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Abstract

In the free market and deregulation framework financing of nuclear power in developing
countries requires solutions different from those applied in the seventies and eighties. The paper
presents the financial specificity of nuclear power, project finance concept and the market risk.

1. INTRODUCTION

Whenever the question of financing a nuclear power station is put to a banker
nowadays, the banker inevitably replies that he is "not comfortable with nuclear issues".

The result is that financing a nuclear power station or, harder still, a development
programme based on nuclear energy, is now considered an exercise that is doomed to failure.

What is the reality of the situation? What solutions can be envisaged for the real
problems? These are the questions this note seeks to answer.

2. THE SPECIFIC NATURE OF NUCLEAR ENERGY IN FINANCIAL TERMS

First we will attempt to define what makes the nuclear industry as such into a special
category.

The highly capital-intensive nature of the industry, for example, inconvenient as it may
be for the financier, is not specific: certain major hydro-electric projects carry costs per kW
installed of the same order of magnitude.

In fact, there are only two features truly specific to the industry:

- construction time;
- safety-related questions.

The length of construction time required (of the order of 5 to 7 years) is considered
essentially as a source of extra costs due to the interim interest charges on investment capital,
but this is only an extended version of a phenomenon which affects other major construction
projects, e.g. (once again) large dams.

In fact, the lengthy duration is also a result of the complexity of construction, which
involves a large number of participants, and creates a further problem as regards the quality of
work executed in the light of one real specific issue for nuclear energy: safety.
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For the financier, safety-related problems are examined solely in economic and
regulatory terms - and not technical or political - and may be distilled into two types of
question:

- does the host country have a clearly defined legal framework to deal with safety issues
in terms of standard-setting (by an independent body) and in terms of responsibility
(party to international agreements)?

- how will the new demands of safety authorities be incorporated into the economic
structure of the project?

Clearly, the answers to these questions cannot be provided solely by the industrial
players involved in the programme: the authorities of the country concerned must also be
involved, in order to guarantee the existence and continuation of a reliable system to deal with
all safety-related issues. At this stage, there is no question of any financial guarantee as such.

3. NUCLEAR ENERGY AND PROJECT FINANCE

If financing a nuclear power station seems difficult, recourse to project finance is
considered impossible. Why should this be?

First let us review the concept underlying project finance.

3.1. The principles

As it has expanded and met with success in the field of power generation, so project
finance has become more a method of analysing transactions than a simple financing
technique.

In essence, the idea is very simple: instead of financing the company behind the
project, it is the project itself that receives the financing. The result is that it is not the
solvency of the company which concerns the lender, but the capacity of the project itself to
generate sufficient revenue to service the debt incurred in its financing.

Then an appropriate structure is set up, in particular through the creation of a legal
structure (trustee) dedicated to the project, in order to isolate it from the risks associated with
the company's other, pre-existing operations. At this stage, the project is no more than a set of
contracts between the JV thus created and the various commercial partners (equipment and
fuel suppliers, or service providers and buyers of the end product). The investor bases his
assessment - and hence the cost at which he is willing to lend - on the quality of these
contracts which, from his standpoint, are assessed in terms of the security of cash flow into the
JV.

The cornerstone of this analysis is an assessment of the risks and how they are
distributed between the players concerned: each risk identified must be assumed by the partner
best equipped to deal with it (in technical terms). Any risk whose consequences are not fully
assumed by one of the partners thus becomes the responsibility of the JV.

It is then for the investor to decide whether or not he is prepared to accept the resulting
risk.
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If the response is positive, the result is "pure" project finance: under no circumstances
will the JV partners be called upon to make good any default by the JV on repayments to its
bankers (non-recourse financing).

Clearly, experience shows that certain residual risks are not accepted by the banks,
who demand that these risks should be covered by the JV shareholders (known as limited-
recourse financing).

