicating also the measures proposed to be
adopted in future to Improve upon past perEorrmncc.

3«3 It may be seen from Table I that the gestation
period of PHWRs from RAPS-II to NAPP has rangnd from 13 to
16 yê rs. This has resulted in a substantial escalation
in Capital Cost. The delay is attributable inter alia to
belated delivery of major equipment, incorporation of
changes in design while the project work is In progress.
Inflation during the period beyond the normal gestation
period has also added to the costs« According to the
present practice of funding nuclear power projects,
interest on Capital expenditure during construction is not
actually included in the sanction and accounts of the
project cost. However* the additional liability due to
the interest during construction for the stretch in
schedule has its impact on the tariff for power as the
notional interest during construction is included in
capital for computing return thereon.
3*4 An Important objective for future planning la to
reduce the gestation period to contain capital costs and
selling price of power. A target of 8 years is considered
realistic now for the following reasonst

1) Indigenous Capability is available both within
the Government and in the Industry to undertake
work In a smoothly flowing fashion with a high
level of confidence.
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2} There will be a commitment to a long range
programme which will enable
a) Continuity of tempo of manufacture and

construction thereby sustaining the interest
of the induatryi

b) diversification of source» of supplyf
c) ordering in bulk with phased delivery thereby

generating economy from scale of production,
d) procurement in advance, of materials and hard-

ware which have long delivery schedules
e) advance action for identification and develop-

ment of new sit«s.
f) expansion of nuclear fuel cycle facilities

appropria tely.
g) manpower planning including training*

3) Siting new power plants at the existing sites in
various regions subject to the demand of power
and suitability of the grid in order to benefit
from the existing infrastructure«

4) Standardising design to obviate changea mid-course
and facilitate repetitive engineering, fabrication
and construction. This will also render continuity
of ordering feasible thus saving time and money
on dismantlement and reassembly of tooling and
trained manpower in manufacturing shops/eguipment.

5) Introducing appropriate organisational arrange-
ment« and management: and contracting practices
to expedite decision and implementation»

4« HUclear Power Generation Costa and Pricing
4*1 Pricing of electricity in India is essentially
structured on covering the cost of generation and getting
• reasonable return on capital based on accounting principles»
The Belling rice Is also a flat energy rate per KWh called
the Unit Energy Price (UEP). The method of price fixation
in tMO parts comprising Demand Charges and Consumption Ch-
is not of great relevance in the present Indian context for
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the following reaaonst
1) There will be only three or leas beneficiaries

from each station committed to purchase the
total output available at all times with no
discretion to vary the magnitude of demand
from this source«

2) Nuclear Power Stations are insulated from
demand management as they invariably cater to
the bas« load of the system with compulsion for
absorption of the output which is always
attempted to be maximised*

Differential pricing based on peak and off-peak
demand charges is also somewhat premature in the existing
conditions till the power systems are capable of operations
based on optimum generation mixes on a continuity basis«
4*2 The UEP consists of the following elementst

1) Depreciation of investment
2) Operation and maintenance charges
3) Fuel consumption
4) Heavy Water Coats
5) Return on capital employed
6) Provision for decommissioning
The components relating to heavy water costs and fuel

consumption are fixed on a base price prevailing on a
reference date and are subject to appropriate adjustments
periodically with variations in the price of heavy water
and fuel from the basic price* The presently fixed prices
of energy for the operating stations are unique to each
station for various historical reasons and may not truely
represent realistic prices under normal constructional and
operational parameters which are feasible with the present
state of art in this field in India* After adjusting the
practically controllable parameters used for calculation
of UKPf as currently foreseen, the UEP at 1983 costs will
be 65.3 paise* Tables II and III give respectively the
parameters used for calculation of UEP, and the break-up
of the UEPinto its elements* It will be evident from
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Tabèe III that the Return on Investment (which la Inclusion
of Interest on capital) and Depreciation account for 5736
of the UEP between themselves. As both are factors based
on Capital costs« there Is a concerted effort to contain
capital Investment by the various measures set out
In this paper so that the escalation Is limite«] to a
level inevitably arising from any general Inflationary
trends In the economy»

Table II - Important Parameters Used for Calculating
Unit Energy Cost from Nuclear Power Plants
(1983 coats)

Installed Capacity 2 x 235 WEe
Capacity factor 75%
Nett Energy Sales/yr 5,913 kWh/kW«
Capital- Cost te-11, 3000/kW«
Gestation period 8 year«
Interest during construction 6,9%
Economic Life 25
Depreciati< - Straight Line (3. 6vi) 10,;

Residual value
Annual Lease Rate for Heavy Mater B%
Return on Investment Including ..../
Working Capital *
Decommissioning Coat R3.1,000/kWe (1993 Co;>t)

Table III - Unit Energy Cost (p/kWh) from Nuclear Power
Plants Return on Investment method (1H03 cost.")

Return on Investment 28.6
O&M 2.9
Depreciation 8.5
Fuel Consumption 10,7
Heavy Water

Lease 9.7
Make up 3.8

Provision for Decommissioning 1.1
(Sinking fund method assuming
6% inflation)

Total 65«3
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5« Nuclear; ̂and Thnrmal Power Costa
5.1 Comparison of nuclear and thormal powrr; costs has been
a subject of universal int^rcot, ECforts in this direction
have not been very categorically indicative of reliable
conclusions« Recently, axi in-depth study was made
adopting alternatives with regard to 1) methodology of
pricing 2) time of commissioning and 3) capacity factors«
The methodology of pricing consisted of the Return on
Investment and the Discounted Cash flow methods. The time
of commissioning assumed is one as of 1983 and the other
as of 1992 talcing an escalation rate of T4 per annum* The
two capacity factors adopted are based on those considered
feasible by the agencies responsible for the operation of
the nuclear power stations and the thermal power plants.
Further refinements attempted wore computation of tl.Q abov«
alternative prices for thermal stations located at the
pithead, a.nd notlonally located 800 kilometres from pitho-id«
The results of the study reveal that nuclear power compims
favourably with thermal power from stBtions at load contres.
Nuclear power is likely to b<=» ch^ap^r,progressively, at
sitf»u nearer to coal-fielos and in due course evf?n at pith^> -us
themselves« The high degree of reliability of this economics
is founded on the anticipated optimistic management of the
major controllable paramétra of coot, namely, the gestation
period.

5«2 As the investment cost per kilowatt installed always
exhibits a Higher rate for nuclear power taken in Isolationi sthan for a thermal plant, the forme reconsidered capital
intensive« However, a recent study has reveled that the
investment cost including the forward and backward linkages
in both cases at current prices make the nuclear fuel cycle

(marginally lower than those of thermal fuel cycle for
stations away from pitheads« This was based on a systems
Approach involving the entire fuel cycle costs covering
exploration, mining« fuel preparation, transportation,
conversion to power« environmental requirement, waste disporal
and, in addition« decommissioning for nuclear power stations«

113



The reversal is the result of the investment on the up and
down stream activities excluding the power plant in the
total system being only 35X of that for the power plant
alone for nuclear power as against 755t for the thermal plant,
5*3 The comparison of nuclear and thermal power costs
being based on various parameters suceptible of variations
whose implications have to be analysed for a better under*
standing of the relative costs« A sensitivity analysis
related to each of the elements (with the other elements
remaining unaltered) is set out in Table XV«

Table IV - Variation of Unit Energy Cost withchange in various parameters*

Item Variation Variation in cost

I« Items varying with capacity factor (C.7.)
C.F. C.F.

NUCLEAR STATION 75* 62*8*
Capital Cost 1% 0.53 0.63
Gestation period One year 3.65 4.36
Heavy water cost Rs.lOO/kg 0.20 0.24
THERMAL STATION
Capital cost each 196 0.45 0.53
Gestation period one year 2.34 2.80

II. I terns not varying with capacity factor
NUCLEAR 3TATION
Uranium cost te. 100 A? °«24
THERMAL STATION
Delivered coal cost Rs.lO/Te 0.59
Transportation 100 tans 1.02
Shortage 154 for coal 0.06delivered cost

of Rs«,100/Te

114



6« Spin«»off Qualitative Excel lance
6?1 The advent of nuclear power in India has catalysed
a qualitative change in precision and technological work*
man ship in industry and a new culture in these directions
has been evolved in the industry involved in the programme«
While this transformation is difficult« if not possible»
to be q«antifie?in any absolutely measurable terms, ita
presence is convincingly perceptible in the upgraded
standard of technology. Another such spin off has been
the development of trained manpower in these spheres«

7« Conclusion
7»! The nuclear energy and associated programme when
formulated in India about three decades ago was in the
then prevailing milieu of the infant stages of relevant
technology in the country« Subsequent events have now
proved that the policy« planning and implementation of
the programme has been in the right direction and have
not belied the expectations« The potential for economic
and technological gradient in the high tech island for
nuclear power has been convincingly established« Another
programme of long term span till the turn of the century
has now been launched« With the experience and achieve-
ments of the past thrity years and the springboard of the
infrastructure of technological skills generated there
is a highly optimistic anticipation of the targets being
achieved in a good measure of confidence« Nuclear power«
having blazed a trail of assured technological competence«
undisputed economic competitiveness in its regime is now
well and truly on its march towards taking its progressively
increasing share of «ontribirtion in the fast changing
mix of power generation in India«
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ECONOMIC EFFICIENCY OF NUCLEAR POWER IN
THE PEOPLE'S REPUBLIC OF CHINA
Luo ANREN, Yang XIANSHU
Office of Nuclear Power Steering Committee.
State Council,
Beijing, People's Republic of China

In the majority of cases the construction cost of a
nuclear power station (NPS) is higher than that of a
coal fired power station (CFPS) of the same output,
while its generation cost is lower. As a whole, the
economic efficiency of the nuclear power is higher than
that of coal power. In China, however, one has to take
into account certain exceptional situation in order
to obtain a correct picture.
There has been a general shortage of electric power
in China for a long time. At the end of 1983, the state
decided to construct nuclear power stations in the south-
eastern coastal developed industrial areas which are
short of electric power, as a major step to ease up
the situation. Meanwhile, the state also decided to
purchase some nuclear power equipment from abroad and
introduce the foreign advanced technology for building
the nuclear power stations and for mastering the tech-
nology for the construction of nuclear power stations
as soon as possible. As the state was short of fund,
a decision has been taken to use foreign loans for
constructing nuclear power stations. Two problems have
been brought up by using foreign loans; one is that
the interest rates of foreign loans are very high and
the foreign equipment is very expensive, so that the
generation cost of nuclear power station is much higher
than that of home built coal-fired power station, the
other is to raise a great amount of foreign exchange
to repay foreign debt. Therefore, there are some who
are not willing to build nuclear power station because
of these two problems.
The existing coal-fired power plants built in the past
years have been using par coal supplied by the state
at an unreasonably low price. Since the investment
interest was not included in, the capital construction
cost of the generation cost, it is unfair to compare
the generation cost of such coal-fired power- plant» .with
that of a new nuclear power plant. But some people prefer
to ignore -..this -incomparability and advocate the idea
that China should not develop, nuclear power. This has
had some effect on the development of Chinese nuclear
poweru
The State Council i -decided ; recently that... ;the -stateallotted funds could not be.used =gratis any .ionger- for
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construction projects. Only state loan can be used and
the capital and interest must be reimbursed to the state.
For electrical power industry, it has been decided that
new coal-fired power plants can only use negotiated
coal whose price is coupled to the demand and supply
of the market. Now there is a fair basis for comparing
the economics of nuclear power station and coal-fired
power stations.
It will be possible for us to build large-scale nuclear
power stations relying solely on our own efforts only
until the mid or late 1990s, as we have not yet mastered
the technology at present; If we forecast the economic
parameters of the late 1990s and determine the economics
of the two types of power stations, there would be large
errors. But for us, the important thing is to make the
relative comparison between the coal-fired power station
and nuclear power station and the absolute numbers are
of secondary importance. So, the economic comparison
was carried out based on the following assumption: the
construction of the 2 x 1000 MWe nuclear power station
will begin in 1986 and put in commermcial operation
at the end of 1992 and the coal-fired power station
be built at the same time. Since many large-scale coal-
fired power stations have been built in China, their
economic data is relatively complete and reliable. But
for the nuclear power station, the situation is quite
different. So, the evaluation is based on the estimated
economic parameters of the nuclear power stations being
built or in planning.
Our estimation and analysis shows that the equipment
and mamterial costs for China's home built nuclear power
station is similar to those for a station built abroad,
but the manpower cost for design, management and cons-
truction of China's power station is one order .lower
than that of a foreign station. Hence, the basic price
for China's power station is much lower than that of
the foreign station. For a station of 2 x 1000 MWe it
will be 3.834 billion yuans RMB (base date: July 1985)
which is equivalent to 1.345 billion US dollars. The
exchange rate between RMB and US$ is changeable with
time and difficult to estimate for the coming years.
The exchange rate we use here is US$1.00 = 2.85 RMBY.
The other economic parameters used for calculating the
generation cost are as follows:
1. Escalation rate is 3.5% p.a.
2. State credit interest rate is 3.6% p.a.
3. The capital cost is calculated using linear depre-

ciation method over 20 years.
4. For reloading, the burn-up of nuclear fuel is taken

at 38000 MWD/tonne, the fresh fuel is of 3.3% enrich-
ment, the price of nuclear fuel is taken at 957
US$/kg in July 1985 money.
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5. In the first year, the load factor is taken at 40%,
then 50% for the second year, 60% for the third
year, 65% for the fourth year and years that follow.

6. Operation and maintenance costs are calculated on
the basis of 1985 price at 0.57 RMBc/KWh (i.e. 0.2
USc/KWh).

7. Charges for reprocessing and final disposition of
spent fuel are calculated starting from the 6th
year after the beginning of operation, on 1/3 of
the nuclear fuel cost.

8. Charges for the power plant decommissioning are
calculated starting from 16th year after the begin-
ning of operation at 16% of plant total generation
cost.

The base specific capital investment of net electric
output for the nuclear power station is 1937 yuans/KW.
On the basis of the parameters mentioned above, we -can
obtain that the total cost for the power plant construc-
tion is 5.07 billion yuans, the total specific capital
investment is 2561 RMBY/KW. Electric generation cost
is 6.12 RMBc/KWh (i.e. 2.14 USc/KWh).
As for the coal-fired power station, the present
specific capital investment of the large scale coal-
fired power station in China is about 1011 RMBY/KW.
Taking into account of the inflation, the loan interest,
and the improvement, of the equipment performance of
the plant, the spec »fir: capital investment of coal-fired
power station will be going up at the rate of 8% p.a.
Therefore, the tot«il specific capital investment of
the coal-firocl power station to be completed in 1992
if? about 1733 RMPY/KW.

Now, we are going to make a comparison between a coal-
fired power station which is built in the vicinity of
Shanghai in Fast China and a nuclear power station.
The coal price jP dependent on the distance of shipment.

After having been transported to Shanghai from the coal
fields, the price of state allocated coal is 50 RMBY/
tonne. The average calorific value of the coal used
in coal-fired power plants in China is only about 4500
kilocnlories per kilogram. As a conservative approach,
we make calculation on the basis of 5000 kilocalories
per kilogram, so the current price of standard coal
in Shanghai is 70 Y/T. If we use negotiated price coal,
l-he standard coal price will be 106 Y/T.
We can assume that the price of negotiated price coal
in ».lie coal fields remains unchanged until 1992; but
the transportation cost will definitely be readjusted.
Calculated on the basis of the forecast value of the
transportation cost, the price of the coal to be shipped
to Shanghai in 1992 will be 123.5 Y/T. According to
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t ho actual conditions in China, the coal consumption
in coal-fired power station should be 350 grams of
standard coal per kilowatt-hour. In this way, the fuel
cost in coal-fired power plant is 4.32 RMBc/KWh. Starting
from the specific capital investment of the coal-fired
PMWCI station and assuming a load factor of 65% the
capital, cost for the coal-fired power station with twenty
years amortization will be 1.52 RMBc/KWH. According
l o the operation and maintenance costs of the existing
coal-- fired power stations, it is estimated that the
operation and maintenance cost in 1992 will be 0.37
RMBc/KWh, and the total generation cost of the coal-
fired power plant will be 6.21 RMBc/KWh. The price of
the negotiated price coal is closely related to the
i n» ernat. ional market. We have estimated that the price
ol n^qotiated price coal will increase at the rate of

a. and the operation and maintenance cost at t-he
of 3.5% p.a. after 1992. Therefore, the average
ation cost of the coal -fired power station will
.?1 RMBc/KWh within the twenty years after it has
put into operation. So, we can see that the genera-
co fît of nuclear power station is about 16% lower

i hot of coal-fired power station.

2% p
rate
be 7
bo^n
tion
t h-in
We IKT e also made calculation of generation cost, based
on m^'hod used in the past. In this method, the invest-
ment is counted as allocation from the state without
i n i e i p s l and without escalation and coal price is that
of <?* nie allocation. The results obtained by the two
• • r i l ' - u l a * ion met hods are listed in the table below:

COMPARISON OF GENERATION COSTS BETWEEN
NUCLEAR POWER STATION AND
COAL-FIRED POWER STATION

IN CHINA
RMB C/KWh

TYPE

Cost Calculation
method

Cost of capital
construction
Cost of fu'el
Maintenahce cost
Nuclear fuel
reprocessing cost
Cost for
decommi ssioning

NI
based on
loan

2.30

1.91
1.26
0.51

• -L »

>S
based on

allocation

1.70

1.23
0.57
0.33.

0.13

CFPJ
based on
laon &
market
price
1.52

5.27
0.52

\

Based on
allocation
£ parity
coal
0.89

2.45
0.37
———

TOTAL GENERATION
COST

6.12 3.96 } 7.31 | 3.71
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From the above table it is clear that NFS generation
cost is higher than CFPS generation cost if calculated
according to the past generation cost calculation method.
This is chiefly due to the unreasonably low coal price
in China. There are many bad effects resulting from
the unreasonable coal price. The bad effect on the
nuclear power development in our country ist just one
of them. Fortunately, this is now a thing of the past.
The specific investment of NFS is 828 Y/KW higher than
CFPS. If calculated at 10% of discount rate, each KW
would lose 82.8 yuan every year due to the higher invest-
ment of NFS. The generation cost is low for NFS, for
each KW one can save 8760 x 0.65 x (0.0731-0.061-2) =
67.8 yuan per year, not enough to compensate the loss
resulted from higher investment. However, the investment
of power station and generation cost are not the only
factors to be considered when one studies the economics
of power station in China, the gains and losses from
fuel production and transportation investment should
also be considered. Presently the fund provided for
fuel production and transportation system for CFPS is
732 yuan/KW higher than for NFS. The loss from invest-
ment amounts to 73.2 yuan. When this factor is taken
into account, the economical advantage of NFS becomes
more obvious.
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FACTORS INFLUENCING CAPITAL COSTS OF
NUCLEAR POWER PLANT IN FINNISH CONDITIONS

A. VUORINEN
IVO Consulting Engineers Ltd,
Helsinki, Finland

Introduction
The experience gained in construction and operation of

nuclear power has been very encouraging in Finland. Nuclear energy
accounts for. 40 % of the electricity production, and in 1984 theaverage load factor of the four operating nuclear units was 89 %. F'n-
land is advanced in non-fossile energy use. In 1984 over half of
the primary energy was produced with non-fossile sources, nuclear
energy being the most important contributor.

The Finnish nuclear unit sizes are from 440 to 710 MW. The
cost analysis studies made recently favour slightly a 1000 MW unit
instead of two 500 MW units. However, the smaller units are con-
sidered more attractive in the decision process, where all the fac-
tors will be taken into account. The economic analyses made by IVO
Consulting Engineers are based on world market price data and do
not take into account the price data given by the possible supp-
liers Asea-Atom, Atomenergoexport and Framatome.

The factors influencing capital costs of nuclear power
in Finland can be grouped into five categories:

1 basic plant design features
2 main supplier's and owner's involvement
3 productivity of implementation
4 government influence
5 experience of organizations

The above list does not explain all the factors which may be relevant
to capital cost calculations. In principle all that is done or not
done will affect investment costs. Economic success is the result
of the overall project management and project staff efforts.

1 BASIC PLANT DESIGN FEATURES

1.1 Scale
Size of the plant is determined in the feasibility study

phase of a nuclear project. The operating power plants in Finland
were designed in medium size category Loviisa 2 x 440 MW (PWR) and
TVO 2 x 660 MW (BWR) (710 MW from January 1985 onwards).

A smaller 500 MW size raises specific investment costs
by about 30 % compared with a 1000 MW unit. When two units are con-
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structed at the same site at an interval less than 3 years, learning
effect causes about 10 » savings in total costs of a 2 x 500 MW
power station. The total investment costs increase about 20 % when
constructing a 2 x 500 MW power station instead of a 1000 MW station.

The load factor of a smaller unit is estimated to be about
80 % compared with 75 « of a 1000 MW unit. The higher size of a
1000 MW unit and lower load factor causes about 170 MW extra need
for reserve capacity, which raises the total capital costs of the
1000 MW unit by about 10 %.

The total effect of operation constraints causes about
20 % increase in the capital costs of the 1000 MW unit. This nearly
offsets the larger specific investment costs of the smaller 2 x
500 MW power plant. Thus, in Finnish conditions the scaling effects
compensate each other and so the size of the next power station
will be determined after the bid evaluation stage.

1.2 Site conditions
Site conditions determine basic design features of the

plant for cooling water, foundations for buildings and protection. -
All these factors are very favourable to nuclear power in F'nland.

Sea water with an average of + 5...+ 6 degrees Celsius
can be utilised. This gives about 15 % higher turbine output. Loviisa
units have 440 MW net output instead of 420 MW in other countries
with similiar units with cooling towers.

Foundation conditions with granite rock give ideal basements
for buildings and components. The basements can be made without
a 2...5 meter thick base slab normal in softer soil areas. The rock
is an ideal base for water and cable tunnels giving the best possible
shielding without extra costs. These factors tend to lower construc-
tion costs of the buildings and structures by 10 to 20 percent.

The protection needed for seismic and other outside occuren-
ces has great influence on capital costs. In Finland the site con-
ditions are stable and therefore the seismic requirements do not
add to the costs. The given criteria can be met with minor layout
reservations and extra reinforcement.

-1.3 Safety features
The safety requirements applied in Finland tend to increase

costs of the nuclear power stations. The containment structure needed
should be in practice a double containment with full pressure in
a PWR plant. Double containment increases costs of the buildings
about 2 to 5 % and construction time some weeks.

The safety requirements apply N+2 (two spares) criteria
for safety systems. This actually means a 3 x 100 % or 4 x 50 %
capacity requirement for emergency cooling and decay heat removal
and other safety systems. This causes about 5 % addition to NSSS
cost compared with 2 x 100 plants.

The safety authorities also require that special attention
is paid to quality assurance in all aspects of design and implemen-
tation. This causes extra costs but eliminates mistakes which may
cost many times more in the construction and operation phases.
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2. MAIN SUPPLIER'S AND OWNER'S INVOLVEMENT

2.1 Contractual arrangements
In the Finnish nuclear power station projects the same

vendor had responsibility for delivery, installation and commissio-
ning of the NSSS and turbine systems (Asea-Atom at TVO and Atomener-
goexport at Loviisa).

In each case the scope was clear and gave the main respon-
sibility to the vendor. This was possible because the suppliers
had nearly similar reference power plants in a late stage of construc-
tion. From the utility point of view this approach eliminates the
risks, and the extra costs caused by changes were paid by the vendor.
2.2 Design phase

The main supplier and the utility shared responsibility
for design work. Consultants played only minor part. This made the
communications simple between the vendor and the utility. The final
customer's needs were directly known by the vendor.

The design was made by special project groups devoted en-
tirely to each project. Tue matrix organisation was applied only
in conventional areas. This made responsibilities of the design
groups clear and the number of people involved in design was minimi-
zed.
2.3 Deliveries

The-components and systems were manufactured using standards
applied by the vendor plus extra requirements of the Finnish norms
and standards. This gives the manufacturers free hands for standards
manufacturing procedures but guarantees that extra requirements
of the customer are fulfilled.

3 PRODUCTIVITY OF IMPLEMENTATION
3.1 Design and management methods

Early design documentation releases make the project imple-
mentation stage efficient. The designer's skills are of primary
importance, but effective methods utilized during the design phase
will help the designer to achieve overall efficiency. The methods
applied in the design and engineering phase include scale models
and computer-aided design (CAD) systems.

Scale models are useful tools for layout design. In the
Loviisa project a scale model 1:25 was constructed of the auxiliary
and turbine buildings. The models were used to assist with the in-
stallation work. In the future projects 1:25 scale models will be
used as a design tool from the beginning of the project.

Computer-aided design methods were extensively used for
electrical and instrumentation design in the Loviisa project. In
the future projets detailed process and layout diagrams and piping
isometric drawings will be made by computer-aided systems.

Computer-based cost estimation and cost controlling methods
are in extensive use from the beginning of the new projects. The
cost estimates are made by pricing models developed using regression
analyses. The project estimate is made quarterly and compared with
the original budget estimate made at the beginning of the project.
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The modern methods used for project design and analysis
make management of nuclear power projects possible. Nuclear power
plant consists of thousands of small pieces which must be put to-
gether to form the plant. This can be achieved only by extensive
use of computers and modern design and analysis methods during all
stages of the nuclear projects.

3.2 Methods applied during construction
Construction time influences interest costs of a power

plant. Average construction times achieved in the Loviisa and TVO
projects vary from 63 to 98 months from first concrete to sychroni-
zation. The average interest costs were about 15 % of the base cost
of the nuclear power plant using a 5 % interest rate.

Effective methods should be used to minimize the construc-
tion time. These include slipforming concrete work in the containment
building, maximum utilisation of factory-made elements in construc-
tion and pipe erection work, and factory-tested instrumentation
and computer systems.

The new power stations will be designed so that construction
and erection will become independent of each other. This is achieved
by component arrangements and special openings for component instal-
lations. The containment will have a material access for installa-
tion of steam generators and the whole pressure vessel.

4 GOVERNMENT INFLUENCE

4.1 Taxation policy
Taxation policy adopted in the country has special influen-

ce on nuclear power capital costs. Indirect taxes should be added
to most of the products and work performed. In Finland the tax rateis 16 % of the sales value.

The indirect tax has been laid on materials, equipment
and installation, whreas design and construction works are taxfree.
The total influence of indirect sales tax is about 12 % from the
base construction costs of the nuclear power plant. This is 2 to
4 % lower the than general value-added tax rate in European coun-
tries.

The sales tax (16 % ) has also been laid on nuclear fuel
and coal. Heavy oil has only a special manufacturing tax, which
is about 8 % of the sales value. In Finland a special electricity
sales tax is collected from the power producer. This is about 13%
(or 2.1 p/kWh) of the production costs.

The taxes increase production costs of nuclear and coal
based electricity by about 25 % or 4 p/kWh. Tvis gives electricity
sales extra cost compared with direct use of local fuels or oil.

4.2 Energy policy
The taxation policy is one of the instruments used to im-

plement government energy policy. But there are other instruments
as well. Nuclear power has special laws which restrict construction
of power stations.
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The new nuclear power law proposal, which is now in the
parliament, gives the political parties and their representatives
the right to make the final decisions on new nuclear power plants
in the parliament.

Nuclear power is not in the interests of all parties. So
the decisions are hard to make in spite of the capacity deficiency
forecasted as early as 1990. This may cause extra costs resulting
from construction of extra gas turbine or other fossile capacity
required to fill the capacity gap forecasted.

The energy policy should be rational and look into the
energy situation in the long run. The fossile fuel share shouldbe minimized in countries with no fossile fuel reserves, such as
Finland. So far fossile fuels have accounted for less than 50 %
of the consumption of primary energy in Finland.

In 1984 the share of fossile energy was 47 %, which is
the lowest figure among the industrialized countries. Nuclear power
is almost the only instrument that can decrease fossile energy use
in the long run.

The most part of the construction and operation costs of
nuclear power are indigenous. This increases employment in the count-
ry with highly skilled jobs. Nuclear power plant construction and
operation need a double amount of engineers and other highly paid
groups compared with fossile power. The indirect effects of cheap
and clean electricity produced by nuclear power give the all indus-
tries an advantage which increases enployment in the whole country
considerably.

5 EXPERIENCE OF ORGANIZATIONS

The- cost experience of the utilities gives a good basis
for new power plant estimates. The normalized (1000 MW, first unit)specific investment costs of the F'nnish nuclear power plants were
1000 ECU/kW» excluding interests during construction. Standard devia-
tion of specific costs of the projects was 14 %.

The real escalation of construction costs is about 2 %
each year. The new power stations planned to be commissioned in
1993-1995 will cost about 30 % more than the old ones, or 1300 ECU/kW
in 1985 money terms and in a 1000 MW scale.

Generally, the learning effect makes costs lower in succes-
sive projects managed by the same organisation. The same errors
will not be made many times. However, cost may deviate even if the
local conditions and norms are the same. 'Table 1 explains reasons
for deviations in the project stages.

In the study phase size, location and owner are the key
factors influencing capital costs. Design phase factors include
major equipment specifications, layout concept, and the designer's
and management skills.

Procurement phase factors include contractual terms and
economic conditions. Fixed price contracts are better than cost
plus contracts. Construction phase differences are caused by labourproductivity, which is dependent on many factors itself.

127



These factors can cause even 25 % cost deviations from
the baseline average costs in F'nland. Most projects fall within
10 % of the baseline. Size and complexity of the project tend to
increase deviations. Similar reference plant makes risks smaller.
Greatest deviations exit between different owners. Some owners tend
to make more expensive power plants than others.

6 SUMMARY

Nuclear power costs deviate -10...+-56 % from the European
averages in differet countries (table 2). The analysis is based
on the latest Unipede cost data /!/, which were normalized to cor-
respond first unit and 1000 MW scale. The costs of nuclear power
plants in Finland have been 5 to 10 % lower than median in European
countries. Factors affecting costs are rougly estimated as follows:

Influence
(%)

Site characteristics
- sea water temperature - 2..5
- ground conditions - 1..3
- seismic factors - 1..2
- total - 4.. 10

Safety features
- double containment + 1..2
- extra redundance + 1..2
- total + 2.. 4

Productivity of labor
- design methods - 1..2
- construction methods - 1..2
- total - 2..4

Government influence
- taxes - 2..4
-- energy policy positive

Total influence - 5..10

The experience and hard work of the project personnel is
the key factor influencing capital costs of the power plant. The
designer and constructor skills cannot be learned from books. They
should be learned in actual projects, where responsibility rests
on the shoulders of project personnel.

REFERENCES

'V Electricity generation costs assesment made in 1984 for
stations to be commisioned in 1995. G. Hoynet. Unipede. Nuc-
lear Energy Study Commitee. Athens June 1985.
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TABLF 1: FACTORS INFLIOSIHG COSTS

PROJECT
PHASE

STUDY
PHASE

DESIGN
PHASE

PROCURE-
MENT
PHASE

' CÛNS-
I TRUCT10N
! PHASE

BASE
LINE

FACTORS
INFLUENCING
COSTS

»EFD

SIZE

LOCATION

OWNER
COST
MODELS 1VOSTUDY

- MAJOR
EQUIPANT

- LAYOUT
CONCEPT

- DESIGNER
SKILLS

- MANAGEMENT

[VOCOST

- CONTRACTUAL
TERHS
(FIXED PRICE;

- ECONOMIC
CONDITIONS

- CONTRACTOR
SKILLS

- MANAGEMENT

IVOPRiCE

- LABOR
PRODUCTIVITY
(COST PLUS COKTR.)

- ECONOMIC
CONDITIONS

- CLIHATIC
CONDITIONS

- MANAGEMENT

[VOTRACK

TABLE 2: NUCLEAR POWER COSTS IN EUROPE

1985, HoflMALmo 10 1000 liW FIRST UNIT

NO

1

2

3

4

5

6

7

COUNTRY

FRANCE

FINLAND

BELGIUfl
ITALY

NETHERLANDS

FRG

UK

TYPt

PWR - 2 x 1390

LHR - 1 x 1000

PKR - 1 x 1300

PWR - 2 x 1000

PHR - 2 x 1000

PWR - 2 x 1258

PWR - 1 x 1155

NORMALIZED COSTS
(KECU)

1283

1339

1370

IMS

J538

1861

2257

DEVIATION
(Z)

-11

-8

-S

0

+6

+29

+56
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ECONOMIC ASPECTS OF IMPLEMENTING A SMPR PROJECT
A case study for Bangladesh

A. HOSSAIN, C.S. KARIM
Bangladesh Atomic Energy Commission,
Dhaka, Bangladesh

1UïTBODTJCTION

A nuclear power project in Bangladesh was conceived
as early as in 1961 because of technical suitability and
economic -viability of the project in meeting demands for
•lectricity in the country. Bince then, various feasibi-
lity studies were carried out at different times, all of
which reconfirmed the need for implementing the project
~̂1-12_7» ĉ price of imported fuel has increased many-
Told and the use of oil as fuel has become prohibitive.
Indigenous primary energy resources of the country is also
limited and the knowledge about its deposit has not chan-
ged much since then £"^J• The population, in the mean-
while, has doubled and they have to be fed, clothed,given
shelter and medically cared for. Ill these activities need
production, and adequate energy for these processes have
to be supplied. This could be best achieved by increasing
supply of electricity. The demand for electricity is highly
constrained by the supply position, and it la proper to use
the terminology "need" rather than 'demand1 to objectively
look at the situation. All these factors taken together
indicate that nuclear power is still a viable proposition.
Bangladesh is in fact an ideal case for establishing ETD&}!
and medium sized power reactor(SMFR). A number of t ethnic«, f.
proposals were received in the past. But the implementa-
tion of the project could not be started mainly due to
lack of necessary financing.

