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As environmental issues (particularly questions associated with
the greenhouse effect) become a matter of increasing current
concern, so the French nuclear power programme can, in
retrospect, be seen to have had a highly positive impact upon
emissions of atmospheric pollutants. The most spectacular
effect of this programme has been the reduction of carbon
dioxide emissions from 530 million tonnes per annum in 1973 to
387 million tonnes per annum today. Obviously, this result
cannot be considered in isolation from the economic
consequences of the nuclear power programme, which have been
highly significant. The most obvious consequence of nuclear
power has been the production of cheap electricity, while a
further consequence has been the stability of electricity
prices resulting from the increasing self-sufficiency of France
in energy supplies (from 22% in 1973 to 47% in 1989) . The
French nuclear industry is also a source of exports,
contributing FF 20 billion to the credit side of the balance of
payments in 1989. We therefore feel that a numerical
assessment of the macroeconomic impact of the nuclear power
programme is essential to any accurate evaluation of the
environmental consequences of that programme. This assessment
is set out in the pages that follow, using the Micro-Mélodie
macroeconomic and energy supply model developed by the CEA
(Atomic Energy Commission) . In the final section of this
report, we shall attempt to assess the role of nuclear power in
combatting the greenhouse effect, using a worldwide exploratory
study as our source.

I - COAL: AN ALTERNATIVE TO NUCLEAR POWER

Had a programme for the replacement of nuclear power plants by
fossil fuel-fired power stations been initiated from 1970
onwards, the first unit to be completed (corresponding to
Fessenheim I) would have been brought into service in 1977.
The date of commissioning would have fallen immediately after
the increase in crude oil prices, thus invalidating any option
for the use of fuel oil as fuel. The fuel used would have been
coal.

1. Brief description of the coal scenario

In order to secure a relatively high level of independence in
energy supplies, the French authorities would have been
required to develop coal mining. Taking account of the
technical characteristics of coal deposits, we have envisaged
an increase in production of 5 million tonnes per annum in the
Lorraine region. This represents 20% of national production in
1977. Four 600 MWe coal-fired units would have been
constructed in the vicinity of pit-heads, while any remaining



coal would have been shipped in from those countries which
generally supply France (particularly Australia and the USA).

Initially, coal-fired units would all have been constructed
with grate furnaces. The initial capacity of these units would
have been 600 MWe, increasing rapidly to 900 MWe. The
construction of a large series of units with this increased
capacity would have allowed substantial economic benefits to be
realised, particularly in terms of increased efficiency and the
extension of the operating lifetime of units to forty years.
Even though environmental concerns were undoubtedly not the
main priority of the public authorities fifteen years ago, we
have assumed that all coal-fired units, with the exception of
the four constructed in the Lorraine, would have been fitted
with effective desulphurisation plant, in the form of flue gas
scrubbers, operating at 90% efficiency. Fluidised bed
technology would have been introduced progressively between the
year 2000 and 2005 (date of entry into service).

The more prominent role of the coal-fired electric power plant
industry would have an impact upon exports of plant abroad.
The substantial levels of coal-fired plant exports already
achieved by Alsthom (who held 12% of the world market in the
early 1980s) might have been higher still, increasing from two
600 MWe units per annum to three. However, eight 900 MWe
nuclear power plant units would not have been exported.

2. Investment costs

Any comparative analysis of the nuclear and coal scenarios must
be based upon an evaluation of the respective investment costs
involved. Our study has been based upon figures published by
the Ministry for Industry, information drawn from the study by
Moynet [1] and information from the EDF plant division. Table
1 shows unadjusted standard investment costs published in 1986
by the Gas, Electricity and Coal Division (DIGEC) of the
Ministry for Industry. However, the actual cost of investment
recorded for a coal-fired power plant has been adjusted in
order to take account of the various effects arising from the
development of a major p-rogramme for the production of
electricity from coal (table 2).

