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Abstract

To date, more then 500 nuclear power reactors have been successfully financed and built. Experience in
recent nuclear projects confirms that nuclear power will not cease to be a viable option due to a worldwide
financing constraint. For financing nuclear plants there are special considerations : large investment; long lead
and construction times; complex technology; regulatory risk and political risk. The principal preconditions to
financing are a national policy supporting nuclear power; creditworthiness; economic competitiveness; project
feasibility; assurance of adequate revenues; acceptability of risks; and no open-ended liabilities. Generally,
nuclear power plants are financed conventionally through multi-sources, where a package covers the entire
cost . The first source, the investor/owner/operator responsible for building and operating the plant, should
cover a sizable portion of the overall investment. In addition, bond issues, domestic bank credits etc. and, in case
of State-owned or controlled enterprises, donations and credits from public entities or the governmental budget,
should complete the financing . A financially sound utility should be able to meet this challenge. For importing
technology, bids are invited. Export credits should form the basis of foreign financing, because these have
favorable terms and conditions. Suppliers from several countries may join in a consortium subdividing the scope
of supply and involve several Export Credit Agencies (ECAs). There are also innovative financing approaches
that could be applied to nuclear projects. Evolutionary Reactors with smaller overall investment, shorter
construction times, reliance on proven technology, together with predictable regulatory regimes and reliable
long-term national policies favorable to nuclear power, should make it easier to meet the future challenges of
financing.

1. THE FINANCING ISSUE

All industrial projects requiring investment capital must be financed and Nuclear Power Plants
are no exception. Financing is an issue that grows in importance in proportion to the capital required
and the risks involved. Solving the financing issue is a challenge to the investor; if adequate and
acceptable solutions are not found, it can impede progress of the project contemplated. There are
examples of nuclear power projects unrealized due to a lack of financing, while in other cases
construction has been delayed or cancelled due to unforeseen financing constraints. When there is no
money, work stops; delay or cancellation of projects involving large capital investments is very
expensive and can have ruinous consequences.

Nuclear power plants are complex, as is the financing. It would be highly gratifying if simple
and adequate financing could be found which would be readily applicable and acceptable for nuclear
power plants. That is, a solution satisfying the investors/ owners/operators, the governments of the
countries concerned, the financing institutions and the suppliers of goods and services.

However, experience shows the financing challenge has effectively been met in the past and
can be met now. To date, more than 500 nuclear power reactors have been successfully financed and
built. There is no reason to assume that financing will become an impediment to further nuclear
power projects where other essential conditions are met, or that nuclear power will cease to be a
viable option due to worldwide financing constraints. Recent experience in nuclear projects where
construction has started, as well as in projects currently in the acquisition stage, confirms this.
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2. SPECIAL FEATURES OF NUCLEAR POWER PLANTS

From the financing point of view, nuclear plants have some special features that should be
considered. The principal ones are:

• Large investment;

• Long lead and construction times;

• Complex technology;

• Regulatory risk; and

• Political risk.

Nuclear plants are capital-intensive compared with alternative energy sources. Fossil-fueled
electricity generating plants (coal, oil, gas) producing an equivalent amount of electricity, are less
expensive to build. Gas-fueled plants in particular, are much less expensive alternatives.
Hydroelectric plants also tend to be capital-intensive, except where very favorable site conditions lead
to relatively low costs. However, on most such sites, hydroelectric projects already exist, so new
projects tend to be more expensive, often costing more than nuclear plant. As to the renewable options
(wind, solar, biomass, etc.), costs to produce equivalent amounts of energy are, as a rule, considerably
higher than for nuclear plants.

A long time is required for practically all stages of nuclear power project planning and
implementation. Relatively long construction times especially have a major impact on overall capital
requirements, which must be financed before the plant produces electricity and before there are
revenues. There are also risks of delays and cost-overruns, usually perceived as greater for nuclear
projects then for fossil-fueled alternatives.

Nuclear technology is complex, a challenge to engineering and management and the supply
industry in general. It is an area where there can be no compromise on quality and safety
considerations are of paramount importance. New developments in high technology areas constantly
take place, but require extensive research, development, and testing before they can be implemented
with confidence. And even with all precautions, technological problems may arise with impacts on
economics. All this implies technological risks.