2. BïËRGY SITUATION OF TfiE COUNTRY

Percnpita commercial energy consumption and elec-
tricity production in Bangladesh was about 60 kg coal
equivalent and 58 kwh respectively Ixx 1982-8J, which is



one of the lowest in the world now (Table I)* At pre-
sent, a major part of the total energy needs is »et
through use of traditional fuels like bio-mass, agri-
cultural and animal wastes. It is estimated that tra-
ditional fuels supply 9B kg coal equivalent percapita
or roughly 68% of total energy requirements ̂15_
our present base of energy usages is very low, its growth
should be high, in order to ensure the anticipated growth
of economy. By Considering a moderate growth rate of
6.5% per annum, the total energy requirement has been
projected upto the year 2000 AD (Table - 2) according to
which percapita consumption will reach 400 kg coal equi-
valent in the terminal year. Traditional energy supply
is fast approaching a saturation level and increase in
future may be expected partly through an improvement in
efficiency and partly by introducing new & renewable
sources of energy including expansion of energy farms
in rural areas. Table - 2 also shows that 50$ of the
total energy supply or 200 kg coal equivalent in 2000 AD
should be supplied by commercial sources of energy and
that the energy requirements in future have to be met
through a mix of traditional,commercial and new & renew-
able sources of energy. The projections would not appear
to be too optimistic if it is considered that in neigh-
bouring countries like I-akiston and India, the per capital
commercial energy consumption is already of this order.

3. PROJECTED GROWTH OF ELECTRICITY

Electricity is tbe port effective we,- to increase
production. The present share of electricity generation
as percentage of total commercial energy supply is rou-
ghly 21#. If it is assumed that in 2000 AD, 30* of
commercial energy will be contributed by electricity,
which is the nom for drvrloping countries, then per
capita generation of electricity in that year would be
169 kwh and the total Generating capacity required to
Beet this demand will be 500C) KWe.
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Table 1. Icr-C-1 it" G.^.l"., ïlc-ctricity 'nd Conm~rcicl
.lincrny Ccr.T-imftiou in 3clrcted Countries(19C1)

Ocu^i,

U.S.A.

Cr.n-.d?

U.K.

u?rrnce

Finl-.nd
Japan

Argentina

Brazil

Turkey

llrlrysir

Thnilnnd

Philipp^116*

'̂EyP't
Srilanka

Tokirtcn

Incli?

Bangladesh

*•? ' r. •"'• r"-

one,)

12,820

11,079

9,351
10,551

10,235
9,705
2, "78
2,370
1,2oO

1,7'iV

759
; 735

435
285

391
2?2

131
-c

Jl- cj::-:city

10,/i38

14,198

4,074

5,143
6,607
4,958
1,400

1,170
W
662

547

384

428

125
190
104

33
-y.-.

Conracrcinl Energy
(Kn. Co."l cquivrlcDt)

10,204

10,070

4,641

4,081

4,761

3,575
1,718

757
702

987
333
353
516
109
221

199
45

597
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TaW.e 2. Growth in Iwrgf consumption && B&ngladeBh(19&4-2000;

Population (roi H ion) -19134 1990 1993 2000

1. Totc.1 Energy :

1.1. Per en pi t n
(kg coal équivalent) ^56 214 293 400

1.2. Total conrrur.fction of ic c ?•*
the country (nillion) 15'6 23

tonrc coal équivalent)

2. Commercial Energy;
2.1. Per ca-nito consumption rn op

(kg coal equivalent) '>B 88

2.2. Total consumption of r o o cc ic nc oc r.n
the country (million -"B 8-55 15'75 26-°°
tonnes coal equivalent)

2.% Commercial energy as 37?/ 41% 45%
percentage cf. total
energy.

3» Kon-conmrrcial and nov:
fc renewable sources

3.1. Per cspitc connunption
(kf, conl cqnivr.lcnt) 98 126 161 200

3.2. Totel conpunrtion of the
country (nillion tonnes 9.8 13-75 19.15 26.00
of coal equivet3.ent)

3.3. MRSE ^D percentage of Ä ^
total energy. ^ (>3^ 59^ 55^
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Various studies carried out in the country on over-
all energy and electricity requirements indicate that the
total generating capacity of the country by the end of
this century will be between 4000-7000 MWe. For the pre-
sent analysis, generating capacity of 5000 MWe is condi-
dered

4. INDIGENOUS ENERGY RESOURCES

Bangladesh is divided into two almost equal halves
by mighty rivers like the Ganges, Fadma- and Brahmaputra.
The energy growth in the two halves have been proceeding
separately and the entire quantity of exploitable primary
energy resources are located in the eastern zone» As far
as electricity is concerned, the cones are now linked by
an inter-connector, which will be able to transmit about
450 MWe from either end. The western »one, however, conti-
nues to lag behind the eastern cone in peak demand. The
difference in peak demands of the two zones are largely
due to the fact that generation capacity of stations, loca-
ted in the western zone is also far less then the eastern
zone. The combined capacity of the power stations of the
western zone is not sufficient, to meet the base load denana
of that zone. Presently, the power station located IE that
zone are fuelled by petroleum products, use of which is
now prohibitive economically. If generating facilities are-
added in future to etle?.st ineet the base load of the
they have "to use imported fu«tl. ?he local e* *rgy
are not likely to be sufficient to meet the projected dem-
ands of both the zones, as the following paragraphs will
show,

The total commercial energy resources of Bangladesh
(Table 3 ) amounts to about 1670 million tons coal equi-
valent consisting of coal, peat, hydro-potential and
natural gas
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•?:î*l? 3. Ire- v. . . • - . - : • : SCTT»; rcirl ontrrr ir B- n '!••• '• -,1:

Lee? ̂ r- ::u'-ntity Tdllion tons
corl equivrlnat

1. Cor-1 3o-rr-:r;irh*hi 105^ nillion
tous.

2. I-crt 7." rv> ~- •(•. 1?3 nillion
t on -3

3« Hydro- Kr.rt'r-i, or.n^u, 3555 *

68

170
en, Tee st n,

old 3rnhmrr-utrr ,
G&n^es barrr-c,
minihydro.

4. Hntxirrl Ten loc'tionn 10.4?5 x 1012cft. 378

Total: 1670

• Assuming economic life of dans to be 50 years

4.1 Coal
The deposits lie at depth of about 3000 ft. below

alluvial soil. Even if mining proves out to be economic,
planned annual coal production of 1.5 million tons per
year could be reached on the 12th year following start
of work on coalmine. The demand for coal for brick-
burning, transport and other industries is expected to
rise to about 1 million tons by 1995* A balance of 0.5
million tons may, therefore, be available for power pro- ;
duction which can sustain 280 MW generating c&pacity2["V|4_7'

4.2 Peat
Peat deposits occur in good rice growing areas

and such areas usually go under water during aonsoon
season. Extraction and drying of peat may also be dif-
ficult. Moreover, present agricultural and ecological
balance might be disturbed through extraction. All these
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aspects have to be studied in details before considering
peat to be one of tbe alternatives. In the present analy
sis peat bas not been assumed to be one of tbe alterna-
tives for power generation ̂ f""1̂ » 7̂-7»
4.3 Eydroelectricitj

Potential hydroelectricity sites in t.*e country is
nbr.it 6555 nillior kvh per year. Out of these, one eat-e
at Xaptai is presently being tapped. It has three gene-
rating units with capability of 130 MW while two more
units ( 2 x 50 ) couM be added tbere. Detailed feasi-
bility work, however, needs to be carried ou. about other
sites before deciding about their potential use. For the
present purpose, total hydropotential is considered to
be 230 MW /~14, T?_7.

4.4 Reserve of Natural Ga_fi

Total recoverable reserve of natural gas of the
country is estimated to be -10.475 TCF, out of which tbe
shares of proven, probable and possible reserves are 3» 333»
5*577 3»625 TCF respectively. Out of the total reserve,
1 TCF is the possible reserve at an off shore location.
It is now thought that this gas could be made available
for use in the western »one through construction of a
pipe line.

5. PROJECTED GROWTH IK NEED FOR NATURAL GAS

Demand for natural gas is constrained by its avai-
lability at different load centres of the country. Vari-
ous uncertainties in planning also make the projection
more difficult. An idea about the demand may be obtained
by assessing the potential needs of different areas of the
country. Demands for gas in sectors other than power pro-
duction are shown in Tables 4 £ 5
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'*. -r^j-c': ci 7--rly •f.riôTti'l of n'tursl
• r? in "•.--:-.'rn Zone (for rectors ot'vr
V.T '" r • reaction)

Fertilizer

Don- stic

ir"-")

71,100

14,000

To toi 12̂ ,700

( In HiCF per y.:'.r)
1995 2000
98,200 98,200
39,000 46,000
0,600 7,200
16,000 17,000

159,800 168,400

Trble 5» Projcctrd yearly denrnd of ncturnl frr.pin vcstcrn zone (for sectors other thrn
(In IS'.CF per yr.-r)

Sector irnl 1995 2000
Fertiliser
Industries
Connftrcir.l
DomePtic

Tot-1:

20,500
3,100
8,600

21,900
3,600

10,000

23,500

3,800

10,700

35,500 38,000

5.1 Dedication of gas to different sectors

The yearly or daily requirement of gas give an idea
about the demand/supply position of our gas resources.The
targets however, depend on different factors, specially on
the time scale for making gas available at different load
centres including the western rone /~15» 16.7« A Bore
straight-forvaro analysis will envisage the amount of ges
to be dedicated to different sectors irrespective of the

schedule for makinr gas available at different re-
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•ï."bje 5. Jîcclic tior: oî -'«s (for sectors other thsn pov:cr)

Jc.-;ac :-?.or. 1 rc rt for iJcrticrtion Terctnt of
••rni.r.l r. r.orvc rmp»\ totr=l reserve

(TCP) <TCP>

Fertilizer 2.9". 28
Indurtrics 1.~* 1? O.?1 7

CoCTierciPl O.ZP 2 0.11 1

Dor.': stic 0.51 5 0.52 3

Tot«l: 5.06 48 1.14 11

g,ions of the country. Tt-ble 6 shows the dedication 01 L
to different sectors with the assumption that once a conn-
ection is givent PBR VIPR to be dedicated for a period or
JO years »

3.2 Gas for power generation

The above calculations will show that 4.15 TCP of
gas will be available for power generation if gas is not
made available to the western zone which is sufficient
for a total of 3750 MW of generation capacity. If gas is
Bade available to the western cone, then rest of gas will
be sufficient for electricity generation capacity of
3000 MW only due to its use in sectors other than power
production in the western zone. It may further be pointed
out that in the analysis, it is assumed that demand for
gas in sectors other than power will grow at an average
rate of 3.5$ over the period 1991-2000 A3). If the demand in
those sectors registers a higher growth rate, then less
amount of gas will be available for power production.

It is, therefore, seen that if a modest projection
on alternate uses of gas is made then the remaining gas
reserves can not entirely meet the future power generating
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Tnble 7» Design:- er SÎTIÎ- rvnilcble nov;

Supplier rnd Plnnt

AECL, CA1TJU 300

Fr-àH/iTOHE, Kl 300

EWU, IK-./K 300

HRB, HTK 300

INTERATOr:, HTR 1IOD

Ansaldo, CIRZ1TE 300

Anssldo, P'-/R 300

Mitsubishi , F'jTî

Toshibo

15NC, riapnox

Rolls-Royce, P'.<R 3CC

Ire coi: r t rue t ion tine
re "ui: *. ijcnts (months)
(vhcn ready tobiA)

.(I»Bäirt.)

-(Z ycr-rc)

-Cl».Mnt.)

-(Irunedicte)

18-42 ( " )

27 ( " )
22 ( " )

- ( " )

- ( " )

- ( " )

1)( " )

GEC, U.E. liognox procer.p 2)( " )

Construction
schedule (months )

48

48

48

72
48

69

67
56 & civil vorks

50

66

96

72
steam

B £- M (rbout 10 y^ars)

(C£/3V.rk 6) (13) (4 ynnrfi)

60

- indie ••»••« T h t r.r: .-?-•. ci-? v-- s Ei von»
1) 66 Donthp orc'1»rî >c^orc r cortroct, 96 Donths ep-%lies to fr.:--

only, l.--.; v y-3 v.*. r c^vlv be constructed in 72
2) 72 rsonthr rcmiir^d V'."'«;.. ;-.-n\;rf»ct.

3) From rrceipt of ritr orj-?.^-- «r?.nr;
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requirement of the country. It may further be noted that
for achieving these targets, interconnection among wells
in different fields and inter-field connections have to be
provided ̂ f" 19_7«

The analysis indicated that even if more gas fields
are discovered, Bangladesh has to diversify primary energy
resources. This could be best achieved through a genera-
tion mix including nuclear power for meeting the electri-
city demand of the future.
6. AVAILABILITY CP REACTORS OF SUITABLE SIZE

In the past, there were some uncertainties regorclino
supply position, cost and other factors in the case of
Small and Medium Povcr Reactors(BMPR) vhicb is suitable
for the grid in !**>nf:l~rt«*ph, 1": cause the suppliers then
concentrated on plants of larger sires. On the request of
Bangladesh, the International Atomic Energy Agency initiated
a study on SMPR to reduce these tmcertainities through
participation of buyers, suppliers and financiers. As a
result of meetings already held, it has become clear that
there is a market for such plants and as many as twenty two
design concepts are now available from vendors from U.K.,
ufance, Vest Germany, Sweden, Canada, Japan, U.S.S.R. and
U,S.A /~20j7. Some of the designs are proven, some have
reference plants/prototypes and others utilité proven com-
ponents. The latter concepts appear to have benefited
from past experiences in design, construction, operation,
export of larger plants and components. The suppliers are
•at various stages of readiness so far as supply and
implementation of plants are concerned» The number of
designs submitted indicates the confidence of the supp-
liers on economic viability of BKFR (Table 7 )•
7- COST ECONOMICS
7.1 Capital cost

Initial capital investment of nuclear power plants is
always considerably higher than that of its alternatives of
equivalent size. However, reactors in the SMFR range have
not been built for quite some time except for 440 KWe FWR of



USSR origin and 235 MWe plants of India. It is very diffi-
cult to eactrapolate the cost of smaller plants, because of
the uncertainties on the economy of scale. Since suppliers
are not very certain about conditions in the developing
countries, safety criterea to be followed, infrastructure
available, etc., it is difficult for them to quote a price,
which could be applicable to iruch countries. Moreover, pres
ently the number of plants likely to be ordered is no,t
also known, which may result in passing on all the R & D
cost on B sinçl«> plant.

IAEA h?d arrerceo a meeting as a part of their SMPK
study to look into the scaling factors to be used for sur-
lier reactors, which left many of the questions unanswered
/~20, 21J7. For thr- -présent e scp.ling factor of 0»6 is
beinc used labile calculating the cost of a 300-400 11We
plant on tue basis of n bigger pJant of size 1000 MWe.
Construction cost trendc of different countries for 1000
plant has been calculated by H.Fû ii ̂ "~22_7, which shows
J;hat the cost of a 1000 MWe plant in 1965 could be $ 725 --
1375 per KW. Assuming the average specific cost of $ 1050/
KW and using the scaling factor of 0,6, the forecast of
a 300 MWe plant works out to be f 510 nillion($1700/KWe).
This capital cost appears to be comparable to the specific
cost as quoted to Bangladesh by different suppliers. The
cost in local currency is assumed to be 30?6 of total cost,
which includes civil works .installation and some fabrica-
tion works at site. This does not, however, indicate the
extent of local participation,, which may be lower. The
specific cost of a conventional plant of same size is
assumed to be ft BOO/KW.

7*2 Construction schedule
The construction schedule for a nuclear power plant

of size 300 MWe is assumed to be six years, starting from
the first pour of concrete upto the integration of the
plant into the national grid. In case of conventional
plant, the total construction time is assumed to be four
years.
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7*3 Interest rate & repayment
Interest on the foreign exchange component of the

project is assumed to be 7 »5$ with the repayment to be
effected in 10 annual instalments of capital and inter-
est, starting from the first year of commercial operation.
In keeping with locally accepted criterion for projects
in energy sector, it is assumed that the 50$ of the inve-
stment in local currency ie equity and an interest rate of
5# with repayment schedule of JO years will be applicable.
7«fr Yearly expenditure

The yearly repayment of capital and interest and othar
annual expenditures according to the terms and conditions,
given in ths preceeâir.r: paragraphs are as follows ( for a
300 Mwe plant):

(Figures in I million)
Item Yearly instalment Total Hepayment
Repayment of capital 67 670and interest of Fore-ign Exchange.
Bepayment of capital 6 180and interest onLocal currency.

Fuel 16 480

Annual operation 10 300maintenance cost
Total 99 1630
If the plant is operated at an average annual plant

factor of B0?o the total generation cost works out to be
2̂ .87 mills/kwh. At a discount rate of 15%i the discounted
generation cost will be 39*60 mille/kvh.
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7*5 Comparison with other alternatives

A comparison with other alternatives also shows
an advantage of nuclear power as shown below:

(Figures in
Type of plant Gereret ion cost (Hills/Kwh)uncliscotaated Discounted
Nuclear 25.90 39-60
Coal-fired 36.60 44.90
Oil-fired 6S.22 59.30
Gas- fired P5-80 31.00

The above table indicates the economic advantage of
nuclear option compared to conventional alternatives. It
be "Mentioned in this context that the price of gas for pov;er
generation has been asruned to be $ 1.33/1000 eft. This does
not reflect the economic price of gas when the same is com-
pared with current gas price in other countries (S 4-5/1000 eft.;.

With an assumption that the electricity produced at
nuclear power plant can be sold to the electricity utility
at a bulk rate of 4-6 mills/Kwh, the total annual sale of
electricity is $ 97»00 million per year. In initial years the
total income is slightly less than the total liability of
the plant, which is explained by higher debt servicing resulting
from conditions for repayment of foreign exchange. Once this
loan is repaid at the end of the tenth year, annual liability
will be $ 32 million against the total gross income of $ 97
million. This cash-flow analysis shows the obvious economic
advantages of the nuclear power plant*

Another com-arison of nuclear option with other alter-
natives shows that annual fuel Mil for the nuclear p!Pnt
will be I 16 million, compared to the fuel bill of S 115
million for oil-fired plant and I 56 million for coal-fired
plants* In spite of its low energy consumption, Bangladesh
presently has to spend about 20% of its total marchandise
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exports in importing fuel £^3jm In future if the desired
growth rate in energy is attained the energy import bill
will increase substantially. A situation nay arise, when the
power plants night have to shut down only to restrict the
expenditure on inrort of fuel. 3n order to avoid this unwanted
situation, .a proposition has to selected which has less fuel
icsport recuireneot» ̂ n *h*s context nuclear option is ai\
economically attractive alternative.

8. FINANCING SOURCES

Financing is seen to be the nain problem for many
developing countries in implementing a nuclear power project.
In this connection it nay be pointed out that signing of
KFT or conclusion of Safeguards Agreement with TAV-A may
facilitate obtaining nuclear technology, because these steps
nay help to enhance confidence of the supplier in the inten-
tion of the buyer country. But until now there has not been
any indication whatsoever that such expressed pledge of the
buyer country in peaceful uses of this technology may be
helpful to the signatory in solving the financing problem
of implementing nuclear projects. The reality, therefore,
remains that the buyer must look for finance through bilateral
arrangement* Such sources of financing may be classified
into different groups, as experienced by Bangladesh so far.

6.1. Bi-lateral arrangement with friendly countries
A developing country can have good ties with other

countries with potential to provide finance for overall
development of a country* The donor country «ay or may not
be a supplier of the nuclear technology. But so far as our
knowledge goes no country bas been able in the recant past
to implement its nuclear power project through such finan-
cial assistance* The priority of the area of financing
usually precludes nuclear proposition* The donor country
may be tempted to feel that the technology is too sophisti-
ceted to be absorbed in the beneficiary country» the invest-
ment may be riskj- end implementation schedule too long co»~
PJXTÄÖ. to other projects. The *fear of the unknown* and
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nuclear lobby in donor countries »ay also adversely
the investment* Though the total investment in a nuclear
project is high, jet the yearly capital outlay is not
significantly different from any other major infrastructural
project. Confidence in technical and economic Tiability of
nuclear power can help developing countries in raising fund
for such projects« Once the uncertainties are resolved,
there is no reason why financial commitments for nuclear
power projects should not be forthcoming.

6.2. International Financing Institutions

Position of different international, regional or
Community based financial institutions on financing nuclear
power projects in developing countries are not clear» It is
reported that some of these institutions were never formally
requested to invest in a nuclear power project. Without
going into any debate on this issue, it can be said that we
have not yet come accross any information, where such
institutions have even advocated the need for implementing
a nuclear power plant in a developing country. Whatever may
be the case, such institutions nay now seriously look into
the prospects of nuclear power and give their considered
opinion on its techno-économie Tiability as a credit-worthy
proposition. Such a mandate could help different financing
sources in understanding the emergent need of a developing
country in implementing such a project. At the same time
this would also accelerate decision Baking process in the
reciving country. It is heartening to note that international
p.gencies have already advocated different new and renewable
sources of energy, including the highly sophisticated and
costly solar energy technology with photovoltaicc cells.
These technologies may be indispensible, for limited use end
isolated places, located av:a> from the electricity grid»
Butrthe amount of electricity obtainable from them will
be too small compared to the overall electricity needs of
the country for production purposes. Nuclear plants have
to be introduced in the generation mix of many developing
countries for production of bulk electricity. This reality
has to be recognised by the international financing institution«
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6.3» Supplies*g Credit
Supplier's credit IB another source which mist be

considered in due perspective» But the problem with such
credit is tbat not »any supplier could provide total finance
within the framework of a long repayment schedule. The
interest rate is also expected to be at least as high as
the prime interest rate in the supplier's coutitry. This
could not always be acceptable at the receiving end« But
the terms could be made attractive to the buyer through
Governmental efforts like export preference credits» Also,
subsidy from the supplier government may help soften the
credit terms to a level which is not prohibitive for the
buyer country,
6»4, Commercial loans

Bangladesh has been approached by different private
loan giving agencies on financing the Nuclear fewer Project.
It is understood, that the origin of the funds are different
smaller investors, who chanalise their savings through a
centralised agency, who makes the investment decisions on
behalf of the investors» Some of such offers appeared tr
be confusing vhile EOJÏI'? oJ"fcrs appeared to have some capabi-
lity. The difficulty with sources of loans is that the
bargaining agency mr.y not have sufficient technical capabi-
lity to assess the credft worfcV»jL»ess of tht project»
Confidence of similar sources of finance may be elevated
through the joint effort of the supplier, internstional
institutions and independent consultants» It Is now thought
that if such financiers are encouraged to sake a package
offer of technology and finance, some tangible results
could be expected»

8»3» Counter-trade
Counter-trade or tarter arrangement is another alterna-

tive, which .needs some examination» There the financing and
supplying sources are expected to be coming from the same
country« The problem with this arrangements is the commodi-
ties to be exchanged, fixing price of such commodities and
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balancing price against quantity to be supplied. This could
be a proposition in case of supplier countries with whom
there are existing commodity exchange arrangements with the
buyer country«

9. CONCLUSION
It has been shown that introduction of nuclear power

in Bangladesh is almost a compulsion if the country has to
pursue its goals of attaining desired growth of economy«
The efforts to implement a nuclear power project has suffered
so far due to lack of necessary financing. Though a nuclear
power project needs comparatively more capital investment,
yet the saving on cost of fuel compared to other conventional
alternatives will be sufficient to take care of the extra
debt-servicing burden attributable to a nuclear option. There
are possible financing sources and it should not be difficulb
B t least theoretically, to arrange necessary finance for the.
project from them« However, it has not been possible to
arrange finance for different reasons, including the fear
of unknown. It is felt that the financing issues should be
considered at interantional level jointly by IAEA., interna-
tional financing institutions, so that prospective financiers
have sufficient confidence in the techno-économie viability
of e nuclear project. Above all, donor countries oust realise
that for a developing country, assistance for gradual attain-
ment of self-reliance and not for bare subsistance would
have far-reaching impact on their socio-economic development.
Jor self-reliance, growth of infrastructure like electricity
is a pre-requisite. ïor a country like Bangladesh, where-
reserves of indigenous primary energy sources are limited,
introduction of an BMPR is almost a compulsion in order to
meet the electricity requirements of the future.
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SUMMARY OF PRESENTATIONS AND DISCUSSIONS OF PART I
ON THE EVOLUTION OF NUCLEAR INVESTMENT AND

FUEL CYCLE COSTS IN DEVELOPING COUNTRIES

G.L. TITUS

Discussions during this session seemed to hightlight two general
types of issues of concern to those contemplating the development of
a nuclear power programme.

Firstly there are those problems unique to the developing countries
which are primarily of a socio-economic nature.
Secondly there are those issues which are common to all potential
nuclear" applications. The most important and concerning of these
is that relating to financial risks.
It was apparent from the discussions that there was a general
consensus that the following points are valid:

- Nuclear units appear to offer the best long-term
generating source when the economics of such
generation is compared to that produced from coal
or oil.

- Nuclear units, once installed, offer a good hedge
against inflation.

- The future availability of uranium appears adequate.
The successful development of a nuclear program, particu-
larly for those just getting into it for the first time,
requires careful attention to ensure the proper infra-
structure exists or can be developed. Particular attention
must be given to ensuring that the proper industrial
support structures exist as well as adequate training
programmes for the required construction labour and
operational skills.

- Ways must be found to shorten the construction period to
minimize the effect of "Interest during Construction".
Proper engineering, economic and financial analyses
are required and should be supplemented by good
business judgement.
"Economies of scale" associated with large generating
units may be offset by decreasing reliability.
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Part II

RISK ASSESSMENT

Papers presented:

Sharing of Benefits and Risks in Regard to the Establishment
of Nuclear Power Programmes in Developing Countries
(I.D. Darroch, Atomic Energy of Canada Limited,
Mississauga, Canada)

Financial Risk Assessment for Nuclear Generation
Expansion Planning. A utility View
(G,.L. Titus, New Brunswick Power, New Brunswick, Canada)

Financial Problems of Nuclear Programmes - The
Experience of Argentina
(R. Terigi, National Atomic Energy Commission,
Buenos Aires, Argentina)

Retrospective Economic and Financial Analysis of
the Laguna Verde Project
(F. Tapia Garcfa, A. Gomez Mariles and L. Morales
Galvân Duque, Federal Electricity Commission,
Mexico City, Mexico)

Risk Assessment from Point of View of Supplier
(E-J. Meyer, KWU, Federal Republic of Germany)

Nuclear Project Finance in Developing Countries:
The Multi-Country Financing Alternative
(J.B. Fleck, Westinghouse Nuclear International - Europe,
Brus seIs, BeIgium)

Sales of Nuclear Power Stations to Developing Countries
Risk Assessment for Export Credit Insurance
(D.A. Ward, Berne Union, London, United Kingdom)

Country Risk Evaluation by the Supplier
(M. Lehman, FRAMATOME, Paris La Defense, France)

Summary of Presentations and Discussions of Part II
(M. Klaus, Federal Republic of Germany)
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SHARING OF BENEFITS AND RISKS IN REGARD TO THE
ESTABLISHMENT OF NUCLEAR POWER PROGRAMMES IN
DEVELOPING COUNTRIES

I.D. DARROCH
Atomic Energy of Canada Limited,
CANDU Operations, t
Mississauga, Ontario, Canada

INTRODUCTION

The establishment of a nuclear power program in a developing country
is dependent upon the needs of a number of different parties being
satisfied. One key area in this regard is the structuring of a
reasonable and equitable sharing of both risks and benefits.

This paper is intended to provide an overview and introduction to
this topic. The points to be addressed here are:

- the key players involved
- the relationships between the players
- the benefits of a nuclear power program
- the sharing of benefit
- the risks involved
- the sharing of risks through appropriate business
arrangements

- Some possible arrangements
- Summary and conclusion
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THREE KEY PLAYERS TO CONSIDER

EACH PLAYER HAS A
NUMBER OF ASPECTS

• Foreign
• Local

Engineering
Manufacturing
Installation
Civil works
Management

THE
DEVELOPING

COUNTRY

Utility
Government
Agencies
Advisors

• Foreign
- Export Credit

• Foreign
- Commercial

• Local
I Loans
I Equity

Each Relationship is Two-way

Each party must provide something of benefit to the other party in the
relationship. An overview of the relationships is shown in the following
diagram.

OVERVIEW OF THE
RELATIONSHIPS

Foreign
Local
Engineering
Manufacturing
Installation
Civil works
Management

• Utility
• Government
• Agencies
• Advisors

THE
DEVELOPING

COUNTRY

Business Opportunity
THE

SUPPLIERS
THE

FINANCIERSMarketing support and
agreement to arrange financing

• Foreign
- Export Credit

• Foreign
- Commercial

• Local
jLoans
! Equity
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SHARING OF BENEFITS AND RISKS

TOTAL
BENEFITS

The total benefits of a nuclear power program outweigh the total
risks.

For each party, and in each two-way relationship, there has to be an
equitable allocation of both risks and benefits.

No party will enter into an agreement unless it perceives it to be
adequately compensated for the risks it is taking.

The Benefits;

Benefits to the Developing Country

- source of energy to meet the need for economic growth
- opportunity to obtain technology to improve their industrial
base

- training of personnel
- foreign exchange savings relative to use of imported oil or
coal for energy production

- increased export revenues for countries that can free up oil
for export that is presently used for energy generation

- energy costs that are very competitive with alternative
sources, particularly after loans have been paid off

- protection from energy cost escalation in the future
- increased trading opportunities with supplier countries

Benefits to the Supplier

- a market for their products
- employment for their personnel and subcontractor
- a reasonable level of profit
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Benefits to the Financiers

- a market for their products
- a reasonable level of interest and fees
- assistance and support to suppliers of

the same country as the financier
- improved trading levels
- assistance to the developing country

Where financiers
look to the
national interest
(export credit
agencies).

The Risks

The main areas of risk can be classified as follows:
1. Completion cost
2. Financing up to completion of construction
3. Operating performance
4. Financing of the operational phase
5. Solvency and repayment

Each of these areas of risk can be examined in a generic sense for a
nuclear power plant project.

Completion Cost

The major risk is due to elongation of the project schedule
resulting in greater than expected escalation and interest during
construction. It is critically important for the project construction
phase to be well-managed, building on the experience of other countries.

Financing to Completion

This risk area is intimately related to the completion cost risk.
There needs to be clearly specified commitments from credit-worthy
parties to provide or guarantee whatever financing amounts are needed to
complete the project. An uncompleted project is of no benefit to the
developing country. However it is clearly very much in the country's
interest to complete the project and thus obtain access to an economical
source of energy. .,._•.-
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Operating Performance

The risk here is primarily a technical one where the points to be
considered include the inherent capability and track record of the design
of plant being considered and also the capability of the utility to
successfully operate the plant.

Financing of Operation

This area of risk is considerably less onerous than financing of
construction due to the fact that the asset now exists and can be
utilized, either directly or indirectly, to generate revenues. The
utility is much more likely to be perceived by Financiers as a "bankable"
proposition in the operating phase. One area of potential concern is the
availability of foreign exchange to the utility to allow it to repay the
Financiers and to pay for certain foreign services and supplies. In some
cases the fuelling requirements can be very onerous in terms of foreign
exchange requirements.

Solvency and Repayment

This risk area relates to the ultimate ability of the utility and
the developing country to remain solvent and to repay the Financiers and
to meet all other financial commitments related to the project.

In the final analysis all of these risks have a financial impact and
can be considered as financial risks, to be shared and managed through
appropriate business arrangements.

The Sharing of Risks Through Appropriate Business Arrangements

The whole question of achieving an equitable and reasonable sharing
of both risks and benefits can be best examined by considering the
potential range of business arrangements and their attendant terms and
conditions.

The range of business arrangements that are available for a specific
nuclear power plant project can be looked at as a spectrum of
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possibilities with the following key variables:
- plant ownership (where possibilities include domestic, joint

venture or foreign owned)
- compensation to suppliers (which could be cost reimbursable,

cost plus fee, firm price subject to escalation, return on
equity invested, payment through energy from completed
plant)

- contractual basis (where there may be multiple contracts with
the utility, turnkey contract with a supplier etc.)-

TRADITIONAL APPROACH

FINANCING DOMESTIC
UTILITY

Foreign and
Local Lenders

CONSTRUCTION

Owned by Gov't.
of Developing
Country

OPERATION

Main Contract with
foreign suppliers with
subcontracts to local
suppliers

Staffed by local
personnel (trained
by suppliers)

Areas

Completion Cost

Financing to Completion

Main Risk Takers

Suppliers/Local Gov't.
Local Gov1t./Lenders

Operating Performance Local Gov't.

Financing of Operation Local Gov't.

