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GENERAL BACKGROUND

1. This Illustrative Nuclear Programme, presented pursuant to Article 40

q)

the Euratom Treaty, is the third to be published by the Commission.

Its predecessor dates back to 1972. Between the two there have been two

severe oil crises, each followed by deep uncertainty about the outlook

for energy. in the Community.

Since the nuclear industry was still at an initial stage of development

in

on
of

Today there is a different problem. The European nuclear industry covers
all essential aspects of nuclear power-plant construction and fuel- o
cycle services. Hence the task is now to ensure the full utilisation

and further expansion of this industrial capacity with a view to

the early 1970s, emphasis was Laid in the last illustrative programme r
the need to set up rapidly a nuclear industry infrastructure capable
supporting increasing use of nuclear energy.

eeel e

[$ )

Art1cLe 40: "In order to stimulate action by persons and undertakings and to- : e
facilitate coordinatéd development of their investment in the nuclear i
field, the Commission shall periodically publish illustrative prog- vk
rammes indicating in particular ruclear energy production targets s
and all types of investment required for their attainment.

The Commission shall obtain the opinion of the Econamic and Social
Committee on such programmes before their publication.'



with which energy is used in the Community.

—II_

%ncreasing‘the security of the Community's energy supply under the

best possible conditions. The question must, however, be viewed against
the background of a changed situation and a neﬁ energy outlook. During
fﬁe decade following the oil -shock of 1973, major changes took place in

the macroeconomic situation and in the structure of the Community in-

‘dustry,Aas well as in the pattern of energy demand and the efficiency

(1)_These chabges and their

'impLicatidns for the future form a new framework for the development of

the nuclear indUstry in the years to come.

‘During the period since the oil shock, the Commission vigorously

‘promoted the development of nuclear energy as part of the Community's

energy strategy. In this:connection it suffices to recall, in addition
to the extensive R&D programmes decided and implemented, the energy

‘policy objectives for 1985 and 1990, approved in 1975 and 1980
-respectively, and the Council Resolutions of 1980 on fast'breeder

reactdrsq‘nuclear waste management and the reprocessing of spent fuel;(Z)

At the onsét of the 1980s, when taking stock of the "nuclear aspects of
the energy strategy*, the Commission noted that the use of nuclear energy

continued to be a fundamental option for the Community. They expressed
this point of view to the Council in a communication of February 1982

and, after reviewing éll‘aspects of the nuclear industry, the Commission

'set out the measures that it intended to take in respect of each of

theém.

v

In JuLy 1982, the: cOunc1L expressed its opinion on that communication

and stated, in part1cuLar(3) ' ‘ _ _ |

cialen.

D

.These charges were anaLysed in. deta1t by the Commission in two amnm111cat1ons to

the Council: COM(84) 87 and 88 final of 29 February 1984.

2
oJ N‘ C 153, 9.7.1975; OJ N? C 149, 18.6.1980; OJ N° C 51, 29.2.1980.

A R :

8552/F/82 (Presse 109), 13.7.1982.
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"The Council agrees with the Commission's analysis of the role of
nuclear energy in the Community's overall energy strategy, on the
understanding that it is for each Member State to make its own

decisions on this matter at natﬁonal Level . "

"The Council acknowledges that the development of electricity production
from nuclear resources has economic advantages and is aware of the
advantages to be gained therefrom by industrial operators through

having access to competitive sources of energy."

"The Council notes the .Commission's analysis of the respective roles

of economic operators and national and Community authorities in the
nuclear field. In this connection, it stresses that the realisation of
nuclear energy programmes on the necessary industrial scale firstly
requires States to make a clear political choice on the objectives

and means to be used; the Community provides a framework within which
these States can find useful references and a grouping whose solidarity

can be. an effective ‘instrument."”

It was in the same communication that the Commission announced its

intention to resume publication of the Illustrative Nuclear Programmes.

PINCY is a document in which the Commission describes and analyses the
situation of the nuclear indsutry and sets out the prospects for its
medium- and longer-term development. It is a frame in which to appﬁeciate
the cohesive nuclear policy initiatives which have been taken, especially
decisions on investments in nuclear installations (particularly those
referred to in Article 41 of the Euratom Treaty) and within which the

Community's financial instruments can be brought into operation.

Y .

*

Acronym derived from 'Programme Indicatif NJcLéau'e pour la Cormunauté" Illustrative
Nuclear Programme for the Community.



o

_Iv—

PINC is also intended to be a reference and guideline document:

. a reference for those who wish to-know and understand the facts

about the nuclear industry within the Community;

. a guideline for-those who, in the Member States, are more directly
jinvolved in the economic development of the nuclear industry and
who will find in the document the position of the Commission with

regard to that development.

Its periodic publication at appropriate intervals will enable the
requisite continuity of action to be ensured in the course of time,
account being taken of developments in the overall economic context.
Since the frequency of publication depends on the rapidity with which
these developménts occur, it is conceivable, for example, that a .report
on the execution of PINC"84 will be published in two years' time, to
be followed, two years Latef, by the publication of a new PINC.

The main thrust of PINC hinges on two fundamental aspects of nuclear
energy and points to a certain number of'impLications for the operators

and, from a political standpoint, the Member States.:

The first aspect is the nuclear objective for 1995 in relation to the
perspéctive of the year 2000. For the Community és a whole, PINC
estimates that the contribution of nuclear energy .in 1995 will be about
40% of electricity production and, beyond that date, it foresees an
appreciable growth. in that contribution, reaching 50% around the turn -
of the century. This enefgy objective would imply that the Member States
will have taken firmAdec%sions'by‘1987, at the latest, with a view

to creating and placing in service a nuclear capacity of at least

25 GWe between 1991 and 1995. | |

The second aspect retate? to the more distant future. According. to PiNC,
long-term security of energy supplies, in particular electricity
generation which QiLL beibased to a large extent on nuclear pduer,
presupposes that the_Community's indUstry, in twenty years' time, will
be able to provide the eiectricity producers'witﬁ fast-reactor power-
stations capable of econbmig perfdrmances comparable to those of the

Light-ﬁater-reactor power-stations at that time (2005).

S



The imﬁLicatioﬁs-toncern:
- = the réle of the public authorfties.and the.eLectricity-producers; g
- ‘'uranium supplies;

- the nuciear fuel industry; and

- the nuclear pouer-#tation construction industry.-

These implications are dealt with in the final chapter of PINC;



INTRODUCTION

It is a basic task o6f the European Atomic Energy Community (Euratom)

to "contribute to the raising of the standard of Living in the Member
States, ... by creating the conditions. necessary for the speedy establish=
ment and growth of nuclear industries' (Article 1 of the Euratom

Treaty).

The development of nuclearLenergy, thereforé,is aimed at contributing
to economic growth and iﬁdustrial and technological developement. The
role of the Community as such, and of the Commission in particular, is
to establish and maintain an effective framework for cooperation on

nuclear energy matters and to propose new measures where necessary.

In the case of nuclear energy, a sophisticated technology, it is
extremely'important to have available a clear and specific reference
framework. A nuclear power-station can take a decade to plan and con-~
struct. Once constructed, it must be operated in total safety for 30
years or more. The operator must be confident that fuel and fuel
services will be forthcoming during thaf period and:that:it will be
possible to deal with spént fuel and nuclear wastes satisfactorily.

ALL this requires clear boliticél commitments to provide for continuity
of industrial achievément and maximum utﬁlisat%oh of technological
skills. The experience aéquired in the Community shows that, {f these
conditions are present, %nvestments in nuclear energy bring returns
which make it possible to mobi Lise the considerable financial resources

required.