To assure nuclear safety to protect the public and plant personnel, nuclear power functions in a
highly regulated environment. Nuclear power plants must comply with all rules, regulations,
procedures, authorizations and conditions set by national regulatory authorities. This has economic
and financial implications. The regulatory environment is not static. It constantly evolves and tends to
become more stringent, setting more and more demanding goals and conditions to be met. This
constitutes a regulatory risk that can lead to delays in construction, changes, modifications, and
corresponding additional costs. This regulatory risk continues after construction is complete, during
the whole life of the plant, and can lead to costly backfitting or even premature shutdown of the
reactor, with impact on the expected revenues and the finances of the owner/operator.

Politics and nuclear power are inseparable. National and international politics affect nuclear
power, and eventual changes from the conditions prevailing when a nuclear project is launched and
financing is committed, constitute what might be called a "political risk". International politics may
affect the market in nuclear technology, fuel, materials, equipment and components as well as co-
operation between countries and can have serious consequences for countries dependent on foreign
supply. The influence of national politics on nuclear power presents possibly an even greater risk.
Governments do not last forever, and when they change, new governments may have differing views
of the nuclear option, and may implement corresponding policies. National politics tend to respond to
public perception and media attitude regarding the nuclear issue and these may also change.
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In general, the special features of nuclear power present increased risk to the investor/owner/
operator as well as to financing institutions, and they must be compensated by greater benefits to
ensure financial viability.

3. EVOLUTIONARY WATER COOLED REACTORS

Evolution implies improvement and the evolution of nuclear power technology is a continuing
process. Improvements from lessons learned, from research and development efforts as well as from
general technology development, are introduced into new designs and projects. The main goals of
evolutionary water-cooled reactors, while maintaining reliance on proven technology, are:

• Cost reduction;

• Higher safety levels;

• Better reliability; and

• Shorter construction times

These common goals are pursued but their simultaneous achievement is difficult. Improvement
in one aspect may involve penalties in others and thus, compromises must be found which may
effectively limit the extent to which goals can be achieved. Whatever the results, the combined effect
of the improvements should have a positive influence on financing.

4. PRECONDITIONS TO FINANCING

Several conditions must be fulfilled so that the challenge of financing a nuclear power project
can be met with reasonable expectations of success. The principal preconditions to financing are:

• National policy supporting nuclear power;

• Creditworthiness;

• Economic competitiveness;

• Project feasibility;

• Assurance of adequate revenues;

• Acceptability of risks; and

• No open-ended liabilities.

Establishing national energy policies, including those affecting the electricity sector, is a
governmental responsibility. These policies constitute a framework and the ground rules governing
the function of the supply market in every country. Some countries prefer a highly regulated
environment and predominantly State-owned enterprises; others have or intend to implement a free-
market economy with liberalization, deregulation and privatization as goals. It establishes the
conditions and ground rules for investment and financing decisions made within the energy and
electricity sectors. Taxes, duties, levies, and direct or indirect subsidies are the main tools to create
the conditions for implementation of policies and to promote or discourage the use of specific energy
sources.

Current national policies regarding nuclear power vary widely. In some countries nuclear power
not only continues to be a viable option, but is effectively promoted. On the other extreme, there are
countries pursuing anti-nuclear policies. In between, political attitudes and policies vary from
acceptance as a viable option, neither to be promoted nor opposed, to leaving it as a "last resort",
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which hopefully will not be needed. The evolution of attitudes through the years has gradually been
changing from predominantly pro-nuclear to more passive or even opposing views. Hopefully, this
trend will gradually be reversed.

An essential precondition to financing is a national policy environment supporting nuclear
power. In countries with anti-nuclear policies, financing nuclear plants is simply no issue as long as
such policies prevail. Financing nuclear power is only a challenge in those countries where nuclear
projects are considered a viable option and the intention is to implement it.

An investor/owner/operator requesting a loan from a financing institution to complement his
own resources, insufficient to fully finance the project he wishes to implement, must be creditworthy.
Creditworthiness of the borrower is assessed by the financing institution. If the prospective borrower
is found creditworthy, credit is forthcoming, the challenge of financing can be met, and the project
can be implemented. Creditworthiness is therefore an essential precondition to financing but is not a
"nuclear" issue. It is determined by the financial soundness of the enterprise concerned, as well as the
prevailing conditions of the country.

In addition to fulfilling the two basic preconditions, that is, the existence of a national policy
supporting nuclear power and creditworthiness of the investor unable or unwilling to fully finance his
project with his own assets (the usual case), several other preconditions should be met.

The nuclear project should be economically competitive with available alternatives. Economic
competitiveness should be examined in a wider sense than simply the direct costs of energy produced.
It should include external costs such as health and environmental damages arising from construction
and operation of the plant, not always considered for other energy alternatives. In general, all costs
and benefits should be identified, assessed and included in the comparative economic evaluation.