Solvency and Repayment Lenders
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JOINT VENTURE APPROACH

FINANCING JOINT VENTURE
UTILITY

Foreign and
Local Lenders
and Investors

CONSTRUCTION

One or more Contracts
with foreign and local
suppliers

Risk Areas

Shared ownership
between Developing
Country and Investors

OPERATION

Staffed by foreign
and local personnel
hired by joint venture
utility

Main Risk Takers

Completion Cost Suppliers/Investors/Locai Gov't.

Financing to Completion Investors/Local Gov't.

Operating Performance Investors/Local Gov't.

Financing of Operation Investors/Local Gov't.

Solvency and Repayment Lenders/Investors

Summary and Conclusion

Many business arrangements are possible, however the most
appropriate arrangement for a specific project must take into account the
needs, desires and priorities of the specific developing country whilst
providing acceptable incentives and compensation to the suppliers and to
the financiers.

This paper does not attempt to reach a conclusion that would be
applicable in each and every case, but it is intended to point out that
this is a very complex area requiring a great deal of creativity and
innovation in order to establish an appropriate arrangement for each case.
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FINANCIAL RISK ASSESSMENT FOR
NUCLEAR GENERATION EXPANSION PLANNING
A utility view

G.L. TITUS
New Brunswick Electric Power Commission,
Fredericton, New Brunswick, Canada

INTRODUCTION

The New Brunswick Electric Power Commission, or New
Brunswick Power as it is more commonly known, officially
entered the nuclear electric power generation age on July 25,
1982 when its first reactor became critical.

Since that time, the unit has performed extremely well,
now ranking among the best performers in the world for its
size with an availability factor in excess of 90%.

The road to such an achievement has not been easy.
However, the efforts required to overcome the many
difficulties associated with the installation of a large
generating unit on a small power system are more than
justified by the benefits in power cost stability and security
of supply afforded today's customers, as well as those in the
future.

New Brunswick Power is, by world standards, a relatively
small electric power utility located'on the east coast of
Canada, electrically interconnected with three other Canadian
provinces and with utilities in the northeastern part of the
United States of America.

The utility has a mixed generating capability made up of
26% hydro, 20% nuclear, 10% coal, and 44% oil-fired
generation. This internal capacity is supplemented from time
to time with purchases from the interconnections, particularly
from Hydro-Québec.

The oil crisis of the early 1970's, together with the
rapidly expanding load then being forecast, required that the
utility consider converting its oil-fired stations to coal and
undertaking construction of the region's first CANDU nuclear
unit for commercial operation in 1982.

SYSTEM DEVELOPMENT PHILOSOPHY

It is the mandate of New Brunswick Power, as it is with
all power utilities, to meet the electrical needs of its
customers as economically and reliably as is practical.
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In carrying out this responsibility, New Brunswick Power
continually searches out and analyzes all possible ways to
satisfy these requirements, including potential generation
sources for development within New Brunswick as well as
purchases from neighbouring utilities.

Serious consideration was first given to undertaking a
nuclear power program in New Brunswick in the late 1960's and
early 1970's. The expanding load situations experienced
during that time, averaging approximately 12% per year during
the 1964-74 period, together with the forecasts then being
made for future requirements indicated that a significant
increase in generating capacity would be needed by the early
1980's.

The utility planners, in their evaluation and selection
of a new source of generation, had to' carefully consider four
key questions in making their ultimate choice:

is it economic?
is it technically feasible?
is it environmentally acceptable?
is it financially secure?

An analysis of these factors clearly indicated that the
nuclear alternative was the proper choice for meeting New
Brunswick Power's future loads in the early 1980's and beyond.

a) ECONOMIC CONSIDERATIONS
There were only two feasible alternatives open to the

utility in 1974 - a 630 megawatt nuclear unit or two 300
megawatt oil-fired units.

Exhaustive analysis ultimately concluded that the 630
megawatt CANDU nuclear unit was the economic choice for New
Brunswick Power.

The nuclear unit, at its initially projected completed
cost of some $(Cdn) 466 million, was judged to be the better
alternative if oil were to cost more than 4(Cdn) 5.00 per
barrel in-1980. The experts were forecasting prices in the
$(Cdn) 8.00 per barrel range. In actual fact, 1980 world oil
prices were approximately 4(Cdn) 32.00 per barrel.

However, while oil prices had escalated dramatically, so
had the cost of building nuclear units. New Brunswick Power's
nuclear unit was no exception. It was subjected to the same
inflationary pressures as all other major energy projects
throughout the world being built during that same period. The
interesting result of such unpredictable events is that the
nuclear unit has retained its relative economic advantages
and, in fact, may now be more valuable over its full operating
life than it was in 1974 when the decision was initially made
to undertake the project.
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Figure I shows the relative costs, in current year
Canadian dollars, of producing energy from three relatively
new sources of generation in the New-Brunswick Power system.
This graph shows dramatically the real value of nuclear in its
ability to provide long-term stability to power rates. This
is the result of a majority of the initial costs (over 90%)
relating to the fixed charges of the unit while less than 10%
relate to fuel and operating and maintenance charges which are
subject to escalation.

POWER COSTS BY SOURCE
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b) TECHNICAL CONSIDERATIONS
Because of the major interconnections then in place with

Hydro-Québec and the New England Power 'Pool, the technical
considerations of introducing a 630 megawatt unit into a smallpower utility such as NB Power were found to be fully
satisfactory. These external systems are able to provide the
emergency assistance necessary to support the loss of such a
large unit should it be forced off-line unexpectantly, all
within the normally accepted planning and operating criteria
used by power utilities in developing their systems.

In the mid-1960'ß. New Brunswick Power had, in its
search for ways to help stabilize power cost increases, set an
objective for itself to try to bring about major
interconnections with the massive utility systems existing in
Quebec and New England.

Prior to that time, New Brunswick Power had been limited
to installing units in 100-150 megawatt range and it was
thought that if strong interconnections could be developed
with these major systems, they could provide the technical
support to allow much larger units to be built internally
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thereby providing an opportunity to achieve significant
benefits associated with "economies of scale".

With these objectives in mind, New Brunswick Power set
out to attempt to make these interconnections with Québec and
New England a reality. Opportunities were subsequently
identified in the late I9601s and early 1970's which offered
sufficient incentives to the parties involved to actually
allow the facilities to be put in place.

c) ENVIRONMENTAL CONSIDERATIONS

The nuclear project was subjected to the Canadian
Federal Government's new Environmental Assessment and Review
Process which required a formal Environmental Impact
Statement, subsequent review and approval prior to the
issuance of the construction license in May, 1975.

d) FINANCIAL CONSIDERATIONS

The financial exposure associated with long duration
outages should be limited to the degree possible from
impacting on the financial integrity of the utility. Morespecifically, this relates to a problem associated with
possible poor unit performance where all the fixed charges
continue and the utility must obtain high cost - probably oil
or coal-fired - energy elsewhere in order to continue to
supply its loads.

This proved to be a more difficult area to resolve.

RISK/BENEFIT OPTIMIZATION

NB Power's approach to finding a satisfactory solutionto the financial exposure question centered around trying to
find ways to reduce the effective unit size to something in
the order of 300 megawatts.

Various approaches exist to effectively reach such an.
objective :
1) The utility could decide that only a portion of the

unit!s total capability would be utilized as dependable
capacity for meeting firm load requirements and
utilizing the remainder for economic displacement for
more expensive generating sources such as fossil-fired
generation.
While such a solution minimizes the amount of planning
reserves required, it does little to offset the dramatic
financial impacts associated with poor unit performance.

2) Develop the project as a co-generating source in
co-operation with an industry physically adjacent to the

168



unit which can take a sufficient amount of steam from
the reactor to reduce the unit's electrical output down
to an acceptable size.
Both partie.s would then share fully in both the risks of
poor performance and in the benefits of low cost energy
during normal operation over the operating life of the
facility.
The one major concern that the power utility must assess
in considering such a joint venture relates to the
financial strength of its partner. The question is s
Does the participating industry have the financial
strength to withstand the increased financial demands ofan unexpected long duration forced outage of the unit?

3) Negotiate a joint ownership arrangement with
neighbouring utilities for the life of the unit. The
participating utilities jointly fund the project thereby
taking all the completion and abandonment risks prior to
commercial operation and jointly share the operating
risks and benefits for the total life of the project.
There are many examples of this type of arrangement,
particularly in the United States. It appears to work
well in areas where utilities operate within formal
pooling structures.
Undertaking such an arrangement on an international
basis, while presumably fully possible, does raise some
difficult questions including those relating to spent
fuel management and decommissioning.

4) Negotiate a joint participation - or entitlement as it
is sometimes called - arrangement with one or more
neighbouring utilities. Such an agreement would provide
for the joint sharing of the risks and benefits of the
facility particularly during the early years of
operation until such time as the financial exposure for
poor unit performance can be more readily accepted for
the total facility within the utility itself.

This limited term arrangement offers the utilities
involved certain advantages and disadvantages relative to the
Joint Ownership arrangement in which utilities participate for
the full life of the facility.

For the owning utility, it provides an opportunity to
offset financial risk associated with possible poor unit
performance in the early years of unit operation and then
allows it to enjoy the benefits of the full unit capability
after completion of the term arrangement.

For the purchasing utility, it offers an opportunity to
obtain low cost energy, if the unit works reasonably well,
until such time as it may wish to, or be able to, build its
own generation.
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There are, however, substantial risks on both sides such
as poor performance for the purchaser, and the timing of the
recall for the seller.

Joint Ownership or Entitlement arrangements between
utilities, if they can be developed, in most cases offer more
secure financial arrangements than can be derived from a
similar undertaking involving an industry simply because theutilities recognize and allow for such events as poor unit
performance in their planning and operating practices.

New Brunswick Power pursued this fourth, or entitlement,
approach to risk sharing and has completed Unit Participation
Agreements with several utilities in the United States which
contain the following principal elements of risk/benefit
sharing -

each utility is entitled to receive its participation
percentage of that which the unit is capable of
producing each hour. That is, if a utility's
ownership interest is, for example, 16% (100 MW),
then it will actually receive 16% of the actual unit
output each hour if less than 630 MWl
a purchasing utility's entitlement commences on the
commercial in-service date and terminates on a fixed
date.
The purchaser takes none of the completion or
abandonment risks normally associated with bringing a
major energy project on-stream, but on the other
hand, it takes the full risk of obtaining less than
expected benefits from the project if the start-up
date is later than expected since the contracts have
a fixed termination date.
the purchaser pays all fixed charges on a monthly
basis regardless of whether or not the unit is
operational. Also, the purchaser pays all
operational and maintenance, and fuel costs as
incurred.
There are no profit margins in this type of
arrangement. The philosophy is that the purchaser
should pay no more or no less than those charges
being incurred by the owning utility. The owner will
achieve "economy of scale" benefits during the early
years in return for financial risk reduction and the
benefits of the full project then will be available
to that utility at the termination of the entitlement
contracts.

the purchaser pays its proportionate share of costs
being incurred by the owner's own customers with
respect to long-term spent fuel management and
decommissioning costs.
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The particular terms and conditions associated with
entitlement contracts with the United States utilities are
considered to be difficult for the purchasers to accept due to
their having access to potential benefits for a finite time
while being exposed to the possible higher risk of poor unit
performance associated with the early operating years of an
immature nuclear unit. However, the contracts do offer the
purchasers a positive hedge against the risk of escalating oil
prices and have added to their security of supply at prices
they considered to be attractive.

In addition, the extremely good operating record of the
CANDU units now in-service (Table I) and their immunity to
escalation of energy costs, appear to have been a major factor
in the purchasers' decision to accept these particular terms
and conditions in their Entitlement Contracts. This is
further evidenced by the fact that these contracts have also
been accepted by Regulatory Boards in the United States as
being reasonable contracts for the purchasing utilities to
have consummated.

TABLE I

THE TOP TWELVE WESTERN NUCLEAR POWER REACTORS - 500 MW AND LARGER
RANKED BY LIFETIME GROSS CAPACITY FACTOR, AS OF 1985/03/30

Rank
Reactor
Name

Nominal Gross
MCR (G) Capacity Yrs. In
(Mtf) Ractor Service Type

1 Bruce 3 826
2 Bruce 4 826

3 Bruce 1 826

4 Eoel 3 936
5 Grafenrheinfeld 1.290
6 Pickering 4 542
7 Stade 1 662
8 Pickering 6 540
9 Unterweser 1,333
10 Genkai 2 559
11 Point Lepreau I 680

12 Pickering 3 542

88.1%

87.8%

83.5%

83.3%

82.7%

82.1%

81.9%

81.7%

81.0%

80.1%

79.7%

79.4 %

7

6

7

2

3

11

12

l

5

3

2

12

Canada

Canada

Canada

Belgium

W Germany

Canada

W Germany

Canada

W Germany

Japan

Canada

Canada

CANDU

CANDU

CANDU

PWR

PWR

CANDU

PWR

CANDU

PWR

PWR

CANDU

CANDU

References Nuclear Engineering International, August 1985

NGD-12 (1984) World Nuclear Power Reactor Performance 1984 - Ontario Hydro
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The result of developing these contractual arrangements
has been to effectively create a situation where the unit
size, from the seller's viewpoint, has been reduced by the
magnitude of the contracts and, therefore, the financial
exposure concerns for the seller are now those associated with
a size of unit which is fully acceptable to the utility. At
the termination of the Entitlement Contracts in 1991, the.
seller's system will have expanded to the point where it can
then more readily accept the risks associated with the total
unit.

Determination of the proper quantity and its term of
sale are, in themselves, difficult questions to resolve.
Analysis shows that if the CANDU unit operates at a normally
expected load factor, then it will be be one of the cheapest
sources of generation available to meet load and, therefore,
to sell any portion of it to neighbouring utilities will be
seen as giving away benefits. On the other hand, if the
unit experiences prolonged periods of poor performance, it
will be viewed as being very beneficial to have the fixed
charges shared by more than one entity.

There is no absolute technical analysis - probability
of operation or otherwise - which will support any
particular level of sale. It becomes simply a decision
derived from prudent business judgement which offsets enough
financial exposure to prevent any harm to the utility if
some unexpected poor peformance occurs while retaining as
much benefit for its own customers as possible.

New Brunswick Power has found that the ability to
negotiate contracts with neighbouring utilities,
satisfactory to both parties, depends very much upon the
development of mutual trust and ethical operating
practices. Adhering to the original contract intent,
regardless of subsequently changed economic or other
conditions in later years, is extremely important.

This, then, was the basis upon which the nuclear unit
was undertaken at Point Lepreau, New Brunswick. The plant,
licensed for construction in 1975 by the Canadian Atomic
Energy Control Board, became critical in the summer of 1982.
THE UNIT

The project under discussion is -a so-called CANDU-600
and is actually located on the east coast of Canada at Point
Lepreau in the Province of New Brunswick.

While the unit itself has a net output of 630 megawatts
- an extension, extrapolation, and updating of the more
widely used 500 megawatt design - the development of the
project itself has several unique features such as utilizing
sea water cooling in an environment in which daily tidal
excursions normally exceed 7 to 8 meters.

Engineering for the project was conducted through three
parallel activities. Atomic Emtrgy of Canada Limited was
responsible for the nuclear design. The design of the

172



required nuclear service facilities was carried out by
Canatom, a private nuclear consulting firm in Canada, and
the balance of the plant was the responsibility of New
Brunswick Power itself.

POINT JLEPREAU GENERATING STATION DATA

Gross Station Output
Net Station Output
Reactor Type
Reactor Building

Containment

680,000 Kilowatts (kW)
630,000 kilowatts (kW)
CANDU (PHW)
Low pressure containment,
prestressed concrete vessel.

Number of Fuel Channels
Fuel
Fuel Inventory
Refuelling Method
Heavy Water Inventory
Coolant Pressure
(inlet header)

Inlet Temperature
Outlet Temperature

380
Natural uranium (UO2)
4560 bundles, ea.with 37 elements
On-power
534 Tons (484.5 tonnes)
1643 psia (11,428 kPa)
511.8 deg.F. (266.6 deg.C)
590 deg.F. (310 deg.C)

Number of Pumps
Number of Boilers

4
4

Generator Capacity
Generator Voltage Output

680,000 kW (gross)
26,000 volts

Turbine

Speed
Steam Temperature
Steam Pressure
Cooling Water Flow
(Condenser)

One single double-flow high
pressure cylinder and three
double-flow low pressure
cylinders, all arranged on the
same shaft.
1800 RPM
500 deg.F. (260 deg.C)
600 Psia (4651 kPa)
358,000 Igpm (27,125 L/S)

Reactor Régulâtih'g System Direct digital control dual
computer system

Manpower Required 325 trained s t a f f ( fo r one u n i t )
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Management of the overall construction of the project was
the sole responsibility of New Brunswick Power, supplemented
from tinte to time with expertise from various Canadian and
American consulting firms.

Perhaps one of the most challenging problems for New
Brunswick Power in bringing the Point Lepreau Generating
Station into commercial operation was the acquisition and
training of the some 325 operational staff. A few of the key
personnel were hired from Ontario Hydro where they had gained
extensive operational experience in the Canadian nuclear
program. More were chosen from the conventional thermal
operations of New Brunswick Power and were given extensive
on-site operational experience in the Ontario Hydro nuclear
stations. Most of the remainder were hired from within the
Province of New Brunswick and have been trained at site in
formal courses developed in conjunction with the Province's
community colleges and universities.

Certainly, New Brunswick Power has found that providing
the required operational staffing and training is a
significant challenge which is quite achievable by the small
utility, but which requires careful attention, and preferably
some strong support from another nuclear operating group.

CONCLUSIONS

New Brunswick Power's experience clearly demonstrates
thati-
1. economic benefits of nuclear power are available to the

small utility if it can create a plan which will share
the financial risks involved with early year performance
of a nuclear unit. All-risk term sales with neighbouring
utilities are a viable solution to this problem.

2. international boundaries need not be an impediment to
co-operation in sharing the financial risks and benefits
of an operating nuclear station.

3. a small utility, without prior nuclear operating
experience, can successfully manage the construction of a
630 megawatt CANDU unit on its system under proper and
well controlled circumstances.

4. it is desirable to have a co-operative arrangement with a
utility with nuclear operating experience in training the
Xey core operating staff, but essential staff training
can be accomplished during the plant construction period.

5. CANDU nuclear units are more economic than heavy fuel oil
alone at current world oil prices (United States
utilities purchased Point Lepreau capacity primarily to
displace oil on their own systems).
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6. the good operating record of existing CANDU units can
help convince potential purchasers to participate in
all-risk contracts during the early operating years of a
new facility.

The successful integration of the first nuclear unit into the
New Brunswick system with its associated full-risk contracts
with utilities in the United States (Figure II), coupled with
the excellent operating record of existing CANDU units
elsewhere, has initiated questions in both Canada and United
States about the possibility of the early installation of
additional units on the Point Lepreau site on a somewhat
similar basis.

FIGURE II

THE NEW BRUNSWICK ELECTRIC POWER COMMISSION
MARKET AREAS FOR PT. LEPREAU PROJECT
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FINANCIAL PROBLEMS OF NUCLEAR PROGRAMMES
The experience of Argentina*

R. TERIGI
National Atomic Energy Commission,
Buenos Aires, Argentina

1. FRAME OF REFERENCE

1.1. Integration of nuclear energy in the Argentine economic
system

The Argentine economic system presents the characteristics of a
developing country. This implies the need to increase and
redistribute the national product on the basis of criteria of
efficiency and social equity, to which end economic policies
exerting an effect on the different variables of the economic system
are designed and implemented.

The basic variables include, among other things, global growth
rates of the economy, time limits for development plans,
participation of the various sectors in the gross national product,
basic energy inputs which are available and the forecast of their
relative availability, price and investment schedules, and so forth.

The possibility of allocation of resources to nuclear
programmes is justified if the specific investment module for the
nuclear programme is consistent with that which, in general, is in
effect for the developing economic system as a whole and, in
particular, for the energy sector.

Deeper anallysis of this concept requires that we determine
what are the requirements in terms of factor input and what are the
contributions to the desired increase in the national product.

Examination of the requirement of factor input leads directly
to the problem of financial resources that are liable to be required
in terms of existing national resources of those yet to be created

* Translated from Spanish.

177



and of non-national resources (foreign loans, financial assistance,
investment capital).

The changing characteristics of the institutional framework and
the variation in economic policies within a permanently inflationary
context have given rise to erratic behaviour patterns in the
economic and financial variables which have led to increased
absorption of risks by long-term investment programmes, as is the
case in the development of nuclear programmes.

Furthermore, to this negative effect deriving from general
internal factors must be added some others which were prompted by
quesitons originating in the external context and some which can be
considered specific to the Argentine nuclear plan.

1.2. The inflationary context

Given the intensity and persistence of the phenomenon of
inflation in Argentina and the need for progress in the matter of
investment, the methods of evaluating projects must necessarily take
inflation into account and in such a way as to achieve the most
suitable utilization of resources.

The evaluation of a project consists in stimulating the
economic interest of allocating liquid funds at the time of
investment, in the expectation that the future flow of funds (which
it is believed will be generated by the investment) may justify the
opportunity cost involved in releasing funds for this purpose.

Theoretically, therefore, the most acceptable of the various
criteria for evaluation are those which, in one way or another, take
into account "the time value" of money, since the investments will
generate funds which will be received at various times and
consequently be of differing present or future values.

The evaluation of investment projects under inflationary
conditions gives rise to a number of additional problems.
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The first problem to be faced is the effect of the rate of
inflation on the price of the various inputs or factors of
production involved in the project as well as in the final product.

Depending on the duration of the project, it will be necessary
to make periodic estimates of the variability and degree of
uncertainty involved in each price under consideration. The
estimation of htese future prices entails forecasting supply and
demand and the various felibilizations othereof during the life of
the project.

A second difficulty is the degree of distortion which the
inflationary process causes in the price of the final products.
Moreover, it is probable that, the higher the inflationary level,
the greater will be the changes in the relative prices, a situation
which is aggrevated if the process develops with government controls.

From this point of view, and with reference to earnings, the
investments that will be favoured are those whose final products
increase in price more rapidly than the average. On the other hand,
if we consider costs, more profitable projects will be those whoch
are intensive in the use of inputs whose prices increase less
rapidly than the average.

For these reasons, investment plans, and especially those
extending over several years, should take explicit account of the
changes in relative prices, since their influence gives rise to
genuine surprises, converting projects which were profitable under
stable conditiona into unprofitable ones, and vice versa.

Another aspect to be considered is the determination of the
real rate of present-worth discount, the estimation of which is
extremely difficult in periods of high inflation and even more so if
this is subject to great variability. In principle, two
considerations are applicable. One involves considering that if the
discount rate in real terms (which is used for evaluating the
different flows) shows a strong positive correlation with the
inflationary level, the higher the rate of inflation, the fewer will
be the number of profitable projects in the real sector of economy.
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A second assumption emerges from the correlation between^the
level of the real rate and the rate of growth of the amount of
money. If this correlation exists and is an inverse one, a
restrictive monetary policy could give rise to illiquidity in the
market and therefore, in the short term, to positive real rates on
the high side. Consequently, the greater the monetary restriction,
the hig'her will be the real rate of interest in the short term and
the projects will therefore be less profitable.

In periods of uncertainty, planning becomes more indispensable
than in periods of price stability. However, in our experience,
developing an investment budget under inflationary conditions
becomes more like the work of a "goldsmith" than of a scientist.

However, the maintenance of certain long-term policies over
periods of time has made it possible to overcome the uncertainties
resulting from the instability of economic variables, so that
political persistence has acted as a supplementary guarantee of the
instability of financial planning.

Obviously, this is at the price of assuming unprogrammed risks,
as explained in sections 2 and 3 of this paper.

1.3. State participation in the electricity subsector

In Argentina the national State is for all practical purposes
the main responsible authority in the management of the electricity
sector.

The activity of the State in this area is guided by a certain
political philosophy with regard to ownership of resources,
responsibility for the provision of public services and rate policy
as part of a particular fiscal policy.

There are no market mechanisms regulating supply and demand of
electric power. In the case of supply, the operative considerations
in the selection of sources, within the limits of the existing
natural resources, are the criteria guiding State plans for the
development of electricity; demand, in turn, is induced by a price
policy which does not take into account the specific balance sheets
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of each enterprise or facility - which cannot, therefore, adjust
their operation to considerations of profitability. As will be
pointed out below, this identifies one of the specific risks
attaching to the Argentine nuclear energy programme.

The result has been the creation in the electricity subsection
of a situation in which it is very difficult to reckon with interest
in investing of the private sector. Accordingly, the financing of
the major electricity projects is based on the use of resources
derived from charges, contributions from special funds (taxes on the
consumption of electric energy and fuel), the use of loans from
suppliers, financial bodies and international agencies abroad. The
borrowers are State bodies or enterprises - of various legal forms -
or even the State itself.

The financing picture also includes the contributions of
general revenue made by the State to take care of local expenditure
and the unfinanced part of the goods and services provided from
abroad.

For these reasons, we do not have in our country the
alternative of being able to count on private investment capital for
major nuclear projects although it has been possible to obtain
contributions of capital from the private sector for some
fuel-supply companies with State participation.

2. BRIEF SUMMARY OF ARGENTINA'S EXPERIENCE

In the particular matter of financing it has been possible to
identify at least three groups of risk-generating factors involved
in integrating nuclear enrgy in an economic system with
characteristics like those of the Argentine Republic.

2.1. Use of factors which are scarce and therefore of relative
higher price

- Domestic financial capital. (This has been limited to the
contribution of the public sector, in accordance with what
was stated in section 1.3.);
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Financial capital of foreign origin. (Effects of the
floating rate and the increase in country risk);

- Highly trained manpower. This leads to investment in a
nuclear education subsystem, by means of long-term
training plans to overcome the limitations of the response
capacity of the educational system;

- Technology. That which can be acquired abroad is very
costly, requires the use of foreign exchange and has to
overcome political difficulties. One's own developments
imply large-scale investments and prolonged periods during
which capital is immobilized. There are administrative
inflexibilities which hinder the application of suitable
technical concepts for the absorption of these costs by
various projects;

Industry. The specific industrial development implies
accepting extra costs contained in prices as well as the
additional cost of technological support.

2.2. Extended maturation time for large-scale projects

- Variations in cost over the Long term, affected by the
inflationary processes;

- Tendency to a deterioration in relative prices of
long-term investments due to the increase in the real
interest rate which pushes longer-term projects out of the
profitability zone;

- Sensitivity of prices to restrictive monetary and exchange
rate policies;

- Increase in interests talcing place during construction.
The floating rates tend to exceed the average
profitability of the projects;

Delays in the start of the investment recovery period.

182



2.3. The price of the final product does not cover all the
variations in costs

The cost of electric power is generally dealt with outside
a strictly economic context. Rates and prices are applied
which are strongly influenced by tax policy considerations;

Since the service is for the benefit of the domestic
market, the income does not directly generate foreign
exchange; this income is affected, as far as its
purchasing power is concerned, by the play in the ratio
between local currency and foreign currency which is set
for reasons of economic policy;

The final price of the nuclear product (electric energy)
increases less rapidly than the average of the inputs of
the production process.

3. ANALYSIS OF THE RISK FACTORS

On the basis of the experience described in section 2 we may
attempt a descriptive analysis of the risk factors to which
implementation of nuclear programmes in developing countries is
subject.

The scheme of presentation is as follows:

3.1. Factors deriving from the external context

!.. Technological factor
2. Economic factor
3. Financial factor
4. Political factor

3.2. Factors deriving from the internal context

1. Political factor
2. Economic factor
3. Technological factor
4. Financial factor
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The validity or relative applicability of the ideas set out
will depend on the characteristics of the political and economic
systems of each country and on the degree of technical and
industrial development which determines the possibilities of
national integration, organization of capital markets and existence
of flows of funds of foreign origin in the forms of assistance,
loans and investments.

3.1. External context

3.1.1. The technological factor

In the period since the second world war up to the beginning of
the seventies, the nuclear industry was the newcomer in the
aggregate of major industrial processes; for this reason, it had to
draw on the experience of its predecessors, especially in matters
relating to environmental impact and protection of human health. In
the latter connection, it also had to overcome the psychological
effect of th initial military uses of nuclear artefacts.

As a consequence, the increase of costs deriving from safety
rgulations have become a constant in the development of nuclear
technology.

The contracts for the construction of nuclear power plants
customarily include clauses requiring the vendor to incorporate all
technological advances made while the project is in progress. In
many cases, it is the licensing bodies which require the
modification of the facilities so that they can incorporate the
elements resulting from new safety criteria.

3.1.2. The economic factor

Foreign companies which are purveyors of nuclear supplies and
services have been affected by the disruption of the international
markets caused by the oil revolution of the early 1970s.

Their reaction found expression in the fields of commerce and
finance. The terms of contracts were stiffened. First, fixed
prices disappeared, replaced by basic prices which were subject to
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readjustment in accordance with variation in the prices of the cost
factors of the supplier country or countries but which accepted a
ceiling or limit up to which the buyer had to contribute; higher
costs above this limit were absorbed by the supplier company. It
was a formula which showed an attitude of willingness to share risks

This attitude changed in the second half of the 1970s, with a
rise in the limit (or ceiling) and then with its complete
disappearance. In this way, the process of transferring to the
buyer countries the commercial risk (with respect to the factors
affecting variability of costs) was completed.

Shortly after the situation on the international markets had
been successfully resolved for the vendor countries, they stated
their inability to operate assuming economic and financial
undertakings in the context of the inflationary Argentine economy
and declined any responsibility in the administration of internal
prices, while demanding the reimbursement of all the "real costs".
The renegotiation resulting from this new transfer of risk to a
nuclear Argentine body included the necessity for the latter to
assume increasing risks in the performance of complex technical
tasks and in the administration - at the managerial level - of
large-scale projects. The response of the supplier was the
introduction of contractual conditions minimizing or eliminating
certain risks associated with this greater participation of the
buyer in the implementation of the work.

It is worth pointing out that, at the time in question, the
actions of the supplier companies affected not only the new
contracts but also the existing ones; the latter were subject to
renegotiations accepted by the buyer countries but had an undesired
effect in that they weakened the administrative capacity of the
buyer's public bodies in the eyes of the public which was
permanently sensitized to the nuclear option.

3.1.3. The financial factor

The influence of this factor as a generator of risks to the
implementation of nuclear energy plans in the developing countries
can be described as the result of the "financial revolution" of the
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1970s and it took the form of the application of the floating
(interest) rate as a decisive element in the shaping of the capital
market of the international financial system.

The economic development of the Argentine Republic since the
middle of the past century was possible, among other things, because
it was able to have access to an abundant capital market where the
interest rate was fixed and low, i.e., it was below the average
profitability rate of the Argentine economy, a situation that
favoured the process of capital accumulation in addition to a steady
flow of investment capital.

On the other hand, with the floating rate practically all new
capital-intensive investment projects are displaced from the
profitability zone and those which continue must absorb the risk of
variation in rates (floating), which is transferred by the lenders
to the debtors.

A thorough analysis of the mechanisms which generate floating
leads us to the conclusion that the major costs transferred to the
developing countries are not created in a genuine international
market situation but that this reflects the results of the policies
of financing the national deficits of developed countries that may
play a decisive role in the shaping of the rate, avoiding the
monetization of their own internal debts.

Our experience is clear in this respect: in the case of the
first nuclear power plant, which was decided on in the mid-1960s, we
obtained all the financing for foreign supplies at a fixed rate and
with a 20-year repayment period, which began after the plant went
into commercial operation. With the second nuclear power station,
purchased early in the 1970s, prior to the oil revolution, the
external financing no longer covered all the imported goods and
services, and although the rates continued to be fixed, in the
middle of the decade it was necessary to renegotiate contracts,
which led to our accepting loans at a floating rate. For the third
nuclear power plant, all the interest rates are of the floating type.
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3.1.4. The political factor

The special connotations of nuclear activities, because of the
possibility of military applications, have given rise to a complex
system of safeguards. For the purposes of the present study, we
shall attempt to identify those consequences of economic and
financial nature that have taken the form of greater risk - and
therefore costs - for the countries affected by these measures.

The starting point is the acceptance of the philosophy of
safeguards, but a distinction has to be made between the situations
which permit one to assume confusion with commercial interests,
since & decisive brake is applied to the implementation of nuclear
planning if the developing countries cannot complete a strategy
which includes, in successive stages, the purchase of physical goods
and services, the acquisition and development of own technologies
for its own use, the ability to design and build nuclear power
plants, to fabricate fuel elements, and lastly, to export goods and
services.

Developing countries which are consumers or purchasers of
nuclea equipment and technologies have encountered obstacles and
difficulties in their purchases owing to the limitations and
requirements imposed by the suppliers under the heading of
"Non-proliferation".

This extreme defence of interests has had a harmful effect on
countries which are becoming industrialized, requiring them to adopt
somewhat over-ambitious nuclear policies, which in many cases meant
absorbing risks of developments which drew on scarce resources and
increased the costs of the programmes unduly.

In some cases, certain facts (e.g., India's exploding of a
peaceful device in May 197A) led to a fundamental change in the
policies of exporting nuclear materials, equipment, technology and
services.