This PINC first of all po1nts out the role of nuclear energy in the
economy of the Commun1ty. The Annex '"Review of and prospects for the
development of nuclear energy 1n the Community" descr1bes the

evolution of that sector since 1973. PINC then presents the Commission's

- views as to the share of nuclear energy in: meet1ng the Commun1ty s
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electricity reguirements up to the end of the century and, finally, _
proposes specific objectives for 1995, the target date considered
by the Commission in.defining the Community's new general energy

objectives.

The Programme also deals with the continuous development and application

of advanced nuclear—-energy production technologies . and, with the aim
of preparing in good time for the longer-term future of that sector,
defines a specific objective for the purpose of bringing about the

economic maturity of fast breeder reactors.

The Commission, however, is fully aware of the fact that the develop-
ment of nuclear energy in the Community also depends, among others,
on two. factors which determine the public acceptance of the nuclear

industry:

i) the safety and health protection achieved in nuclear

installations;

i1) the existence of safeguards on the use of nuclear materials.

The Commission is paying careful attention to both of these factors,
which were dealt with in detail in a general communication to the
Council on 9 February 1982:

"An energy strategy for the Community: the nuclear aspects"
(COM(82) 36 final).

In addition, these factors were subsequently the subject of two
specific Commission communications: ‘

"The Community's role as regards the safety of nuclear installations

and the protection of public health" (COM(83) 472 final of 22 July 1983);

"Report from the Commission to the Council on the implementation of the
verification agfeements concLuded by Euratom and its Member States Qifh
the International Atomic Energy Agency' (COM(83) 36 final of

27 January 1983). ’ '
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~ The spébific case of safe nuclear-fuel transborf‘was dealt with ina -

communication from the Commission to the Européan Parliament and the

Councilzs

“The transport,of,radioaépive materials in the European Community"
(COM(84) 233 final of 26 April 1984). '

1

Finally, the Community'S'reséarch and deveLOpment programmes relating
to nuclear fission energy ére chiefly cohcerned with the safety of
nuclear'instaLLations'and5heaLth prbtectibh and with safeguards on

the use of materials.

It is fbr'this reason fhaﬁ“these topics are not reviewed further in:

t .

" the PINC. -
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~ THE ROLE OF NUCLEAR ENERGY IN Ti.. ECONOMY OF THE COMMUNITY

10.

1.

-

12.

13.

Present share of nuclear energy in the energy mix

From 1973 to 1984; thé nuclear contribution towards meeting the Community's

tétaL demand for energy increased from lLess than 2% to over 10%. Nuclear
energy's share of electricity production now exceeds 25%. Furthermore,
the Community's nuclear power capacity accounts for about one third of
world'capacity; These figures speak for themseLvés and show that nuclear

power has become an essential part of the European energy strategy.

On the basis of the investment programmes that are being implemented at
present (late 1984), it may reasonably be estimated that, in 1990, the
capacity of the nuclear power stations in service -.clese to 100 GWe net -
will cover about 35%Z of electricity production in the Community and meet
about 14% of the Community's overall demand for energy. This will make

is possible to easily attain the objective set by the Community in

1980, i.e., to have nuclear energy and solid fuels tog;ther producing

70 to 754 of the electricity by 1990.

This will be a remarkable achievement. Considered against the background
of the Community as a whole, this overall capacity does mask, however,

a considerable diversity in the national situations. In 1990, some
countries will still not be producing any electricity by nuclear means,
while in the same year, others will be using nuclear energy as the main
source of their electricity. The status of the current nuclear power

programmes in the Member States concerned is presented in the foLLowﬁng
table. ‘

The stratggic‘importance(6f;nuctearaenergl

The supply of uranium, the raw material for nuclear energy, has two

positive.aspects in political terms from the standpoint of the Community,

which has to import three-quarters of its nuclear fuel:

i) the world uranium market is supplied by countries other than those

which provide the Community with hydrocarbons (oil and natural gas);.

ii) those countries are not situatedin oné'and fhe’same geographicéL
area nor do they fall within one and the same sphere of poLiticéL
influence. X |

i i

ol
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The share of‘nucleér energy in the Comunity's electricity and -

“energy balance: present status and probable increases

It

NL

UK

EUR-10

Installed nuclear
power capacity
(GWe)

3.5

27.2

1.3

0.5

8.4

51.9

Share of electricity
production
%

45.7

17.7

48.3

3.2

5.9

17.0

- 22.4

Share of total
energy balance
%)

15.0

6.7

21.6

1.3

1.6

6.8 |

8.6

1990

It

NL

UK

EUR-10

Installed nuclear
power capacity
(GWe)

5.4

21.7

54.8

3.3

0.5

12.5

98.2

Share of électricity
production
&9

31

70

27

35

Share of total
energy balance

%)

18.0

36.5

3.1

1.6}

9.0

14.1
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14.

15.
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gp;pgpgﬁjpgl_ﬁgrms, uranium supplies at world level are based on known
resources of ore that can be worked at an acceptable cost and are capable
of meeting foreseeable requirements for about 20 years. As regards un-
discovered resources, it is believed that they will meet the requirements
likely to arise during the 20 years that will follow. In order for these
resources to be placed on the market, it is still necessary that the
appropriate investments that are required for their identification and

production be made in good time.

The use of_uranium, for its part, has two important aspects:

i) Uranium can be stored in large quantities.at low cost,without giving
rise to practical difficulties, on account of the great energy
density of the material. At present, there are stocks in the
Community capable of meeting the reduirements of present-generation
reactor types, e.g. light-water reactors (LWRs) and gas/graphife

reactors (Magnox or UNGG and AGRs), for four to five years.(1)

ii) When it is used in theése types of reactor, the uranium expends
_only a very small fraction @ - 2%) of its energy content. The
remainder, which can bevutiLised only in a new reactor typé, the
fast breeder reactor (FBR)  at present being demonstrated, represents
a considerable quantity of material, most of which is in the form of
spent fuel from reactors of the present generation which has
accumulated since the start of commercial operation. This feature

makes it possible to consider the nuclear energy produced by fast

The economic benefits of nuclear energy

The economic benefits of nuclear energy must be evaluated from the
standpoint of three closely-related aspects: competitiveness, balance

of payments and macroeconomic impact.

a) The competitiveness of electricity of nucltear origin is constantly

being closely studied by the public authorities and the eLectficity
producers, and the Commission is intimately involved in these
evaluations. The results of the evaluations are in agreement: when
there is an open choice between nuclear fuel, oil and coal as energy

sources for the power station to be constructed over the next few years

&B)
UNGG, French abbreviation for "natural-uranium, gas-graphite"

(equivalent to the British Magncw)
AGR: advanced gas-cooled reactor.
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“and 1ntended for large—scale and cont1nuous electricity production, -
nucLear energy is advantageous.

\

. . ., (1) . ; .
The economic advantage of nuclear power over coal’ varies from one

Member State to anbther,with the economic conditions in each country,v

in particular the specificfcost of labour, the scale and type of the

nuclear programme implemented and the standardisation effected, the

v

number of units installed on one site and the characteristics of the 75?1

site, the administrative procedures required for the various 1nstallat1on-
phases (from construction to power run-up) and the price of the fuel used..~

(domest1c coal or imported coal.)(2>

On the basis of the study carr1ed out in 1983, using the appropriate
assumptions for each country in the calbulations, it has been shown
that the additional cost of eLectriéity produced from -coal in comparison

with the cost of electricity of nuclear origin is as follous(s):

Belgium , 51%

Federal Republic of Germany 74%

‘France g _ '88%

© . 1taly - | 30%
o Netherlands ' : 36%

United Kingdom : 43%

As regards the breakdown of the: totaL kWh product1on cost, the average
for the Commun1ty is as follows'

Nuclear _ Coal
Investment f% - - 57% ; 21%
" Operation : ‘ 15% . 8%
Fuel ‘ . 28% _ 71%
(of which uranium accounts.
for Less than 10%)
Total . S 100% 100%

The slight impact of nuclear fuel costs - particularly uranium - on the

cost of the kWh is a factor which stabilises the cost of electricity and

1
Electricity produced from petroleum products is more expensive in all countries
than that produced from coal.

@

Irrespective of any effects of environmental protection regulations which may be

important with respect to the production of electricity from coal.