The feasibility of implementing the project should be demonstrated through site-specific
studies. Adequate revenues to be generated by the project must be assured. All risks must be
considered and assigned to the respective partners best equipped to manage them. Open-ended
liabilities should not remain unattended or left for resolution at some indeterminate future date.

If all preconditions are met, financing can proceed with reasonable expectations for finding
solutions. Compliance with the preconditions is the sole responsibility of the
investors/owners/operators and their governments. The direct involvement of financing institutions
comes afterwards.

5. FACTORS AFFECTING THE VIABILITY OF FINANCING

In addition to compliance with the preconditions to financing, which can go from minimally
acceptable to highly satisfactory, there are many factors affecting financing. Like other business
undertakings, financing institutions are mainly concerned with the assurance of getting their money
back together with expected returns, while minimizing their risks. The expected benefits should be
commensurate with the accepted risks. Financing institutions are not really concerned with
environmental, strategic, moral or emotional issues, except when they affect risk/benefit assessments.

The overall amount of investment capital required is a major factor affecting financing. For
large, multiunit plants, the amount of money required normally exceeds the upper limit that financing
institutions are able or willing to provide for a single project. Even the largest financing institutions
have limited capacities, which is dispersed among many projects and debtors to reduce overall risk.

In nuclear projects, provenness and licensability have a relatively large impact on risk. Contrary
to the attitudes of researchers, scientists or designers, financial institutions as well as electric utilities
tend to be conservative. They prefer projects relying on well-proven technology, where licensability
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has been demonstrated. Obviously, too stringent application of these criteria and attitudes would
preclude the achievement of technological advances and the introduction of improvements.

Governmental commitments to relevant international treaties and conventions as well as to
stable pro-nuclear policies and the project to be implemented, have an impact on the perception of
risks, and in consequence on the viability of financing. There should be reasonable assurance that
current commitments will endure unchanged, after the next opinion poll or election.

The availability and adequacy of domestic infrastructure (legal, regulatory, manpower,
industrial, institutional) is normally not an issue in countries with operating nuclear plants. But for
first nuclear projects, it is a risk factor.

Other factors are the characteristics and regulations of the electricity market, the social and
economic system of the country, the domestic participation policy, and public attitudes and
perceptions regarding nuclear power. In addition to the current situation, trends and expectations for
the foreseeable future should be considered from the point of view of financing.

6. FINANCING REQUIREMENTS AND SOURCES

It may be superfluous to state that financing resources must be provided to cover all expenses
incurred in the project, up to the time when it can earn sufficient revenues to maintain itself. To the
question "Has everything been included?" the usual answer is: "Yes !" However, following a detailed
analysis, the answer is generally modified to: "Yes, except ". And there is a long list of exceptions
representing substantial amounts of money. Adequate provisions must be made to cover
contingencies, cost-overruns, and events which cannot be foreseen or avoided, and which may have
cost implications.

Expenses incurred may be in domestic currencies alone, or in both domestic and foreign
currencies. On the other hand, the project generates revenues exclusively in domestic currencies,
except in rare cases where electricity is exported and paid for in foreign currency.

The domestic sources of financing consist of:

• Resources of the investor/owner/operator;

• Bonds issued for the domestic market;

• Bank credits from the domestic capital market;

• Donations and credits from public entities; and

• Government budgets.

To the extent that there are eligible domestic suppliers of goods and services for a nuclear
power project, these are used and paid for in domestic currency. This means that for a domestically
designed and supplied nuclear power plant, practically all expenses are paid in domestic currency.
Even for countries importing a nuclear power plant on a turn-key basis, construction and erection
must be performed locally, there are local expenses of the owner, and there is always at least some
domestic participation in supplying materials, components and equipment.

For expenses incurred in domestic currency, domestic sources of financing are preferred or
often, the only option. For countries with scarce capital and competing investment requirements and
choices, a high level of indebtedness, a subsidized electricity market with inadequate tariffs, or
dependence on government contributions, domestic financing is a major challenge and may be a
constraint. There are examples of long, expensive delays in power projects, nuclear as well as
hydroelectric or fossil-fueled, caused by problems of domestic financing.
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The foreign sources of financing are:

• Multilateral Development Institutions;

• Export Credit Agencies (ECA);

• Supplier's Credit;

• Bilateral Sources; and

• International Capital Market (commercial loans).

Among the foreign sources of financing, Multilateral Development Institutions are usually
mentioned first. They include the World Bank Group, Regional Development Banks and
Organizations (African, Asian, Interamerican, European) and other institutions such as the Islamic
Development Bank, the Arab, the Saudi or the Kuwait Funds for Development.