These principles have proved particularly appropriate to the financing of power
stations in that, where deregulation has led to the creation of IPPs, project finance has proved
the best response to the needs of new legal entities created from nothing.

Are these principles equally applicable to the nuclear industry? Clearly, there is no
reason why not. Yet certain minor modifications are required in particular areas, reflecting the
specific nature of the industry:

- control of operating costs
- completion of work

3.2. Cost control

Operating and maintenance costs call for little comment, but particular attention must
be paid to the cost of fuel.

What options have been chosen for the downstream element of the fuel cycle
(storage/reprocessing)? What is the resulting charge, present and future, to be borne by the
company? Analysis here is a delicate matter: the answers frequently lie outside the
professional scope of the company concerned, and are governed more by the industrial policy
of each state.

In any event, however, an option must be selected, the organisations capable of
implementing it clearly identified, and the contractual framework clarified, in order to
measure the resulting financial flows.

Cases exist where the industrial decision on the downstream element of the cycle is
still in abeyance when the investment decision has to be made. In such cases, it is imperative
that a system of provisions be put in place to ensure that the JV can meet its liabilities under
any circumstances.

A similar problem is posed by the question of decommissioning. The regulatory
requirements, and hence costs, are not clearly defined and, here again, sufficient provisions
must be set aside.

As we have seen, since both these questions depend on public bodies unconnected to
the JV, the approval of the appropriate public authorities is also required.

3.3. Completion of work

The stumbling block for any project finance scheme is the question of guarantees of
completion of work and of quality (cost, deadline, performance). Investors seek to obtain the
maximum possible guarantees of proper completion: these are also guarantees of the project's
capacity to generate the projected revenue, and the method employed is to transfer as much as
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possible of the risk to a solid and responsible legal entity, i.e. to the constructor, by means of a
turnkey contract.

In this respect, however, the construction of a nuclear power plant requires a complex
organisation and specialists feel that it is not desirable - for industrial reasons which it is not
for us to expand upon here - that such a project should be built under a turnkey contract.

However, the need to analyse the role and responsibility of all concerned still remains,
and it is essential to implement a contractual structure between all parties concerned (sponsor,
assistant project manager, construction firms, assembly firms, designers, etc.) which ensures
that each party assumes the risk related to the execution of the work for which each is
responsible.

The exercise is difficult, but not impossible.

Even so, the convenience of the turnkey contract incites investors to insist that a sound
legal entity should take overall responsibility for the completion of works, in order to protect
their interests in the event of any dispute between the various partners mentioned above. The
only viable solution is the creation of a temporary trusteeship by the partners in construction.

Here again, the exercise is difficult but not impossible.

3.4. Partial conclusion

On the industrial front - as long as each partner, including the authorities on questions
of safety, plays his part to the full - the construction and operation of a nuclear facility may be
structured in such a way as to meet the classic requirements of project finance. Still to be
analysed, however, is the most delicate question of all: that of revenue, current and future, and
hence market risk.

4. REVENUE AND MARKET RISK

Still following the logic of project finance, we must consider the fact that revenue is
very dependent on the organisation and regulatory framework of the host country's electricity
system.

We assume that the nuclear facility to be financed is competitive when measured
against alternative sources of energy: the method of measuring competitiveness (least cost
option) is directly related to the sector's organisational model and particularly to the process of
investment decision-making.

For the financier, irrespective of the organisation in place, it is important to analyse
how competitiveness is dealt with in the operation of the electricity system, and what are the
resulting risks.

From this standpoint, two extreme cases may be observed: total regulation under state
control, or total deregulation. Diametrically opposed as they may seem, they may eventually
lead to identical results.
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4.1. Competitiveness and capital-intensiveness of the nuclear industry: Incidence on
method of financing

To a certain extent, the capital-intensive nature of the nuclear industry is a handicap in
measuring its competitiveness.

In reality, however, higher investment costs per kW than other forms of generation are
- in economic terms - offset by a much longer lifetime (at least 40 years, without major
supplementary investment spending).