€)) : : ’
For the case of power stations entering into service in 1990.
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has a moderating effect on increases in the cost of other energy

sourcese.

The production cost of electricity of nuclear origin is characterised
by high-fixed investment costs and by low variable operating costs.
The main contribution to be made by nuclear power is to '"base-load '
operation’, in other words that of production of electricity at
maximum possible plant power for the longest possible period of the
year. This field represents appreciably more than half of the

M However, the advantage of the

Community's electricity production.
cost of nuclear power is now such that the nuclear power stations
remain competitive, even with a utilisation factor lower than that
adopted for evaluating thé production cost of the kWh (approximately

3 000 hours/year instead of 6 500 hours/year). This considerably
increases ~ to over 65% - the share which nuclear power can contribute

economically to meeting electricity requirements.(Z)

Energy plays a major role‘in the balance of payments of countries with

indigenous energy resources. This role is independent of the cost of
electricity production. The proportion of this cost accounted for by
the - presumably impofted - primary energy source varies widely
according to whether that material is uranium (acccunting for Lless
than 10% of production costs), coal (approximately 70%) or oil
(approximately 80%). The assumptions concerning the long-term trends

in the costs .of these materials are certainly open to discussion and

(1)Even if the fraction is deducted which is covered by so-called

"cheap" electricity production (for example hydroelectric, tignite,
etc.), the marginal cost of which is low but the available quantities
of which are limited.

(Z)This is why control systems adapted to rapid load variations will be

fitted progressively to the oldest reactors which have already been
partly amortised.
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it is easily understood that such discussions can become animated

if the impact that an error of.assessment - always possible in view§ “

of the Lifetime of a power station - can have on cost estimates for -

oil - and even coal-fired stations is considered. On the .other hand}:
it cannot be disputed that a given amount of electricity will costA‘fﬂ
the Community as a whole less - even considerably Less - currency

if it is generated by ducLear power stations.

In addition to the favourable effect on the balance of payments
mentioned above, which could be termed a "passive’” effect since it
results in avoiding excessive expenditure, there is an '"active” efféct
which results from expLoitihg -~ to a greater extent than is done at
present - the capacity of fhe European indhstry to export power
stations,‘equibment and services in the nuclear sector, particularly

fuel cycle services.

The macroeconomic impacf of nuclear energy results from the fact that

it enables electricity to be produced at a cost that depends very

Little on fluctuations in thg world energy source materials market.

The Llow level and the stability of the cost promote the competitive-
ness of the electricity consuming industries downstream and, further-
more, naturally constitute an incentive to the wider use of electricity,
most particularly for industrial purposes. Finally, the fact that thé
raw material (uranium)  accounts for Very Little of the cost of
electricity of nucLear?origin means that a very great part of that

cost arises from the value added by European industfies.

There'is, however, a_dualitative imbact; also very appreciable, which
results from the extreﬁely high value of the technotqu employed in
all phases of nuclear éctivity: design, workshop and on-site con-
struction, operation and maintenance. This value characterises all
branches of engineering: nuclear, civil, mechanical, electrical,”
chemical and electronic, and ast data-prodéssing and software in-
dustries, with a spinoff effect for the enormous industrial sectors

in the ccocuntries concerned.
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C. OBJECTIVES OF THE ILLUSTRATIVE PROGRAMME

1.

22.

23.

24.

25.

The outlook for 1995-2000

In order to serve as a useful reference point in the development of
nuclear energy, the illustrative objectives must relate to a date such
that, taking into consideration the time required to construct nuclear
installations, the corresponding'decisions will have to be taken over
the next three years: 1985, 1986 and 1987. In this connection, the
Commission considers that the target date of 1995 should be retained.

The Commission, however, acknowledges that, apart from giving precise
quantitative objectives on which decisions are to be taken in the short
term, it is necessary to provide the development of nuclear energy a longer
term perspective which, in this case, will extend at least to the turn

of the century. Without thié, the time-scale required to amortise the
financial and technological efforts that such development needs, and to

make these efforts pay, would be insufficient.

If present forecasts made by the Member States prove to be correct, only
about one third of the Community's total energy requirements will be met
by imported oil in 1990.(1) Howevér, the possibility that the Community's
own oijl production may start to fall in a few years' time could create

a renewed upward trend in oil imports. The Community's vulnerability to
oil market disturbances consequently requires further structural changes
in the energy supply pattern which promote, in pérticutar, wider use of-
electricity, the production of which is nuclear energy's essentﬁaL fdle.

By 1990, this form of energy should account for about 35% of etectricity
production in the Community, but, on the basis of the considerations set
out in the previous Chapter, it should have been possible to attain a
much more substantial objeétive by thgt time and the nuclear industry

would have been in a posifioﬁ to construct the corresponding capacity. -

(D s compared with 63% in 1973.
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27.

28.
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without .any problems. This development, however, has not occurred, as

a result of uncertainties in the demand for energy and owing-td\difficuLties
of variou§ origins, particularly the acceptability of.ndctear energy to

the public and the conflict between the powers qf local authorities and

national authorities. Moreover, in certain cases, priority was given to

-using domestic sources of fossil fuels.

In view of the existance of such difficulties, care must be taken not to
set too optimistic a quantitative objective. It is for this reason that
the Commission proposes the adoption of the following lines of development

for nuclear energy:

(i) to produce about 40% of Community electricity in 1995, and

(ii) subsequently to incréase its share in electricity production

considerably after the turn of the century.

Lleast 120 GWe

The analysis of the energy supply and demand picture carried out by the
Commission services in the Light of new long term energy objectives in-
dicates that electricity cénsumption in the Community could reach 1 470
TWh(1) by 1990 and 1 650 Tﬁh by 1995, whereas the present level is in the
vicinity of 1 230 TWh. It emerges from this that the average annual growth
rate up to 1995 will be about 2,3%. This value might subsequently turn out
to be a pessimistic one and, if so, the evaluation of the corres~
ponding reduiremehts for investments in eLecfricity production might

have to be revised upwérd.

In order to exceed the 40%§share of the total electricity production of
1 6501TWh estimated for 19@5, the nuclear power stations would have to
produce over 660 TWh. This would require that a nuclear capacity of at
@ be installed by that date. In comparison with the

capacity of 98 GWe scheduled to be in séhvicé by‘1990,'this means that

M4 Twh (Terawatt hour) = 10'%h = 10° kkh = 10 mh = 10° Gwh.

(Z)This estimate is based on the assumption of a modest increase in the average load factor

of the Community's ruclear power stations, which will increase from 61% in 1982 to

63% in 1995. There are some indications of a probable improvement in the load factors,
particularly the positive results seen in the experience accumulated by the reactor
operators and the decrease in the share of new power stations (those most beset by
teething problems) compared with the total number of power stations installed. On the .
other hand, it cannot be expected that all the nuclear power stations will cover only
base-load demand; this tends to limit the achieveable load factors.
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the net increase in the nuclear power capacity between 1990 and 1995

will have to be greater that 22 GWe. Taking into account a loss of 3 to

4 GWe resulting from the decommissioning of old nuclear power stations

which is Llikely to take place in the first half of the 1990s, it can be

‘seen that:

The total requiremenf for additional nuclear power capacity
will exceed 25 GWe between 1991 and 1995.