For nuclear projects , the most important sources are the Export Credit Agencies, such as the
US EXIM Bank, the Export-Import Bank of Japan, the Kreditanstalt fur Wiederaufbau in Germany,
the Banque Francaise du Commerce Exterieur (BFCE) of France, the Export Development
Corporation in Canada, and similar institutions in other countries that are major industrial exporters.
The ECAs are complemented by relevant insurance agencies.

Supplier's Credit and Bilateral financing sources are usually complementary to the ECAs, they
may also be intended to promote exports, or to provide tied-aid credits, aid loans and grants. Finally,
the International Capital Market or Global Money Market provides commercial loans and is gaining
increasing importance.

Contrary to domestic financing, which may constitute a major challenge for nuclear projects,
financing is usually readily available to a creditworthy investor through foreign sources, especially
those intended to promote exports or those involved with the exporters.

7. TERMS AND CONDITIONS OF FINANCING

The terms and conditions applying to domestic financing are essentially country-specific but
financing energy projects, including nuclear plants, differs for State-owned and privately owned
enterprises. Where electric utilities are State-owned or under majority control of the State, it is
directly or indirectly, the main source of financing. This is the case for nuclear power in most
developing countries and in many industrialized countries. The terms and conditions, under which the
State contributes to a nuclear project, where needed, are determined by the State, in each specific
case.

It is noted that when important State financial contributions come directly from the budget, this
might represent a major risk. Budgets are approved for much shorter periods than required to build a
nuclear plant, and if the need for budgetary cuts or restrictions appear, which is not unusual, the
results might cause delays, suspension of work or even cancellation. For this reason, assured
financing through any other domestic source seems preferable, even if terms and conditions appear
less favorable.

When nuclear power projects are launched by privately owned utilities, the prevailing general
conditions and terms of the domestic money market apply, even though subject to constant change.
State contributions are not expected except for demonstration or prototype reactors and the utility
makes all necessary financing arrangements. This might be a constraint, because investors would have
practically no access to preferential financial treatment from the Public sector. Also, private investors
are normally reluctant to launch long-term capital-intensive projects, when short-term low-investment
options are available. To overcome this reluctance, incentives are needed, not from commercial
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banking but from government, where national policies and measures to promote implementation of
these projects are important.

For foreign financing, Multilateral Development Institutions generally offer the most favorable
terms. They provide "soft" loans, but under "hard" conditions, which might be difficult to meet or
accept. Nuclear power projects in developing countries have never been financed by any Multilateral
Development Institute, and there is only one example of financing a nuclear project in an
industrialized country (World Bank for Latina, in Italy), some forty years ago. In theory the
Multilateral Institutions are willing to consider requests for financing nuclear projects but in practice,
they avoid it.

The financing terms of aid credits, aid loans or grants are even more favorable than those of
Multilateral Institutions but application for nuclear power plants is forbidden by OECD Consensus.

The OECD Consensus is an "Arrangement on Guidelines for Officially Supported Export
Credits", which includes a "Sector Understanding on Export Credits for Nuclear Power Plants". This
consensus was agreed upon "to avoid excessive competition in the terms and conditions of export
finance among OECD Member Countries" and is revised from time to time [1]. It stipulates the terms
and conditions that may not be underbid by Member Countries and effectively limits competition
among them. The terms and conditions for nuclear powers are less favorable than for other energy
sources by considerable margin placing a definitive penalty on the nuclear option. But even under
these constraints, strictly observed in export credit arrangements, Export Credit Agencies are the
preferable financing sources for nuclear projects.

Export credits are limited by the overall export value. In addition, financing local costs and
capitalization of interest accruing during the grace period together cannot exceed 15 per cent of the
export value and the maximum repayment period cannot exceed 15 years. Interest rates are 75 basis
points (0,75 per cent) higher than the applicable rates for non-nuclear projects. In addition to these
basic terms covered by the consensus, other terms and conditions apply, which up to a point, can be
negotiated. They include fees (commitment, management, insurance, commissions), grace period,
modality of repayment, advance payment, etc. Export credit is always restricted to the project itself
and tied to the supplier/exporter. Government guarantees are required as well as export credit
insurance.

If financing by ECAs is insufficient, it can be complemented by Supplier or Bilateral credits,
and by commercial loans in the International Capital Market under conditions and terms normally less
favorable. Foreign financing is always in foreign currency, and must be repaid in the same currency,
even if used for domestic expenses. Therefore, as a general rule, foreign financing should be restricted
to imported supplies.

