
INTERNATIONAL CONFERENCE
ON NUCLEAR POWER AND ITS FUEL CYCLE

SALZBURG, AUSTRIA • 2-13 MAY 1977

IAEA-CN-36/365

THE EUROPEAN COMMUNITY CASE FOR NUCLEAR POWER

by

J.C. Charrault*, G. Graziani**, J.H. de Nordwall*,
C. Rinaldini**, R. Viseur*, C. Vivante*, С Zanantoni**.

* Commission of the European Communities
CEC - Brussels, Belgium

** CEC - Joint Research Center
Ispra, Italy



1. DEMAND DEVELOPMENT

Our assumptions are reported in fig. 1. The demands are assumed
to saturate 60 years from now. The saturation Level of the everall demand,
230J million t.o.e./year, would be equivalent to 8 t.o.e. per-capita,
assuming the E.E.C. population to increase at a rate of 0.3 % per annum
over this period. This consumption is comparable to the present
per-capita consumption in the U.S.A. Such a trend is a good agreement
with the projections currently made by the OECD, the penetration of
electricity corresponding, up to 1990, to the forecasts made by the
member Countries; thereafter, it is assumed that the electricity share
of the total production increases, levelling off at 2/3 in 60 years from
now. The electrical energy production, shown in fig. 1, could be
considered as inclusive of process-heat production by nuclear power
stations. The assumed load-duration curve, not reported here for the
sake of brevity, leads to an average plant utilization of 5500 hours/year.
The conventional energy production is also an input : until 1990 it is
derived from the hypothesis that the conventional share of the total
electrical energy decreases up to a point where it only covers the peak
load (less than 1500 hours/year).

For the purposes of this study it was not considered necessary to
take into account the uncertainties in the demand for electricity and in
the expected contributions of new energy sources and conversion techniques
during the last decades of the period considered. Calculations have been
extended to 2070 to permit fulL development of the steady state.

2. REFERENCE CASE

2.1. Reference Case Development

Nuclear capacity is divided between Light Water Reactors (LWR) and
Fast Breeder Reactors (FBR) as follows : FBRs are first introduced in
1990, starting with 2 GWe. Their rate of increase thereafter is deter-
mined either by an assumed minimum doubling time of 2 years, or by
Plutonium availability. The first constraint is dominant until 2000,
the second remains effective until 2020. After 2020 plutom'um begins
to accumulate because the demand is being met and the system is approa-
ching saturation. The imposed requirement that there shall be no excess
plutonium production then causes the LWR to be transformed into a pluto-
nium burner fueled with 238 U from accumulated stocks and recycle Pu.
This change will be completed by 2040. The ratio FSR/LWR at steady
state (Fig. 2) depends only on the nuclear and thermal efficiencies of
the two reactors : calculations have been extended to 2070 to permit
full development of the steady state.

2.2. Nuclear Characteristics

The physical characteristics of the nuclear power stations are
briefly as follows :
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LWR (average of PWR and BWR) :

equilibrium feed enrichment 3.23 %

equilibrium discharge enrichment 0.78 % U 235, 0.69 % fiss. Г'и
average discharge burn-up 30 000 MWD/ton
in-core residence time 2.74 years

FBR :

reactor-inventory Cf iss. Pu) 2.5 Tons/GWe
feed enrichment ( f i s s . Pu) 5 %
breeding rat io 1.25 for the reference case
average fuel residence time 1.4 years
hence, linear reactor doubling time 10 years

Delays (years) :

mine-to-reactor delay 2.75 years for replacement cores, 3.25 for
first core. For the sake of simplicity, the same delays are
assumed for both types of plant.

Station life : 25 years.

Maximal utilization : 6000 hours/year.

2.3. Conclusions

2.3.1. Fossil Fuel

Even assuming that fossil fueled power stations are used in the
long term only to cover peak load demand, their number will grow and
their construction (10 GW/year at steady state) and fueling
(136 x 10 t.o.e./year at steady state) will remain substantial,
requiring correspondingly large investments (fig. 2, 3).

Resources equivalent to 10 billion tons/year will be required by
2020 (fig. 4).

2.3.2. Uranium

Many branches of the nuclear industry will be required to experience
almost simultaneous rapid growth; e.g. construction, uranium mining,
enrichment and reprocessing.

Fig. 3 shows the LWR and FBR capacities required; the average
installation rate is 20 GW/year for LWR between 1985 and 2000, and a
similar amount for FBR after 1995.

Fig. 5 shows that uranium supplies available to the Community must
increase by 15 % per annum from now until 1985 and 7.5 % from 1985-1995.
From 2008 demand will fall reaching zero in 2045. The maximum uranium
demand, much of which may have to be imported, is more than 8 times the
current consumption. The cumulative uranium demand shown in Fig. 6 is
comparable to the lower bound of currently assumed world resources (Fig. 4),



Enrichment demand necessarily follows uranium demand (Fig. 4).

Reprocessing capacity (Fig. 4) must also increase (750 tons/year)
at a rate which is unprecedented !

3. DEVIATIONS FROM THE REFERENCE CASE

3.1. Reactor constraints

If FBRs are not introduced the cumulative uranium demand (Fig. 6)
rises rapidly into the region of doubtful availability after 2010
instead of being limited and the attractive steady state illustrated
in Fics 2, 3 and 5 is no longer possible.