As a result, it was necessary to accept certain requirements
which implied unilateral changes in contractual relationships in
order to avoid disrupting the arrival in the country of components
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considered critical to ensure the supply of fuel elements and,
basically, not to endanger continuity of the work, and thereby to
avoid rendering fruitless the part of the investment already carried
out in Argentina postponing the expectation of a large-scale
contribution to the country's electrical supply.

3.2. The internal context

3.2.1. The political factor

What is involved is an analysis of the conditions of the
political system and its financial repercussions.

The instability of the Argentine political system has penalized
the economic system because it led to an increase in the margin of
risk or expectation of internal and foreign operators. This has
been manifested in an increase in the costs of obtaining resources,
especially those of foreign origin (country risk), thus bringing
about an increase in the investment costs of nuclear programmes.

The acceptance by the political system of a nuclear plan, which
must of necessity be long-term in character, introduces a
stabilizing element and a guideline for decisions in the economic
system in that it permits individual operators to decide on plans
for investment, staff training and organizational and managerial
structure within suitable planning bounds. An acceptable definition
can be found for demands and inputs.

The organizations responsible for local planning can thus
acquire distinctive characteristics within the political and
economic system of a country which, generally speaking, is subject
to tensions due to the sometimes violent change in variables. This
permits the singling out of an institutionalization mechanism
which has made possible an identification of the community with
nuclear objectives, thereby facilitating the decision-making process
in the allocation of resources.

One danger may be pointed out: the lack of adjustment to the
general process, due to its cyclical fluctuations with regard to the
continuity of a nuclear plan, can place these programmes in a
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situation of conflict as it requires resources to the national
economic system in a stage of development that can make continuity
of the projects difficult.

3.2.2. The economic factor

More and more, the Argentine economy has been assuming the
characteristics of a "closed" economy, i.e., the relative prices are
not being shaped by the action of market mechanisms but are the
result of a series of official decisions which act upon or regulate
the flow of real goods and services and financial flows, both
internal and external.

A key price, like that of foreign currency, goes up in relative
terms, measures of the customs type are adopted increasing the cost
of the imported article; the prices of goods and services of
internal origin "become internationalized" and increase relatively
more than the foreign ones.

As one of the aspects of the basic approach of the Argentine
nuclear programme is to achieve maximum national particiation, its
cost structure tends to show increasing participation of national
goods and services and consequently the increase in the cost of
construction work and supplies is more than proportional to the
increase in this participation.

As pointed out earlier, instability of economic policy
introduces risks owing to the indefinite character of decisions
relating to long-term programmes. Once these are under way,
interruption of the national integration process gives rise to
negative consequences in the incipient industrial structure being
created which, in view of the uncertain prospects of the continuity
of nuclear programmes, seeks to transfer its structural costs that,
because of their specialization, are more inflexible when it comes
to converting to other alternatives, thereby increasing the costs of
development and construction, the rates of which preclude adequate
utilization of the productive factors of the nuclear domain.

Since the matters giving rise to situations of conflict are
generally described as "matters of the prince", the responsibility
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is assigned to State bodies. Consequently, the agency carrying out
nuclear plans has to bear a number of costs for risks of the type
known as "higher costs not provided for contractually"; financial
costs for delays in payments and not adjusted to inflationary
changes, etc. The alternative is a standstill in the work.

3.2.3. The technological factor

3.2.3.1. The possibilities of national integration are
determined by the conditions existing in the
technical-industrial context.

A relevant characteristic of the tasks which have to be faced
by the local private sector of developing countries when
participating as suppliers of nuclear goods and services (i.e.,
levels of quality, tolerances, yields etc.) is the relatively
indeterminate nature of certain technical aspects derived from the
applications of new or little known technologies.

This gives rise to problems in at least three areas:

Quality assurance: in developing countries the
contractor's estimates have to cover the costs expected to
result from having to meet unconventional quality levels
with respect to which he does not have sufficient
experience.

- Indeterminate nature of technical aspects: the necessary
specifications are not available for agreeing to a fixed
price or one which can be adjusted on the basis of some
price index, for which reason contracts of the "at cost"
type or per unit of service povision (rates) are proposed.

Timetables: the requirement is for deadlines with more
than approximate coverage and with entitlement to
recognition of acceptance of delays without penalty. Thus
the costs of the delays have to be borne by the body which
contracted for the work.
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The consequences for the public body beaming the
responsibility for the work are an increase in its costs,
both direct ones, as a result of the higher price that has
to be paid for the absorbtion of risks deriving from the
above- roentined uncertainties, and indirect ones, due to
the increases in financial costs owing to extension of the
performance deadlines.

3.2.3.2. In the relationship with the foreign company acting
as supplier for the construction work, situations
develop which give rise to further risk absorption.

We shall mention just two aspects:

The charges set by companies which quote prices for the
performance of construction work in a foreign country,
especially in developing countries, in order to insulate
themselves from the economic and financial risks
associated with local expenditure.

The elimination of any economic and financial risk in
cases where the purchaser bodies seek greater
participation in the performance of the work as part of a
policy of know-how transfer.

None of these risks assumed by the public body can be
transferred to or even shared with local private
companies, for the reasons given in the previous section.

In short, the public body carrying out nuclear
construction work in a developing country must itself
assume - with little or no possibility of transferring
them - certain risks of the nature indicated, as a result
both of the action of the external supplier company and
the resistance of local companies.

3.2.3.3. A consequence of the two transfers of risk explained
above is the creation of another source of the in-
creased costs: the gradual imposition of contracts of
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the "at cost" or "by rates" types instead of the tra-
ditional one with fixed adjustment requires the imple-
mentation of a control infrastructure with a response
capability on the same level of technological,
technical, administrative and financial training as
that of the private sector.

This requires a substantial change in the professional
requirements for the officials of pubic bodies since the problem
cannot be solved by a simple accommodation of persons and
functions. A serious problem of recruitment and training is created
in a context of work restrictions resulting from the scarce supply
of specialized manpower and from the levels of conpensation in the
pubic sector, a situation which limits the negotiating power of the
State to some degree.

3.2.3.4. Another way of describing this situation is to say
that, through the process described, the private
sector succeeds in eliminating or reducing the area
of uncertainy within which it has to take its
decisions but thereby increasing the area of
uncertainty of the public sector.

Modification of the uncertainty situation implies alteration of
the margin of risk inherent in the decision referring to an action
(contract), as a result of which it is necessary to re-examine the
"quantuta" of this component in calculating the profitability of the
investment agreed on.

3.2.4. The financial factor

The inflationary context, the exclusive participation of the
National State in the management of nuclear activities and the
inflexibilities of monetary, exchange and tax policy have created a
situation difficult for the Argentine Republic's executive body for
nuclear policy to manage.

In situations of high inflation companies try to improve their
profitability through proper management of their liquidity, seeking
to reduce the unfavourable effect of exposure of their monetary
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assets to inflation. This objective is partly achieved by suitable
administration of inventory policy, which can be used as an
adjustment variable for avoiding inflationary losses or for
counteracting negative effects of interest rate policy.

This resource cannot be used by the Argentine public body
responsible for the operation of nuclear power plants as the
characteristics of its product do not permit the formation of stock;
thus, the level of production or the level of income are directly
affected. Decreases in production for reasons beyond its control -
as a result of which nuclear power plants do not always serve as
base power stations - increase the share of structural costs (which
are always proportionally high in the case of nuclear plants) in the
total costs.

Because of their technical characteristics and their cost
structure, nuclear power plants require stability in prices and in
demand.

On the other hand, as the Argentine State has adopted a
particular strategy of financing for the CNEA (Argentine National
Atomic Energy Commission), and this is a function of tax policy and
not of the most suitable financing structure from the
entrepreneurial point of view (since there is an undervalued rate
and compensation via contributions from the Treasury), the financial
capacity of the body is seriously impaired, because it cannot manage
its flow of funds in accordance with its cash requirements, thereby
creating undesired financial costs and worsening its profit-making
potential.

In some cases the State has distorted this financing structure
by imposing the taking of short-term loans on the foreign market in
order to deal with contingencies but thereby creating an intolerable
pressure in respect of future activity. This has lead to the
refinancing of the debt in question, a procedure which is being
carried out in 1985.
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4. SUMMING UP AND PROSPECTS

4.1 Results achieved

In the frame of reference described, the activities in the
nuclear area, as a result of the maintaining of certain policies
followed continuously over the years, enable the country to show the
following results, which have been achieved in spite of the adverse
factors referred to:

1. Two nuclear power plants in operation (1000 MW) , which
contribute 15% of the power generated in the national grid;

2. The availability of fuel for the nuclear programme, in the
category of reasonably assured resources;

3. Control over the fuel cycle, which enables us to fabricate
fuel elements within the country in a plant with a
potential capacity for supplying the country's first three
nuclear power plants ;

4. Availability of the technology for fabricating Zircaloy
cladding and semi-finished products through operation of a
pilot plant which is in the process of becoming an
industrial-scale plant;

5. Availability of the technology for producing zirconium of
nuclear-grade purity on pilot-plant scale;

6. Development of the know-how for the reprocessing and
production of mixed-oxide fuel elements;

7. Being on the threshold of local production of heavy water
by an industrial plant and developing our own technology
for production on pilot-plant scale;

8. The country has acquired the technological capacity to
enrich uranium by the gaseous diffusion method without any
outside assistance;
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9. Ability to develop the design capacity, project direction,
engineering, supply, supervision of construction, assembly
and commissioning of nuclear power plants through the
agency of a mixed-capital engineering company and
Argentine private consortiums;

10. Development in the country of a nuclear industry which
supplies many electromechanical components at the quality
level required, with its multiplier effect in other areas
thanks to the reliability of its products;

11. Initiation in the country of the construction of
large-scale components by national industry, through
obtaining the fabrication license and know-how involved;

12. Having a sufficient staff of highly-trained workers in the
various disciplines required by a nuclear programme;

13. Ability to transfer nuclear technology of an increasing
degree of sophistication to other countries.

The management, co-ordination and administration of the risks
associated with nuclear power projects requires exceptional measures
of operational flexibility. This is a result of the technological
complexities involved, the prolonged construction periods, the many
different sectors involved and the large-scale investments at
stake. This requirement is even greater, if we may say so, in the
countries which are making their first efforts along these lines,
since it implies that many of the sectors involved do not have
sufficient accumulated experience, with the resulting effects on
aspects of the project, both those of a technical nature and those
having to do with its economic consequences.

In order to deal with the problems of administering risks and
with a view to achieving the highest levels of efficiency possible,
which in turn requires a certain capacity for management, the CNEA
has organized a specific entrepreneurial structure which has enabled
it to apportion responsibilities in a more balanced manner.
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Since the execution of nuclear policy is concentrated in the
National Atomic Energy Commission, this objective is being realized
through the creation, gradually and where appropriate, of separate
undertakings whose decision-making power lies within CNEA even
though it does not hold a majority of shares in the unit's capital
formation. As an example we may cite ENACE, which is the
engineering undertaking which has the responsibility of acting as
industrial architect for the construction of future nuclear power
plants; CONUAR, which operates the fuel element fabrication plant;
INVAP, which makes use of the Commission's human and material
infrastructure, assigning it to the development of various projects,
such as uranium enrichment, the pilot plant for producing
nuclear-grade zirconium sponge, the construction of a training
reactor, the production of detectors, etc.; and NUCLEAR MENDOZA,
which carries out projects corresponding to different stages of the
fuel cycle.

4.2. New institutional situation

The economic content of a political institutional system has to
be oriented in the long term towards the sustained generation of
financial flows which correspond to the actual flows of goods and
services.

In this scheme, the effort should be on ensuring that the rate
of development of the nuclear programme is consistent with the
progress determined by general economic policy, the explicit
objective of which should be an increase in the goods and services
available to the community, which is the only means of obtaining
genuine resources assuring the continuity of these programmes.

Nuclear programmes cannot consider as variables of adjustment
in the short term in the context of a reformulation of general
economic policy. It is unquestionable that, owing to the relative
magnitude of the national resources involved, inflexibilities are
introduced in the environment of political decisions, as a result of
which conflict institutional situations have to be faced.
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In the new institutional framework of our country it is obvious
that the community is calling for a change in the allocation of
resources. The political authority roust take satisfactory care of
pressing and urgent needs which to a great extent are dpeleting
available national resources. One consequence is a sharp decrease
in investment, including the postponement of long-term construction
work.

It is here that the role of international solidarity and
realism in business should enter the picture, especially those which
must be" demonstrated by the suppliers and credit institutions
associated with the provision of nuclear goods and services. A
proper response would consist of an effort to:

- Consider the renegotiation of existent loan contracts,
extending the instalment periods and postponing the start
of the repayment periods, on the basis of updated
timetables for the construction projects which have been
subject to considerable delays in meeting deadlines.

- Accept the possibility of increasing assistance in the
form of crecit to meet increased costs due to difficulties
in the implementation of porjects in developing countris,
in order also to encourage those countries which hope for
investment in programmes of this type and so that they do
not find themselves limited by a lack of financial
assistance which does not permit them to defend the
investment made.

Create a favourable environment as regards the reliability
of the financial system in dealing with long-term
programmes, demonstrating its ability to adapt itself to
the unfavourable contingencies of the developing
countries, especially in cases where, as in our country,
we have demonstrated a vocation and capacity for defending
the collective interest, including the adoption of
rigorous programmes for repairing the economy.
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4.3. International relations. Determinins factors */

The situation described in the preceding section should
therefore be fitted into the broader field of international
relations. For a better understanding of this scenario, reference
should be made to the new characteristics and dimensions of economic
interactions, as well as to the need to seek a consensus in order to
arrive at the political foundations which constitute the framework
of the international system.

The present trend of these economic interactions is in the
direction of a "world economy" (in the words of Bressand), i.e., an
integrated system of worldwide scope with a logic of its own and in
which two contradictory tendencies exist side by side:

One in the direction of greater integration (especially in
relation to agreements on a technological basis and the
development of telecommunications);

One in which this integration occurs within a restricted
area, which tends to exclude a large number of countries
and undertakings.

This means that the process of spreading economic growth which
has been under way since the end of the second World War is
threatened, implying an economic isolation with severe consequences
for those protagonists who are on its margins. In this connection,
two broad areas of change in the 1980s need to be analysed,
technology and finance. It will be observed that in both areas,
according to their present state of development, there are important
factors which can accelerate that fragmentation.

Technological innovations play a fundamental role in the world
economy, leading to a profound transformation of productive
processes, to the fusion of hitherto differentiated activities and
to the emergence of new telecommunication infrastructures (keys in

(This chapter was developed by Mr. Gabriel E. Terigi,
Licentiate in International Relations, on the basis of the
ideas of Mr. Albert Bressand (INTAL No. 99-March/95)).

198



the functioning of world markets), and, above all, modifying the
nature and distribution of the comparative advantages. With respect
to this point, the trend is not favourable to the developing
countries, owing to the consequences of a central fact: the
comparative advantages will increasingly be created by man. The
development of industrial relations (alongside "traditional"
commercial relations) takes place in the framework of this
technological cahnge, by means of agreements at the government and
the entreprise levels. And, once again, the risk of the isolation
of vast sectors becomes evident.

At present, financial relations have become the centre of the
international political debate, especially as a result of the
problem of indebtedness (on the part of the developing countries).

The increase in the price of money creates problems for the
"consumer" nations, i.e., the develoing countries with average
income. The financial packages which are proposed for dealing with
this crisis should be considered a transition towards a more
structural approach which can go to the heart of the problem.

The changes on the behaviour of the financial markets point to
a disappearance of the "mild" financial circumstances of the 1970s.

In the 1980s we are encountering "world markets" where the
risks inherent in the fluctuations of interest rates end up being
transferred entirely to the debtor.

There seems to be a correlation between the short-term outlook
with which the financial markets operate and the shorter duration of
production cycles and the acceleration of technologica changes. The
danger lies in the fact that as a result of a short-term conception
of the principle of world economy efficiency, only part of the world
economy will be taken care of financially; in reality, such a
principle should be subordinated to preserving and increasing the
efficiency of the international economic system as a whole.

The challenge consists in preventing the financial markets from
contributing to the fragmentation of the world economy, so that they
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may serve the integration of the countries less favoured by the
above-mentioned tendencies in the world system which is in the
process of becoming consolidated.

It is therefore necessary to recognize the worldwide nature of
the political context in which we must operate. In so far as it is
understood that an international system can only be based on certain
game rules, institutions and political legitimacy, it will be
possible to establish the bases for co-operation that permits all
the actors of the international scene to be integrated in such a
system.
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RETROSPECTIVE ECONOMIC AND FINANCIAL
ANALYSIS OF THE LACUNA VERDE PROJECT*

F. TAPIAGARCÏA, A. GÖMEZ MARILES,
L. MORALES GALVÂN DUQUE
Federal Electricity Commission,
Mexico City, Mexico

Int roduction

The semi-governmental Federal Electricity Commission (FEC), responsible
for electricity generation, transmission and supply in Mexico, is the body in
charge of the Laguna Verde Nuclear Power Plant Project.

The decision to construct this plant was taken in early 1970, and a
site was chosen on the Mexican coastline of the Gulf of Mexico. The plant is
to form part of the generating system for the central region, this being the
area of highest demand within the Mexican grid.

The plant will consist of two units, each of 654 MW, using General
Electric boiling water reactors and Mitsubishi turbo-generators.

Work is now 917. completed on the first unit, and 42% on the second.
The initial fuel loading is set for September 1986 and September 1988 for the
first and second units respectively.

Objective

The objective of this paper is to show, from an economic and financial
point of view, the effects of the project's capital expenditure programme on
cost in terms of investment per kWh generated.

Economic analysis

The information available, covering 18 years of investment, comprises
annual expenditures in Mexican pesos and United States dollars. These are
both the past figures and those programmed up to conclusion of the project.
Applying the representative rate of exchange for each of the investment
years, we^arrive at an annual currency flow (expressed in United States
dollars).

Using the price index relating to the gross national product of the
United States of America, we can convert this flow into constant money of
1985. By the application of a real annual discount rate of 10%, the present

* Translated from Spanish.
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value of the flow is obtained for the year in which the plant comes into
operation. On the basis of this figure the equivalent annuity is calculated
for the thirty years representing the economic life of the plant. The quotient
obtained from dividing this annuity by the average annual figure for power
generation, given a load factor of 0.65, gives the cost of generation in
terms of investment. Thus, the balanced cost is 104.2 mills/kWh.

It is thought that significant reductions can be made in the capital
investment programme for this kind of power plant constructed in Mexico.
There are three main factors to explain chis:

1. Changes in the administration of the project, which began
to show their effectiveness as soon as they were implemented
in 1983;

2. Considerable reduction in design modifications resulting
from adjustments in the criteria used for establishing
safety standards;

3. Experience acquired in the course of building, electrical
and mechanical assembly work and in the home production of
certain components.

The construction periods studied were 11 and 7 years. The first is
that estimated for the United States of America, and is based on the average
experience for all projects, either completed or now under way. The second
period is based on published information concerning the projects most
recently carried out in France.

In the case of Laguna Verde, an investment period of 13 years is
considered. This was arrived at by adding together the small expenditures
from the initial years.

The results of this study show a balanced cost of 79.1 mills/kWh for
the adjusted period of 13 years. For 11 and 7 years the above figure is
reduced by 10.6% and 28.0% respectively (relative to that of the adjusted
period).

Financial analysis

Given that the FEC did not contract financing devoted exclusively to
implementation of this project, in this paper we make suggestions on the
subject which are based on the financing: terms at present available to the
Commission:

1. Thirty per cent of expenditure from FEC's own resources;
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2. Fifty per cent of expenditure derived from loan A, with a
term of 10 years and a period of grace of three years, at
an effective rate of 11.8%;

3. The remaining 207, corresponding to loan B, having no period
of grace, to be redeemed within eight years, and having an
effective rate of 10.2%.

On the basis of the above-mentioned currency flow (expenditure) in
United States dollars, a calculation is made of the debt servicing flow,
made up of interests and amortizations, which, when added to the flow of
the enterprise's own resources, produces a total flow expressed in currency.
This total flow is translated into constant money by means of the gross
national product price index of the United States of America, and a procedure
is then followed which is similar to that mentioned for the economic analysis.

By this means, a balanced cost per kWh generated under 18-, 13-, 11-
and 7-year investment programmes is obtained.

Investment period Balanced cost (mills/kWh)

Original 149.5
Adjusted 116.4
Based on experience in the United States 105.7
Based on experience in France 84.9
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RISK ASSESSMENT FROM POINT OF VIEW OF SUPPLIER

P.J. MEYER
Kraftwerk Union AG,
Erlangen, Federal Republic of Germany

Risk is a widely defined term. It may be used in the sense of
physical, technical or commercial risk as a quantitative combi-
nation of the probability of an event and the severity of that
event. Risk assessment is the process of estimating the probabi-
lities and consequences of events and of establishing the accu-
racy of these estimations, it is a process of prediction. It uses
data and information about previous events and. their consequences
to extrapolate and forecast the probabilities of different con-
sequences in the future.
The risks associated with a nuclear power plant project from the
point of view of the supplier can be seen mainly in the following
fields:
- Contractual Risks
- Technical Risks
- Financial Risks
As mentioned above risks are very difficult to define and their
consequences to be assessed. Especially for a complete nuclear
power plant project a lot of events may occur during project
performance in the different areas. In the following some points
are discussed to identify the areas in which risks are expected.
The first information submitted to a supplier is the BIS, in
which all project related details and requirements are discribed.
Regarding possible contract models the turnkey, split package and
multi-package are the types mostly proposed. From the point of
view of the German supplier KWU all models have been executed
and KWU Is able to compare the different models each against
the other and Its advantages and disadvantages.
The turnkey contract covers the whole nuclear power plant at a
specific site. From the point of view of the supplier the capi-
tal investment and financing for a turnkey project requires the
readiness to manage and bear the high risk for such an extensive
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and complicated project. The risk related with the coordination
of the necessary engineering work in house of one company can
be easier organized compared with a project handled by different
partners. The same situation can be described for manufacturing
the hardware by already experienced manufacturer working together
with the main supplier since years. The risk related with the
engineering or manufacturing in such a manner can be estimated.
However, also in a turnkey projekt splitting of responsibility
may be agreed upon the partners and national manufacturing of
components can be fore-seen in the owners country. Depending
on the contract the additional risk has to be assessed because
new partners have first to built up the experience already accu-
mulated by the experienced partners.
In case of split package and multi-package contracts the boun-
daries of responsibility for the scope of services as well as
for the scope of hardware have to be defined in all details to
enable all parties involved in a project to estimate its risks.
The remaining risk for the main supplier depends of the kind of
contractual agreements reached with the applicant. In general
for split or multi-package contracts the risk remaining with the
main contractor is much lower compared with a turnkey contract.
Project time may influence the costs of a project tremendously.
The risk assotiated with project time is very difficult to esti-
mate at the beginning of project performance because factors
i. e.

- quality problems
- fabrication problems
- man power problems
- personnel qualification
- coordination problems between partners
- financing problems
- licensing problems
- budget problems

may influence the project time. The total risk resulting from
the above mentioned events is split between the partners, thus
still an important part of the total risk remains with the main
contractor. This requires counter measures in the activity cen-
ters of the main supplier which may result in addion-al costs.
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The risk related with the project time depend on the contract
approach and scope of work agreed upon.
Directly related with project time and an extension of the con-
tract schedule is the escalation of costs. Normally price for-
lulae are mutually agreed upon in the contract. Escalating are
material and labour costs. The official excalation coefficients
are published by national authorities. Cost increases remaining
within the official indexes are covered by the contract. However
in several cases a divergence between the costs following the
price formula and the acutal costs may occur during project per-
formance. The price gap influenced by several factors and are
not covered by the official indexes, are for example

- price increases from subsupplier
- additional man power and additional costs at site

or manufacturer
- keep the infrastructure running during project

time extension
- additional engineering works not covered by the

contract.
All these and further events may result in additional costs
outside the official contract costs and can be described as
risk related with a NPP-contract. Cost con-sequences related
with this risk only can be estimated from experience gained from
previous projects.
An other commercial risk are penalties related with different
items, i. e.

- performance
- delivery dates for soft- and hardware

The penalties should be agreed upon in view of the fact that
they comprise a considerable risk for a supplier and that they
can only partly cover the owners damage.
A tendencancy to increase the penalties in the contracts will
necessarily lead to higher contract prices since at least a part
of the suppliers risk has to be paid front end.
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Further risks established and limited in a certain range are
warrenties. Warranties are mostly related with technical scope
of supply and the technical performance data of the scope agreed
upon in the contract. The more supplier are involved in a pro-
ject the geater the difficulties are to define appropriate
warrenty payments, because the influcenes to -a respective compo-
nent may depend on systems and components delivered by others.
The warrenties agreed upon may range from a single component
warranty (quality, material, property, capacity) up to total
power plant warranty (power output, heat consumption, radiation
exposure, release rates etc.). As already mentioned the risk
associated with warranties is limited with a single event and
is defined with a max. value for a complete nuclear power plant.
The scope of risks on the technical side also varies to a high
extent with the contractual agreed scope of supply and services.
In the hardware deliveries the technical risks are minimized by
using proven components and experienced manufacturers together
with an extensive QA-procedure. However, the remaining risk will
never be zero thus the supplier has to take care for his deli-
veries and services in all steps of project performance. With
respect to the experience gained from projects already finished
or during commissioning or tests runs new requirements may come
up from the owner resulting in technical modifications. The
scope of risks increases with the number of technical interfaces
which have to be coordinated within a project.
An other field of risk may result from licensing requirements
requested in the owners or suppliers country. Regarding the
experience of the last ten years the risk in this field varies
from country to country to a high extent. This risk remains with
the owner of the nuclear power plant because he is the licensee.
However also the supplier has to take care of the latest state
of the art of the licensing requirements because often additional
or change work in soft- and hardware has to be executed. To mini-
mise the risk for the owner and for the supplier the licensing
procedure, the applicable codes and standards have to be agreed
upon in the contract.
A further field of risk can be seen in financing nuclear power
plants. Today in all countries interested in nuclear energy

208



financing plays an important role. Financing can be granted by
different ways, only some may be mentioned

- Financing by loans of import part (85%)
- Financing by nat. loans of the local content
- Different kind of countertrade
- Compensation
- Multinational financing of import and/or the

local part.
The supplier is in all these activities involved to organise
the complicated financial proposal and may also participate in
the proposal by granting a suppliers credit. The owner has to
take care of the whole financial background of the project
because he has to pay the actual cash flow for interest, inter-
mediate payments, local costs etc. while these parts have to
be discussed beside the import part financing. The supplier to-
gether with the owner has to organise the financing in such a
manner that the contractual payments are granted.
It is therefore in the interest of the exporter as well as of
the buyer that a financial package can be arranged which take
into account the specific situation of the buyer as well as the
special needs and requirements of the project. In view of the
very long repaymant periods - up to 15 years beginning after
take-over - the support of exporter's government is needed.
In Germany it is Hermes which extends guarantees on behalf of
the German Government. Such guarantees are the basis for export
loans granted by KfW as well as by other financial institutions.
In addition to the financing an exporter might be requested to
offer possibilities for countertrade. If not carefully negotiated
and concluded those contracts may create many problems resulting
in substantially financial risk.
The financing has to be established with great care not to run
in difficulties wich can not be solved between the partners and
arbitration is called for finding solutions. The risk which still
remain with all partners involved is termination or suppension
of a project which normally ends with financial losses for all
parties.
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This short presentation only could touch very briefly the assess-
ment of risks from the point of view of a supplier and would
address to work in close and good cooperation together with all
parties involved in such a complicated project to minimise the
financial losses.

Risk Assessment from Point of View of Supplier

- Bidding Invitation Specification (BIS)
- Turnkey Contract
- Split Package Contract
- Multi Package Contract
- Project Time
- Escalation of Costs
- Penalties
- Warrenties
- Technical Risks
- Licensing
- Financing

- Contractual Risk

- Technical Risk

- Financial Risk
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NUCLEAR PROJECT FINANCE IN DEVELOPING COUNTRIES:
THE MULTI-COUNTRY FINANCING ALTERNATIVE

J. Byron FLECK
Westinghouse Nuclear International,
Brussels, Belgium

In and of itself there is really nothing novel about the
concept of sourcing product from more than one country. The
benefits fall within the realm of cost advantages derived from
using lower cost suppliers in one country over another and/or
efficiencies obtained through rationalization of a multi-
national corporation's network in several countries. More
recently the concept has expanded to encompass a firm's efforts
to capitalize on cheaper sources of financing for export project
sales and so enhance the attractiveness of the bidder's proposal

There has been a limited burst of articles lately in this
vein which attempt to address the process of what we might call
"Multi-Country Financing (MCF)". Unfortunately, the current
literature on the subject often refers to only one or another
aspect of the MCF concept without integrating it into a whole
and examining the forces driving the practice and its impli-
cations for the host project country, credit granting country,
and supplier.

Similarly, what has been written has very little relevance
for nuclear plant projects in developing countries today. It
is the basic contention of this paper that, because of certain
factors in the "financial markets" (applying the term in its
broadest sense), MCF is the new alternative if not the impe-
rative for large scale and turnkey nuclear plant programs in
these countries. Furthermore, I hope it will soon become
apparent that this is a workable but fragile mechanism depen-
dent upon the ability of the host country, credit granting
countries, and suppliers to both recognize the MCF reality and
manage its implicit variables. Those who collectively do so
will be successful, those who cannot will not be.
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Background
During the 1970's, financing for developing country

nuclear programs was characterized by ready availability of
credit both in its officially subsidized form, extended by
governmental export bodies to cover exported content, as well
as commercial lending sources, to defer required cash payments
and local costs.
One finds that for such projects during the period suppliers
and customers could reasonably anticipate the bulk of the
project costs to be covered by official credits since these
typically funded 85% of the exported capital content or
roughly 60% of total plant financing requirements. An addi-
tional official credit of 15% to defray associated local costs
was often included in the package. The 25% balance of costs
to be covered were secured through commercial credits in the
Euro-markets and locally. Official export credit was then,
and is today, the backbone of the nuclear project financial
structure as it pertains to developing countries. Besides
the most important feature of the official export credit -
its size - such financings had other significant features.
These credits were not only usually subsidized to below
market interest rates, the rates were, and are even now,
usually fixed for long periods.

Since such a large portion of capital costs could be
covered in this manner, the guess work of estimating future
interest rate volatility, explicit in commercial loans, was
greatly reduced leading to more accurate and refined financial
projections on the part of the utilities. These credits also
provide a market which accommodates the extended construction
periods (5-7 years) required for nuclear projects by offering
corresponding grace periods where no principal, and in some
cases, no interest payments are required. Repayment periods
are extended as well, enabling the utility to amortize the
loan over 12-15 years after the plant commissioning.

No other financial market accessible to developing coun-
tries contains in total, the unique features so finely suited
to the requirements of nuclear projects in these countries.
One might argue that an alternative to export credits could be
found in the long term debt (bond) markets. Although a bond
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issue could conceivably encompass some of the characteristics
noted earlier, it is doubtful that this market would be deep
enough for most developing countries to offset significant
portions of construction costs presently covered by export
credits.

Until the late 1970's the export credit/commercial/local
finance equation worked adequately for suppliers and host
program countries. Commencing with the bidding phase and
running through project implementation, this credit structure
was efficient for both parties. For suppliers it meant that
resources in the bid preparation process were efficiently and
clearly deployed. Technical, commercial, marketing, and
financial groups all had clear lines of responsibility and one
could expect to concentrate on those areas without much concern
that the activities in one area would drastically impact an-
other group and so change the course of the other. Where such
instances did arise, they were manageable without major dis-
ruptions. With respect to development of the financing pro-
posal, the approach taken coincided with the market realities
at that time. Generally, the main project contractor, usually
the nuclear steam supply system (NSSS) vendor and/or the
architect engineer, would apply for the official export credit
finance from their country's export credit institutions, with
the intention to furnish the bulk of supply from their home
country. Where additional accessing of export credit from
other countries was involved, this action was usually driven
by the customer's tender structure, i.e. breaking the project
into major component pieces such as NSSS, turbine island, etc.
In any case, securing the amount of credit necessary to source
a major nuclear project in a developing country from one country
was not a major obstacle. Where problems ensued between
supplier and their export credit agencies, the differences
revolved around qualitative aspects (improving interest rates,
terms, fees, capitalization, etc.) and not in the quantitative
area (amount of credit) .

On the customer's side, the ability of competing bidders
to access sufficient credit from their home country was taken
for granted and this was understandable. The 1970's was an
era of big ticket export and project finance and the market
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responded openly. This environment permitted customers to
weigh the elements in their tender evaluation as they pleased.
For example technical considerations, price, and commercial
terms and conditions could be tested and the winner selected
on any or all of these bases. Financing was, it could be
argued, an antecedent. While the cost of such debt (the
qualitative aspects) might vary between bidders, all were
likely to offer an amount sufficient for successful financing
of the project from their home country. In other words, the
train was sure to get to the station. It was up to the cus-
tomer to decide who could make the best locomotive at the
lowest cost.

Single country sourcing had its efficiencies for the
customer as well with respect to project implementation and
administration. No further elaboration on this point is neces-
sary than the recognition that it's easier to negotiate,
execute and manage loan documents from one country than two or
more.