The nuclear option is characterised by the high levels of
industrial investment involved in the nuclear f:uel cycle. A
proportion of these investments (approximately FF 30 billion at
1990 values, mainly for the construction of UP2 and
prospecting) had already been committed prior to 1970, and may
be classified as investments involved in the operation of
graphite gas units. However, the major part of investment in
the nuclear fuel cycle took place after 1970. In our coal



scenario, this expenditure (calculated at FF 100 billion at
1990 Values) would not have been required (see table 3) . In
terms of power plant units themselves, attention should be
drawn to the substantial drift in investment costs (in terms of
both price and volume) from 1970 to the present day. Taking
account of this factor, the total cost of investment in nuclear
power plants ordered from 1970 to the present day, i.e. thirty-
four 900 MWe PWR units, twenty 1300 MWe PWR units, two 1400 MWe
PWR units and one FBR unit has been estimated as FF 360 billion
(at 1990 values) on a plant by plant basis. Between 1970 and
1993, the cost of the nuclear programme will have totalled FF
460 billion.

The coal option, like the nuclear option, must be considered
initially in terms of investment in the fuel cycle, i.e. the
cost of increased coal production in the Lorraine and the
extension of harbour capacity (see table 4) . In our coal
scenario, France uses the services of foreign shipping
companies for the transport of imported coal. Although the
construction of the requisite ore carriers in French shipyards
was also considered, this scenario does not have any
significant impact upon results obtained, as shown in [2]. In
order to provide the same net capacity, 58 GWe of coal-fired
capacity would have been required to replace 60 GWe of nuclear
capacity (since approximately 2 GWe is required to supply the
Eurodif plant). This investment would have totalled FF 285
billion at 1990 values. For the same net capacity, the total
cost of the programme for the production of electricity from
coal would have been FF 330 billion.

3. Operating costs

The major difference between the coal and nuclear options is
the cost of fuel. In the early 1980s, the cost of fuel per kWh
produced stood in favour of nuclear power by a ratio of 1 to 5.
Since this item accounts for approximately 30% and 60% of the
accounting cost per kWh of nuclear power and electricity from
coal respectively, it is important to specify the assumptions
which have been applied to coal prices.

We have assumed a 10% increase in the international coal price
from 1980 to 1986. Increased demand from France in a
restricted international market during a tense period for
energy prices would undoubtedly have led to an increase in
prices (in response to increased French demand, world demand on
the international steam coal market would have increased by
some 20%). After 1990, our assumptions on coal prices (shown in
table 5) are based upon the low and high scenarios applied by
Energy Research Group (GPE). Other running costs comprise
operating costs (mainly direct or associated staff costs),



which will be determined on the basis of average earnings (some
1.5% higher in the nuclear industry than in the coal industry).

II - IMPACT ON THE ELECTRICITY MARKET

1. The structure of electricity supply

The actual past development of the structure of electricity
supply is shown in figure 1. Figure 2 shows how this structure
would have developed under the "no nuclear power" option. The
nuclear capacity of France would effectively have been
eliminated with the shutdown of the last graphite gas unit
(Bugey 1), scheduled for April 1994. Table 6 shows an
international comparison of results for the same scenario. In
terms of electricity supply, a "nuclear free France" would have
been comparable to the UK, with 70% of electricity produced
from coal-fired thermal plants, and approximately 2 5% produced
from nuclear and hydroelectric plants.

2. Impact on electricity prices

Tariffs applied by EDF are theoretically based upon the concept
of long term marginal costs. Each consumer pays a standing
charge, which represents subscribed demand, and a variable
charge, which is proportional to electricity used (subject to
possible adjustment at pre-determined periods of the day) .

If the movement of primary energy prices proceeds as expected,
it is possible for EDF to balance its budget each year.
However, there was no verification of the fulfilment of this
condition between 1973 and 1980, nor even after the fall in
coal prices in 1986. During periods of changing prices, long
term marginal cost tariffs will therefore run up against the
obstacle of budgetary fluctuations. However, this tariff system
will retain its substantial theoretical value, both as a
reference system, and as a system for the assessment of
differences between tariffs (standing charges and prices per
kWh for the various parties concerned). Movements in
electricity prices will be limited by trading accounts (sales,
less the cost of variable resources used for production) and
the capital account (used as a reference value for the balance
of the financial budget). Variations in operating costs may be
regarded as the main factors governing average electricity
tariffs, while the balance of the capital account (provided
that operating accounts can be balanced in practice) may be
regarded as the product of investment policy. However, in
order to avoid an approach which penalises the coal scenario
(with its lower investment costs, in relation to the nuclear



scenario), we have assumed that average electricity tariffs
will be based upon a balanced budget (i.e. with a constant
deficit for EDF) . This approach is also consistent with the
concept of long term marginal costs (for the average level of
tariffs), where movements in economic parameters (particularly
fuel prices) are stable.