It emerged from the Commission's consultations with the sectors con-
cerned that the development of nuclear power production capacities in

the individual Member States could be expected to be as follows:

In service Decommissioniﬁgcf) New capacity In service

1990 1990-1995 1990-1995 1995

GWe GWe’ Reactors Gwe Reactors GWe
B 5.4 0.010 1 1.3 1 6.7
D 21.7 0.016 1 3.3 3 25.0
F 54.8 1.3 3 10.9 8 64 .4
1 3.3 | 0.460 2 8.0 8 10.8
NL 0.5 - - 1.0 1 1.5
UK - 12.5 2.051 12 1.1 t 1.6
Total 98.2 3.8 19 25.6°1 22 120.0

Should these estimates turn out to be correct, it is evident that the
minimum nuclear objective for 1995 will involve an intensity of effort

which will vary widely from one Member State to another.

(1)The estimate is based on an assumed plant Lifetime of 30 years. This is only a

reference point. The power stations may actually be kept operating longer or be
decommissioned earlier. :

(Z)A 45% nuclear share of electricity production by 1995 would require the installation

of additional nuclear capacity amounting to about 40 GWe between 1990 and 1995.
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The future in the longer term

The reactors of the preéent gene?étion will be progfessively improbed
and will continue to be constructed for several further decades. In

parallel, other, "advanced™ types of reactor should réach industrial

vmaturity. Thus high-temperature reactors (HTRs), capable of providing

industrial heat for advanced technological applications, could eventually
be used for the special purposes of coal Liquefaction, stimulation of oil
flow in highly viscous deposits, reduction of metal oxides, etc.. It is,
however, the fast breeder reactors, which, in the long term, seem most

likely to be foremost in power production.

The fast breeder reactors (FéRs) which, in comparison with reactor types
of the present generation,-are'tikely to multiply the energy potential
of uranium by a factor of Qver 50, are undergoing technological develop=-
ment in most countries whiéh pqssess‘considerable industrial potential
(e.g;, the USA, the USSR and Japan). Such development, however, is most
advanced in the Community, Qhere this reactor concept has reached the -
demonstration stage with a‘reactor possessing a capacity close to that

of the most modern current reactors {Superphénix, 1 200 Mwe).

The present situation in the uranium market does not requiré that FBRs
be placed in commercial opération in the short term. Moreover, the
economic performance that these reactors could attain in the near future

should make them cbmpetitive with coal-fired power stations, but not with

the reactors at present being constructed in the Community.
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33. However, after the target year 2000, it will be very advantageous to
possess a reactor type, such as the FBR, which will be capable of
reducing the Community's dependence on uranium imports and of setting
a reasonable ceiling to any rise in the price of that raw material; in
other words, a type that will enable satisfactory uranium supply con-

ditions to be maintained for as long as possible.

34, In all events, in view of the already very advanced stage of development
of the FBR type, it would not be judicious to wait until difficulties in
the supply of uranium seemed Llikely to arise before preparing for the
commercial intfoduction of such reactors, especially since that transition
can be achieved with limited cost only if the efforts of all the parties
concerned in various capacities, Member States, producers, designers and

constructors, are properly.programmed and coordinated within the Community.

35. In consequence, the Commission proposes that investments in FBRs have
the objective of making this type of reactor economically competitive
by 2005.

36. By that date (2005), the Community industry should be in a position to
offer the electricity producers commercially viable FBR power stations
capable of producing power at a cost at least comparable to that of the
power produced by power stations equipped with traditional reactors

constructed at that time.(1)

M : T . .
In this event the first competitive FBR power stations would enter

into service towards 2015.
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37. To this end, the appropriate industrial strategy must be carefully worked out: the
entire system which characterises the concept, including the fuel cycle, should

be taken into consideration and the installations to be ordered should be defined.

by . .. . .
38. The Comm1ss1on considers that a reasonable scenario would be as follows:

= economic and financial feasfbility study ofva programme for the construction of
a small number of power stations to be constructed consecutively. It would
appear that four stations would be most appropriate;

- their design would be progressive and make the most of the experience acquired
during the construction and operation of previous power stations, starting with
Superphénix which will enter ipto service in 1985;(1)

-~ a_plaht for reprocessing their irradiated fuel elements, with a capacity suit-
able for establishing with adequate certainty the cost of that reactor type's .

fuel cycle, would be operational at the appropriate time.

39. In order to possess sufficient operating experience in respect of the five in-

stallations covered by the programme sketched out above,

it would be advisable for the construction of the next FBR power station
to be started in 1987 and for the reprocessing plant to be in service
before 2000. '

*kk
40. The decisions to be taken in the immediate future will have an effect on the
energy situation in Europe weLL beyond the next three decades. There is nothing
unusual about this if reference is made to the time constants of energy in-
¥ dustries. The particular aspect of the proposed strafegy is that it is aimed at
bringing about an essential change within one energy sector, the nuclear sector,
which achieved induéfrial maturity and full economic competitiveness only a

decade ago. Because of that aspect i1t is indispensable that the investors benefit

from the full support of the authorities, it being understood that the res=
vpons1b1L1ty for the implementation of this strategy, in part1cuLar the found1ng

of it, rests with them.

(1) The progressive development which should characterise the design of the four
power stations in the series following on from Superphénix could be achieved
in two main phases, each 1nvolv1ng ‘two power stations of similar design con-
structed over periods of time that are fairly close together. The positive
effects of succession (two design stages between Superphénix and the competitive
power stations) and those of series construction (two similar power stations
at each stage) would thus be combined, while the opportunities for 1nternat1onaL
cooperation would be multiplied.
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The agreement on cooperation, signed on 10 January 1984 by five
Member States (Belgium, France, Italy, the Federal Republic of Germany .
and the United Kingdom), reflects that fact and shows that the States

concerned are aware of the need for their commitment to that change.

Corollary of the longer-term objective: plutonium management

AlLL uranium-fuelled nuclear power stations, whether the uranium is
natural or enriched, produce plutonium within the fuel elements. This
is the case, in particular, with PWRs and FBRs, on which the development

of nuclear power in the Community will henceforth be mainly based.

ALL the Member States - and the Community itself - have chosen the option
of reprocessing spent fuel elements which, among other advantages,
possesses that of recovering the plutonium by means of which the FBRs

can make use of all the uranium's energy content.

Although there is a certain measure of interdependence between the
implementation of programmes for the construction and operation of
nuclear power stations and that of the reprocessing plant, it is not
possible to ensure that the flow of available ptuton{um will correspond
exactly to the demand arisjng from the FBR programme. It is cdrrently
estimated that the FBR objective proposed above will absorb only part
of the plutonium to be produced by the reprocessing plants between now
and the end of the century.

Temporary storage of the excess plutonium can be considered, although it
gives rise to a technical problem as a result of the radioactive decay

characteristics of one of the plutonium jsotopes.

This characteristic provides an additional reason for seriously con-
sidering another use of plutonium, namely, in reactors of the present

generation; this is termed “plutonium recycling".

R

e
i
4
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This technique, which has ‘reached the stage of jndustrial .appl.'icati_on _
in the Community, is certainly not as efficient as the FBR technique in
extracting energy from uranium, but it does enabLe substantial savings

1
to be made in uranium consumpt1on_and in enr1chment serv1ces.(

Finally, only part of the plutonium used in this Wéy is consumed, so that
thermal recycling will not compromise'_subsequent development of the FBR

concept.