However, in order to arrive at an acceptable cost per kWh over the entire period, the
financing of such an investment must be set up in such a way that the costs are spread over its
entire operating life.

It should be noted that the successful development of the gas combined cycle
technique is due, at least in so far as investment and financing are concerned, to a high degree
of compatibility between the "economic" lifetime of the facility, the duration of energy
marketing contracts, and the period of loan terms generally accepted by the market.

From this standpoint, the nuclear industry closely resembles major hydro-electric
schemes which are only completed thanks to an accompanying accommodation made by the
market: acceptance of very long periods, particularly on the part of supranational bodies.

To a certain extent, the nuclear industry has now reached maturity in terms of quality
assurance over long-term operation, and should therefore be able to attract longer-term
financing, or even give rise to the emergence of a very long-term market, currently limited to a
handful of sovereign loan issues.

An interesting development is gaining ground in the financing of independent power
producers (IPPs) investing in conventional generating capacity: capital markets are showing a
significant renewed interest in this type of investment, and thus offering interesting prospects:

- in terms of duration: longer terms than classic syndicated bank loans,
- in terms of repayment profile: in particular, bullet repayment is possible.

This second point is of great importance to the case which concerns us here. The
structure of the bullet repayment system makes it possible to set up refinancing, so that debt
servicing may be smoothed as much as possible over a period approaching that of the facility's
life expectancy.

Taking our example of a 40-year life expectancy, the burden of debt could be
optimised by introducing the following structure:

(1) for every 100 units borrowed, 25 are borrowed under the terms of a conventional loan
repayable in 10 constant annual instalments, and 75 are repayable at term in 10 years'
time. Over the first ten years, only the interest is paid on the 75 units, in addition to the
annual instalments on the 25 units.

(2) After 10 years, the initial loan of 25 units is fully repaid, and the 75 units are
refinanced by means of a further 25-unit loan repayable in 10 constant annual
instalments and another 50-unit loan repayable at term in 10 years' time (i.e. in
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year 20). This new debt generates a level of charges that is stable and slightly lower
than in the first 10 years.

(3) In year 20, the 50 units are again refinanced in the same way, by a bullet loan of
25 units combined with a conventional loan for the same sum. All that remains
between year 30 and year 40 is to repay the final conventional loan.

This represents a major step forward by the capital markets which, by accepting the
refinancing risk, are demonstrating their belief in the economic viability of the facility over
time. What has been done for the conventional IPPs, in terms of both technical quality and the
market, should be possible for the nuclear industry.

It is by no means proven as yet, however, that the capital markets are sufficiently
mature to accept the maturity of the nuclear industry.

Nevertheless, it may be noted that:

- firstly, the model described above is the one which, implicitly, allowed financing of
the French nuclear industry. Lenders accepted the risk of the "nuclear energy/pricing
regulation" complex in a context in which, in fact, the State played its role to the full.

- secondly, when it is a question of financing an integrated company, analysis and the
conditions of the competitiveness are mutualised in all the activities, facilitating the
acceptability of the risk relating to nuclear power by potential investors.

4.2. Nuclear power in a deregulated system/The capital market

In this kind of context, the real problem is the place that nuclear power is able to
occupy in a diversified "mix" of production resources and the risk of competitiveness resulting
therefrom in an open market.

4.2.1. The context

The seventies and the first part of the eighties were marked by a high price of fossil
fuels, leading certain countries (particularly France) to develop a large-scale nuclear
programme: since nuclear facilities produce most of the electricity in these countries, the price
of the latter naturally reflected (in a logic of monopolistic regulation of the cost plus type) the
development costs of these facilities.

The current situation is very different in that nuclear power no longer has the same
comparative advantage and is in competition with facilities producing electricity from gas,
including electricity supplied at base. More specifically, the cost of development of nuclear
power at base could be higher or lower than that of a combined gas cycle (CCG), depending
on which long-term gas price scenario is adopted.