At present, the price per kWh of electricity under the coal
scenario would be some 15% higher. However, during the late
1970s and early 1980s (a period of substantial investment in
the electricity sector), this price would have stood below its
historical value (this mechanism is closely linked to the
assumption that charges are based upon a balanced budget. If
charges are based upon long term marginal costs, this temporary
fall in prices would not occur, regardless of the accuracy of
forecasts). This temporary advantage would have been lost by
the mid-1980s, while the increase in electricity prices would
have reached 20% in 1986 (before the fall in the international
price of coal) . By now, the price of electricity would have
been highly sensitive to fluctuations in the international
price of coal. Consequently, by the year 2000, the price of
electricity would increase by 16% or 30% in accordance with the
low and high scenarios for the price of coal applied by the GPE
respectively (see table 7 and figure 3).

At present, electricity prices in France are among the lowest
in Europe (see figure 4). In a "nuclear free France", the price
of electricity would be close to the level found in the UK, but
would remain substantially below the price applied in Germany.

3. Impact upon electricity demand (see table 8)

In a "nuclear free France", the increase in electricity prices
would lead to a fall in a consumption and the replacement of
electricity by other forms of energy.

In the energy sector, this fall in consumption would stem
mainly from the absence of the Eurodif plant, which accounts
for annual consumption of 20 TWh. In industry, the impact of
higher electricity prices would vary according to the
industrial sector concerned, the application in question, and
tariffs applied. A technical and economic study based upon
individual applications (manufacture, heating, motive power
etc.) and sectors [3] shows that the most affected sectors
would be paper and cardboard, iron and steel, the foundry
industry, metallurgy and metal working, chemicals, and (to a
lesser extent) agri-foodstuffs industries The impact upon
other sectors would be extremely limited. In the services
sector, there would only be a significant drop in electricity
consumption for heating. In the residential sector, heating



would also be most affected by electricity prices. In
particular, high electricity prices would lead to far less
growth in electric central heating, with an estimated fall in
consumption of 10 TWh. Net exports of electricity would be
close to the level of supplies delivered under contracts which
are based upon long term cost differentials. In a nuclear free
France, the comparative advantage of French costs would be
considerably reduced, and would lead to the total disappearance
of these exports. The total drop in national electricity
production would be close to 90 TWh (23%), while final
consumption would fall by 24 TWh (8%).

Through the practice of energy substitution, the fall in final
energy consumption would be lower than the drop in final
electricity consumption. On the basis of studies conducted by
Devezeaux [4] and Roudergues [5], it may be reasonably argued
that the main fuel sources to benefit from this substitution
process would be oil (with consumption increasing by 2.4 Mtoe,
particularly in the industrial sector) and gas (with
consumption increasing by 1.7 Mtoe, mainly for space heating),
with only an extremely limited increase in coal consumption
(0.1 Mtoe, mainly for industrial use). The overall structure of
final energy consumption in a "nuclear free France" would be
close to the pattern which we see today. The same can certainly
not be said of the primary energy balance. National fossil
fuel consumption would be almost 55 Mtoe higher than its
current value, with coal for electricity production accounting
for the major proportion of this figure (approximately 51
Mtoe).

Net production of primary electricity (hydroelectric and
nuclear power) would- fall by 63 Mtoe which, in terms of
overall energy production in France, would only be offset by an
increase in coal production (3.1 Mtoe).

Independence in energy supplies, as shown in figure 5, would
currently stand at approximately 20% (as against its actual
level of nearly 48%), which is close to the figure for 1973.
Without nuclear power, France, which is currently on a par with
major coal producing countries such as the Federal Republic of
Germany, would be reduced to the level of Italy or Japan (see
figure 6).