Intensified intra-European cooperation in this field would make it
possible to obtain the maximum benefit from all th_é technological ex-
perience acquired by the various Community partneré, and from already

existing investments.

Amounting to about 10 to 15% of the est1mated necm rements for uranium and enrichment
services up to the year 20.'!) savmgs woul.d“be of the order of 2 to 5% on the cost of
ruclear kih. - : e _

(D)
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D. WHAT ATTAINMENT OF THE OBJECTIVES INVOLVES:

THE COMMISSION'S RECOMMENDATIONS

49.

50.

51.

52.

Attainment of the objectives set out in the previous chapter, whether
it involves the shorter-term objectives, 1995-2000, or the longer-term
objective is within the capacity of the economies of the Community
Member States and within the range of their technologies. It does,
however, presuppose programming appropriate to the time scale of the

problems raised.

The role of the public authorities and the electricity producers

Firstly, attainment of these objectives clearly involves continuation

of the efforts made in the Community by the public authorities to promote
the development of nuclear energy. It also involves, more specifically,
and with a view to rationalising nuclear policies within the Community,
consultations between Member States and between electricity producers
with regard to their programme decisions and investments. A realistic
price for electricity will be needed to obtain the required Level of

financial investment.(1) »

Regarding investment choices, the Commission considers that the acquisition
by electricity producers of holdings in nuclear power stations.installed

in neighbouring countries must be encouraged, since it enables the increase
in the nuclear power capacity to be spread over a period of time in
accordance with the specific requirements of certain countries or even

of certain regions. The examples that already exist are very encouraging
and indicate that a certain amount of programmed reciprocity - the
principle of "mutual investments" - will give the partners equal

benefits.

In addition, the cross-frontier acquisition of holdings provides the

industries in the partner countries with an effective means of achieving
the international cooperation that has long been desired. It aiso offers
the glectricity producers the opportuhity to obtain greater benefit from

the international grid, the capacity of that grid being adapted in good

time to handle thé expected volume of power transfers.

M

. 'See the report by the Commission services on the application in

Member States of the principles of ener ¥y pricing in the Communit
(COW 84(490) of 18.9.?84. Pres. ' J ¢



53.

54.

55.

- 18 -

For its part, the Commission undertakes to take everx,initiatiﬁe in itéf;»

bower, at the appropriate time and to the extent necessary, to further: ﬂ

the application of the strétegy set out in the preceding chapter.-In

particular, the nature and size of the investment needed to attain the'

~objectives could.imply a requirehent for both Community and national

financial instruments. ' _ S S

Uranium suppLies(1)

As regards the general uran1um supply situation, although the supply and

demand situation is known, it is still difficult to predict how the market

will fluctuate.

The Community is heavily dependant on outside sources for its supply of

uranium. To mitigate the effects of uncertainties in the market on uranium
suppLiés; it is desirable for these to continue to be obtained under LOng-
term contracts. Such contracts can have a stabilising effect on the markét

to the benefit of both producers and consumers.

As regards more specifically seturity of supply from the standpoint of

resources, although companies in the Community have made “considerable
financial investment in mining activities throughout the world, the cut-
backs in prospecting that can now be observed are Likely to make the
Community even more dependent on those few countries which possess mines
capable of being.worked.at'Low cost. It must thus be‘hoped that the
decrease in expenditure on expLoratidn,'which, if continued, wou(d Limit
the necessary d1vers1f1cat1on of the Community's supply sources, is only

a temporary phenomonen.

(1)An analysis of this subject is presented in the AnneX.
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In view of the foregoing, it is desirable for the Community to im-

plement a supply strategy capable of:

- encouraging the Member States and the companies involved

. to continue their prospecting activities both within their own

territories and outside the Community;

-

- to continue these activities, if necessary with Community support,
on a scale which is independent of the state of the market at any
given moment, b=aring in mind the expected requiréments of the

,electricitymproducers and the considerable lead times required to
bring new mines into production;

- encouraging the companies active in this sector to pursue storage

policies Llikely

. to offset market fluctuations and any interruption of supplies

from non-Community supplier countries;

. to lessen any tensions that exsit between the Community and the
supplier countries in respect of supplies, while providing the
latter with stable and predictable outlets for their products,
thereby assuring them of a reasonable return on their investments

and of a regular income.

The nuclear fuel industry

“

Enrichment

On the basis of existing capacities and of the investment programmes

that are being implemented, it is estimated that the world supply of
enrichment services will exceed demand until at least the middle of the
next decade. In consequence, decisions relating to new investments,

with the exception of those concerning the industrial-scale demonstration
of advanced technologies that ensure a significant reduction in costs,

do not have tc be taken before the end of this decade. The need for

new investments in existing processes beyond this period cannot,

however, be excluded.

&) o :
An analysis of this subject is presented in the Annex.
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In the long term, this sector may see the emergence of new technologies

which are more economical and provide greater-flexibitity in adapting
investments to demand. For this reason, it is advisable to continue
research and development work in this fveLd on an adequate scaLe in

the Community.

In view of the state of the market and of its development prospects,
which ére likely to compromise the economic viability of the European
undertakings in this sector, the Commission propbses that an exchange

of views take place at Community level between the parties concerned.

IH this connection, it w%shes to point out that an appropriate structure
exists in which such an exchange of yiews could take hLace; this is

the Standing-Committee on Uranium Enrichment (COPENUR) set up by the
Council on 22 May 1973.

Fuel-element fabrication‘1)

]

1) As regards the fabrication of enriched uranium oxide fuel elements,

it 1is necessary to extend the calls for bids to supbliers other than
‘those who supplied the first cores as part of the order for the ‘
reactor. : ' _v

»In addition, there is an advantage in continuing the development of

-new types of fuel elements which will make it possible to increase

uranium burn-up and the ‘duration of. the reactor cycLes.

2) The development and fabrication of uranium and plutonium mixed—

oxide fuel elements should be vigoroueLy pursued, first with a

view to promoting commerc1aL recycling in LWRs of the mater1aLs
“resulting from reprocess1ng (uranium and pluton1um) and later with.

the purpose of opt1m1s1ng the entire FBR fuel cycLe. In this

connect1on, close cooperatwon between. des1gners, fueL manufacturers,

reprocessors and electricity producers ‘should be encouraged.

(1)An analysis of this subject is presented in the Annex.
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4D
Reprocessing and temporary storage of spent fuel

’

A lzrge part of the demand for reprocessing services frqm users
within the Community and elsewhere is already covered by firm
contracts between Community users and service suppliers. However,
in spite of the uncertainties inherent in any estimate, the growth
prospects are such that a competitive market could eventually arise
in this sector, as indicated in the report by the ad~hoc Committee
on the Reprocessing of Irradiated Fuel (CORECOM).(Z)

.. . 2>
The Commission’s recommendations

that accompanied the publication
of the CORECOM report are still valid in their entirety. In particular,

that:

-~ decisions be taken and implemented as soon as possible to ensure
that programmes for the construction of the capacities required
for the storage of irradiated fuel be completed by the appropriate

time;.

~ all possible ways of setting-up reprocessing facilities capable of

meeting the needs expressed in several Member States be explored;

- dindustrial cooperation within the Community be encouraged by
adopting as open an attitude as possible to the question of
technology transfers and exchanges of experience, particularly in
the field of plant safety.