At the end of the 1970's the financing symbiosis which
had functioned so well began to experience tremors which were
to fundamentally alter the system. In a bid to check the
double digit inflation rates in the United States, the Federal
Reserve pushed interest rates to unprecedented levels. As a
necessary response, other developed countries had no choice
but to follow the same course, albeit generally not to the
high real interest rate margins as compared to the U.S. For
many developing as well as developed countries this occurence
meant that productive sectors in their economies were severely
tested to generate real rates of returns sufficient to meet
their increased debt service requirements . Of course this
also meant, in many cases, servicing the debt through pur-
chases of ever more expensive dollars. In the end the coun-
tries who could not accommodate these demands had little
recourse other than to undertake the rescheduling process.

Export credit funding and insuring institutions were
adversely impacted at the same time. Those credit financing
bodies who had funded themselves short were now faced with
the dilemna of financing loan portfolios with yields of 5%
to 8% with funds at double this cost. Credit insurers
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suffered by having to markedly augment their claims provisions
as defaults rose.

The response was immediate. Indeed official OECD export
credit rates increased significantly for new borrowings and
insurance premiums were boosted. It takes several years for
these measures to provide relief to the beleaguered profit
and loss accounts of these institutions and while these actions
were initiated in the early 1980's, and have been augmented
since, the income statements of many have yet to recover to
satisfactory levels.

The institutions' moves related to interest rates and
premiums were one thing, however another action was to have
even greater impact for large capital projects - credit
limits were tightened to the point that in most cases the
era of obtaining the billion dollar plus export credit from
one official source was over. If anything, the contraction of
credit limits is continuing and has yet to stabilize, hence
the contention that we are today and probably at least for the
rest of this decade in a period where official financing for
large scale and turnkey nuclear projects in developing countries
will have to be secured from multiple country sources.

Variables and implications
There are two broadly related variables which are endemic

to the multi-country financing process, both of which must be
managed effectively. The first is access to different sources
of official export finance. Securing these financing commit-
ments from different countries means the supplier must in the
first instance, adequately demonstrate to officials in the
potential lending country (often this is at levels much higher
than the export credit agency itself) the economic feasibility
of the project as well as borrowing country capacity to repay.
Additionally, the exporting countries governmental represen-
tatives often may require a specified high technology content
for their home suppliers as a condition for granting the
credit commitment.

Having gone through this exercise, the nuclear project
bidder should now be in a position to gauge how much credit
is likely to be secured from each sourcing country. For the
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supplier, the undercurrent in this process is, of course,
very complex and at some point the second variable must be
confronted, rationalizing scope.

Stated simply, the object of multi-country sourcing/
financing is to match scope of supply to the credit avail-
able in different countries such that, at the end of the day,
what we have sourced is a complete nuclear power plant.
Although it may not ring with eloquence, a colleague once
described it this way, "you can't put all the pieces together
unless you have all the pieces". Clearly then, one must not
only have access to sufficient levels of export credit from
different countries but one must also be able to rationalize
the scope of supply between sourcing countries. This dictum
is a basic key in determining the ultimate outcome of an MCF
undertaking.

An appreciation of the implications of the MCF process
as applied to nuclear plant construction in developing
countries is very important since, as we have seen, many of
its constituent elements and variables are fragile and inter-
related .

It should be apparent that for bidders, the process is
one that consumes great amounts of effort and expense.
Furthermore, not all potential bidders can play in this game.
For those unwilling to allocate what might be major sections
of their traditional scope of supply to unrelated firms in
other countries where credit is available,or find the risk
associated with spreading work among multiple suppliers in
different countries unacceptable, these companies will likely
have to pass on participating in nuclear programs in develop-
ing countries and wait until such time as the financial markets
recover. I think it's going to be a long wait.

By demanding a too strict high technology content in
return for export credit support, export credit lending coun-
tries can ultimately retard the chances of success in obtaining
the order for the very suppliers in their country they are try-
ing to assist. Even worse, some countries are openly denying
access of their credits to suppliers within their own country
who happen to be supporting the efforts of other prime bidders.
This recent development is most troubling, and appears to be
present almost exclusively on large nuclear plant projects.
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This action violates one the fundamental premises of open
credit access to suppliers in that country regardl3ss to
whom they happen to be bidding. If not codified, it has
been an operating principle touted by all OECD export credit
granting countries. Should this untoward behavior continue,
one can expect expansion of the problem as more countries
retaliate to this blocking action. In the end this can
easily kill MCF and so future large scale (especially turn-
key) nuclear projects for many developing countries.

Because some nuclear plant suppliers may be forced to
opt out of the markets which require MCF for reasons noted
earlier, the host program country will consequently be
presented with fewer tender offers thereby limiting selec-
tion. Within the bid evaluation process, furthermore, the
criteria reviewed may now have to give much morer-weight to
financing over the other important elements in the offer
such as technical, commercial, and even price.

I hasten to add that to date MCF has and is function-
ing satisfactorily for most major nuclear plant vendors.
This is evidenced, of course by existing multi-country
financed units in operation as well as those currently in
negotiation which have met the test. Nevertheless, now is
certainly the time to suggest a program to ensure and
enhance the viability of MCF.

Prescriptions
First, host program countries must accept an expanded

role of participation during the project bid stage. Export
credit institutions are requiring more comprehensive project
financial feasibility data. In the past, such reports were
often not delivered to these agencies until such time as a
contractor had been selected. Given the financial environ-
ment^ host program countries would be well advised to deliver
these studies (preferably prepared by independent third
parties) directly to the credit institutions much earlier in
the process and certainly well before the bid submission date.

As the bidders are proceeding with their efforts to
secure the financings, representatives of the host program
country should also assist in the process by visitina the
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credit granting decision makers in person and stating their
case. Some utilities do this now with encouraging results.

For their part, export credit decision makers must
exercise broad judgment in their legitimate efforts to
secure high technology supply for their home industries.
In our company's multi-country nuclear sourcing program,
we recognize these concerns and attempt to the fullest
extent possible to accommodate by striking a fair balance
between high technology items and less noble scope. This
is just plain good business practice because we know, we
will need the support of these financing institutions in
the future. What is an area of concern is when too many
countries make guidelines which are too specific consequent-
ly jeopardizing overall scope rationalization. Fortunately,
for our company, this situation has not arisen however, there
are dangers that this could become a problem for all plant
bidders in the future .

A serious issue for export credit granters is the one
of open access. Of all the issues that could upset the MCF
system the tendency to deny credit access to suppliers
within their own country because they- may be working in
conjunction with a prime bidder not of that country, is
the most damaging. Denying access for failure to meet
broad technology content requirements can be reasonable.
What we are seeing today goes far beyond this and is merely
protectionism at its most transparent. This practice is
going on now. It must be stopped.

Conclusion
It would be an error to view MCF as an alternative

form of financing which may be substituted by other initia-
tives currently under development in the nuclear financing
area such as joint ventures, barter and counter trade, etc.
These latter actions are actually complementary to MCF in
as much as they represent attempts to ensure access to large
sums of finance by one means or another, unless and until
some new method is born which lessens the inherent demands
for substantial amounts of export credit, and nothing like
this appears to be on the horizon, we can expect a continuing
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reliance on MCF as a keystone for nuclear plant construction
in developing countries.

Single country sourced financing may appear from time to
time in coming years, but these instances will certainly be
the exception. The prudent attitude for suppliers, export
credit bodies, and indeed host program countries, to adopt
now is to acknowledge the MCF reality, deal with it within
its own peculiar boundaries, and continue efforts to enhance
the process by eliminating obstacles which might impede the
continued performance of this essential financing tool.
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SALES OF NUCLEAR POWER STATIONS TO DEVELOPING COUNTRIES:
RISK ASSESSMENT FOR EXPORT CREDIT INSURANCE

D.A. WARD
Berne Union,
London, United Kingdom

A statement on how the export credit insurer sets about making a risk
assessment must begin with an explanation of what his function is and
what are the risks he needs to assess.

Export credit insurers do not themselves finance projects, but they
support those who do so, by insuring them against the risk of not
receiving payment. The insurer collects a premium from the exporter or
the financing institution (which we will call the bank) and will pay a
claim if certain events occur. Export credit insurance is not intended
to be a form of aid to developing countries' it is intended to be an
adjunct to commercial operations, under the Consensus arrangement, the
use of aid for the supply of nuclear power stations is in any case
prohibited. (The Consensus is an agreement between the OECD countries
regulating maximum credit lengths and minimum interest rates for important
export contracts. Its terms will be explained in another paper for the
Seminar). Although credit insurance might be thought of as a purely
technical form of sales assistance, which exporters could use or not use,
as they pleased, it is in fact a vital adjunct. No exporter would be
prepared to incur the expense of tendering for a project in a developing
country unless his national export credit insurer had shown a willingness
to support him. Even if he were prepared to go ahead without it, finance
would not be available, or would not be available at the preferential rates
at which, in many countries, it is provided for guaranteed export credits.

The technique is different, depending upon whether the sale is made on a
buyer credit or supplier credit basis. If it is on a buyer credit basis,
the bank in the exporter's country makes a loan to the foreign buyer or
borrower to enable it to pay the supplier for the related supply contract
on a cash basis. The buyer's obligation to repay the loan, over the
the agreed credit period, is unconditional and, in particular, is not
related to performance under the supply contract: even if the factory or
power station does not work properly, he still has to repay the loan and
seek redress from the supplier. The credit insurer gives an unconditional
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guarantee to pay the bank if the buyer fails to do so. The insurer may,
or may not, then have recourse to the supplier if he can be shown to be in
default on the supply contract.

If the business is being done on a supplier credit basis, the credit is
given to the buyer by the supplier: the buyer is due to pay the supplier
over the agreed credit period and the insurer gives his guarantee to the
supplier. That guarantee is not normally unconditional: the failure to
receive payment must be due to a cause of loss stated in the policy and
the supplier must not be at fault. The amount paid as a claim is normally
less than 100% of the amount not received from the buyer. For a project
of any size, a. supplier contracting on a supplier credit basis will usually
have to borrow from his bank to be able to give credit to the buyer. In
that case, the insurer would probably be asked to give a supplementary
guarantee to the bank that it would pay direct to the bank any amounts not
received from the buyer, normally 1009e and unconditionally. The insurer
must have the right of recourse to the supplier if a claim paid to the bank
would not have been payable under the basic guarantee to the supplier, or
payable only for a lesser percentage.

Project business such as a contract for a nuclear power plant, or for the
nuclear core or the generating equipment alone will almost certainly be
done on a buyer credit basis. Contracts of any size for partial supply will
probably also be on a buyer credit basis, though some insurers still prefer
the supplier credit basis.

All the agencies likely to be involved in insuring project business are
government agencies of one kind or another or are private agencies acting
as agents of, or fully reinsured by, their governments. The reason for
this is that the risks are considered to be too great and too incalculable
for commercial insurers to insure on any scale. Governments can take them
because they can call on their taxpayers to make good any losses not
covered by premium income. They do it because they wish to encourage
exports. On the other hand, they are doing so by means of an insurance
operation which they want to run on a break-even, no profit, no loss
basis. The two objectives of encouraging exports and conducting an
insurance operation which does not make a loss may not necessarily be
incompatible, but there can clearly be a conflict between them. The GATT
accepts that export credit insurance is a legitimate means of promoting
exports, provided it is not used as a form of export subsidy. Although many
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national export credit insurance schemes are in the red at. the moment,
they all hope to get their money "back eventually, under various rescheduling
agreements.
The risks covered by export credit insurers are usually considered under
two heads, the commercial, related to the individual buyer, and the
political, related to the buyer's country. The commercial risks are that
the buyer will become insolvent or will be unable, or will fail, to
accept the goods and/or to pay for them at due date. The political risks
include war, revolution, cancellation of an import licence, delay in
transferring payments made by the buyer in his local currency. Where the
buyer is not a purely private buyer but iß a public buyer or one guaranteed
by the government, the risk is generally regarded as political.

At this seminar little need be said about assessing the creditworthiness
of the buyer, since it is unlikely that anyone would insure the sale
of a nuclear power station to a buyer in a developing country unless the
buyer was the national government or was fully guaranteed by it. If the
buyer is not the government itself, it will probably be some form of
public authority. It may come under some form of regional authority such
as a municipality or provincial government but such authorities usually do
not have the authority to commit the central government, so a guarantee from
the Ministry of Finance or Central Bank of the country will normally be
required. Even though the creditworthiness of the buyer is not examined
in the same way as when insuring a sale of $10,000 worth of consumer goods
to a private importer, the competence of the buyer to carry out his part of
the contract must be examined. This is part of the feasibility study
mentioned below.

The emphasis with any big project is therefore much more on the political
i.e. country risk. The credit insurer will probably already have taken a
general view on this. Is the country involved in, or in danger of becoming
involved in, war or revolution: is it in danger of running into severe
economic difficulties, which might lead it to cancel contracts or import
licences or to fail to pay for completed contracts or not to have enough
foreign exchange to transfer?

Many insurers fix country limits on the total amount of business which,
in the light of the country's economic performances, both present and
expected, they are prepared to accept for cover. If the proposed project
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would take them over the limit they would normally not consider it. As
well as an overall ceiling of this kind the insurer may also have a limit
on the size of the individual contract which it is prepared to accept
in the country concerned. A contract for a nuclear power plant, or a
major part of it is likely to be greater than any such individual contract
limit and may well be of a size which would bring exposure in the country
over the country limit.

The insurer is then likely to reassess the country risk. Even if the
conclusion of that reassessment is that the country could pay for the
project the insurer will still want to be satisfied that, in all the
circumstances, the country should be buying a nuclear power plant and
that doing so will not damage the prospects of other trade, or of being
paid for it.

The insurer will therefore be looking for independent assessment of the
viability and desirability of the project. Is there a need for additional
power: can it be sold at an economic price: should it be produced by
nuclear energy or from fossil fuels or by water power: has the country the
technical know-how to operate a nuclear plant or, if not, has it a
sufficient pool of people who could be trained to do so? Environmental
considerations would also have to be taken into account. The many factors
which enter into this assessment are presumably the subject of othe-papers-
prepared for this seminar.

The obvious place to look for such an assessment is the World Bank, which
will need to go beyond this viability judgement to consider whether, even
if it is viable, it should have priority over other projects or goods which
the country might need. The export credit insurer is unlikely to wish to
become involved unless the Bank has given a favourable answer to all these
questions and, preferably, is providing some of the money.

It is not necessary to go, in any detail, into the factors which are taken
into account when assessing country risk. They relate essentially to the
stability of the country and the expected strength of its balance of
payments. This will often depend upon world trends, as is illustrated by
the crises brought about by higher interest rates and oil prices and lower
prices for some of the basic raw materials and commodities on which the
foreign currency earnings of many developing countries depend.
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The past IB not always a reliable guide to the future and these
assessments are difficult to make. For a nuclear project they are made
even more difficult by the very long time span - maybe 8 years before
commissioning and 15 years after commissioning, a total of 23 years. No
one can say with any confidence what will happen to the political stability
or economic strength of a developing country over such a long period.
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COUNTRY RISK EVALUATION BY THE SUPPLIER

M. LEHMANN
Framatome,
Paris La Défense, France

While forecasters - those harmless megalomaniacs - proliferate, it is
well to recall one fact: the future cannot be predicted.

After the twenty years of theoretical research since the concept of
country risk was introduced the "alchemists of the future" are now back, to
square one - decision-makers face the same level of uncertainty today as they
did yesterday.

Business leaders and international consultants together share the
responsibility for this foreseeable failure:

The former who, rejecting the concept of taking decisions on
investments and contracts for an "uncertain future", required a
decis ion-making tool which would give them the false comfort that
they were dealing with a "probabilized future";
The latter for telling then that this was impossible.

Two preliminary facts came to light from this research:
(1) There is no agreement on the time horizon to be considered;

(2) There is always a gap between risks as perceived and real risks.

Time horizon

In terms of country risk, this question is of crucial importance. If
we exclude the period beyond 20 or 30 years, which lies outside the time
horizon of the industrialist (the period unaffected by contemporary events and
hence beyond political and financial risks) and is of interest only for major
strategic options, we are left with four possible time horizons:

- If the time horizon extends from one second to 24 hours, we find
ourselves in the realm of crude information. This is the time
horizon of "traders" and "brokers", who are influenced directly by
information which comes in. There is a great temptation to
overestimate crucial situations.

In short, this time horizon leaves no room for manoeuvring. It is
the worst possible attitude.
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Nevertheless, there are apparently business managers who take
investment or non-investment decisions when reading their daily
newspapers.
From 1 to 12 months is the supposed time horizon for commercial
negotiations. Reading about events and receiving information
supplied by local "agents" puts the industrialists (in principle)
in a position to foresee major risks (technical, political and
financial). Some claim that this is nothing but a cost-free
intellectual exercise, since it is usually too late to go back on
one's decisions.
In the execution of an export contract, before reacting, the
industrialists waits until his credit insurer has assessed or
begun to compensate him for the initial losses (the insurers
present here will perhaps disagree).
In the case of an investor, if nationalization or expropriation is
imminent it is not possible to transfer the subsidiary. All that
is true.
Furthermore, we must recognize that it is important to foresee
whether on 31 December 1986 the United States dollar rate will be
F.Fr. 7.SO/DM 2.50 or F.Fr. 8.50/DM 3, and whether a barrel of
crude oil will cost US $21.50 or 17.50; this can be an important
factor in a customer's financial situation.
Where the time horizon is three to five years, the exact forecast
is a myth. We are already condemned to live in uncertainty. Our
role should then be to ask ourselves if the scenario envisaging
continuity of economic, industrial and political trends will stand
the test of time or if we should, on the other hand, think in
terms of "crisis scenarios'*.
Should one not, however, remain neutral with regard to a
particular scenario and learn to model the future of one's
"contract" or investment in a particular context?
If the time horizon extends from eight to ten years, which is
essential in the nuclear power industry (for manufacture and
construction), the industrialist does not let his attitude be
dictated by the inescapable risks of the short-tern economic and
political situation.
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This attitude reflects the decision to root oneself in the
country. Hence the industrialist is interested in the "strong
trends" in the country hosting his project and in the large-scale
technological options. It is exciting work, but it harbours the
danger of laying stress on abrupt changes and major crises, since
such events could alone disturb his operations in a foreign
country.

In our opinion, therefore, we should concurrently consider all the time
horizons discussed above, for it we focus on the long-term trends alone, we
might fail to see something which could very significantly affect the short-
and medium-term cost-effectiveness of a contract.

Risk analysis should be studied as a "continuum**. But it is not
sufficient to say that risk, involves several time horizons. Regardless of the
oft-proven fact that abrupt political and economic changes are latent in
certain countries, although we cannot say when they are going to happen,
experience indicates that development of a crisis should be studied as a
sequential phenomenon. The example of Mexico comes to mind.

The excessive external burden of debt in that country, which was
apparent as early as in 1976, imposed financial risks on commercial operations
and on banks. What happened in 1982-1983 when the "Mexican crisis"
erupted? The intervention by the IMF enabled Mexico's external debt to be
rescheduled in two steps, thus removing the spectre of financial disaster.

Moreover, IMF intervention led the Mexican authorities to make
far-reaching changes in the conduct of their economic policy. Purely
macro-financial risks were then replaced by induced economic risks - exchange
control, review of contracts, cancellation of projects, etc.

The Mexican risk moved on from a financial sequence to an economic
sequence.

In other words, it is difficult not only to attach a date to forecasts
but also to predetermine for each sequence of a crisis scenario the nature of
the greatest risk incurred by the firm.

There is almost always a gap between perceived and real risks.
Adopting the terminology of insurance companies, let us say that there

is a difference between events constituting a cause of loss and country risks
such as those perceived at the start of an investment project. This gap is
due not only to the time sequence of the risks mentioned above, but also to
the different types of risks.
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This can be demonsbrated if we try to make a list of typical risks.
External risks

Boycott, embargo, war with requisition and/or destruction.
Political risks (government action)
Administrative barriers
Expropriation
Nationalization with or without compensation
Repudiation or suspension of contract
Social risks

Labour conflicts and strikes
Economic and financial risks
Regulatory and customs barriers
Risk of non-transfer
Increased taxation
Commercial or overall insolvency

There are a number of methods by which these risks can be evaluated. I
will simply describe two broad conventional methods and two new methods.

1. Multicriterion method using statistical indicators, ratios and check
lists

This method is based on indices, regarded as significant for the future
development of a country, which are usually obtained by combining economic and
political risks.

There is, for example, the American Professor F.T. Haner's Business
Environment Risk Index (BERI), which classifies some 50 countries by assigning
to each of them a point between 0 and 100, which is intended to represent
their economic climate as judged on the basis of 15 criteria:

1. Political stability;

2. Attitude of the authorities to investment;
3. Trend towards nationalization;
4. Bureaucratic constraints;

5. Adherence to contractual agreements;
6. Quality of the infrastructure;
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7. Quality of superstructure services (legislation and
accountability);

8. Quality of the customer's managerial staff;

9. Economic growth of the country;
10. Currency inflation;
11. Balance of payments;
12. Convertibility of the currency;

13. Labour cost and productivity;
14. Availability of short-term credit on the local market;

15. Possibility of long-term debts in the national currency.

Each criterion is weighted by a coefficient which gives the "country
rating". We should be very cautious in this respect for two reasons:

It is risky to compare and classify countries as dissimilar as
Mozambique and Singapore, for example;
The weighting of the different criteria is necessarily arbitary.

2. The Delphi method or the experts* assessments method
The Delphi method systematically seeks the opinions of experts by

questioning them directly and individually rather than all together.

Unlike the preceding method, we do not construct an analytical
framework valid for all countries but work out the political, economic and
financial factors for each country.

Here, too, extreme caution is called for.

The classification obtained reflects the average feelings of the
experts questioned. Opinion poll specialists know this invariable law: for
forecasting purposes, the general opinion is the arithmetic mean of optimists
and pessimists, i.e. from two distinct opinions, one of which is right and the
other wrong, a median is obtained which is half-right and half-wrong.

Two of the new improved methods are:

(1) Scenario approach
This is unquestionably an improvement. Working out a scenario for

economic and financial changes corresponds to a direct approach to the
environment concerned. The implementation of the scenario implies an
understanding of the economic and technical reality of the project
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covering the main parameters which constitute the risks specific to the
project and to the country. The major difficulty lies in applying
probability coefficients to the different scenarios. Here again we
meet with arbitrariness and subjectivity.
(?) Warning lights or dynamic segmentation approach

This is an empirical method intended for "continuous" follow-up of
the development of a project in a country on the basis of warning
lights which are specific to that country.

It is, in principle, situated downstream from the contract
decision. Its purpose is to serve as an "instrument panel" based on a
few specific parameters (three to five in simple situations and eight
to ten for more complex ones).

There may be several warning lights for each parameter, which
should be easily identifiable, effective and readily accessible.

In conclusion, let us repeat once more that (to our knowledge) there
can be no miracle cure for the problem of risk evaluation.

Let us regard the existing solutions as satisfactory but be aware of
their limits. It is already something if we can dispense with fortune-tellers
or fakirs.
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SUMMARY OF PRESENTATIONS AND DISCUSSIONS OF PART II
ON RISK ASSESSMENT

M. KLAUS

Introduction by Mr. Darroch (Atomic Energy of Canada) on sharing
of benefits and risks between the three partners concerned: the
supplier, the developing country and the financers.
Classification of the main areas of risk as follows:

completion cost
financing up to completion of construction
operating performance
financing of the operational phase
solvency and repayment

2. Papers presented by:

Mr. Titus (New Brunswick Power, Canada)
Mr. Terigi (CNEA, Argentina)
Mr. Tapia Garcia (CFE, Mexico)

on financial risk assessment or financial problems in their
countries from the point of view of a buyer or an investing
country.
These papers showed quite a different risk profile:

2.1. The Canadian example:

As

the country is highly industrialized and has an
existing domestic capital market,
buyer and seller are located in the same country
(same environment, same currency, same inflation
rate),
several utilities are generating and distributing
electricity,

some risks will be minimized.

The main risk is the market risk (selling of electricity
on the basis of long-term contracts at a profitable price),
This is a commerical risk. To overcome that risk, a
participation arrangement with neighbouring utilities was
established.
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2.2. The Argentinian example:

For CNEA the basic position is quite different from that in
Canada (CNEA is monopolist in the nuclear sector, it is fully
dependent on the Government, no sales risk).

The main risks are:

the extremely high inflation rate (impact on local costs
and local part of financing);

the exchange risk with regard to the financing in foreign
exchange and the floating rate based on foreign financing;

dominance of the political system with a high degree of
interference in construction, operation and financing as
well as instability of the political system and the over-
all economic system (rigidities in monetary, exchange and
fiscal policies).

These risks are normally described as political risks and cannot
be handled by the company itself.

3. Papers presented by:

Mr. Meyer (KWU, Federal Republic of Germany)
Mr. Fleck (Westinghouse, USA)

on risk assessment from the point of view of a supplier (Mr. Meyer)
and on the multi-country financing alternative (Mr. Fleck).

3.1. The risks associated with a nuclear power plant are mainly seen in
the following fields:

Contractual risks (different contract models as the turnkey,
split package and multi-package contracts are possible with
a different risk distribution between supplier and buyer);

technical risks (quality problems, fabrication problems, man-
power problems, co-ordiantion problems between the partners,
personnel qualification);

financial risks.

3.2. The multi-country financing alternative for large-scale projects
is developing countries could be a possible way to overcome the
constraints in financing due to the risk targets set by the lending
institutions and the credit insurance companies of the supply
countries. The philosophy behind this idea is to provide deliveries
from several countries which then have to secure the respective
financing from their domestic sources.

This is a way to atomize the financial risk by putting it on several
shoulders. Very important is that official institutions (insurance
companies) will not limit the access to lending facilities for
suppliers because they may be working in conjunction with a prime
bidder from a foreign country.
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4. Papers presented by:

- Mr. Lehman (Framatome, France)
Mr. Ward (Berne Union, UK)
Mr. de Vassiëre (Indosuez, France)
Mr. Vanhoutteghem (Crédit Lyonnais, France)
Mr. Heron (IBRD, Washington - no paper available)

on risk assessment from the point of view of lending institutions
or credit insurance companies.

4.1. In developing countries where the buyer of a nuclear power plant
is usually not a purely private buyer but is a public buyer or
one guaranteed by the government, the risk is generally a political
one.

Risk assessment therefore is a country risk assessment accompanied
by an evaluation of the project sponsor, the national energy market
and the technical implementation risk (feasibility study).

4.2. Different models of assessing a country risk have been presented,
all based on quantitative and qualitative parameters (political
stability of a country, its economic strength (internally and
externally) and socio-economic factors).

4.3. With regard to a project financing (non-recourse without govern-
ment guarantee) the main problems are that power stations
normally do not directly generate foreign exchange and that
extremely long credit periods are needed to comply with the
cash-flow requirements. It seems to be rather difficult to
raise funds for such a type of project in the international
capital market.
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Part III

LOAN CONDITIONS

Papers presented:

Nuclear Power Plants and Project Finance
(P. de Vaissière, Banque Indosuez, Paris, France)

Preparation and Appraisal of Electric Power Projects
(A. Keron, IBRD)

Project Financing - Financial Planning Model (FINPLAN)
(P. Vanhoutteghem, Bank Crédit Lyonnais, Paris, France)

The OECD Consensus and Loan Conditions on Officially
Supported Financing for Nuclear Power Plants
(J.E. Ray, OECD)

Present Situation of Export Credits
(J. Brodelle, Banque Française du Commerce Extérieur,
Paris, France)

Commercial Bank Contribution in the Financing of
Nuclear Plant Export Contracts
(R. Stakowski, Bank Crédit Lyonnais, Paris, France)

Cost and Financing of Nuclear Power Program in Turkey
(A. Kütücüoglu, Turkish Electricity Authority,
Ankara, Turkey)

Summary of Presentations and Discussions of Part III
(A. Heron, IBRD)
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NUCLEAR POWER PLANTS AND PROJECT FINANCE

P. de VAISSIÈRE
Banque Indosuez,
Paris, France

The generic terms of proj ect financing covers in fact a wide range of
financial structures which have in common three main charasteristics :
- they are applied to indépendant economic units,
- the debt service is to be covered essentially by the cash flow generated by

the proj ect,
- the security offered to the lenders is in general limited to a charge over

the project assets;

These techniques have been widely used for the financing of very different
types of proj ects :
- in the oil and gas industry (development of oil and gas fields, refineries,
pipelines),

- in the mining industry (coal, gold, potash etc...) and,
- in the industrial sector (paper mills, float glass, aluminium refineries,

chem-ical plants and so on...).

All those projects do have a number of common characteristics which are
essential for their financing on a proj ect basis :
- the technology used is generally proven and the operator has a recognized

expertise in his field,
- they are highly competitive on international standards,
- their marketable products are standardized,
- their economics are governed by international market forces and are

therefore relatively indépendant from local or international political
constraints,

- end their profitability enables the borrowers to repay their loans over a
period acceptable to the financial markets - i.e. in general less than 12 to
15 years overall -

It is on the basis of these criteria that commercial banks make their risk
assessments and decide whether to share the project risks with the investors
or not and to what extent.
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It is important to mention at this stage that there is no value judgement
behind these charasteristics : a project can be extremely profitable for its
owners or its country without meeting these criteria.

Their only purpose is to help the banks in assessing the risks involved in
financing on a project basis.

If we turn now to medium size nuclear power plants in developing countries,
these projects, in constrast with those which have been traditionnally project
financed, offer a number of singularities :
- looking at technological aspects first : it is true that the track record of

most of the suppliers is impeccable but I am sure you will appreciate that
it might be different to build the 32nd or 33rd 900 MW unit in France, from
building the first 300 MW power station in a developing country. This is
true also on the opérationnel side : the risk assessment of the operation of
a nuclear plant by EOF - which has been doing it successfully for the last
20 years - is totally different from the risk assessment of a developing
country's Electricity Commission operating such unit for the first time.

- turning to economic aspects : it is equally true that electricity generated
by a nuclear reactor is often highly competitive compared to more classical
sources (oil or coal) but this does not mean that the project will be
profitable since it is totally dependant on the Government's tariff policy
which in turn is governed by considerations which can be quite unrelated to
the project economics or market forces.

- this leads me to a third singularity : the influence of local or
international politics is far more important in the nuclear industry than in
all the projects I mentioned earlier. I have spent nearly ten years in the
uranium business and during all those years, there has not been a month
without a news of the cancellation of a reactor, increased costs or
construction time due to a change in legislation, natural of enriched manium
embargo or restrictions on trade etc.... This is j ust a fact of life in the
nuclear industry ; uranium will never be like coal and a nuclear reactor
wij.1 never be a "normal" industrial outfit. Again, I must stress that I am
not here to make value j udgments but: it is important to bear this mind to
understand why a commercial banker cannot assess the risks associated with a
nuclear power plant project in the same manner as for an oil or mining
project and must have a more restrictive attitude.

- the last singularity of a nuclear power plant project is that construction
and amortization time (in general 8 years plus a minimum of 15 years)
exceeds the capabilities of the international commercial banking market
where 12 to 15 years is considered a maximum.
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The first conclusion we can draw from this review is that it seems difficult,
for the moment at least, to commercial banks to take project risks in the
financing of a medium size nuclear plant in a developing country.
However, this does not mean at all that the only solution is to get a full
government guarantee. I will try to outline a potential alternative which we
find of interest.

The basic idea is to substitute a commercial obligation (i.e. an electricity
purchase contract) for a financial obligation (i.e. a government guarantee).
Let us assume, as an example, that the Electricity Commission of country X
wishes to purchase a nuclear reactor but does not want to give a straight
forward guarantee (or a government guarantee) for the financing required.

One solution to overcome this problem is to give a concession to a private
company to purchase and operate the power station for a given period of time
and sign with this company a long term electricity purchase agreement over the
same period.

This Agreement would provide for the purchase of all electricity produced at a
price based on the following principle :
- a base charge, to be paid partly in freely transferable foreign currency,

and covering debt service and all fixed operating expenses (manpower,
maintenance, overheads,...), would be payable whether electricity has been
produced ,delivered, or purchased at the required level or not - In case
there is no or below level production or purchase, such payment would be
considered as an advance payment for future deliveries.

- a variable charge would be paid on the actual level of electricity produced
and would cover the variable costs associated with such production.

- a surcharge could be paid if electricity production exceeds a certain level
therefore providing an additional return to the investors.

In such scheme :

- the investors would get a satisfactory return on their investment from tax
benefits (the Company would have to be structured to optimize this) and from
the surcharge.

- the lenders would be secured by the unconditional obligation of the
Electricity Commission to pay the base charge,

and
- the Electricity Commission could finance its power plant off-balance sheet

which was its objective.

243



A similar structure has been used successfully a few years ago for the
financing of a US $ 1,5 bn thermal power station in Australia and although we
recognize that the problems associated with a nuclear power plant in a
developing country are much more complex than those of a conventional coal-
fired power plant in Australia, we feel it is an interesting concept which
should be followed up.

There still remain the crucial problem of the duration of the construction and
amortization phases. It is not the purpose of my talk today to address fully
this complex problem.

We believe that research on this subject could go in two direction :
- the so-called "co-financing", associating commercial banks and national or

international financial institutions having the possibility of lending on
very long terms - such as the IFC ; and

- the refinancing of the commercial loans after a given period of time.