IV - MACROECONOMIC SPPECTS '

The impact of substitution upon the primary energy balance is

1 Measured using the Micro-Mélodie model, c.f. [6] and table 9.



such that the macroeconomic effects of this substitution (see
table 10) will need to be assessed in terms of the current
position of electricity production in the overall economic
activity of France (where the electricity sector now accounts
for an added value of approximately 2.4% of commercial GDP,
with 166,000 persons in direct employment).

The structure of the economy will be modified by the following
three factors :

- Falling investment in the electricity sector and the fuel
cycle,

- Rising electricity prices,
- A substantial reduction in independence in energy

Chronologically, the first of these factors to have any impact
would be the fall in investment in the electricity sector
resulting from the discrepancy between the cost of investment
per kWe of installed nuclear and coal-fired capacity, and from
the reduction in total net capacity required (which, in itself,
would result from reduced demand for electricity). The
macroeconomic impact of this factor would be equivalent to a
keynesian multiplier. In outline terms, there would be two main
consequences, namely, a significant reduction in economic
activity (see figure 7 and 8) and a reduction in pressure on
the trade balance towards the mid-1970s.

The remaining two factors would have a significant effect from
the early 1980s onwards, their sudden impact exacerbated by the
fact that this was a period of high prices on international
coal markets.

Higher electricity prices would increase the production costs
of companies, who would then pass on these increased costs in
the form of higher selling prices. Households would be
affected by the increase in the cost of domestic electricity
itself, and by the increased price of goods and services
involving electricity. In wage negotiations, these increases
would only be offset to a limited extent by increased earnings,
since index linking would be limited by a significant rise in
unemployment. By the present day, there would have been a 0.8%
reduction in purchasing power. By the year 2000, this
reduction would reach 1.2% or 1.9%, depending on whether the
low or high scenario for coal prices is applied. The main
effect of this loss of purchasing power would be a fall in
household consumption (0.9% in 1990), which would have a
negative impact upon economic activity (-1.3% in 1390). Nearly
100,000 jobs would be lost.

Reduced independence in energy supplies, quite apart from



exposing the French economy to the effects of an increase in
coal prices, would lead to a substantial increase of over FF 30
billion (see figure 9) in national energy costs for 1990
(actual energy costs totalled FF 83.2 billion in 1989). There
would be a very substantial increase in coal imports (by almost
80 million tonnes in 1988). The substitution of energy sources
would also lead to an increase in imports of energy, petroleum
products and natural gas, while electricity exports would
disappear.

There would be a negative impact on the trade balance (see
figure 10) , with a loss of some FF 15 billion in 1990 (there
was a FF 93 billion deficit in the cif/fob trade balance in
1989) . In the mid-1980s (a period of high coal prices) , this
annual negative impact would have been almost half the deficit
actually recorded for the cif/fob trade balance. The fall in
final demand (investment and household consumption) would have
a positive impact upon the external trade balance (by reducing
imports and releasing capacity for exports) , but this would
not, in itself, be sufficient to offset major increases in
national energy costs. The cumulative deficit over ten years
from 1981 to 1990 would exceed FF 100 billion at 1990 values.
Over the following decade (from 1991 to 2000), this cumulative
deficit would reach FF 190 or 230 billion at 1990 values,
depending on whether the low or high scenario for coal prices
is applied.

At present, the impact of the French nuclear programme (in
terms of economic activity, employment and external trade) is
generally positive. If this programme had not been implemented,
the impact might be broadly compared to that of an oil crisis,
with a long term increase in the price of oil from 20 to 30
dollars a barrel.

V - IMPACT ON THE ENVIRONMENT

In this section, we shall consider the consequences of the
French nuclear programme in terms of emissions of atmospheric
pollutants (carbon dioxide, sulphur dioxide and nitrogen oxide)
associated with human activity. In the coal scenario
considered, these gases are generally emitted by generating
plant. However, significant economic changes brought about by
the use of coal for electricity production would certainly have
had some impact upon these emissions, particularly through the
substitution of energy sources within overall energy demand.
All emissions of atmospheric pollutants (including indirect or
induced emissions) have been recorded, particularly those
arising from the manufacture of construction materials for
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generating plant units. However, we have taken no account of
changes in the primary energy balance of foreign countries
(such as the FRG or Italy) , who would have been required to
increase their electricity production (probably by burning coal
in the majority of cases) had French power plants (with their
associated capacity for exports) not been available.