Although commercial reprocessing of mixed-oxide (uranium=plutonium)
spent fuel from existing reactors can be carried out in plants which
reprocess uranium oxide fuel, it is necessary to continue work on
developing methods to the stage of industrial maturity for the
reprocessing of spent fuel from fast breeder reactors. A demonstration
plant, capable of dealing with spent fuel from several FBRs, should

be censtructed in accordance with the objectives set out above (see
paragraph 40). |

hH

2 . .
Communication from the Commission to the Council, COM(82) 37 finat
of February 1982. '

An analysis of this subject is presented in the Annex.
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Radioactive wastes(1)

The management of radioactive wastes is covered in the PINC because it is
one of the industrial operations of the nuclear fuel cyclee The safety
aspects have been dealt with in the "Community plan of action for radio-
ective wastes" approved by the Council on 18 Febrgary 1980(2), which covers
the period from 1980 to 1992 and which was, in 1983, the subject of a first

progress report(3)

It is recalled (see paragraphs 7 to 9) that the safety aspects of nuclear
energy, about which public opinion is particularly sensitive, were the

subject of a recent communication.

The management of Low— and medium-activity radioactive waste (excluding alpha-
contaminated waste), which accounts for almost 95% of the conditioned waste
produced today in the Community, benefits from long industrial experience.
However, it is obviously advisable to allow it to cont%nue to benefit from

technological progress.’

Decisions concerning the selection and opening-up of new sites for the dis-

posal of wastes in this category will have to be taken in good time.

Satisfactory results have been obtained with the treatment and conditioning
of radioactive waste contaminated by Long-lived alpha emﬁtters and of
high-activity waste (for example vitrification). It is nonetheless'necessary
to continue current research and development work in order to optimise

these results. As regards the disposal of such wastes, the work.conducted

at national and Community level by the Commission through muttiannual
research and development progﬁammee has made it possible to confirm the
feasibility of setting~up stofage installations in deep geeLogicaL
formations. It is necessary to supplement and further vaLidatevthese _
studies, particularly by implementing the developmenf:and demonstration -

of the techniqUes.

A regional approach to the problem of\uaste'diepqsel;;invotving several
countries, could offer certain adVantéges'insqfar as ‘it would prevent

costly storage projects from being undertaken prematurely and on an

'1nd1v1dual basis. Such a solution would seem to be 1nd1spensable in the

case of countries that have l1m1ted nucLear programmes.

(2)

(1)An analysis of this subJect 1s presented in the Annex.

Official Journal of 29.2. 1980, C 51

(3)COM(83) 262 final.
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The real problem arising from a regional approach is the fact that,
at present, no country is willing to agree to the final storage of

waste from another country on its territory.

Since the countries concerned are Community Member States, it would.:

be desirable, in a spirit of mutual assistance, to seek solutions that
would enable one country to store waste originating in other countries,
while complying with the principle of equitable reciprocity in the Long
term. The application of this principle would enable storage centres

to be set up under the best possible conditions, taking into account

the varying requirements of the different Member States' nuclear
programmes. In addition, it would enable the most appropriate geological

units in the European substratum to be used.

Studies underway at Community level, such as the definition of equivalence
between different types of waste which is being undertaken with a view

to seeting-up specialised storage facilities for certain waste types
irréspective of their origin, are an important element in a Community
approach to the disposal of radiocactive waste along the lines indicafed
above. The Commission believes that these studies should aim at providing

condrete results which would make it possible to set up a waste disposal

isystemfof the regional type described above.

“

The transpoét of nuclear fuel

The trénsbort of nuclear fuel in all its forms - from ore to radio-
active‘wasté, and including, in particulér, uranium hexafluoride;
irradiated elements and plutonium - is an essential part of the nuclear
supply system.

It is hence of vital importance for the Member States to take the
requisite measures so that the transport operations,carried out by
specialised operators in full compliance with the safety standards,
never suffer from administrative obstacles that result in difficulties

or delays. This concern certainly applies to cross-frontier operations,
but it can also apply to operations within a country.

&P . . ..
*“A short analysis of this topic is contained in the annex.
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The construction of nuclear power statibns(1)

!

The existing situation within the Community is:- characterised by the
fact that two reactor types, PWR and FBR, have been mainly, but not
exclusively, chosen as the bas1s for the development of nucLear energy

in the foreseeable future.

Such near—uﬁiformity incfeases the technological understanding of
the designs in question and, as a resulf, strengthens still further
the confidence already placed in them. It should also faciLit;te
intra-Community trade in equipment and the implementation of joint
construction projects. Both of these are - in principle at least -
permanent objectives of the Community strategy for the development

of nuclear energy with, as a corollary, the promotion of exports.

It must nonetheless be kept in mind that an essential basis of this:

" strategy is the laying down of common design and construction rules

74,

based on data that have already had their validity confirmed in a

considerable number of cases.

The predominance of PWRs and FBRs, together with the option of re-
cycling in the former plutonium that has not been allocated to the
Llatter, occurs at a time when, even in the case of Membervsfates‘with
the most ambitious nuclear programmes, the prospects for the nuclear
market are tending to look bleaker rather than brighter. The industry

is entering a trans1t1onal phase where the size of the market is deter-
mined by developments in the overall economy. and not by any measures

it may take. It must, therefore, progressively diversify its production,
in particular to make a suitable place for the.FBRs.

It is unfortunate that the adaptation required by this transition has
to take place at a time of general excess construction capacitye. This
excess also affects conventional power stations that could otherwise

have provided an emergency outlet for the nuclear construction industry.

(§D) . b e al e . :
An analysis of this topic is contained in the annex.
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75. As regards the FBRs, it seems that the present situation is favourable i

76-

- 77

to the setting-up of an industrial structure, the style and capacities
of which would be commensurate with the needs_of the European market.
As has been the case with the construction of Superphénix, there will
be opportunities for those particularly qualified firms in all the
countries involved.

The industrial rationalisation required does not necessarily have to
result in an integrated structure, but neither should it reject such

a possibility from the outset.

In any case it should result in the creation of a true common market

in FBRs, even though, at present, certain Member States are not

seeking to construct reactors of that type on their territories.

It is most desirable that the rationalisation in question, the object
of which is to provide the industry concerned with the construction

of FBRs in the Community with an appropriate structure, should not

be restricted to that particular sector. It should also take account

of the PWR sector and rationalise it. Difficult though this task may

be, it will have to be accomplished sooner or Later(1).

£
a;
N
-y

Thenic

Tl

1) . . . . : .
N.B.: Rationalisation of this sort may involve concerted practices

likely to come under Tommunity rules on competition: the
principle of prohibition taid down in Article 85 (1) of the
EEC Treaty implies that the Commission will keep a check on
concerted practices. The Commission may, of course, grant an
exemption on the basis of Article 85 (3) in certain

circumstances in view of the objects and economics of the
sector.
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REVIEW OF AND PROSPECTS FOR THE DEVELOPMENT OF NUCLEAR ENERGY IN THE COMMUNITY

1. The rble of éLectricity in the economy

1. Electricity is an essential part of the Community's energy infrastructure
and plays an increasingly important role in the economic development of the

Community.

2. Since 1973, and in particular since 1979, there has been a very appreciable
decrease within the Community in the ratio of the demand for enérgy to the gross-

vdomest%c products Since fhe‘gross domestic cohsumption of energy fell by about

56 Mtoe betweén 1973 and 1983 whereas the gross domestic product increased by
208 000 million ECU (at 1975 value), the rate of energy intensity (the quantity
of energy required for the production of one unit of value added) dropped from
0.83 kgoe/ECU (1973) to 0.66 kgoe/ECU (1983).

3. This development is a result of the energy savings achieved in the
i’Aresidential and tertiary", "transport" and "industry" sectors and of the
profound modification of the structure of economic activity: decrease in
the share of the activities which are targe conSﬁmers of energy and increase

in the share of the services.