In any event, if the price of electricity for a supply at base were adjusted in relation to
the cost of facilities likely to be developed in order to satisfy this type of demand, the latter
would no longer be systematically linked to the costs of nuclear power (unlike the situation
which prevailed during the eighties). It would be equal to the cost of development of a gas
facility, as soon as the latter appears to be the most profitable bearing in mind the initial price
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of the gas and its development prospects1. In a scenario of this type, the profitability of a
nuclear facility would appear to be less than the average weighted cost of the capital reflecting
the hoped-for profitability which one would be entitled to demand for this type of facility.2

Nuclear facilities which would be developed by project-companies in this context
would lead to electricity sale contracts drawn up once and for all over the lifetime of the
power station, and assumed to guarantee capital providers with appropriate remuneration. In
practice, the temptation for the purchasing electricity company to seek to revise these
contracts may be strong if it appears that facilities generating electricity on more favourable
conditions could be developed. It may also be thought that investors who are conscious of this
possibility will take account of this from the start, in terms of the profitability that they
demand, and that this will help push up the sale price of the electricity generated by the power
station.

The risk would be even more evident in a more deregulated system in which an
electricity company created to operate a nuclear power station would have to sell its
production directly to clients (on the basis of contracts of terms necessarily shorter than the
lifetime of this power station). The need to align electricity prices with the cost of developing
the least expensive technology would be seen each time a contract was renewed. From this
standpoint, a system with a pool would probably be even more risky in the case of a nuclear
investment, if it were to lead to a reduction in the term of the contracts between generators on
the one hand, and industrial clients and electricity distributors on the other.

4.2.2. Analysis

However, one should also consider whether the risks described above are intrinsic to
nuclear power or whether they could similarly affect a generator developing a combined gas
cycle or a coal-fired power station (the latter is not unaffected by an increase in the price of
gas or coal, giving back to nuclear power a net advantage in terms of competitiveness). There
is, however, probably a certain dissymmetry between the case of nuclear power and that of
other, thermal facilities, related firstly to the fact that the latter will, in current cost conditions,
be called to the margin in relation to most of the monotonic, and also to the fact that
construction deadlines in the case of nuclear power are significantly longer than those of other
thermal facilities. For both these reasons, the development of more combined gas cycles in a
context of falling gas prices would appear to be a less irreversible and less risky choice on the
part of electricity generators than would be the development of more nuclear power in a
context of rising gas prices3.

1 In theory, comparison of the two development costs is possible only if there is a graph of the
forward price of the gas over a period as long as the lifetime of a nuclear power station, which is
unrealistic. In this comparison it is thus not possible to avoid the explanation of a medium-long term
gas price development scenario.

2 Conversely, in scenarios in which nuclear power is the most profitable development resource
for the generation of electricity at base, the sale price of the electricity that would have to be applied
should lead to capital remuneration greater than its average weighted cost.

3 One should, notably, mention, irrespective of the construction time aspect, that such
movements in relation to the price of gas would not affect, in the short term (i.e. with an unchanged
set of power stations), the profitability of combined gas cycles, provided that the latter are marginal
most of the time, since they would be passed on to the pool prices.
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The fact that nuclear power stations constitute economically risky assets in a
deregulated market in which electricity prices are a function of the costs of gas generation
facilities is an essential factor to take into account when considering the best means to finance
them. It is certainly true that, in order for investors to be interested by financing nuclear
power, in a deregulated system, it would be necessary for them to have the conviction that in
terms of mathematical expectation, and over the long term, the latter is, at base at least, less
expensive than a combined cycle4: this is a necessary condition in that it appears both more
risky, and has more irreversibility. But these investors should also be prepared to take the
corresponding economic risks.