8. FINANCING APPROACHES

Conventional financing has been used in the past and is currently used for nuclear power plants
under construction or in the acquisition stage. This approach should continue to be available to
investors, and will apply to evolutionary water-cooled reactors.

The conventional approach consists of multi-source financing, where a complete package is put
together covering the entire cost of the project. The first source is the investor/owner/operator
responsible for building and operating the plant. His resources constitute the basis of the package, and
should cover a sizable portion of the overall investment. In addition, bond issues, domestic bank
credits etc. and, in case of State-owned or controlled enterprises, donations and credits from public
entities or the governmental budget, should complete the financing for the domestic expenditures.
This approach is basically similar to any power project except that for a nuclear project, the
perception of risks is higher, and the terms and conditions of the credits, less favorable. A financially
sound utility should be able to meet this challenge. It is once again emphasized that firm commitments
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for domestic financing are essential. Loans in foreign currency could also be used to cover part of the
domestic expenditures, but this is not recommended.

When importing from abroad, the conventional approach for the imported portion is to start by
inviting financed bids. Export credits should form the basis of the foreign financing package because
these have the most favorable terms and conditions among all available sources. Also, the objective of
the ECAs is to provide support to the suppliers and potential exporters of their respective countries.
The export value of a nuclear power project may be too large to be covered by a single agency. In this
case, suppliers from several countries may join in a consortium subdividing the scope of supply and
involving several ECAs. The complete financing package may be put together by several ECAs,
adding the supplier's credit, bilateral sources and commercial banks operating in the international
market. Such multisource financing arrangements are quite normal. The overall terms and conditions
may be somewhat less favorable than that from ECAs alone, but they would still be acceptable to the
importing utility, and certainly more favorable than that from the international money market alone.
With this approach, 100 per cent financing of the foreign portion should be achievable, if required.

Completing conventional financial arrangements takes some time; detailed negotiations might
last a year or even more. Comprehensive governmental guarantees are needed. All parties share a
common interest in getting the project underway and this helps reach agreements acceptable to all.

There are innovative financing approaches offering attractive alternatives to the conventional
approach which could in principle be applied to nuclear projects. Some have already been used to
finance fossil-fueled or hydroelectric plants in developing countries.

The BOT (Build, Operate, and Transfer) approach is based on a concession to foreign investors
to build, operate and after a defined period, transfer an operating plant to the host government. The
BOO (Build, Own, Operate) approach is basically the same, except the plant is not transferred. In both
approaches the investor is given guarantees for marketing his product and assurances regarding
revenues. These approaches are intended to attract foreign capital in the form of non-government debt
for power plants.

Counter-trade or barter arrangements involve exporting local products to the country of the
foreign supplier, in exchange for the supplies received or for part of them. It generates foreign
currency with local products, which are used to pay off foreign currency debts incurred.

Several other approaches have been envisaged to meet the challenge of financing, such as non-
recourse or limited recourse project financing, leasing by local or foreign investors, development of
instruments to finance local costs, expanded co-financing operations, revenue bonds with yields tied
to enterprise profitability and sale of electricity futures. No doubt, other innovative approaches could
be developed and probably will be in the future.

A common feature of all innovative approaches is complex, long and difficult negotiations.
There have been attempts in the past to apply some of them to nuclear power projects, such as the
BOT, the BOO, or the counter-trade arrangement. These attempts were unsuccessful and were
abandoned after failing to reach agreement. This, of course, does not mean that new attempts will be
similarly unsuccessful, or that the search for innovative approaches should be abandoned. On the
contrary, efforts to find better ways to finance nuclear projects should continue. In the meantime, the
Conventional Approach offers a generally satisfactory solution.
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9. LESSONS LEARNED - CONCLUSIONS

• More than 500 Nuclear Power Reactors have been successfully financed and built. This has
been done in an environment of national policies supportive of nuclear power, and by
creditworthy investors.

• While investment decisions are based mainly on economic and financial factors, national
policies are based, in addition, on other factors.

• Creditworthiness is not a nuclear issue.

• Financing is a major challenge, but has been met in the past and can be met in the future.

• Current conventional financing approaches are expected to remain viable; innovative
approaches may offer better solutions in general, or in special situations.

• The importance of adequate domestic financing must be emphasized. This often constitutes a
very real constraint.

• Evolutionary Reactors with smaller overall investment, shorter construction times,
reliance on proven technology, together with predictable regulatory regimes and stable,
reliable long-term national policies favorable to nuclear power, should make it easier to
meet the challenge of financing nuclear power plants.
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