4. As regards-elécfricity consumption, there has béen'an opposing treﬁd‘
~which reflects an increase in the share of electricity in total energy '
consumpticon and a greater contribdtion by electricity to the Community's
economy. In 1973, 0.94 kWh was consumed for every ECU of the GNP. In 1983,
that figure increased to 0.99 kWh/ECU. ' » |

5. .Maintenance of the relationship between economic growth and the gfowth

in electricity consbmption depends on market factors such as:

- the future 6pportunities for specific uses of electricity (Lfghting, power

and ‘traction, certain industrial processes, control functions, etc.); -



- the rate of electricity savings achievable through the introduction of

more efficient equipment;

- the cost of electricity, the trend of relative energy prices and the
resulting competitiveness of electricity in applications in which it is
capable of replacing other energy sources (for example heating, air

conditioning and transport).

The role of electricity will also depend on the choice which certain
Member States will make, particularly as regards the development of

nuclear energy which can be delivered only through that medium.




2. Nuclear energy production

',(a)_Progress since 1973

6. At the time of the first oil crisis in 1973-74, the Jindustrial-scale

‘appL1cat1on of nucLear energy was still in its 1n1t1al stages.‘ With the
rap1d rise in o1L prices, -concern about the costs of produc1ng eLectr1c1t
by us1ng il re1nforced ex1st1ng concern about secur1ty of suppL1es.5

- -As 'a result, amb1t1ous programmes were put in hand to reconvert to coaL
'and to -make Large- scate use of nuclear energy in the eLectr1c1ty_generat1ng«

industry.. -

f?; Nenther the electr1c1ty demand- prospects on which the nucLear programme““

were based nor the nuclear construct1on programmes have turned out as expec ed‘

_The downward rev1s1on of the estimates of electricity demand and public

5ikanx1ety resuued in cons1derable reductions in the nuclear programmes. U

8. In.spite of theSe.deveLopments, nuclear energy has significantlyjincreasedﬂ
its rote over the last ten years. fn 1973, only S% of electrﬁcityAproduotton/
in the Community was of nuclear origin, by 1978 ‘that share had doubled to'.

0% of the total and reached 22.4% in 1983. : |

9. The increasing 1mportance of nuclear energy has been part1cuLarLy
evident in the Commun1ty in compar1son with developments in the other main
1ndustr1aL1zed countr1es such as the United States and Japan (see Fig. 1)

' ,In 19?3 the shares of etectr1c1ty productwon in the Commun1ty and the



United States accounted for by nuclear energy were approximately equal
(4% and 5%, respectively)e “In Japan that share was somewhat less (2%).
In 1983, the share of nuclear energy in the Community reached 22.4% as
already mentioned, whereas in the United States and Japan it did not

exceed 12.6% and 18%, respectiveLy.1

10. Total (net) nuclear gererating capacity in the Community increased
from 10 GWe2 in 1973 to 52 GWe in 1983. This increase occurred mainly in
France (+ 24.3 GWe), but there were also significant capacity additions in
the Federal Republic of Germany (+ 8.8 GWe), the United Kingdom (+ 4.7 GWe)

and Belgium (+ 3.5 GWe) (see Fig. 2).

1. <These developments had a substantial impact on the Community's energy
balance. Whereas nuclear energy in 1973 accounted for only 2% of total
energy consumption, its contribution had increased to 9% in 1983. Together
with energy conservation effdrts, the development of North Sea oil production
and increased use of natural gas, nuclear energy has helped to reduce the

Community's dependence on imported oil from 627% in 1973 to 32% in 1983.

12. This overall progress, howevef, masks very considerable differences

between the Member States (see Fig. 3).

13. Strongly determined to promote the development of nuclear energy,
France and Belgium have already carried out large-scale restructuring of
their electricity production systems. In 1983, they produced 48% and 46%,
respectively, of their electricity from nuclear energy as compared with 8%
and 0.2% in 1973.

14. Progress has also been achieved in the Federal RehubLic of Germany

and the United Kingdom, although the programmes in those countries have
suffered significant delays. In Germany, the nuclear share of electricity
production increased from 4% in 1973 to 18% in 1983, while in the United .

Kingdom the corresponding increase was from 9% to 17%.

15. Only modest increases in the.contribution of nuclear energy have been
achieved in Italy and the Netherlandq, from 2.2% of the electricity produced
in 1973 to 3.2% in 1983 in the case of the former and from 2% in 1973 to 6%
in 1983 in the case of the latter.

18tétistical,0ffice of the European Communities.
GWe: Gigawatt electric = 1 000 MWe.
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Four Member States, namely Denmark, Ireland, Greece and Luxembourg, have

not adopted nuclear energy programmes.

16. There are various explanations for this disparity:
- public opposition of varying intensity to nuclear energy;

- relations between central government and lLocal authorities, which could

be better in some cases;

- the use of a fossil source of domestic energy for electricity production

in certain Member States, particularly the Netherlands, the Federal Republic

of Germany and the United Kingdom.



(b) The outlook for 1990

17. In the context of their joint efforts to reduce the Community's
dependence on oil, the Member States. have agreed that»electricity production

should be based mainly on solid fuels and nuclear energy f}om the 1990s onward.

18. According to the Member States' forecasts for 1990, the switch from oil
to nuclear and solid fuels, already well under way in the electricity
production sector, will cohtinue throughout the present decade, mainly owing
to the increase in nuclear energy production (+ 83%) and, to .an appreciably
Lesser extent, of coal production (+6%) over the present levels (1983).

As a resuLf, nuclear energy and coal should be contributing equally to 71%

of net electricity production in the Community by the early 19905.1

19. By thé‘end of 1983, there were 95 nuclear reactors in the Community

with a total capacity of 52 Gwe.' By 1990, 128 reactors with a total capacity
of 98 GWe should be in operation in the Cdmmunity. Although the risk of
further delays in tHe nuclear programmes cannot be ignored, there ié a good
chance that this capacity wiLL actualty be avaitable by 1990, as all new
reactors planned for entry into service by that date are already under .

construction. -

20. Nuclear energy production should rebreseht 144 million tonnes of oil
equivalent (Mtoe) and be sufficient to cover 14% of the total energy
requirements in 1990. This means that, within the Community, nuclear energy
production would reach the same level in primary energy terms as hard coal ’
production (144 Mtoe) and exceed produ;tion both of natural gas (114 Mtoe)
and of oil (106 Mtoe). This stresses sti(l further the importance of

nuclear power as an energy source for the Community.

1The objectivé for the Community is that, by 1990, 70-75% of primary

energy inputs into electricity generation should be provided by solid fuels

and nuclear energy. Measured on this basis, solid fuels and nuclear energy

should account for 81% of electricity generation in 1990 according to Member

States' forecasts. If this is measured in relation to net electricity

production, which is the point of comparison of most interest to the
electricity sector and that chosen throughout the illustrative programme,
a combined share of 71% is obtained for nuclear eneréy and coal for the

same situation.
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21. The upturn in the contribution of nuclear energy will occur exclusively
in those Member States which already have a large~scale nuclear energy
programme, chiefly France (+27.6 GWe), the Federal Republic of Gérmany
(+10.7 GWe) and the United Kingdom (+4.2 GWe). 1In this decade, the existing
disparities between the Member States as regards the use of nuclear energy
will continue to widen. In view of the long lLead times involved in nuclear
power-plant programming, it will not be possible to reverse this trend before
1990. This should be a primary concern of Member States which, at that time,
will still be largely using oil and imported natural gas for electricity

production.