As a conclusion, there is no simple or systematic answer to the problem of the
financing of medium sized nuclear power plants in developing countries.
I have tried to explain our initial reaction and I hope I succeeded in showing
that we were dedicated to try and find solutions more acceptable to all
parties than straightforward government guarantees.
But the only way to go further is to look at each project individually and
try, through an innovative approach, to reconcile the objectives of all
parties involved ; government, utilities, suppliers and of course the bankers.
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PREPARATION AND APPRAISAL OF
ELECTRIC POWER PROJECTS*

Power Advisory Unit,
Energy Department,
The World Bank,
Washington, D.C.,
United States of America

Presentated by A. HERON

Abstract

This note is for the use of Bank staff and potential borrowers,
consultants and others who may be involved in the preparation of electric
power projects which may be considered for financing by the Bank and IDA. It
outlines the Bank's approach to the appraisal of power projects and may be
used as a general guide for the content of project feasibility studies and
other information which may be needed to support the project. It emphasizes
that projects should be justified as part of a least-cost system and
identifies the economic criteria which is usually used in project
evaluation. The paper presumes general familiarity with Bank policies and
procedures and with techniques of power development programming; therefore the
paper is not comprehensive and is not intended to be used as an instructional
guide.

Defining the Project

1. Electric power projects financed by the Bank JL' typically consist of
one or more specific physical components (a dam and power plant, transmission
line, distribution network) usually supplemented by training activities,
studies on tariffs, organization or future projects, and similar elements.
Occasionally the project may consist of a time-slice of an investment program
covering many sub-projects. In order to emphasize efficiency improvement,
rehabilitation of existing facilities may be a major component of a project.
The engineering and other services necessary for design and implementation are
almost always part of the project.
2. Prior to undertaking formal appraisal, the Bank usually will require
that an optimum system expansion plan, as well as a comprehensive feasibility
study for the project or its major components, be completed. In addition,
supplementary information on the borrower, financial forecasts through the
construction period and initial operation of the project, outline financing
plans etc. will be required. The Bank is interested to be involved at as
early a stage as practicable in the identification and preparation of the
project, including being given an opportunity to comment on the terms of
reference for the various studies.

* This paper is one of a series issued by the Energy Department for the information and
guidance of Bank staff and others who may be concerned with projects and practices of the
World Bank in the energy sector. It is not an official statement of Bank policy and therefore
may not be quoted or referenced as such.

j7 All statements apply equally to IBRD loans and IDA credits.
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3. It Is expected that preparation work on the project will continue
during the Bank's appraisal of the project such that project execution can
start shortly after loan approval and on the basis of reliable cost
estimates. In general, this requires that field investigations and detailed
engineering should proceed so that bidding documents for. major components are
available at about the time of loan approval. In some cases of high risk and
uncertainty, it may be prudent to proceed with receipt and review of bids
prior to loan approval In order to verify the cost estimates and to support
the soundness of the proposed financing plan, and if the risks are
sufficiently large to cast doubt on the least-cost project selection, it may
even be desirable to proceed with preliminary engineering for two or more
alternatives in order to leave the project options open until the extent of
the risks has been determined.

4. If financing is required for the preparation work the Bank may be
able to assist through various means ouch as financing from previous loans,
special-purpose engineering loans, advances from the Bank's Project
Preparation Facility, or retroactive financing from the proposed loan. If
Bank financing of consultants' services Is contemplated under these procedures
or as part of the project, care should be taken to ensure that the consultants
are engaged in accordance with the Bank's guidelines. Z/

Project Justification and Economic Analysis

5. A proposed electric power project should be shown to be part of the
least-cost Investment program required to meet that level of demand which
would result if prices are set at. economically-efficient levels. This
statement implies:

(1) that all reasonable alternatives have been Identified and
costs determined to the same level as for the proposed
project;

(ii) that time-of-day pricing, direct load control and other load-
management techniques are being applied as appropriate, and

(111) that investments for efficiency improvement, rehabilitation
and loss reduction have been identified and are part of the
program.

6. An Important part of any feasibility study is to identify whether,
In fact, there is scope for demand management as a possible component in the
least-cost development program which will influence the content and timing of
the proposed project. Efficiency pricing (i.e. setting prices at or close to
long-run marginal costs) is also assumed to ensure that the program is not
oversized in order to supply demand which is uneconomic. Also, the project
and the program must be set In the context of the country's energy sector with
respect to development of indigenous resources, energy pricing policies, fuel
substitution potential, and similar issues.

7. The project evaluation should be done by selecting the alternative
10-20 year program of which the project is a part, which will supply the
demand at the lowest present value of costs and with approximately equal
degrees of reliability. The project costs used in the studies should be the
base costs including expected physical contingencies but excluding price
contingencies and financing charges. All costs, including capital, should be

2/ Guidelines for the Use of Consultants by World Bank Borrowers and by
the World Bank as Executing Agency.
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In constant prices i.e. without allowance for inflation. However, allowance
should be made for real price increases which are expected, as for fuel,
taking care that annual price escalation assumptions do not result in
unreasonable final values If carried over an extended period.

8. All costs used in the Justification studies are the costs to the
economy of the country, excluding taxes and transfers and adjusted to reflect
efficiency prices (border prices or shadow prices) where appropriate. In this
respect, market prices, suitably adjusted if necessary, should be used for
inputs where available. Internal prices or administered prices (e.g. for
fuel) may not reflect economic cost and should not be used. Non-traded goods
(e.g. gas, lignite) should be valued at their opportunity cost to the
economy. This value will be within a range between the highest-value
alternative use and the marginal cost of supply (after allowing for a
depletion premium, if appropriate), depending on the domestic demand/supply
balance.

9. The discount rate used in the present-value studies should be the
opportunity cost of capital to the country as measured by the return on
projects which compete for the available capital. A minimum discount rate of
10Z is usually used for evaluating Bank-financed projects. If it is desired
to reflect a different social cost for certain alternatives, or to take
account of differences in risk or uncertainty, the relevant costs should be
adjusted as part of a sensitivity analysis rather than using different
discount rates for those alternatives. It should be noted that the actual
interest and other charges on funds which will be used to finance the project
normally are not taken into account in the economic evaluation. The
sensitivity of the comparison is usually tested to small changes in the values
of key parameters such as capital costs, rate of growth of demand, fuel costs
and discount rate. A measure of sensitivity often used is the equalizing
discount rate at which the costs of the least-cost program and the next lower
cost program have equal present values.

10. Because the justification rests on a demonstrated least-cost
program, feasibility studies which simply compare a project with another
project (e.g. a hydro plant with a thermal plant) are generally not
acceptable. It is important that the feasibility study indicate clearly the
role that the project would play in the power system and how its design has
been optimized in this respect. Simulation techniques are most often used for
these types of studies; however, sometimes, as with small projects in large
systems, this type of study does not give useable results because the
difference in present values of the alternative programs is small or
indeterminate. In such cases the long-run marginal costs (LRMC) of the
alternative program which excludes the project, calculated appropriately with
respect to location on the system, time of day and season, may be used as a
benchmark against which to measure the value of the power and energy fron the
proposed project.

11. The procedures for optimizing and evaluating power components of
multi-purpose projects derive from the general principles noted above. Again,
if the power component is small with respect to the system such that simu-
lation studies give ambiguous results, LRMC may be a satisfactory surrogate.
Each component of a multi-purpose project must be able to support its specific
(separable) costs and, in addition, the total of the remaining benefits of the
components must equal or exceed the remaining (common) costs of the whole
project. Following optimization of the project using these principles, it
usually will be necessary to allocate the project costs among the various
beneficiaries for purposes of determining the financing plan and resulting
financial implications for the beneficiaries. Normally this allocation is
done using separable-costs-remaining-benefits or an equivalent method.
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12. Feasibility studies normally will be done in accordance with
conventional standards of engineering quality and it is beyond the scope of
this paper to provide a comprehensive summary of the content of such
studies. However, following is a list of features that should be included in
all studies but are sometimes omitted:

(i) The internal optimization of the-features of the project (e.g.
sizing of water conveyances, efficiency evaluation) should be
done using system long-run marginal costs (not first costs or
project costs) to value capacity and energy losses.

(ii) Risk and sensitivity analyses should be used in evaluating
alternatives, especially alternatives having significantly
different risk characteristics.

(iii) Complementary inputs required in connection with the project
but not necessarily part of the project scope should always be
identified e.g. transmission system modifications,
distribution system expansion, fuel supply facilities,
housing, transportation infrastructure improvements, etc.

(iv) The proposed contracting procedures should reflect the risks
associated with the project, the proposed project timing and
costs of delay, and the financing plan. unreasonable project
risks should not be borne by the contractors; incentive
contract forms such as a construction-manager approach, "fast-
tracking" and similar arrangements should be considered in
appropriate cases, and the contract packaging arrangements
should reflect the expected financing plan. If financing will
need to be obtained from a large number of sources, some of
which may be tied to suppliers in specified countries, then a
large number of supply contracts may be necessary in order to
produce a viable financing plan.

13. The Bank appraisal of the project will include an assessment of the
internal rate of return; however, terms of reference for feasibility studies
prepared for Bank-financed projects may not require that the study include a
calculation of the economic return. Power projects differ from most other
projects in that the project output (electric power) is not sold at market-
clearing prices so that usually it is difficult to determine the true economic
benefit of investment in electric power facilities. Also, because electricity
is supplied from a system rather than from a single plant or project,
allocating benefits among the several elements of the system would introduce
further difficulties. For this reason the Bank usually calculates an
Incremental financial return on the entire (least-cost) investment program
using total incremental system sales revenue as a measure of the minimum
benefits of the investment program. Since tariffs are used to value benefits
in this calculation, it also provides guidance in comparing forecast tariff
levels with economic costs.
14. There are certain exceptions to this procedure and in such cases
feasibility studies may Include economic return calculations. These cases
include projects involving system extension so that electricity can replace
other energy sources such as diesel fuel for irrigation pumping or kerosene
for lighting. Calculation of an economic return for these uses is possible,
provided economic supply costs can be determined accurately. Similarly, an
economic return can be calculated for projects which result in absolute cost
savings, such as rehabilitation and some transmission and system-control
projects. In such cases an attempt should be made to estimate these savings
as part of the feasibility study for the project.
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Loan Amount,-Cost Estimates, and Disbursement Arrangements

15. The Bank almost never finances all of the costs of a project. The
Governmment or beneficiary will be expected to meet most or all of the local
costs; co-financing from other development institutions, official agencies,
suppliers and commercial banks must be used if there are prospects of
attracting such financing on reasonable terms. In most cases the Bank is
willing to assist In the identification of possible co-financing sources.
Thus, the Bank may finance a small portion of the project cost, the full
foreign cost, or more, depending on the country Involved and the nature of the
project. It should be noted that, while the amount of the Bank loan may be
determined by the foreign exchange requirements of the project, the actual
loan disbursements may be made against contracts which Include a mix of local
and foreign expenditures.

16. For the purpose of determining project costs, foreign costs include
both direct foreign expenditures and indirect foreign costs such as fuel and
Imported equipment even though expenditures for these costs are In local
currency. Some locally-produced goods may also be included as foreign costs
if the country Is a net importer of the particular good (e.g. cement,
steel). These criteria should be reflected in the estimates of project costs
in feasibility studies. Estimates are prepared on the basis of prices
expected to prevail at about the time of loan approval (the base cost), to
which are added appropriate physical and price contingencies, plus interest
and other financing charges and customs duties and taxes, If applicable, to
arrive at an estimate of the financing required for the project. Cost
estimate tables usually show local, foreign and total costs expressed In both
local currency and DS dollars. Line items in the summary cost table are
normally shown by function ("power plant civil works") rather than by nature
of expenditure ("concrete"). The latest available exchange rate should be
used to convert local costs to dollars and the exchange rate used should be
specified clearly. If local price changes are expected to differ from general
world (US dollar) inflation rates over the project period, then appropriate
adjustments in exchange rates should be assumed for purposes of converting
local costs into US-dollar amounts when calculating price contingencies. The
Bank usually will be able to provide advice on these adjustments, as well as
estimates of price escalation over the project construction period.

17. Cost estimates for feasibility-stage studies should be based on
preliminary engineering sufficient to define the overall physical parameters
of the project within ten percent. Unit-cost estimates (cost per cubic meter
of concrete or earth, ton of steel etc.) are commonly used for civil works,
with equipment costs based on pro-forma price quotations or recent contracts
(within two years) for similar equipment. If there appear to be large cost
risks associated with construction procedures or unusual project features, the
Bank may request, or undertake at its own Initiative, a contractor-type
estimate to forecast labor requirements and equipment needs In order to verify
the engineering cost estimate.

18. If site conditions will have a large influence on costs, as in
hydroelectric projects, the Bank will wish to review the extent and results of
the geologic" and other site investigations. Experience has shown that
attempting to hold down preparation costs by minimizing site Investigation or
adopting a "design-as-you-go" approach is almost always false economy. This
is especially true if the project contains elements (karstic limestone, long
tunnels _', deep alluvium, large variations in hydrology) which are known to
be risky. Sensitivity of the project justification to cost can be used as a

3J See GAS 6, "Guidelines for Estimating Tunnel Costs."
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guide to the extent of preliminary engineering and field investigations which
may be required prior to loan approval. If the Justification is robust such
that the project would still be justified under a "worst-case" cost scenario,
then it may be appropriate to move forward under a contingency financing
plan. On the other hand, if the project Just if icat ion is cost-sensitive ( the
usual case), then site investigations should be continued until the risk, of
large cost overruns is reduced to levels which would not impair project
justification.

19. Bank loans normally are disbursed against actual expenditures or
proof of such expenditures. _L/ For this reason, the loan agreements usually
provide for Bank review of bidding documents and contract award recom-
mendations. Procurement of goods and works which will be paid for from the
Bank loan is In accordance with the Bank's procurement guidelines^/ normally
conducted under international competitive bidding. During appraisal the Bank
also will wish to be informed of the procurement procedures to be used for
other goods and services required for the project but not financed by the
Bank.

Financial Evaluation

20. All Bank appraisals include an assessment of the project financing
plan and a forecast of the borrower'» (or beneficiary's) financial position
over the construction period of the project. This work is normally done by
Bank staff as a part of the project appraisal. This analysis is independent
of the project evaluation study but obviously a project must be shown to be
part of an investment program which is both Justified and financially
feasible. The extent of the financial work done as part of the project
appraisal is too broad to be covered here; suffice to say that electricity
pricing is of principal concern but other matters Including debt-servicing
capability, liquidity and capital structure, accounting, audit, insurance
provisions, ability to raise capital and provisions for self-financing all are
covered, with the objective of ensuring that the resulting financial position
of the beneficiary will be both sound and prudent. Many of the development
objectives of Bank lending, collectively referred to as institution building,
arise from the financial and management aspects of project appraisal.

Institutional Aspects

21. A major part of every Bank appraisal is a review of the institutions
that are responsible for planning and development of the power sector, and
implementation of the project. Generally this review is outside the scope of
feasibility- .studies prepared for the project. An exception is where major
parts of the project are to be carried out by the beneficiary agency by force
account or otherwise. In such cases it is necessary to include in feasibility
studies specific statements concerning the manpower and equipment that Is
available for the work and an assessment of the workload and implementation
capacity of the organization compared with the scale of normal activities. It
Is also Important that the feasibility study consider the impact of the
project on the management and staffing burdens of the beneficiary. Provision
for and training of operating staff should be covered explicitly. If
appropriate, the project can include training, equipment, vehicles and other
resources needed for project implementation and initial operation.

kj See Guidelines for Withdrawal of Proceeds of IBRD Loans and Credits.

5j Guidelines for Procurement under World Bank Loans and Credits.
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Environmental Issues

22. Where the Project has the potential for causing risk or damage to
public safety or the environment, the Bank normally will ask that an
environmental-impact study be done, and will require that any . needed
corrective actions be taken before or during project implementation. —' If the
project involves significant resettlement of population, agreement must be
reached on a satisfactory resettlement program and the Bank may require that
initial action under the program be taken prior to loan approval. Special
provisions concerning monitoring and pollution abatement measures, treatment
of tribal peoples, and international waters may apply in projects having such
features, therefore it is important that feasibility studies identify these.
For projects which contain large dams (over 10 meters in height) the Bank
normally also will require an independent review of the design concept and
safety-related features of the project, and the establishment of a board of
experts to assist the implementing agency in dealing with problems that may
arise during construction of the project. Finally, an appropriate dam
monitoring system and safety inspection program must be put in place for the
life of the project. In some cases, the Bank may ask that the inspection
program be undertaken by an independent agency.

6J See "Environmental Policies and Procedures of the World Bank," May 1,
1984.
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PROJECT FINANCING
FINANCIAL PLANNING MODEL (FINPLAN)*

P. VANHOUTTEGHEM
Crédit Lyonnais,
Paris, France

The technique of project financing can be applied to large-scale
investments generating medium- and long-term returns.

- The amounts involved must be large, otherwise the relative weight
of detailed studies entails an unacceptable additional cost for
the borrower.

The investment must also be profitable, since the amount of the
loan is linked directly to the economic value of the project.
This value is estimated not as a function of the cost of the
investment but in accordance with the gross operating surplus
that may be expected on the basis of reasonably pessimistic
assumptions .

The investments connected with nuclear power plants doubtless are related
to the first constraint. Demonstration of profitability can sometimes be
slightly more difficult.

The method customarily used consists in analysing the various com-
ponents of the operating account: quantities, prices, costs etc. and in
determining the gross operating surplus which can be used for repaying the
loans. Thus, in contrast to the situation with conventional medium- and
long-term bank loans, the lender will attach more importance to the project
than to the initial financial standing of the borrower.

Obviously, this statement has to be qualified since the borrower must
demonstrate his ability to manage the project or have it managed and to cope,
at least in part, with investment cost overruns or unforeseen delays.

The banker analyses the possible causes of disruption of the project:
technical risks (construction, operation), risks of interruption in supply,
shutdowns, market risks (will the product find solvent customers?),
economic risks (possible variation in sales prices, operating costs,
interest rates, exchange rates) and fiscal risks (changes in the fiscal con-
text, charges, corporation taxes etc.).

* Translated from French.
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In certain matters, especially technical risks, banks cannot become
involved before consulting independent experts. Thorough discussion of the
project obviously implies that the consultants as well as the lenders, who
will be familiar with the particulars of the project, assume undertakings of
confidentiality vis-à-vis the borrower.

To estimate the capacity of a project to generate sufficient income for
the repayment of loans, the criteria generally adopted consist in discounting
gross operating surpluses prior to debt service (capital plus interest).
Obviously, account must be taken of the fact that a dollar received in ten
years will not have the same value as a 1985 dollar and hence the discounting
at a rate of about 11 to 12 per cent (in dollars).

The lender then establishes a security ratio for coping with possible
risks. This ratio varies from one project to another and the amount of the
loan which can be granted to the lender will be the discounted value of the
gross operating surpluses divided by the security ratio.

The "Project Financing" approach can therefore be summarized in terms of
four phases :

- Establishing a gross operating surplus profile on the basis of the
lifetime of the loan, on reasonably pessimistic assumptions;

- Discounting;

- Establishing the security ratio;

- Calculating the guarantee value of the project.

These types of project financing are generally the object of -large-scale
syndication taking into account the interest shown by the various banks in
the project under consideration (relations with the supplier, the user, the
host country, the purchaser of the product etc.).

Project financing is an original approach but can in no way be compared
with capital or risk-capital operations. Banks which have a conventional
margin in these types of financing with slight, and even very slight, sharing
in the results, endeavour - mainly by fixing a security coefficient - to have
as a matter of course every likelihood of being repaid.

The projects which can be financed most easily by this method will be
those capable of generating high profits, since the economic value of the
project will then be considered favourably by lenders.
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It should be pointed out, since this is an important matter, that in
project financing, the plan for repayment of the loan is only indicative.
In their contractual arrangements, the lenders and borrowers will make pro-
vision for a flexible machinery: if the gross operating surplus is higher
than anticipated, the repayment plan will be accelerated. In the opposite
case, the loan - within certain limits - and even its maturity can be deferred,

These broad principles cannot be applied to nuclear activities without
significant adaptation, and this for a number of reasons:

- The investment sum for a nuclear power plant (1000-2000 million
dollars) now exceeds the capacities of the financial markets and
a new plant might therefore have to be financed by a mix of
"project financing" credits, export credits or loans from multi-
national organizations;

- The construction time is particularly long;

- The economic life (20 years) is much longer than customary credit
maturities (7 to 12 years);

- The fact that income from the sale of electricity would be denomi-
nated in local currencies;

The level of technical competence necessary for the proper
functioning of the plant;

- The difficulty of differentiating between the output of a power
plant and the need to have a suitable transport and distribution
network.

Fortunately, these considerations, which unquestionably constitute
negative factors, are at least partially offset by:

The cost structure with a relatively low weighting for variable
charges ;

- The duration of potential operation (the lenders therefore being
able to accept the idea of being repaid over a long period of
time, in the knowledge that after theoretical maturity of the loan,
many additional years of production represent a possible" reserve
if the gross operating surplus has been below expectations);

Control of fuel costs (possibility of storage etc.).
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The specific nature of the nuclear industry therefore requires extensive
adaptations which cannot be discussed in general terms, each financing opera-
tion being a special case.

The development of calculation tools involving the use of computers and
microcomputers now makes it possible to perform, if not exhaustive, at least
fairly thoroughgoing and sensitive calculations of financial viability.

In this area and at the request of the Agency, CREDIT LYONNAIS has
prepared a financial planning model (FINPLAN) adapted to the nuclear sector
and permitting, on the basis of input of the WASP model, measurement of the
probable financial consequences of investment decisions. FINPLAN and WASP
are not interactive but a successive study can be made of the alternative
orders of power plant construction considered by WASP to be close to the
economic and physical optimum.

FINPLAN takes into account both Local and foreign estimated inflation
rates (on which the investment sum and the operational costs will depend) as
well as fluctuations in parity (foreign currency/loca1 currency) and will
automatically calculate annual profits and losses in exchange.

Allowing for the fact that it is difficult to separate the income of a
power plant from that of the network as a whole, FINPLAN recognizes a
starting situation characterized by the existence of old plants with the
resulting outstanding indebtedness.

We can therefore put ourselves in the position of an electricity
generating company and measure the financial effect of commissioning new
power p lants .

In this way we can easily calculate the sales price of electricity which
will permit the repayment of loans within a predetermined time; or the degree
of sensitivity to exchange rate fluctuations or variation in demand.

Similarly, we can apply the model to a situation in which there are no
other plants at the start, thereby putting ourselves in the situation of an
investment company buying a nuclear power plant and selling the kilowatt-
hours produced to a distributing company.

Obviously, financing plays an important part and, for the time being,
FINPLAN provides for two types of loans: fixed-rate loans (export credit
type), variable-rate loans (inflation rate plus margin) (it is difficult to
imagine, over the long term, the absence of correlation between interest rates
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and inflation rates). Sensitivity to fluctuations in rates can also be
evaluated in FINPLAN.

It was impossible to forecast an exact taxation module for all countries
without creating an extremely complex model. FINPLAN therefore incorporates
simplified fiscal components (calculation of taxable income with allowance
for deductibility of interest, carry-over of earlier losses and possibilities
of depreciation as well as the existence of taxes proportional to turnover).

The FINPLAN model, on the basis of WASP input, calculates other initial
variables as well, the operating balance and account and also a number of
ratios which can be used for estimating the security margin of the borrower
and the lenders.

It must be reiterated that this model cannot claim to make an exhaustive
analysis of the financial criteria. It is simply an auxiliary tool in con-
nection with the decision that has been taken and it will be perfected in
close liaison with the Agency.

It is obvious that the financing of a nuclear power plant calls for
optimum research on structure (legal, fiscal and financial structure).
CREDIT LYONNAIS is playing an active role as adviser on financing by making
its experience in many domains (project financing, export credits etc.)
available to users. Furthermore, it has tools which are of help in decision-
making, some of which are especially sophisticated (e.g. macrolanguages of the
Alpaga program).

Nevertheless, it is advisable and realistic to conclude this statement
by pointing out that, regardless of the quality of the services of financial
consultants, it is impossible to make fundamental changes on a project and
therefore financing is possible only in the case of those which offer proper
profit-making capabilities, assuming of course that the political and tech-
nical environment is acceptable (especially as regards reducing technological
risks), as has been pointed out brilliantly by the other speakers.
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THE OECD CONSENSUS AND LOAN CONDITIONS
ON OFFICIALLY SUPPORTED FINANCING FOR
NUCLEAR POWER PLANTS

J.E. RAY
Division of Financing and

Other Export Questions,
Trade Directorate,
OECD,
Paris

Governments have long been involved in promoting national exports by
means of some form of financing support. In many of the OECD countries
official insurance agencies had been established by the end of the first
World War to guarantee repayment to private banks for financing exports
particularly to high-risk foreign borrowers. Over time official involve-
ment expanded to include direct financing operations which were sometimes
housed in a separate agency. Today, all OECD countries provide official
export insurance coverage and all but one offer direct export financing
support by way of direct credits, refinancing, or interest rate
subsidisation.

The proliferation of government export financing support programmes
and the increasing competition among them provoked fear than an "export
credit war" might develop and eventually led to the formulation of the
OECD "Consensus" in July 1976 and the adoption in February 1978 of the
"Arrangement on Guidelines for Officially Supported Export Credits".
The "Arrangement" stipulates a number of guidelines to which participating
countries (I) pledge to adhere. (A violation — "derogation" — of any
particular guideline is to be notified to all other participants to allow
then an opportunity to "match" the derogating terms offered.)

The most important rules concern

(1) the requirement that at least 15% of the export contract is to
be covered by down and progress payments by the importing country,

(2) maximum repayment terms: export credits are to be repaid
within 8.5 years except for poor countries for which a maximum
repayment period of 10 years was agreed upon; and

(3) minimum interest rates: up until June 30, 1980, they ranged
between 7.25% and 8% p.a., depending on the repayment term
of the credit and the GNP/capita of the recipient country.
Following a relatively minor upward adjustment by 1/4% to 3/4%
in 1980, they were raised substantially in November 1981 and
again (except for ) in July 1982. In October 1983, changes
in the "matrix" of minimum interest rates were linked auto-

All OECD countries except Iceland and Turkey are participants in the
Arrangement. While many non-OECD countries have similar export
financing support programmes, they do not formally observe the
Arrangement guidelines.
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matically to movements over sLx-month periods in a weighted
average of government bond rates for the five currencies
constituting the SDR. The "Matrix" is thus subject to
revision every January and July.

OECD - Consensus
Minimum Interest Rates

Credit for 2-5 years
July 1976
July 1980

November 1981
July 1982

October 1983
July 1984

January 1985
July 1985

Credits for 5 years
July 197.6
July 1980

November 1981
July 1982

October 1983
July 1984

January 1985
July 1985

Relatively
rich countries

7.75%
8.50%
11.00%
12.15%
12.15%
13.35%
12.00%
12.00%

9.00%
8.75%
11.25%
12.40%
12.40%
13.60%
12.25%
12.25%

Intermediate
countries

7.25%
8.00%
10.50%
10.85%
10.35%
11.55%
10.70%
10.70%

7.75%
8.50%
11.00%
11.35%
10.70%
11.90%
11.20%
11.20%

poor countries

7.25%
7.50%
10.00%
10.00%
9.50%
10.70%
9.85%
9.85%

7.50%
7.75%
10.00%
10.00%
9.50%
10.70%
9.85%
9.85%

(4) For the nine currencies with government bond rates below the highest
matrix rate (Swiss franc, Deutsche Mark, Yen, Austrian Schilling,
Netherlands guilder, Pound sterling, US dollar, Finnish marks,
Canadian dollar) commercial interest reference rates (CIRRs) were
developed to permit the .official agencies to provide export
financing in a "low rate currency".

The Arrangement guidelines thus pertain to exports of goods and
services for which the structure of the financing fits within the matrix/CIRR
framework. However, over the separate "Sector Understandings" for certain
kinds of exports requiring different financing patterns have been agreed to
for ground satellite communication stations (1974), ships (1981, final
version), and nuclear power plants (1984). Sector Understandings for
agricultural products and for aircraft are still under negotiation.

The Sector Understanding on Export Credits for Nuclear Power Plants
which complements the Arrangement, was adopted on 31 July 1984 and made
effective as of 18th August 1984. The principle contraints on credit
terms concern:

(1) maximum repayment terms: export credits are to be repaid
within 15 years;
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(2) minimum interest rates: i) for so-called "high rate" currencies,
applicable Arrangement matrix rates plus 100 base points,
(ii) for "low rate" currencies, Special Commercial Interest
Reference Rates or SCIRRs shall be applied for the period
covering the construction as well as the repayment term.

(3) the regulation that official financing support at rates other
than those above for both local costs and capitalisation of
interest accruing before the starting point taken together
shall not cover an amount exceeding 15% of the export value.

This is a new Understanding and still in its "breaking in" phase.
Some time will be needed in order to tell how well its provisions will
work in practice. This is especially true as there are relatively few
projects on the books at present.

So far the major difficulties in applying the Nuclear Understanding
have arised because of the lack of agreement on the levels of the SCIRRs.
These rates are to be constructed along the lines of the corresponding
CIRRs but pertain to longer maturities. A key item on the agenda of
upcoming meetings, therefore, will be agreement on the levels of SCIRRs.
It is expected that such agreement will be reached.
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PRESENT SITUATION OF EXPORT CREDITS

J. BRODELLE
Banque française du commerce extérieur,
Paris, France

Government Involvement in export promotion and support Is common place In thé
exporting countries- Such Involvement works through specialized bodies acting
within the framework of a number of fairly complex arrangements, including In
particular export credits, which meet the specific needs of insurance and
financing connected with the sale of capital goods abroad, or with the execution
of large export contracts, such as in the case of nuclear power plants, the
subject of the present seminar.

The usefulness of official support In the field of insurance against thje risks
inherent in operations abroad has been proven ; without such support the large
losses that have been recorded in recent years would have had to be borne by the
firms and would have radically affected the industrial set-up in the exporting
countries.

Lasting official support in this area thus seems to be assured In so far as the
private insurance companies would not cover, as systematically or under the same
terras, the different risks involved in these operations.

On the other hand, official support in respect of financing is being
increasingly criticized and even the principle of it is questioned, with the
result that in the majority of exporting countries there is a tendency towards
gradual government disengagement.

As a matter of fact, as part of the topic which has been proposed for me by the
Agency, I would like to focus my analysis on this particular phenomenon.

I shall not limit my statement to export credits related to nuclear power plant
export since problems are possibly amplified owing to specific features of this
kind of project (amount, construction period, « - - ) but they are of the same
nature as In conventional export credits.
In the first section, I intend :

- to recall In a few words the origin of export credit and to describe briefly
the international agreements concluded in this field ;

- and then to show that the terms and conditions for government involvement in
export financing have undergone profound changes -

In the second section :
I shall review the present problematics in trying to draw prospective features.

Export credit systems originated from the needs of buyer countries and from the
necessity of promoting national exports.
The capitalists of the old days, who had their own money or could procure funds
by themselves from financial markets, have been superseded since World War II
by new buyers whose financial capacity has In most cases been lacking, but
who had considerable needs for investment.
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Thus, exporters have been asked to supply not only technology and equipments,
but also to provide the resources needed for the operations, i.e. credit to
cover both the construction and the amortization phase.

At the same time, the buyers need to forecast their expenditure and command a
limited budget, so they require a fixed interest rate at a low level :
consequently the interest rate has become a major item of comparison in
evaluating offers from competing suppliers.

Normally, the suppliers ask their banks to provide the necessary support for the
two phases of the transaction ; banks may agree to grant the credit either to
the supplier, or, directly, to the buyer, or even to both in turn, depending on
the kind of credit adopted, but in any case, they must themselves have the
necessary resources or be in a position to borrow them at rates and for periods
corresponding to the terms of the operation.

This profound change in the circumstances under which international trade has
been conducted has led the authorities in the exporting countries to establish
export credit systems and, in most cases, to set up organizations with the
specific job of managing them.

While the credit insurance systems instituted by the different exporting
countries are relatively similar to each other both in their principles and in
application, their involvement in the financing is widely dependent upon the
opportunities offered by the capital markets as well as the prevailing
economic philosophy of those States ; the machinery which is set up in this
manner reflects a level of involvement which is more or less widened, occasional
or systematic.

Subsidized financing is thus often not very developed or is limited only to the
long-term part of the credit, or else approved for exceptional operations, in
countries with a liberal economic tradition, such as the United States or
the Federal Republic of Germany, while it is more frequent or is the normal
practice in countries with more interventionist traditions such as the United
Kingdom or France.

Export credit, which came into being at the end of World War II, has contributed
greatly to the remarkable development of international trade.

More particularly, it has made possible a large number of investments in
infrastructure and production in developing countries whose vast needs could not
have been satisfied by just the technical and financial resources locally
available.

But at the same time export credit has become a decisive argument in securing a
contract, and hence an important factor in competition between exporting
countries.
The beneficial effects of large export contracts on industrial development,
employment and trade balance in industrialized countries have therefore involved
these countries in harsh competition with each other in the field of
financing.

Such competition has proved especially bitter at a time of shrinking world
demand - the decline in orders and contraction of markets are resulting in
overbidding in respect of credit terms.