The target steady state ratio of fast/thermal reactors and their
type will in practice depend upon additional factors outside the scope
of this study; for example the relative capital cost of FBR and LWR or
one's need to include hydrocarbon or hydrogen production via high
temperature chemical processes in one's equilibrium nuclear scenario.

3.2. Enrichment constraints

Failure to supply enrichment capacity would delay nuclear power
introduction in the same ways as an additional constraint on mined
uranium supply. It is unlikely, at this stage, that HWRs fueled with
natural uranium would entirely replace LWRs and meet our medium energy
demands.

3.3. Reprocessing technology constraints

The effect of delaying the introduction of reprocessing has been
studied by changing the doubling time of its capacity from 5 to 7.5
years. Under these circumstances the throughput required according to
Fig. 4 would not be achieved until about 2015 and, thereafter, an excess
capacity over the 29,000 tons/year stationary value of Fie. 4 would be
required until 2060. The consequences on uranium demand are clearly
shown in Figs 5 and 6 : a 60 % increase in the peak demand, 35 %
increase in the cumulative demand.

However the cumulative fossil fuel demand is increased by 5 billion
t.o.e., corresponding to nearly twice the presently known North Sea oil
reserves.

In the absence of reprocessing an all thermal reactor policy appears
obligatory. However, the situation is far worse than with no FBR because
one would not be able to recycle plutonium from thermal reactors. A
reactor able to consume bred plutonium efficiently in site would there-
fore be required.

The dramatic consequences of no reprocessing on annual and cumula-
tive uranium demand can be seen in Figs 5 and 6. A proportional increase
of the separative work would also occur.



4. FAST REACTORS

The foregoing arguments have shown the importance of having repro-
cessing plants and fast breeders.

The effect of FBR characteristics was investigated by varying the
breeding ratio CBR) between 1.1 and 1.4. The effect of the reprocessing
technology was investigated by changing the delay time due to cooling +
reprocessing (DT) from 0.5 to 3 years. The sensitivity of the system
to these two parameters is summarized in Figs 7 to 10.

Fig. 7 shows the effect on the peak annual Uranium demand (Fig. 5)
and separative work requirements (Fig. 4).

Fig. 8 deals with the effect on the cumulative Uranium demand.

Fig. 10 reports the value of the FBR overcost, defined as the excess
of FBR plant cost over that of LWR, which can be expected without excee-
ding the cumulative expenditures of a strategy with LWR and Pu recycle
only. This overcost depends obviously upon the horizon (quoted in the
abscissa) to which the cumulative expenditure are evaluated. Its increase
with time shows that the positive effects of the FBR introduction emerge
more clearly in the long term. The saturation of the curves depends
upon reaching a stationary scenario, as well as upon the discount rate
(10 %) used in the economical calculations.

5. CONCLUSIONS

Even with conservative assumptions regarding the overall energy
demand, formidable tasks will be posed to the Community as for the
installation of power stations, even the conventional ones, the supply
of uranium, separative work and fossile fuel.

Providing a large reprocessing capacity is a primary goal, introdu-
cing FBR is the next one.

An improvement of the out-of-pile time seems to be even more
important than an improvement of the breeding ratio. The effects of
the Latter are more evident in the long term, and an advantage of a
good breeding ratio can be recognized in the reduction of the fraction
of the total power allocated to fast breeders.
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SUMMARY

Making conservative assumptions on the development of energy demand,
the major requirements in terms of annual and cumulative uranium, separative
work, reprocessing capacity and fossile fuel are reviewed for a reference
case assuming the use of conventional, LWR, FBR power stations and
recycle of plutonium in thermal reactors. A very long term view is taken,
to show how the long-term future is affected by decisions taken in the
medium-term future. A saturation of the demand is assumed in the Long
term, both because this assumption seems to be reasonable and because it
helps making the scenario simpler and our arguments clearer. Four main
conclusions are drawn :

1. Even assuming that conventional power stations are used in the
long term only to cover peak-load demand, the number of conven-
tional stations and the fossile fuel consumption will be quite
large.

2. Supplying enough uranium and enrichment capacity will pose
formidable problems, particularly in view of the large increase
of the demand in the last decades of our century.

3. The Fast Breeder Reactors should be used to considerably
reduce such demands. In any case, the availability of large
reprocessing capacity is a must.

4. From the analysis of the sensitivity of the results to FBR
breeding ratio and to the out-of-pile time (due to cooling and
reprocessing), the conclusions is drawn that both are very
important, the latter one being more important in the short term,
the former one in the long term. The achievement of an advanced
reprocessing technology must be considered as a primary development
goal.
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Power Stations Ins ta l la t ion Policy (EUR Report 1976) to be published.



Fig.1 ANNUAL ENERGY DEMAND
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Fig. 7 MAXIMUM ANNUAL DEMAND OF
HAT. URANIUM AND SEPARATIVE WORK

AS A FUNCTION OF FBR BREEDING RATIO
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Fig. 8 CUMULATIVE HAT. URAHIUM DEMAND
DIFFERENCE, RELATIVE TO THE REF.CASE
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Fig. 9 CUMULATIVE NAT. URANIUM SAVING
PER UNIT INSTALLED FBR
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Fig. 10 FBR 0VERC0ST

-$/Kwe

year 2020 30

T cool >T rep o-.E

У
u

u

У

u
3.1

16