1. Sulphur dioxide and nitrogen oxide emissions

Sulphur dioxide emissions would exceed their current value by
230,000 tonnes per annum, an increase of 18% in terms of the
level of annual emissions (1,270,000 tonnes in 1989). This
increase (which, after all, may be regarded as relatively
modest) is closely linked to the assumption that effective
desulphurisation measures would be applied to all coal-fired
power plant units constructed (otherwise, sulphur dioxide
emissions would reach 11,450,000 tonnes per annum, an increase
of over 100%) . This would not apply to units constructed in
the Lorraine, since the percentage content of sulphur by weight
of coal mined in this region is only 0.3%, as against 0.8% in
the case of imported coal. The substitution of energy sources
used to meet final demand would have a significant impact upon
this result, in the form of a perceptible increase in
industrial consumption of heavy gas oil (low sulphur content
fuel oil, 2.0% sulphur by mass). In a 'nuclear free France",
sulphur dioxide emissions would reach 220,000 - 250,000 tonnes
per annum by the year 2000. In absolute terms, this would be
comparable to the result obtained in 1990, given that, while
economic growth would tend to lead to an increase in emissions,
the more widespread use of extra low sulphur content fuel oil
(1.0% sulphur by mass) would tend to restrict emissions.

By the present day, nitrogen oxide emissions would exceed their
current value by 510,000 tonnes per annum, an increase of 29%
(annual emissions reached 1,760,000 tonnes in 1989). This is
an important figure, bearing in mind that the transport sector
now accounts for nearly 75% of these emissions. In a nuclear
free France, these extra nitrogen oxide emissions would reach
650,000 - 720,000 per annum by the year 2000 (a difference of a
comparable order of magnitude to that assumed for the present
day) .

2. Carbon dioxide emissions

Carbon dioxide emissions would exceed their current value (387
million tonnes per annum in 1989) by 230 million tonnes per
annum, an increase of 60% (see figures 11 and 12). By the year
2000, these extra emissions would reach 310 - 340 million
tonnes per annum. Considered on a cumulative basis over the
next twenty years, this result represents 6 billion tonnes of
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carbon dioxide emissions.

It may be useful to consider these figures in the context of
current discussions regarding the environment. In response to
the potential threat of the greenhouse effect (possibly leading
to global warming), discussions have focused on the initiation
of appropriate action to limit the level of annual carbon
dioxide emissions. At the Toronto Conference held in June
1988, the scientific community alerted political leaders to
this problem, and urged industrialised countries to cut carbon
dioxide emissions by 20% by the year 2005.

In 1973, annual carbon dioxide emissions stood at 530 million
tonnes per annum. In a nuclear free France, these emissions
would have increased by now to 620 million tonnes (a relative
increase of 17%) . As a result of the development of French
nuclear power plants, carbon dioxide emissions now stand at
only 387 million tonnes per annum, a reduction of over 27% over
the 1973 figvre. This reduction has been achieved in sixteen
years, with all the positive macroeconomic consequences which
we have described.

VI - THE NUCLEAR QUESTION AT WORLD LEVEL

For a number of years, the Atomic Energy Commission has
conducted regular studies on prospects for the development of
nuclear power [7]. These studies are used to assess the impact
of the greenhouse effect upon the development of worldwide
nuclear power plant capacity.