It is true that from the very beginning contacts have been established between
the large exporting countries with a view to limiting competition, which is
detrimental to all, and to inculcating a certain amount of discipline.
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These relations, which began with a set of procedures for information exchange
between administrations or credit insurance bodies, were strengthened within the
framework of the EEC and then developed under the aegis of OECD, resulting, in
particular in the adoption of the "Consensus" in 1976, the principal merit of
which is that it bears witness to a willingness on the part of the participating
countries to compromise in spite of their conflicting points of view.

The main purpose of the Consensus is to fix minimum norms for the export credit
rates which should, in the opinion of certain participants, make it possible, in
due course, to attain an almost theological aim, namely abolition of all
subsidies so that there is full and fair competition in accordance with what
these participants contemplate as the sacrosanct liberal market law.
In addition, the Consensus has attempted to introduce some discipline with
regard to other parameters of financing which have definitely been shown by
experience to be of primary importance - the financed quota, i.e. the amount of
down and progress payments, duration of credit and repayment terras and
conditions.

Although this agreement has for a number of years yielded appreciable results,
it is nevertheless imperfect and inadequate for reasons which I shall put
forward later in my statement.

As regards nuclear power plant export, the negotiations did not at first lead to
an agreement and resulted only in a "statu quo" (or standstill) declaration in
1975, whereby the countries concerned agreed not to grant more favourable terms
than they had done so far.

However, the negotiations were tooken up again a short while ago, and an
agreement has been concluded. Its provisions, which went into force on 10 August
1984, are derived essentially from the guidelines of the Consensus, but take
into account the specific features of a nuclear power project.

I put forward the major differences :
- No mixed credit to be granted for nuclear power plant export ;

- Longer maximum period of repayment (fixed at 15 years) in view of-the longer
life of this type of facility and the heavy burden imposed by this type of
investment (costing some $ 2000 million) ;

- The minimal applicable interest rates were thus increased correlatively :

- at a flat rate for the rates of the uniform matrix (plus 1 percentage
point),

- "Special Commercial Interest Reference Rates" (SCIRRs) should be defined for
currencies whose market rate is lower than the relevant rate of the matrix
of the minimum rates.

- Specific limits were also set as regards the financing of local expenditure
and capitalization of the interests accruing before the starting point of the
repayment period.

Since the creation of the export credit systems government involvement in
financing has, however, undergone changes.
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The change in the terms and conditions of involvement has affected both the way
of refinancing'and its cost.
The involvement in respect of funding has gradually been reduced.
As savings has been reorganized since the War, the banking system was
progressively called upon to take an active part in export refinancing,
correlatively alleviating the Government's burden in this area.

In France, for example, the Government has disengaged itself slowly but steadily
from direct participation in the funding of export credits.

Similar developments have taken place in other countries, such as the United
Kingdom.

The trend towards disengagement in respect of interest subsidy is a more recent
development.

The high and lasting increase in interest rates on the domestic markets for
credit at fixed rates agreed upon at a time when the minimum rates under the
Consensus were at a relatively low level has imposed especially heavy financial
burdens on the exporting countries. In view of the resulting budgetary
constraints, the interventionist countries have accepted successive rises in the
matrix of the minimum rates advocated by the countries in favour of reduction -
and, in the case of the United States, indeed abolition - of the subsidy
component in export credit.
Apart from the problem of the burden of interest rate subsidies on official
financing, the trend towards disengagement Is also a response to certain
criticism generated by systematizing subsidy :

- Systematic support results in "pepping up" the production and financing
apparatus of the exporting countries in a highly artificial manner ;

- Too favourable financial terms do not encourage the buyer countries to be--
cautious In investment matters and inculcate a disregard for the possibilities
of mobilizing their local savings.

At the same time, the successive rises in the matrix under the Consensus have
resulted in an increase in the number of countries financing their exports in
national currencies at market rates.
In response to this development, other countries have added to their initial
system a system of financing In foreign currencies not only for the purpose of
matching the terms offered by their competitors benefiting from rates lower than
those of the matrix, but also so as to reduce their budgetary problems - under
the procedures established, as in France, for example, government institutions
no longer subsidize but simply ensure equalization of the rates.

However, it is in the hard currencies that rates lower than the matrix rates
can be offered. At the time of the single matrix system the borrowers were
basically sensitive to the Interest rate level ; they have since then taken into
consideration exchange rate anticipations.

The neutralization of the parameter "export financing" should from now on also
lead to the neutralization of the "exchange rate" factor. This fact should be
added to the other arguments in favour of promoting credits in the European
Currency Unit (ECU) ; as a matter of fact, a CIRR for the European currency has
recently been defined within the Consensus.

The movement towards government disengagement in the interventionist States may
be strengthened further by the remarkable recent developments on the financial
markets - techniques such as interest rate swaps, for example, can in certain
cases produce fixed rates over long periods by market play alone.
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Internal constraints and realizing combine, thus, with outside factors to
militate in favour of pursuing disengagement.
Under these conditions, one may wonder whether government involvement in
export financing is to continue in the future : it is possible to guess for
instance that official support would be limited to credit insurance, that is to
say what is usually called "pure cover".
However, this is rather unlikely in the case of conventional export credit and
even more so, therefore, in the case of credit related to nuclear power plant
export.
It is what I will endeavour to show now in analysing the problematics
successively on principles viewpoint and on technical one.
However attractive total disengagement might appear to certain minds which are
resolutely inclined to orthodox liberalism, it shows in fact a number of
negative aspects.
Four major objections to such an extreme solution can be put forward.
First of all, it is the situation of developing countries.
So that those countries with weak economies can afford to proceed with their
development, it will then be necessary to continue giving them the benefit of
export credit at subsidized rates and also to provide aid credits, as the case
being In the form of "mixed credit", which is a matter of extreme controversy
between the countries participating to the Consensus, but I shall not deal here
with mixed credits since they are not allowed for nuclear power plant exports.

There may be a second objection to the total abolition of interest rate
subsidies ; government subsidies would probably lapse into ways of indirect
support, devoid of any transparency and nullifying the efforts being made
internationally to keep competition within reasonable limits.
The third objection lies in the need to maintain relative stability in export
credit rates, since high Interest rate fluctuations cause serious disturbances
in international trade. These fluctuations are basically linked to the credit
policy of the major Western economic Power and are contingent on considerations
and factors of domestic nature in that country.

In this regard, the mechanism for automatic adjustement of the matrix under the
Consensus appears to be imperfect, considering the broad-ranging movements
recorded since its inception. The weight of the dollar in the index and the
capriciousness of the United States rates are responsible for the drastic
adjustements made in July 1984 and January 1985.

The fourth objection stems\from the inadequacies of the Consensus as an
instrument for neutralizing the "financing" parameter : the special treatment
accorded to the low-interest-rate currencies should have meant free access by
the other partners, under conditions of complete equality, to the financial
markets of the countries concerned - the fact that this is not the case with
respect either to volume or to conditions will be recognized by all. So,
official support can recreate conditions of equality in competition.
For these different reasons, it is difficult to conceive of total abolition of
all official support for export financing.

Moreover, official bodies play an important role in the accumulation of
long-term resources, when commercial banks are reluctant to bear them, chiefly
because of the constraint this would impose on their balance sheets. The
official institutions enjoying the government guarantee for raising funds do
so on optimum terms, thereby reducing the burden on them.

267



Apart from the aforementioned objections of principle, there is also the
question of the capatity of financial markets to replace official mechanisms in
a systematic manner.

In order to Illustrate the problems involved I should like to describe how a
standard lending rate is set up for export credit from long-term resources on
the market (I shall not refer to refinancing at a variable rate with swap
operations since this technique not only presupposes a rigid schedule for
utilization and repayment, but is also governed by the availability of
opportunities on the market).

The major problem is the one of matching the terms of utilization and repayment
of export credit with the normal practice of financial markets - this is
expressed by a number of new components to make up the margin to be added to the
cost of the funding in order to determine the lending rate (to simplify matters,
I am deliberately omitting the risks due to credit amendments).

Thus, in addition to the usual components (management cost, residual risk on the
borrower when the export credit agency does not issue 100 % cover, and bank
charges) the margin will consist of :

- The cost of mismatch between the profiles for repayment of the export credit
(half-yearly) and of the refinancing loan (in one instalment at the end).

- The warehousing cost for funds borrowed for a period corresponding to the
period of utilization of the credit plus the average period of repayment.

This cost can be calculated at the beginning of the operation from the
difference between the long-term borrowing rate and the short-term lending
rate up to the average anticipated dra.wing date.

This cost is low for currencies with a relatively flat interest rates curve
(yen, ECU and Swiss franc), but can be substantial for currencies like the
United States dollar and the Deutschemark - there is indeed an important gap
between the short-term and the long-terra rates of these currencies.

(Another technique is to utilize financial futures for freezing, at the time
of signature of the credit, the cost of the subsequent refinancing loan, but
it does not seem to be less expensive).

- The cost of access to money at call.

The credit cannot be utilized at fixed dates. It is therefore necessary to
provide for the warehousing or borrowing of funds in case of delayed or
advance drawings under the credit and this is done on the market on a
day-to-day basis at a rate unknown at the outset.

- The cost of fixing a rate at the time of bidding.

The options market may possibly cover the risk of variation in the rate during
the tender to contract period but the cost of this option will be passed on by
the bank to the exporter, who will have to bear it if the project falls through.

In view of the various costs I have just mentioned, the offer of a credit at a
fixed rate thus set up (i.e. backup for each credit on the basis of specific
financing) may therefore turn out to be rather unattractive.

On the o.ther hand, involvement of a specialized body responsible for the overall
management of export credit at the national level can neutralize some of -the-
extra costs and reduce others. Moreover, the cost of the resources will be
lower since this body will enjoy the government guarantee for raising funds on
the financial markets.
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Furthermore, these two different approaches underlie the technical proposals
made by the various countries involved in the CIRRs within the framework of the
Consensus. The difference in approach explains why the CIRRs, such as they are
now fixed, are not fully satisfactory and why rethinking is called for ; the
first new ideas along these lines should emerge in the forthcoming meetings in
Paris.

This difference arises from the ambiguity of the word "commercial" in the
phrase "commercial interest reference rate".

From my point of view, I deem that the notion of official support is
consubstantial to the concept of CIRR, seeing that the CIRR was created for the
very purpose of being used by the countries with government involvement in
respect of export financing.

The problem of matching between the profiles of funding and lending is
aggravated in the case of export credit for nuclear power plants, where funds
amounting to US $ 2000 million have to be raised for a period of the order of
15 years (construction period + average repayment period) ; in particular, the
warehousing cost soars because of the length of the construction period
(around eight years).
In the case of certain currencies, the financial markets appear, moreover, to be
too narrow in terms of the period or the amount.

Under these conditions, it has been particularly difficult to define the SCIRRs,
and it has been agreed to discontinue the search pending a satisfactory CIRRs
system, on the basis of which a SCIRRs system should then be derived.

So it seems, in conclusion, that even for conventional export credit the
opportunities offered by the financial markets cannot at the present stage
ordinary and competively replace the official machinery whose main objective is
to mitigate the inadequacies of the markets.

Official support for financing does not therefore appear to be under threat
even though it is questioned for reasons of ideology or high cost.

But I may add that the prospects offered by new financial instruments could
Inject some new life into the management of official financing procedures if
these were to be adapted accordingly.
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COMMERCIAL BANK CONTRIBUTION IN THE
FINANCING OF NUCLEAR PLANT EXPORT CONTRACTS

R. STAKOWSKI
Crédit Lyonnais,
Paris, France

1 - The first part to play : to arrange the export credit loan.

2 - The second part : to provide the large complementary amount of
funds which is necessary :

. In effect, given the limits which apply to the export credit
schemes, this complement may represent :

* up to 25 % of the power plant cost,
* ie about USD 500 M.

. This maximum amount may result in a jumbo loan being necessary.
Now, the eurocredits sector is currently extraordinarily
evoluative and innovative so that :

* if some indications on the past are available,
* no commitment for the future can be given.

3 - Another possible financial arrangement :

. the project financing method which theoretically could be
applied to the total amount of the project,

. but many hurdles can forbid the use of such a method.
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INTERVENTION OF A COMMERCIAL BANK
IN THE FINANCING OF A NUCLEAR PLANT EXPORT CONTRACT

This definition of the so called official support, given the limits
which apply to the local part and to the interests accruing before
commissioning, results in a nuclear power plant project being financed
only in part by means of export credits.

In effect, in order to clarify the issue, let us assume (*)a project
amount of USD 2 bn ; then the maximum percentage to be financed by
export credits would be 75 % (USD 1,5 bn).

Consequently an additional fund of USD 500 M would still have to be
sought for, and either provided on a cash payment basis by budgetary
provisions or^ raised through other sources.

In this event, a large commercial bank dealing usually with
international sized business is not. only in a position to arrange a
buyer's export credit for the required amount, but given its
capabilities in the different financing techniques and given its
comprehensive network, can bring a decisive contribution (+) in
arranging a full financial package.

As for the export loan, the so called required amount shows itself
that ft wouldn't be an ordinary operation.

But in arranging such a loan, a bank would only obey the OECD rules
and national regulations, and in that point of view, the financing
itself would be relatively classical. So we will be brief on that
topic and we will go to the private financial schemes applicable to
the so called additional fund.

(*) Figures currently quoted by the IAEA for a power plant
corresponding to a medium sized nuclear reactor.

(+] Let us notice that multilateral organisations such as the World
Bank haven't spurned the eventuality to participate in the
financing of nuclear power plants but up to now have never done so.
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In this regard, several remarks have to be made regarding these
possible schemes :

. USD 500 M is not a customary order of magnitude for a front-end
credit complementary to an export credit.

Such a commercial loan would therefore (*) be a jumbo loan
extended disregarding the project (but on the other hand, the
conditions would depend on the international appraisal of the
capital markets). The Appendix 1 attached to this document will
provide an example of the conditions available for such a loan
but it must be stressed in this regard that the market conditions
are very volatile and depend at any moment on the comparison
between supply and demand, so that the figures indicated therein
have to be understood as an illustration of the recent past but
not as a commitment for the future.

. Moreover, the recent period, in the field of eurocredits, shows
that this sector is extremely evoluative and innovative, so that
different alternatives can be contrived.

One example of such alternatives (known under the term :
"hybrids"), is given in the Appendix 2 attached to this document.
It is not, as mentionned above, a commitment for the future (+).

Given the amount quoted, it is worthwhile to point out that the
project financing method is frequently put forward to finance all or
part of power plants. But nonetheless, it is necessary to make it
clear that it could only be used under certain circumstances.

The key point in this framework is I/ the project to be financed will,
after commissioning, generate an approppriate transferable cash-flow,
21 the legal environment the equipment will be operated in, allows the
lenders to isolate a sufficient part of this cash-flow which could, in
an uninpeachable manner, be affected to the project debt service and

(*) Unless the buyer sets up a calendar for his applications to the
capital markets and assumes the "take-out" risk of the capital
markets.

(+) This time, it is not even an illustration of the past '
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then be considered as a physical security (for example, when a part of
the electricity produced is sold to foreign countries, by using escrow
accounts).

Consequently, it is understood that in this field, the issue can be
relevantly discussed only on a case by case basis and in the light of
an in depth study of I/ the hypothesis taken into account in
appraising the project yield, and 2/ the legal structure envisaged.

APPENDIX 1

EXAMPLES OF LOAN CONDITIONS

(GOVERNMENT OF INDONESIA)

SEPTEMBER 1984 JUMBO LOAN

- AMOUNT : USD 400 MILLION

- DURATION : 8 YEARS, INCLUSIVE OF A 4 YEAR GRACE PERIOD

- INTEREST RATES :
LIBOR + 5/8 % FOR THE FIRST 4 YEARS
LIBOR + 3/4 % FOR THE LAST 4 YEARS

MARCH 1984 LOAN

- AMOUNT : USD 750 MILLION

- DURATION : 8 YEARS, INCLUSIVE OF A 4 YEAR GRACE PERIOD

- INTEREST RATES :
FIRST TRANCHE (USD 600 MILLION) : LIBOR + 3/4 %
SECOND TRANCHE (USD 150 MILLION) : US PRIME RATE + 0,20 %
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APPENDIX 2

TYPE OF NEW PRODUCTS AVAILABLE ON THE

EURO CAPITAL MARKET

ONE TYPE OF HYBRID-LOAN COMBINATION THAT IT MIGHT
BE POSSIBLE TO ENVISAGE

*****

THE IDEA IS TO DERIVE THE BEST BENEFIT FROM

- THE TREND TOWARDS LONGER TERMS FOR LOAN REPAYMENTS,

- THE APPEARANCE OF NEW ARRANGEMENT SCHEMES AS THE E IF (*)

1 - THE BORROWER WOULD START WITH A CLASSICAL 10 YEAR EURO-DOLLAR LOAN.

2 - HOWEVER, AFTER 2 OR 3 YEARS HE MIGHT HAVE THE OPTION TO EXCHANGE
THE CLASSICAL LOAN FOR AN EIF IF MARKET CONDITIONS PERMIT.

3 - UNDER THIS EIF, THE BORROWER WOULD ISSUE PAPER TO THE MARKET
THROUGH A "TENDER PANEL" OF BANKS COMPRISING THE ORIGINAL LENDERS.

4 - BY DOING THIS THE BORROWER COULD HOPE TO REDUCE HIS OVERALL COST
OF FUNDS.
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COST AND FINANCING OF NUCLEAR POWER
PROGRAM IN TURKEY

A. KÜTÜCUOGLU
Nuclear Power Plant (NPP) Division,
Turkish Electricity Authority,
Ankara, Turkey

J^_INTRODUCTION

Preparatory w^rks for th» construction of -th* first tfudaajr Power

P2ant in Turkey has been continuing since 1974-75.

An international bidding for a nominal 600 IWe NPP vas started in 1977.
On the basis of bids received from 4 nuclear island and 9 turbine island
suppliers and following extensive negotiations subsequently carried out
with selected Suppliers, Asea-Atom/Stal-Laval consortium were given the

first priority. It was also possible to provide a substantial part of the
necessary foreign financing. However, due to political circornstances .prevail-

ing in Turkey at that time, the project was cancelled in the year 198C.

New bids were received in 1983 and three letters of intent were issued
to Atomic Energy Canada Limited (AECL), General Electric (GE) and Kraftwerk
Union (KWU) after preliminary evaluation of the bids. Detailed negotiations
with AECL and KHV carried out in the jear. 1984 have led to preparation of
contract documents and to solution of financial problems for turn-key ap-
proach. Upon requirement of the Turkish Government to build and operate the
NPP for 15 years through a joint-venture to be established with the par-
ticipation of the Utility (Turkish Electricity Authority) and the Supplier,
two slightly different management and financing schemes have been developed
with AECL and KffU for this model which will be exercised for the first time
in the world for » nuclear project. Some of the important aspects of these
two approaches will be highlighted in the following.

2. JOINTJVENTUREJfODELS

2.1. Construction_and_Ogeration of NPP by Joint-Venture Utility (A)

This model provides for the establishment of a Joint-Venture Utility
(JVU) with the participation of the Turkish Electricity Authority (TEK) and
the Suppliers Joint Venture (FIG.l). Joint Venture Utility will then be
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BUSINESS STRUCTURE (A)
CONSTRUCTION AND OPERATION OF NPP BY JOINT
VENTURE UTILITY

(GOVERNMENTS OF)
[j-HE_ SUPPLIERS]

t
SUPPLIERS

JOINT VENTURE

{GOVERNMENT OFJ
I TURKEY I
I————I

I
TURKISH

ELECTRICITY
AUTHORITY (TEK)

Fig:l

responsible for the construction, operation and financing of the NPP as
Owner.Produced energy will be purchased and distributed by TEK.

Legal basis of this model is rather complex. Principal agreements has
to be reached on Joint Venture Utility Agreement, Supply and Cperatt'on
Contracts, Loan Agreements and Power Sales Contract before the establish-
ment of the JVU (FIG.2). On that basis JVJ will execute the actual Supply

and Operation Contracts, Loan Agreements and Power Sales Contract. There is
an inherent Complication both on the side of the Suppliers and TEK since they
act on the one hand as JVU partners and on the other hand as Supplier or
Purchaser of the Power (TEK). Governmental guarantees are required to sup-
port the commitments of the Suppliers and TEK towards each other and the
lenders. Extensive legal consultation is required considering also the
retransfer of the Ownership to TEK under special circonstances or after a
certain period of operation during which all the debts has to be repayed.
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AGREEMENTS AND CONTRACTS (A)
CONSTRUCTION AND OPERATION OF NPP BY JOINT VENTURE
UTILITY
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Fig:2

2.2. Construction and Operation of NPP Jbg £oint_Venture_Wanaaement_Com£anu

This model envisaged the establishment of a Joint Venture Management
Company with the participation of the Turkish Electricity Authority, and
the Suppliers (FIG. 3) which will then manage the construction and operation

of the NPP on behalf of the utility (TEK). According to this model, the
establishment of the Joint Venture Management Company can take place rather
independently, even at a later time/ after the signature of Construction and
Operation Contracts directly by the Suppliers and the Utility (TEK). Loan

agreements will be executed between Lenders and TEK under sovereign guarantee
of the Turkish Government (FIG,4). Contractual set-up is rather similar to
a normal turn-key project. Joint Venture Management Company has a function
of an engineering and service company and has no direct financial respon-

sibilities as Owner of the NPP.
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BUSINESS STRUCTURE (B)
CONSTRUCTION AND OPERATION OF NPP BY JOINT

VENTURE MANAGEMENT COMPANY ON BEHALF OF UTILITY
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This Model is less complicated as the Joint Venture Utility Model. It
can easily be adopted to a turn-key procedure . However, the responsibility
of the Supplier as Joint Venture partner is limited only to technical as-
pects and has no direct constribution in financing.
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3. COSTS

3.1. general

At this stage of negotiations^it is not possible to uncover detailed
cost information. Therefore, I will limit my comments to discussion of
some important aspects to be considered during cost evaluation.

For a detailed cost evaluation, one has to establish a common basis
in order to compare different proposals. For this purpose, one should carry
out detailed negotiations with Suppliers in order to achieve:

- Similar scope of supply
- Similar administrative and commercial conditions

- Fixed prices based on a certain time zero
- Well defined escalation formulas and indices
- »ell defined construction and payment schedules
- Well defined economic criteria

evaluation of total investment costs trill still have inaccu.zo.cies due
to estimated escalation indicies, interest rates and variations in exchange
rates.This is especially more problematic in a developina country where a turn-
key package may have supplies and services from 5-10 different countries.

One could have deviations up to 20-30\, considering different periods for
past data used in the estimates of escalation indices and variations in
exchange rates.

Estimates related to future fuel costs, «llthough corresponding to
A smaller portion of total generation costs, bear also a substantial
inaccuracy regarding future costs trends. At the time being, there is a
tendency of sinking raw material and enrichment costs due to oversvpply.
Exceptionally attractive prices can be obtained from spot market. However,
prediction of future price trend is difficult to -estimât«. Gtwrt deviations
can also be -en-countered f-ox bock-^nd fu&X cyc-I« costs.

Operation and maintenance costs contribute only 10-15* to the total
unit generation cost. Beside difficulties in estimating future personnel
costs, one should also sufficiently take into account growing
and repair costs to achieve hiyter por/ormaarc fro» NPP's.
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Summarizing the above.- Cost comparisons on the basis of incomplete data

and estimated indices etc. can lead to substantial errors. One should
take the calculated value as a single point without a reasonable margin
of inaccuracy calculated by sensitivity analysis. In our opinion, a sound
contractual basis and financing leading to the construction of NPP without
undue delays and cost overruns are far more important than the actual
cost information.

Aecently, cost estimates were prepared by OECD-NEA-tf ember Countries on the
basis of assumptions summarized in TABLE. 1, in which unit investment, fuel,

O-M and total generation costs estimated by Turkey are compared with similar
«stimates from Supplier Countries. Coincidance is remarAaily good.

Jn case of PHWR, slightly lower investment and CHW costs of TEK estimates

might be explained by lower local costs. Jn case of PWR slightly higher in-
vestment costs of TEK is probably due to lower unit power. Lover fuel costs
of TEK estimates can be explained by lower prices for raw material and
enrichment services offered to Turkey' and lower assumptions for back-end
fuel-cycle costs.

I wish to remind again that in_accuracies of the assumptions made for
the estimates are usually higher tharj the o-bserved deviations.

Table:!
UNIT GENERATION COST ESTIMATES FOR

OECD -NE A STUDY
UNIT COSTS (USmills/kwh)

Country
CANADA

TURKEY
a)PHWR

b)PWR

Power(Mwe)
635

665

986

F R. GERMAN Y 1258

Investment
22,3

21,6

17,3

15,4

Fuel
3,1

3,1

5,5

7,2

0+M
7,7

5,9

4,9

4,9

Total
33,f

30,6

27,6

27,6
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4. FINANCING

4.1, General

Financing is one of the greatest concerns of developing countries

realizing the con^c ruction ojf a NPP, Difficulties in providing
finance for both local and foreign costs is often preventing the start of
a project. Shortages of finance after the start of a project often causes
aajor delays and cost overruns, which can highly increase the generation
costs. Therefore, provision of complete and sound financing basis is a

J>asJ.c prerequisite for the start of the project.

R complete financing pacJtacre might contain following elements.

. Equity contribution

. Governmental funds

. Export credits ( 85*)

. Dovnpayments ( 15%)

. Interest

. Contingencies (cost overruns)

. Counter trade

Local :

. Equity contribution

. Governmental funds

. Local credits

. Foreign credits

In a developing country starting with the first NPP>local supplies and ser-
vices may be around 20-40% of the total investment cost. Consequently, foreign
costs constitute a aajor part of the investment costs. Thus, provision of
the necessary foreign financing may be a key issue in most of the developing
countries suffering shortage of foreign funds. Very often, budgetary limits
does not also allow to provide sufficient local financing.

In a nuclear project with 6-8 years of normal completion time, escalation
and interest during construction can contribute to total cost appreciably
(TABLE:2).
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Table: 2

COMPOSITION OF TOTAL INVESTMENT
COSTS

(REFERENCE CASE : 1000 MWe)

BASE-COSTStas afl.1.1984)
LOCAL
FOREIGN
OWNERS COSTS
EXPORT RISK GUARANTEES ETC.
ESCALATION
INTEREST DURING CONSTRUCTION

(%OF TOTAL)

62
17
45
4
2
12
20

100

Nowadays provision of export credits can be solved without great dif-

ficulties for a well prepared nuclear project. The crucial issue is the

grant of export risk guarantee by the exporting government or its agencies.

Thereupon,lender s can easily provide the necessary funds. It is more dif-

ficult to provide credits for downpayments. Usually it is to be payed by
the importing country. However, it is also possible to syndicate a commer-

cial loan with the participation of a number of finansors to reduce the

risks, since such a loan is often provided without any guarantee of the
exporting country.

A part or maximum 85% of" the cost escalation might be covered by export
credits. It needs an extraordinary arrangement to cover 100\ of the escalation.

It is very difficult, but possible under special circumstances, to capitalize

interest (i.e. to pospone all the interest payments until completion of the
NPP). Any delay in construction reflects itself in increased interest payments.

Finally,additional foreign finance might be required due to cost overruns

caused by bad management, scope changes, delays and licencing requirements.
Some of the developing countries try to solve financing problems by counter
trade, i.e. by export of local products through Suppliers or their associates

against delivery of equipment and services.

Often it is not sufficient to compensate all the local cash requirements
by equity constribution, governmental funds and/or local credits. In such cases
it might be possible to allocate foreign commercial credits to pay for local
costs. Although it is not very easy to find such credits, it may be possible
by the help of local partner of the suppliers.
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Usually, a ut.il.ity without having other cash resources has the Interest to

pay as little as possible during construction of the NPP. This inplies that

100* foreign financing is provided for base cost and escalation, and all

interests are capitalized until the end of the construction period. In this

respect grace period (period before start of the repayment of debts) has a

specific importance. Host of the expert credits have a grace period of 7 years.

This shows the importance of a short construction period. In case debts can

not be rescheduled for construction periods lonaer than 7 years, repayments

of debt start before operation of" the plant in addition to increased interest

payments. Commercial credits (downpayment , fuel, local cost) have often <3-5

years grace period. Consequently, repayments of debt start before the end

of construction. Such a credit can only shift cash payments to a later date

at the expense of a relatively high interest. Therefore such credits should
not be utilized in case sufficient funds are available as equity constribution,

governmental funds, etc.

4.2. Financin Model for

Proposed model for Joint Venture Utility envisaged the provision of
financing as follows:

- JVU will be the borrower
- equity contribution of JVU: vZGX of the base cost

- All other foreign financing including escalation and interest to be

provided and guaranteed, by the Suppliers

- All local financing to be provided by the JVU and guaranteed by TEK

- Debt servising: equal yearly installments during 15 years of operation
(FIG. 5)

Basically, debts have to be repayed by the income of JVU from energy sales
After start of commercial operation. The situation gets mote complicated for
such periods during which the NPP is out of operation. In case debts can not
be rescheduled for such periods, partners of the JVU, i.e. TEK and the main
Supplier shall provide subordinated loans to pay the debts. Similarly, if cash
needs c*n not be fully covered by loans, TEK and the main Supplier shall be
responsible for provision of subordinated loans. In periods of higher per-
jfomance a contingency fund will be established to compensate the needs during

periods with lower performance.
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Fig:5

This financing model provides a full coverage of cash needs during const-
ruction and operation. However, extraordinary financing requirements pose
difficult problems. A complicated legal frame for the responsibilities of the
JW-partners has to be established.

4.3. Financing Hodel_for Joint Venture Management _ComDany_(_B)_

In this case the Utility is directly responsible towards lenders. However,
the Suppliers provide following foreign credits to be contracted under the
sovereign responsibility of the Turkish Government.

- Export credits, including escalation (*8S)
- Downpayment credits (%15)
- Capitalization of interest unti2 the end of construction period
- Credit for initial core fuel loading
- Foreign credit to compensate a part of the local expenditures

All credits except the one for local expenditures have a grace period until

the end of the construction period.

The only foreign cash requirement during construction is the fees and

other costs of credits, interest and repayments (after 4-5 years grace period)
of the credit for local expenditures. Additionally, the uncovered part of
local expenditures has to be provided by the Utility (TEK).
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Although a major portion of the cash requirements are covered by this
model, TEK has still to provide around 20% of the costs during construction
period. Repayments of commercial credits (downpayment, fuel, local) usually
take place within 5 years, so that financial burden during the initial 5
years of operation are higher (FIG.6).

Although this model can be realim^zed without extraordinary financing

arrangements, it leaves the main responsibility to TEK, especially in case

of cost overruns. Through a bonus-malus system dependend on achieved load
factors, a part of the risks during operation can be shared by the Supplier,
beside insuring for interruption of operation. On the other side the legal

framework is simpler and less cumbersome.

S. CONCLUSIONS

Both models described in previous sections aim to ease the management
and financing of construction and operation of NPP's in developing countries
having insufficient technical experience and financing possibilities. He
believe, that a suecesful first project is a prerequisite for a viable
nuclear program in a developing country. Therefore, if solutions can be found
as described a-bove, it can contribute to broadening of the nuclear market,
thus serving also for the benefit of the suppliers.
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SUMMARY OF PRESENTATIONS AND DISCUSSIONS OF PART III
ON LOAN CONDITIONS

A. HERON

The five presentations in this session dealt with installing
nuclear power stations in developing countries, which is the extreme
difficulty in securing financing. All presenters gave some grounds
for optimism which was based on the evidence that serious efforts to
mobilize finance are being made by suppliers, national export credit
agencies, commercial banks, and developing country clients. These
efforts are producing innovations in financing techniques and risk
sharing which are appropriate to the unique requirements of nuclear
power- station construction and operation.

Two presentations on the OECD Export Credit Consensus covered
its evolution and described existing guidelines. It. was observed
that there was a tendency on the part of some governments to with-
draw from involvement in direct financing. There are, however,
compelling reasons for government support of exports, and continued
financing and provision of insurance for commercial credit may be
expected in most supplier countries. It was noted that the OECD
Concensus had evolved through compromise. Further refinements are
necessary to correct imperfections, particularly for the special
problems of nuclear power stations. Specifically needed are revised
agreements on the special commercial interest reference rates for
nuclear power plant export financing. Export credit agencies are
evolving new techniques, such as interest rate swaps, which can
fix interest rates to borrowers where refinancing of original loans
is required.

The role of an international commercial bank in arranging the
foreign exchange financing for a nuclear power station in a developing
country was outlined in one presentation. The bank would have
responsibility for arranging the export credits, but, more importantly,
for securing commercial financing of large amounts was demonstrated by
citing two large loans to Indonesia which were made in 1984 on
attractive terms. New eurocredit lending techniques are being
developed which will have the advantage of further improving terms to
borrowers. Reservations were expressed on the feasibility of project,
or non-recourse, financing for a nuclear power station because of the
impossibility of retaining power sales revenues in an offshore account
except in the case of exported electricity.