This has a major consequence: it will probably be difficult to finance nuclear power
without using a sufficient equity funding. In particular, a financing structure based principally
on indebtedness would probably be inappropriate. Creditors would then be tempted to protect
themselves either by demanding high risk premiums - reflecting the fact that they assume de
facto a part of the economic risk - or by imposing high financial charge coverage ratios, or a
rapid repayment of the debt. In any event, this desire for protection by the creditors would be
to the detriment of the competitiveness of nuclear power, at least during the first part of the
lifetime of the power station.

Conversely, use of more equity, if it is possible, will tend to alleviate these
competitiveness constraints. Remuneration of the equity has a less instantaneous effect on
prices per kilowatt-hour generated by a power station than that of the debt. It is, notably,
possible to reduce the rate of distribution of dividends during the first years of a power station,
the additional remuneration of the shareholders then being achieved by means of a latent
profit on their shares. Naturally, this is made easier if the corresponding shares may be
exchanged with satisfactory liquidity and if this latent profit may thus be realised effectively.

The whole point is to ascertain whether there are sufficient numbers of equity
investors prepared to invest in nuclear power in order to modify substantially the equity/debt
ratio.

Without answering this question, it is possible to make two observations. In the first
place, the economic risk of nuclear power (risk of loss of competitiveness) is notably linked,
as has been seen, to the price of gas. It is thus a risk which is at least partially able to be
covered by financial instruments. Secondly, the economic risk of nuclear power is a risk
which is uncorrelated with other risks borne by investors: it may thus be imagined that for
reasons of diversification investors would accept to finance such facilities without demanding
excessively high risk premiums for their equity contributions.

The necessary weight of the equity should also no doubt be relativised: provided the
volume of the latter exceeds a certain proportion, creditors should consider that the risk they
are taking on is considerably reduced, and reduce their demands commensurately, particularly
in terms of the debt repayment term, which would at the same time alleviate the
competitiveness constraint hanging over the nuclear power station during the first part of its
lifetime. In the same perspective, use of quasi-equity (for example, low-rate coupon bonds
convertible into shares) would be financing solutions worth exploring.

One should also consider, in the case of nuclear power, the justification for funding on
a station-by-station basis. Part of the difficulties mentioned above - those related in particular

Even when one takes account of an irreversibility cost intrinsic to nuclear power.
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to the debt repayment term - would be attenuated, albeit very gradually, if a set of power
stations of different ages, all selling electricity at the same price for a given period of use,
were financed. In such a scenario, the cash flows generated by the oldest power stations
(which need not necessarily be nuclear ones) would help finance the newer ones. A solution of
this type should thus be explored every time a country initiates a major nuclear power
generation programme. It should be noted that the French nuclear programme relied on this
principle of financing of a set of stations.

5. CONCLUSION

Financing of nuclear power in Developing countries and in the context of deregulation
of the electricity market no doubt calls for solutions different from those imagined in the
seventies and eighties in the Developed countries.

With current economic conditions (notably in relation to the price of gas), nuclear
power may only occupy a part of electricity offer at base. Since, in countries developing it, it
is unable to provide the guiding electricity price, it comes with a competitiveness risk
combined with characteristics of irreversibility linked notably to its construction times.

However, since it appears that there is a place for nuclear facilities (once appropriate
risk and irreversibility premiums are factored into the economic calculation), the question is
no longer whether it is possible to finance these facilities but how to finance them. Use of a
weight of financing by equity or by quasi-equity higher than for other types of facilities is an
approach which seems favourable : it could allow capital remuneration to be better modified
over time, and certain constraints imposed by creditors to be alleviated.

The whole question is, clearly, to know whether, bearing in mind the very capital-
intensive nature of nuclear power, it will be possible to procure a sufficient volume of equity
and quasi-equity on the market, even in the hypothesis of a curbed development, on a world
level, of this type of generation resource.

Lastly, a financing solution for the entire industry is clearly preferable to the station-
by-station financing solution according to the project financing model.
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