1. Method used

The method used in these studies is shown in figure 13, and is
based upon a two-stage process. In the first instance,
forecasts for primary energy and electricity consumption are
established for each of the 57 countries concerned. These
forecasts are based upon estimated econometric models for each
country for the period 1970 to 1987, in which energy and
electricity consumption per inhabitant are linked to GDP per
inhabitant, energy prices, and an indicator of economic
structure. During the second stage, on the basis of forecasts
prepared using econometric models, scenarios for the
development of nuclear power programmes will be developed on
the basis of the current situation and specific factors
affecting each country. Initial factors considered will be
those relating to the energy sector, i.e. demand for energy ar>d
electricity, energy resources and the current mix of generating
plant. In the second instance, consideration will be given to
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factors of an economic and technical nature, such as the
competitiveness of various forms of energy, funding capacity,
foreign debt, the interconnection of electricity systems, etc..
Finally, political, institutional and social factors, such as
legislation, licensing procedures and the ecological movement
will be taken into account. Consideration will be given to past
performance, in terms of choice of power plant series, time
required for construction, shifts in power plant project policy
and the performance of power plant units. On the basis of
these scenarios, technological strategies will be developed
which will specify types of power plant used (PWRs, BWRs, AGRs,
PHWRs), together with technologies which are liable to achieve
their full development, in economic terms, by the year 2020
(FBRs and ATRs). The ELECNUC [8] data base and the EPATAN model
will then be used to simulate the operation of electricity
generating plants, incorporating the main operating parameters
concerned (capacity, availability coefficient, lifetime, type
of fuel management, characteristics of fuel cycle plants, etc.)
In this way, the model will be used to determine installed
capacity, units to be constructed, fuel requirements, etc.

2. Main results

Assumptions and the main results drawn from the standard
reference scenario are shown in table 11. World energy
consumption is expected to double by the year 2020, with
anticipated growth of 3% in GDP. The increase in demand for
electricity will be considerably more rapid, rising from 11,000
TWh in 1989 to 25,000 TWh in 2020. These results are
comparable to those published by the WEC [9] . We have
considered two scenarios for the production of electricity from
nuclear power: a low scenario, based on the assumption that the
current stagnation in the construction of nuclear power plants
will continue, and a high scenario, based on the assumption
that the construction of nuclear production capacity will begin
again early next century. On the basis of these two scenarios,
production from nuclear power plants, which currently account
for 18% of electricity consumed worldwide, would be no more
than 15 - 16% by the year 2000. If the current aversion for
nuclear power persists, its share of world electricity
production will be less than 11% by the year 2020, with a
particularly marked decline in Western Europe and North
America. At best, a progressive resumption of the construction
of nuclear power plants would only allow nuclear power to
regain its current position by the year 2020, in terms of its
share of world electricity production. At the same time, the
contribution of nuclear power to the energy requirements of
developing countries should remain low.

3. Nuclear power and the greenhouse effect
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Worldwide emissions of carbon dioxide associated with the
consumption of fossil fuels now stand at 22 billion tonnes per
annum (equivalent to 6.2 billion tonnes of carbon) . By the
year 2020, this figure will virtually have doubled to 40
billion tonnes of carbon dioxide. In 1990, the use of nuclear
power prevented the emission of 1.8 billion tonnes of carbon
dioxide per annum, or 8% of worldwide emissions. By the year
2020, according to the low scenario described above, this
figure would fall to 6%. The impact of the nrogressive
resumption of the construction of nuclear power plants may be
determined on the basis of the difference between the high and
low scenarios. By the year 2020, a resumption of this policy
would account for an extra 3 00 GWe of nuclear generating
capacity, which is only slightly less than the current figure
for installed capacity. This would allow the emission of 1.7
billion tonnes of carbon dioxide to be avoided, which
represents a 4% reduction in worldwide carbon dioxide emissions
by the year 2020.

CONCLUSION

As environmental matters become the focus of increasing
concern, the implementation of major nuclear power programme
has allowed France to enjoy the benefits of a comfortable
position. Emissions of carbon dioxide per head in France are
among the lowest in the industrialised world.

On a worldwide level, Atomic Energy Commission forecasts have
shown that the impact of the resumption of nuclear power
programmes on the greenhouse effect would be limited. This
resumption would allow carbon dioxide emissions to be reduced
by 1.7 billion tonnes by the year 2020, or 4% of worldwide
carbon dioxide emissions per annum. The contribution of
nuclear power to any efforts made to stabilise worldwide
emissions would therefore be modest. Nevertheless, nuclear
power might have a useful role to play in the achievement of a
more realistic reduction of these emissions. Finally, it
should be noted that the responsibility for any such
contribution to the reduction of emissions lies chiefly with
industrialised countries, who account for 70% of potential
capacity for the resumption of nuclear power programmes.
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