Another presentation described two approaches to financing a
nuclear power station in Turkey which is to be constructed and
operated by a joint venture between suppliers and the Turkish
Electricity Authority. The Government of Turkey sees a number of
additional conditions as essential conditions to a feasible financing
plan. These include equity financing by foreign suppliers, financing
of interest during construction, commitments for financing cost over-
runs, foreign financing of some local costs, arrangements for re-
financing short-term commercial credits, and grace periods for local
loans equal to the period of construction. The objective will be to
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ensure that lack of finance will not cause construction delays. This,
together with a sound contractual basis leading to an on-time
completion, are considered more important than cost differences among
alternative supplier proposals. For both proposals under consideration,
debts incurred in project financing would be repaid from power sales
revenues. Coverage of any debt service shortfalls would be made in
one case by the joint venture partners through subordinated loans to
the joint venture and in the other case, by the Turkish Electricity
Authority" and/or the Government. It is expected that if a successful
project financing along the lines now under consideration can be
negotiated, that a pattern will be set for replication in other
countries which will broaden the nuclear power market.

The final presentation noted that the European Investment Bank
did make loans available on attractive terms to developing countries
which were part of the Lomé Convention,. At the present time nuclear
power was not feasible for these countries because of small grid
sizes. When the economics of nuclear power do become attractive for
individual countries, the lending situation would be reassessed by
the Bank.
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Part IV

WORKING SESSIONS

OBJECTIVE

As indicated during the Opening Session of this Seminar, its primary
objective was to promote a dialogue among various parties involved
in the domain of nuclear power financing, e.g., buyers, suppliers
and financing organizations.

Therefore, participants were split into six groups of a dozen
experts each, well balanced between representatives of each of
these parties.

Each group was free to discuss any topic it would find of interest.

The following list of five questions was proposed as an example
but was not be considered exhaustive. Each group could investigate
any problem(s) they considered the most crucial and was requested
to develop conclusions and recommendations.
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EXAMPLES OF QUESTIONS TO BE DISCUSSED
DURING THE WORKING SESSIONS

1. Review of the major differences between an investment in the nuclear
domain and in other industrial domains (e.g., steel plant), as
related to financing.

2. In which way are the existing mechanisms for financing large
projects in developing countries also applicable for financing
of nuclear power projects in those countries (e.g., refinancing
of commercial loans).

3. What kind of new approaches could be envisaged (e.g., new types
of loans, joint ventures, leasing, counter-trade, etc.).

4. What steps should be taken by developing countries at an early
stage to help secure financing for a nuclear power project?

5. What could be the rôle of international organizations, such as:
OECD, the World Bank, regional banks, IAEA, etc.?

(This list is not exhaustive. It is up to each group to investigate the
problem^ they consider the most cruci-al and to develop conclusions and
recommendations.)
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COMPOSITION OF GROUPS FOR WORKING SESSIONS

GROUP 1

Group Leaders :

Group Members:

B. Fleck
M. Terigi

Croll
Baumier
Angerraayr
Girard
Greder
Haschek
Ho fer
Kocic
Sands
Shafique
Ward

(USA)
(Argentina)

(Israel)
(France)
(Austria)
(France)
(Switzerland)
(Austria)
(Germany, FR)
(Yugoslavia)
(USA)
(Pakistan)
(USA)

GROUP 2

Group Leaders:

Group Members:

K.N. Chung
M. Lehmann

Chmel-Gregora
Cor et
Carreira Pich
Fahad
Kley
Ray
Sarlos
Sligl
Turk
Williams

(Rep. of Korea)
(France)

(Austria)
(CEC)
(Portugal)
(OPEC)
(Germany, FR)
(OECD)
(Switzerland)
(Canada)
(Yugoslavia)
(USA)

GROUP 3

Group Leaders :

Group Members:

P.J. Meyer
B.S. Pian

Aguilera Acevedo
Aksamija
Alter
Gaube
Heron
Iljas
Richard-Moune t
Stobbs
Thexton
Vanhoutteghem

(Germany, FR)
(Malaysia)

(Chile)
(Yugoslavia)
(Israel)
(Belgium)
OJB)
(Indonesia)
(France)
(Switzerland)
(OECD/NKA)
(France)
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GROUP 4

Group Leaders:

Group Members:

J. Brodelle
A. Hossain

Atnaury
Arezina
Chalus
Jaques
Mourew
Nuray
Oshima
Stiennon
Taormina
Silvi
Yang Xianshu

(France)
(Bangladesh)

(France)
(Yugoslavia)
(Czechoslovakia)
(Belgium)
(France)
(Turkey)
(Japan)
(Belgium)
(Switzerland)
(Italy)
(China)

GROUP 5

Group Leaders:

Group Members :

A. Kütükcüoglu
R. Stakowski

Darroch
Dupont
Fang Shishi
Kemtec
Lions
Nugueira da Suva
Sikora
Stölzl
Yano
Zijl

(Turkey)
(France)

(Canada)
(France)
(China)
(Yugoslavia)
(France)
(UNIDO)
(Poland)
(Germany, FR)
(Japan)
(Switzerland)

GROUP 6

Group Leaders:

Group Members:

M. Klaus
G.L. Titus

Czakainski
del Alcazar Ibarra
de Vassière
Gilespie
Giraud
Grenz
Newman
Parthasarathi
Santos
Tapia Garcia
Vuorinen
Xia

(Germany, FR)
(Canada)

(Germany, FR)
(Peru)
(France)
(Canada)
(France)
(Germany, FR)
(USA)
(India)
(Brazil)
(Mexico)
(Finland)
(China)
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CONCLUSIONS OF WORKING GROUP 1

It was apparent in our group that members had really thought about
some of the major problems and ideas that have been raised over the
past three days. As a result it was easy to identify themes which
are reflecting some of the broader lines of thinking expressed in
the plenary sessions. Permit me to begin then, by relaying to you
these more general absenations which, in some areas, overlap with
the suggested discussion points, and then get into the more specific
recommendations of our group.

It is concluded that an important distinction be made between
nuclear project and nuclear program, allowing for some divergencies,
the former could be comparable to other large capital undertakings,
such as construction of a steel mill, in as much as these are
unique efforts to meet and satisfy a particular one-time demand in
that country. The concept of "nuclear program" is more attributed
to the case of developing countries since it refers to an attempt to
address a power shortfall through a casual planning decision to
construct a series of nuclear plants over a long period.

What might appear to be a not terribly interesting semantic
quantity led into an important point of misperception. In some
quarters of developing countries financing institutions (public
and private) there exists the thought that developing countries may
have less right to nuclear generating technology, let alone having
it paid for through subsidized, long-term loans, given a particular
country's stage of development. There is another characterization
which describes this view - the prestige factor or stigma a single
nuclear project built outside the context of a national nuclear
plan may have lent itself to this change. Developing countries
represented in our group and indeed represented here at this
conference, do have nuclear programs which are founded on
considerable study and deliberation. Therefore, it should be
clear that the "building a nuclear for prestige" idea just is not
on for those countries which have invested so much of their own
funds in the study of the given programs.

295



It was also noted in our group that the nuclear program is one
which is, of course, implemented with a country's total infrastructure
and imposes a heavy financial burden, initially anyway, and if not
managed well, for a longer term. Such a burden is usually expressed
in the forms of substantially increased debt service as well as
crouching out borrowing capacity in the international financial
markets for other capital projects.

It is granted in our group that nuclear programs are distinct
from other types of projects in that other projects may be easier to
justify to the financial community, in that such projects may produce
t........... products (steel from a steel mill, hydrocarbons from a
petrochemical plant). It was suggested by one of the speakers in
the general sessions that export enhancement was more attractive
to lenders than import substitution. Maybe given the price fall
witnessed now in the hydrocarbon area and the protectionist measures
seen in steel markets, lenders should re-think this axiom. There
are other distinctions as well, such as the utilization of local
resources to a greater extent for other projects compared to
nuclear undertakings.

With respect to the difficulties associated with nuclear programs,
preimminent of which is the credit and money issue, our group reached
a consensus that the problem is fundamentally a financial one and will
continue to be so. Ideas such as joint ventures, although conceptually
attractive, were seen as possible short-term alternatives to deal with
very specific problems and not the basis on which to build a
continuing nuclear program. In this connection, ideas such as
power sharing between countries, barter and counter track, and
increased technology transfer offer greater hope in sustaining a
program over a longer period.

Then, the recommendations of Group 1 were as follows:

1. On a macro-economic level, developing countries must
exercise restraint in undertaking monetary or fiscal
measures which can severely impact the external position
of developing countries, thereby exasperating their debt
positions and so their access to new borrowings.
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2. On a more specific level, developing countries should continue
to look to more "convetional bases" of financing their programs
and not expect any one alternative exclusively to be the
alternative which is going to provide the consumer.

3. Immeration in financing is required particularly by suppliers
and especially by financera. Over past sessions we have seen
bankers point to suppliers, suppliers pointing to credit
agencies, host countries pointing to both, and since the World
Bank was not represented in our group, we all decided to put
the onus on them. More seriously, the financial environment
today requires a new working relationship on the part of host
countries, suppliers and financial institutions, beginning at
the time of the call for tenders, and not waiting until supplier
selection as practiced before.

We saw a real opportunity for the IAEA to assist especially in
the area of the preparation of the financial feasibility study with
the host country. At one extreme the IAEA itself could actually
perform the study which would carry great weight with lenders and export
credit agencies. More realistically, the IAEA could either commission
such studies from reputable third parties experienced in such matters
or provide a function which audited that country's methodology and
procedures in assembling their own study, in effect being the
Price Waterhouse of feasibility studies for new projects.

Another idea was to have bidders absorbe the cost of such studies,
with the unsuccessful bidders being refunded their expeses for this
exercise later.

In closing, on behalf of our Group 1, I want to thank the IAEA
for sponsoring a seminar on a subject long overdue to be addressed.
I think we all look forward to participating in future meetings
on the topic.
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CONCLUSIONS OF WORKING GROUP 2*

1. The Group considers Chat there is no discrimination or advantage with
respect to the nuclear industry in comparison with the other major
industrial projects.

It must, however, be emphasized that present interest rates are very
high and constitute too great a burden for borrower countries.

2. The major difference in the nuclear sector is the hesitation shown by
investors and lenders. The problem centres on the acceptability of
the nuclear industry for international investors.

3. Developing countries (for example, Korea) which log considerable
successes in their nuclear programmes should make these successes
more widely known to the world at large. They should be able to put
together a multi-year financial and budgetary plan before dealing with
investment. There must be improved co-ordination between the client's
advantage and the financial authorities under which he operates.
Programme credibility is also an important factor.

4. The nuclear sector must be intrinsically profit-earning over and
beyond the bounds of any conventional system.

5. Co-financing both among credit insurers (Hermes, COFACE, ECGD, ...)
and the IBRD or the EIB appears to be a solution for the future with
regard to the degree of risk involved in nuclear power investment in
developing countries.

6. On the contractual level, the turn-key basis constitutes (at least at
the outset of a programme) a means of creating confidence in the
project.

7. The new approaches (joint-venture, leasing, compensation) are interest-
ing but marginal. The degree of financial sophistication is limited
and will no longer resolve the substantive aspects of the problem, such
as financial profitability or technical viability.

* Translated from French.
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8. The IAEA could develop its promotional role in the developing countries.

9. Those taking part found the seminar useful. Such meetings should be
held more often. The point of view of developing countries merits more
frequent and detailed exposition.
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CONCLUSIONS OF WORKING GROUP 3

General: To demonstrate economic viability of NPP in comparison
to other alternatives.

Multinational financing for a turnkey project

Establish a central fund in a development country fed
by different industrialized countries to finance projects
for which the developing country decides the priority.
The technical and economic viability has been demonstrated
The lenders have been involved in the process.

Grids may be interconnected between neighbouring countries
to facilitate introduction of an economically viable NPP.

Minimum industrial infrastructure and personnel qualifications
should be built up to involve the industry in the project and
enable the industry to produce products which could be used
for exports and earn foreign currency.

Set up the priorities in the whole economic evolution of
a developing country for a NPP project. Granting of certain
part reserved for financing of foreign loans from the
total budget available via a lending bank for a NPP project.

Considering a commitment has been reached by a developing
country to enter a nuclear project, the willingness of the
country for financing a large portion via national loans.

To built up financing integrity of the utility and/or the
country to remove price distortion and improve creditworthi-
ness.

Involvement of suppliers or foreign operator during operation
of NPP to guarantee a reliable load factor with respect to
sufficient return.
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Undertaking or financing of power sector studies to determine least
cost development program and confirm or eliminate the possibility
of nuclear.

Direct financing support of NPP meeting all technical,
economic and financial criteria of bank.

- Mobilize additional financing through- one of the available
or a new financial techniques.

- Use of new multilateral guarantee agency to ensure equity
investments or other contractual arrangements of governments
under project financing schemes.

Manpower development, training of personnel.

Establishment of rules, regulations and codes.

Establishment of industrial development programs.
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CONCLUSIONS OF WORKING GROUP 4

1. Most of the major income-generating projects in developing countries
need less investment and take shorter time to complete. Some of them
may generate foreign currency by increasing exports. In tthe case of
nuclear power stations, although the initial investment is high,
the operating cost is lower and if this includes imported fuel,
saving in foreign exchange is considerable. A nuclear power station,
as a part of the national electric grid, would help faster growth of
industries and, in some cases, agriculture which, in turn would
increase the export potential of a developing country.

In developing countries commercial energy, an important part of which
is electricity, is a prerequisite to economic development, which will
strengthen the repayment capacity of both local and foreign loans
required for implementation of various projects including large
projects like nuclear power stations. Countries deficient in
indigenous commercial energy resources may be able to reduce their
import bill on energy as well as diversify their primary sources
of energy.

2. The interest rate for obtaining export and commercial credit is
higher due to the larger amount and longer period of repayment.
In reducing the burden on loan, developing countries could
finance the local costs to the largest possible extent in the
form of equity or government grant, as the utilities are
publicly owned.

By increasing the domestic financing of the local costs, the
buyer country will be able to get a greater amount of interests
occuring during the construction period , financed at export credit
conditions.

The joint venture approach may be explored, too, since it
could be a way of sharing responsibilities and give incentive to an
efficient operation of a nuclear power plant. Since this involves more
sophisticated contractual arrangements, it may be limited to specific
cases.
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New techniques offered by financial markets could reduce the
cost of credit but hardly could compete with export credit conditions,
so, new types of loans appear to be used only as complementary credits.

On the other side, the participation of multinational agencies
as the World Bank, or regional banks, with a soft loan would improve
the financing of the project.

An interesting way would be to gather these different sources
to make the overall conditions of the credit more attractive.

The IAEA could broaden its scope of technical assistance to
developing countries by providing information on the new financing
techniques, promoting feasibility studies which would lead to a better
risk appraisal. This would help developing countries, which will thus
be aware of the opportunities in securing finance for a nuclear power
project.

The IAEA could continue providing transfer of nuclear technology,
including training of manpower, and help standardize designs of nuclear
power stations, especially in the small and medium power (SMPR) range
so as to reduce the capital cost, construction time and operational
cost of a nuclear power station.

Organization of such seminars by the IAEA greatly helps better
understanding between the various participants in a nuclear power
project and it is hoped that such meetings take place periodically
in Vienna and also in developing countries.
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CONCLUSIONS OF WORKING GROUP 5

In our group 5, the discussions were focussing on the following
issues:

1. The joint venture pattern;
2. The countertrade as a means to alleviate the

burden on the balance of payments;
3. The possibilities of the SMPR in the NPP market;
4. The potential intervention areas of the IAEA.

The major ideas on these topics are summarized below:

1. The Joint Venture Pattern

This pattern provides in very specific circumstances an alternative
solution for financial problems and the realization of NPPs in
developing countries.

It needs the readiness and approval of both governments in suppliers
and host countries. Therefore, it has a higher chance to be performed
in such countries where the supplier and the host utility are govern-
mental organizations.

The successful application of this model implies that the credit
worthiness of the purchasing country is acceptable to lenders. In
the joint venture model the purchasing country guarantees the per-
formance of the obligations of the national utility:

- to purchase the available power at a rate sufficient
to repay the debt, to cover the operating and other
costs and a reasonable return on equity depending on
the performance of the plant ;

- to transfer the income of the joint venture in local
currency to any required foreign country.

305



In the end of the agreed term, the equity contribution of the
foreign shareholders will be returned and the ownership will
be transferred to the national utility.

Equally, countries of the suppliers guarantee the performance of
their supplier companies formulated in related agreements.

This model improves the viability of the project by providing:
- good management and timely completion of the project;

good and safe operation of the plant;
- full financing until completion, including any

contingencies.

These factors improve the credit-worthiness of the project.

2. Countertrade

Countertrade arrangements can easily be applied in cases where
the products have a market and can be sold outside the host country.
Electricity has not this nature, therefore, other products or
services have to be marketed by the suppliers, which very often
involve professional companies for this purposes causing additional
expenses.

Countertrade is profitable in cases where an additional export
capacity can be created and sufficient inland production is available
and marketable corresponding to the repayment terms of the loans.

One workable solution might be taht the suppliers commit themselves
to co-operate with the local partners of the host country for similar
projects in third countries (engineering, civil works, etc.).

Another idea would be to realise the. NPP in a free zone so that a
part of the energy could be sold to industries settled in the free
zone and paid in foreign currencies alleviating the debt service of
the project.

In any case, countertrade can probably contribute only to provide a
part of the foreign currency requirements but cannot solve the whole
problem.
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3. SMPR

To remove concerns about SMPRs as regards technical feasibility,
licensing, cost, etc., it is suggested that the first unit has
to be built preferably in a manufacturing country.

In any case, the manufacturer must be ready to carry the greater
part of the risk.

One important aspect is, for a broad SMPR market, conomic competitive-
ness, as compared to similar coal plants. This can be improved by
standardized and modular design, easy transportability and consistent
production of electricity and heat or process steam, etc.

From the standpoint of the lenders, smaller amounts of finance
required is an advantage in contrast to risks involved in the first
application; however, the credit-worthiness of the buyer would remain
to be the key point.

4. Intervention Areas of the IAEA

The level of manpower and industrial infrastructure in a country
starting a nuclear program is an important factor for the acceptance
of the project by the political decision makers, suppliers, lenders,
and international institutions.

Therefore, the IAEA can contribute to the realization by providing
technical assistance, training, etc., to the host country for the
establishment of the necessary infrastructures, site selection,
site investigation, licensing, etc.

IAEA might increase its contribution in preparation of independent
assessments related to the feasibility of the project, readiness of
the country for the start, etc., in order to counteract negative
atmosphere against nuclear power plants existing in different places
in the world and inside financing authorities or organizations, such
as the World Bank, which influence the decisions of administrative
officers and leaders.
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Gloser contacts with the World Bank, OECD, and other international
organizations might contribute to an objective judgement of the
appropriateness of the nuclear projects in a specific country.

The IAEA might also consider the preparation of guidebooks for
helping the host countries in contracting with suppliers and
lenders.
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CONCLUSIONS OF WORKING GROUP 6

The following comments summarize the discussions in Group 6:

Financing

The most severe risk for those contemplating new or expanded
nuclear power programs relates to financing.

This is clearly evident when one compares nuclear investments
with those of a comparable industry where they can be perhaps five
to ten times less.

It would appear that the most significant opportunity to
improve this situation lies in finding ways to shorten the
construction period.

While there is little the financial community itself can do in
this regard it seems apparent that the project owners themselves,
or their governments, can impact the construction period through
such things as:

- streamlining the regulatory process
ensuring the infrastructure is set up
to assist in the smooth integration of
the project into the community
ensuring the design is finalized before
commencing construction

Small Units

There was general agreement that smaller generating units than
those currently available (ca. 200 - 300 MW) could provide benefits
from several points of view.
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Firstly, and most important, such a unit size would reduce
the investment required significantly which would mean less
risk to the lenders. Other potential benefits include:

a potentially shorter construction period
- the first unit could be producing power and

revenue by the time a second unit is undertaken
less shock on the local infrastructure
such a more gradual program, development would
provide a better opportunity for the lenders
to gain necessary confidence in the buyer.

New Financing Concepts

When considering nOn recourse project financing creation of an
external monetary account held in escrew by the lenders could
offer a hedge against lack of investor confidence particularly
in the early years of a new nuclear program.

Such a fund might operate in the following manner:

After the nuclear project is placed in commercial operation,
a smaller percentage of the true cost of service for that project
could be deposited in an external bank account held by the lenders
for each kilowatt-hour produced. The fund would be allowed to
built up to an agreed level where it would remain until the
project loans are repaid at which time the fund would return
to the project owners.

Such a concept would encourage the buyer to perform satis-
factorily. If he did not, then the lenders have at least some
compensation.

Enhanced Role of International Agencies

The only possible enhanced role for an international agency
considered practical is that of the IAEA.

310



It was generally agreed that the best opportunity for reduced
investor risk while improving their level of confidence in potential
buyers lies in creating the necessary infrastructure which will allow
the introduction or expansion of nuclear programs in the smoothest
possible way.

Specifically, the IAEA should consider - expanding its role
in developing countries to include:

(1) intensifying its role in developing the necessary
construction and operating skills;

(2) helping identify and develop the necessary
infrastructures ;

(3) work with manufacturers and suppliers to develop
the most appropriate unit sizes to satisfy market
requirements in developing countries.

In summary, it was agreed that existing government policies such
as those relating to supply agencies in developing countries may need
to be modified in order to ensure the best long-term energy sources
can be provided.
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SUMMARY OF THE PANEL DISCUSSION FOLLOWING THE
PRESENTATION OF THE REPORTS BY THE

DIFFERENT WORKING GROUPS*

by D. Ward

The animated discussion which I have heard going on around me
in the last half hour demonstrated something with which I am very
familiar and that is that the most important parts of any meeting
take place in the breaks between the formal sessions.

I think I should begin my resume with the first question which
was put to the groups, that is, the question of the major differences
between investment in the nuclear domain and in other projects, and
I think the first thing one comes up against there is that there is
undoubtedly in some quarters a general anti-nuclear prejudice. So
much publicity is given to any accident which occurs and there is
so much ecological sentiment nowadays that this is something which
is very often in the minds of people who are approached to give any
kind of support to a nuclear project. Furthermore, we are talking
not only about nuclear products in general, but nuclear products
in developing countries. Very often, I think, the first reaction
of anyone asked to tender or to support a tender for a nuclear
plant in a developing country is to think, how can such a poor
country need or affortd a nuclear plant! They think of the natural
disasters from which some of them suffer and the re-schedulings which
many of them had to face. I think part of the trouble here arises
from this general use of the word "developing countries". There is
a tendency to think that there are two very distinct blocs: apart
from the advanced technology (OECD) countries, the rest of the world
tends to be lumped together as developing countries. As you know
there are so many grades and stages of development for developing
countries that it is necessary to overcome this prejudice and think
of "this particular developing country", which is putting up "this
particular project".

Transcription from tape, corrected by the author.
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Then, beyond that, the major difference, on which everyone has
spoken, is the size of the projects, the amounts of money involved,
the long construction periods involved and the fact that, generally
speaking, you have not got a product: which is itself exportable. It
may make good sense in many ways, it: may save considerable amounts
of foreign exchange by way of imports, but it does not itself generate
or produce something like gold which is readibly salable in the world
market.

One approach to solving this problem or, at least, reducing it,
is that smaller stations should be considered and that a greater
standardization of the equipment, the construction methods, shorter
construction periods, can be arrived at, which would make a consider-
able saving in the time before the station began to generate
electricity and, therefore, generate income.

What can the developing country do to overcome these objections
or possibly prejudices? Mr. Terigi has emphasized that they must
present the project as part of a thoroughly researched programme for
the energy sector of the economy within an overall coherent national
plan, which demonstrates the need for the amount of additional energy
which will be produced. So it must demonstrate that the additional
energy is needed and then it must go on to show that electricity
generated by nuclear energy is the most economical way of providing
it. Finally, of course, it must show that the utility or its
government will be able to pay for Lt over the agreed credit period.
And I would remind you there that the OECD Consensus now fixes the
maximum period for guaranteed export credit at 15 years from
commissioning.

In the plenary sessions and in the groups the main topic of
discussion were new methods of financing. I think before talking
about these innovations we must recognize that most of the finance
is still likely to come from guaranteed export credit at fixed rates.

Those rates may be high but at least they are fixed, so the utility
does not run the risk that the rate is going to shoot up during the
repayment period, and, of course, these increasing rates were one of
the generating factors of the debt crisis into which so many developing
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countries fell. When I say "guaranteed" I am thinking of doubly
guaranteed: The payment is guaranteed by the host government and
the supplier or his banks are also guaranteed by its government, so
it will be paid in if the host government does not pay.

It has been suggested that as much as 25% of the financing will
have to come from commercial bank loans and much ingenuity is going
into finding ways of looking for protection for these loans by means
of counter-trade, joint ventures, escrow accounts, etc. This is,
to some extent, a trick with mirrors; it does not improve the
capacity of the utility or its government to repay, but it does try
to ensure that, if there is any money coming, then the financiers
will get it. I should, however, point out that the official
guarantors who are guaranteeing the major part of the credit will
insist that they do not come behind the financiers in the queue.

I think the most hopeful suggestion has come, not in the field
of joint ventures between suppliers and thé host country, but in
joint ventures between supplying countries, which has also been
described as multi-national financing. This is undoubtedly an
effective way of risk sharing and we know that it is being done
already in many cases where you have the nuclear core provided
by one supplier and the generating equipment and possibly some of
the civil works being done by one or more other countries. This can
be combined with a turnkey contract or a non-turnkey contract.
Whether the contract should be turnkey or not is a question of the
competence and experience of the utility which is buying the plant.
As was pointed out, it would probably be advisable if the first
plant was supplied on a turnkey basis, whereas, after having a
certain amount of experience, the utility might feel capable of
itself accepting delivery and commissioning from the various suppliers.

There has been a great deal of optimism about a possible role of
the World Bank in this matter and, as Mr. Heron said, there is no
inherent prejudice against nuclear plants in the Bank, it just so
happens that they had never done, apart from the Italian case some
years ago, which is not too particularly relevant to the present
discussion. I think we would see a role for the World Bank in the
approval or projects, not themselves necessarily going into all the
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: ocimicali t i.e.s, but at least satisfying themselves that the project
appeared to be sound and to fit in uit.li the general devo.lopment plans
of the country concerned and as deserving of priority (the project
could be a very good thing, t hero might be more urgent: things that
the country should be doing). It: could a3so lie hoped L ha L t lie Batik
would move on from the approval of projects u> co-financing, in which
they would share with the agencies in supplying countries the financing
of a project. That was another way of .sharing the risks and, provided
t lie techniques could be worked out, it. should be attractive to the
supplying countries. For one thing., it reduced the amount they had
at risk, if the V.'orld Bank was putting up some of its own money.
It aLso gave a certain amount of confidence thai the buying country
was i;.ore likely to exert itself to make payment if the World Rank
was associated with the project.

I might mention in passing here that a possible role for the
regional development banks was also seen. If they did not them-
selves have enough funds actually to be helping in the financing of
plants, possibly they could undertake the. lesser expenditure involved
in paying for feasibility studies, either by grants or by loans.

Some passing references have been made in relation to the World
Bank to the new Multilateral. Investment Guarantee Agency. There might
be some proposition in the field of nuclear energy where a joint
venture might be possible, with the supplier taking an equity in the
utility, where possibly national governments might be a little
reluctant to enter into it and then the MIGA could come in.

1 come finally to our hosts, the International Atomic Energy Agency,
which could also have an enhanced role in these matters. First, in a
general way, as advocates of the use of nuclear power in developing
countries - 1 say advocacy, although they might say, "we are not
exactly advocates, all we do is present the facts and they speak for
themselves". And in this connection it was also suggested that
countries, such as Korea, which have had successful nuclear energy
programmes, should be encouraged to give publicity to them, to show
what can be done. A role was also seen for the Agency in relation
to particular projects, and I do not know how far they can go here,
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I assume they would not themselves wish to undertake feasibility
studies, but at least they, I am sure, would be pleased to assist
developing countries and do, in fact, assist developing countries,
which are coming up to the stage of asking for a feasibility study
and helping them to find suitable people to make these studies and
then, at the tender stage, we know they have documentation to
assist them in the preparation of bid documents.

Finally, and I do not think this was purely politeness,
although it is customary at the end of all these meetings to say how
delightful it has been, Ï think everybody has found it very useful
to meet people in other spheres who are concerned with the same
problems ultimately. There is a general feeling that it would be
useful to have further meetings of this kind at which, perhaps, the
developing countries should not simply be invited to attend but
persuaded to do so. What often happens is that these invitations
never get to the right people: Some means has got to be found of
getting the invitation home to the person who would really want to
come and would benefit from it.
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GENERAL
CONCLUSIONS*

by J. Richard-Mounet

After three and a half days during which we have considered the main
problems created by the introduction of nuclear power as an energy source in
the developing countries, I can only say that the number of questions which
still remain to be asked is greater than the unchallenged answers and the
definitive solutions put forward for them. Various aspects of the matter have
been dealt with: the technical side, with emphasis, among other things, on
the inadequacy of the infrastructures and the instability of the distribution
grids; and the human side - highly reliable and highly specialized personnel,
who have often been cruelly lacking. The stabilization of the grids and the
training of manpower are problems which, in certain instances, have to be
solved in advance or at least at the same time as the adoption of nuclear power.
Economic aspects have also been brought to light and ways and means have even
been suggested for making better feasibility studies.

The examples quoted, as well as the information given by Mr. Heron on
the approach adopted by the World Bank, should certainly be underscored.
Assuming that the developing countries must have energy if they want to make
progress, the criteria for selecting nuclear power as against other sources of
energy have been made clear. Although the investment is heavy at the start,
the operation ought to be economical, and the overall balance largely positive.
Furthermore, the abundant distribution of fuel in the world and the ease of
storing it enable the owners of nuclear power plants to enjoy almost total
energy independence. We should add to that the fact that the price structure
of fuel makes it less speculative and less liable to major fluctuations in
exchange rates than is the case with oil or gas. Furthermore, as shown by
Mr. Bauiûier, the price trends in huclear fuel shows a drop.

This means that development priorities must be decided on. The
example of certain developing countries being over-equipped with steel mills,
refineries or cement factories, should induce us to be more careful in that
regard. It has to be kept in mind that feasibility and economic viability are
necessary, if not always sufficient, conditions for procuring funds. Indeed,
this leads me to the crux of what we have been discussing.

* Translated from French.
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It can be said, without any doubt, that when all the technical problems
have been resolved, and the technicians know how to resolve them; and when the
economists have drawn their conclusions, and they know how to do so, it is then
up to the financiers to find the 'sinews of war1. The pathways that I term
conventional have been discussed at length by Mr. Brodel, Mr. Ward and Mr. Thexton.
I refer to export credit, always linked to consensus and which is still heavily
criticized both by advocates of financial orthodoxy, who rule out any system of
official support, and by borrowers, who quite rightly find the financial burden
overwhelming. More advanced solutions, which without replacing export credit
will help to supplement it, have been, I must say, proposed, or at least
mentioned, for financing of the project- I refer to the papers by Mr. de Vassière
and Mr. Vanhoutteghem - and for funds of various kinds to Mr. Stakowski's paper.
That however, does not overcome the dual problem of the amount of funding required
and for how long ... and the size of the risk. Numerous approaches have been
tried out: Mr. Fleck discussed the sharing of projects - risk and finance -
among several supplier countries. This has already been practised for some time
in other fields, and certain nuclear projects have been based on that model.
Mr. Kütücüoglu has reminded us of a very interesting scheme developed with the
Canadians for the Turkish nuclear power plant projects. A scheme of that kind
definitely has many interesting features; it enables the suppliers and clients
to be' more closely associated in the success of the operation. It gives the
suppliers-lender the assurance that operation during the years of repayment will
be conducted according to the rules, and that operational incidents will be
reduced to a minimum. But it is probably not a panacea. I think that a profound
critical study of that approach would be useful and could well lead to advances in
the search for a solution. At this juncture I would like to point out that in
view of the status of the electricity distributor in most of the developing
countries it seems to me very difficult to accept that the State should not be
directly involved at least as far as the transferrability of currency is concerned
as well as in the case of decisions likely to call into question the operation
of a nuclear plant. Lastly, I would like to recall that the major risk for
everyone - supplier, client and financier - is to see the plant interrupted before
it has been put into operation through lack of the funds needed to complete it.
I would like to warn against unduly narrow cost estimates and the participation
of firms which are not dynamic enough, thereby causing costly delays. We have
seen numerous examples of that. Our Mexican colleague has told us of his
experience and the Brazilian example is also present in our minds. It is even
more difficult and expensive to find a major source of additional funds to
refloat a project that has been inadequately prepared. Problems of financing
should not be allowed to jeopardize the technical solutions.
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In conclusion, I would like to record here the interest shown by the
World Bank in delegating Mr. Heron and his encouraging words with regard to
the future. It seems to me that participation by the World Bank, and the
European Investment Bank (EIB), in a project is a sort of catalyst making it
easier for other financiers to take a decision. I should like to express the
hope as well that in future the Agency will have a share in the thinking of
such international bodies as OECD, whenever decisions, especially as regards
financing, could have a marked effect on nuclear development. May I, on behalf
of the participants, thank the Agency for its initiative in proposing and
organizing this meeting and urge it to do so again so that we can go into the
subject more deeply. May I, on behalf of the Agency, thank the participants
and, on behalf of all of us, thank and congratulate the interpreters.
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