22. On the other hand, by the end of this decade, it is Likely that the
nuclear power production capacity in certain Member States such as France will
have increased fapidly until it is in excess of what is needed to meet the
base~load demand for electricity up to which point the competitive advantage of
ﬁuclear power is at its greatest.1 In such a case, it would be advantageous

to broaden the market for base-load eLectri;ity supplies in order to improve

the economics of nuclear eLecfricity production.

23. In this context, it is interesting to note that certain States share
investments (acquisition of holdings in nuclear power stations) and share
the electricity produced. This practice is an advantageous variant of
cross-frontier electricity sales, which, in any case, should be encouraged

whenever it enables supply conditions to be improved from the two standpoints
of price and security.

3 : ‘ . » .
It should be noted, however, that progress made in nuclear plant design and

_ operation now permits nuclear power plants to be used also for "lLoad following"
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24. Lastly, as reéards the prospects for nuclear electricity generating
costs, the forecasts made by the Community's electricity producers, in
which the Commission was aklso involved, show that the cosf per kWh of
nuclear electricity generated by planfs to be placed in service in 1990

is less than that of electricity produced with coal and mhch less than tHat
of electricity produced with petroleum products. These estimates also show
that the fuel cost accounts for less than one third (28%) of the total cost
of the kWh (see paragraphs 16 and 17 of PINC). The shares of the various
.components that go to make up the fuel item are as foLLows:

- Natural uranium S L T 30%
- Conversion S : 2%
- Enrichment : 30%
= Fabrication . ‘ Cro12%
- Reprocessing _ . o 30%%
= Materials recovéred

during reprdtessing ' , T - 4%

N.B. The above are average’ vaLues w1th1n qu1te Large ranges because the

calculation assumptions varied from one producer to another.

It is apparent from this breakdown that.the raw material for nuclear fuel,:
i.e. natural uran1um, accounts for Lless than 10% of the total cost of the
" kWh (30% x 28% = Bi4%).

The reprocessing item includes, among other. things, vitrification of fission
products and the conditioning, transport, interim storage and final disposal
of waste.
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3. Uranium supplies

25. Uranium is a strategic material subject to national controls, the

only significant use of which is in electricity generation; the uranium

market, which came into existence relatively recently, is naturally very

sensitive to developments in the field of nuclear energy. Uranium possesses
very great energy density and physical and chemical characteristics which f@
make it easy to store. It is thus possible, to store much greater quantities

of enérgy than is the case with fossil fuels. i

26. The uranium market has been characterized over the three decades of jﬁ
jts existence by two periods of intensive growth (1959 and 1978), separated

by a sharp depression.(1972),and followed by a sudden drop in prices in

1983-84, which was accompanied by a drop in production. In this context,

the existence of considerable stocks of uranium is such as to influence ‘fg

S
the market. g

27. Supplies to the Community over the next decade will account for virtually v

S
one-third of the uranium requirements in the western world, while those to i
the United States will account for a further th'ird.1 The Community meets g

almost all these requirements by means of long-term contracts. European

industry has considerable interests in the major uranium-producing areas
and, in the exporting countries, it contributes towards the production of A

quantities of uranium of the same order of magnitude as all the Community's

import requirements.2 However, this should not be taken to mean that the
Community has unlimited access to these potential supplies, since the export -

of uranium is subject to political conditions. ~7fv

28. The uranium mining industry is a particularly concentrated industry,

with six countries (USA, Canada, South Africa, Australia, Niger and Namibia)

holding 80% of the reserves that can be worked at a cost of less than $80/kg U

and accounting for 90% of world production. Some 50 companies are involved in

uranium production (most of them American), and five companies (Cogema, e
France; RTZ, United Kingdom; Nufcor, South Africa; Energy Resources of _’?;i
Australia; and Keylake Mining, Canadz) control over 60% of the world )
'produCtion capacity.

1Requirements in 1990 can be éstimated as 17 500 t/U for the Community,
16 800 t/U for the United States and 16 200 t/U for the rest of the world.

It is esFimated that, in 1990, the Community's production capacity, mainly
loca?ed in France, will be 4 000 t/U; it will cover close to 25% of
requirements at that time, the remaining supplies (75%) having to be imported.
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29. Most of the commercial transactions in uranium (about 90%, th1s proport1on
being greater in the Community) are conducted under long-term contracts.

"Spot" transactions account for the remainder. In view of the existing
situation, which is characterized by substantial stocks and the closure

of unprofitable mines, a "secondary market" has been created which is

slowing down the recovery of uranium prices. The drop in prices on the

"spot" market, although it may appear beneficial in the short term to the
buyers, itself giVes rise to risks for the future, since the producers,
deprived of financial resources, will>sharply decrease their prospecting

expenditure. As regards long-term contracts, the prices involved are less

subject to sudden change and the general trend which is now emerging is as
ffoLLows: to avoid, on the one hand, excessive commitments on the part of
ﬂche»buyers which would result in periodS‘ofj5urpLUs Likely to depress the
.market and, on fhe other hand, to enable producers' profits to be stabilized

_in order to ensure regular supplies.’

30. As regards the conditions governing uranium suppL{es, it should first.f?

of all be kept in mind that the producer and/or consumer countries can be

-divided into countries which are soLeLy producers (Australia, Niger, Gabon - :

and Namibia), countries which are producers and low-level consumers  (Canada

and South Africa), countries which are both producers'and consumers (France

-and the USA) and countries which are solely consumers (other Community

Member States).

Among the producing (and exporting)'countries,‘poLicies for development

of the uranium mining inQustry may be widely influenced by”cohcerns'reiating
to the non-proLiferation of nuclear weapons or by the desire to obtain
substant1al revenue (in the case of developing economies). These factors
give rise to a w1de d1vers1ty of supply conditions affect1ng countrwes

which import uran1um.

3. ALthough the western world's uranium production capacities in operat1on,

under construction or pLanned ‘at the end of 1‘983‘I are sufficient to cover

- requirements up to the middle of the next decade, the present cut-back in

exploration must not be treated Lightly in view of the considerable time
(about ten years) required to open up a uranium deposit and commence mining

operations.

1WOr_ld uranium output in 19831amounted to. 37 200 t, and the world production
capacity by 1990 can ke estimated as 50 300 t.’
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32. The world's resources of low-cost uranium that are known at present1

are capable of covering the western world's requirements for about 20 years,
and half of them are located in Canada, Australia and South Africa.

However, the concentration of resources in such a small number of producing
countries and the cut-back in prospecting which followed the drop in prices
could, if they were to last, run counter to any policy of diversification

and thus of security of supply. It is thus a matter of concern for those
Member States that are implementing a nuclear power programme and are heavily

dependent on outside sources of supplies.

1. . .

This does not take account of the conditions imposed by certain producers
which are Likely to affept the price paid by the consumers (taxation,
floor price fixed by the governments, etc.) and to restrict the use of o

uranium.
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4.  The nuclear fuel industry'(fueL—cycle.Services)

32 oist The firms within the.Community haue developed an industrial
~potential. in'reSpect of aLt stages of the fuel cycle downstream of uranium
product1on, the latter be1ng ma1nLy carr1ed out outs1de the Community

(see paragraph 27 above).

- uranium conversion; s | - : -
= uranium enrichment;;

- fuel fabrication;

- storage and reprocessing of irradiated fuel;

- management and d1sposaL of rad1oact1ve wastes,

- transport of nuclear mater1als.'

(a) Conversion

33. Conversion, which accounts for only a small part“of the total fuel-cycle
cost . (2%), js nonetheless an essential stage in the cycle and possesses

its own specific industrial character1st1cs.

34.  Five comoanies are currently oarryingfout convergion operations in the
‘western world, two of them within the Community: British Nuclear Fuels Ltd.,
in the United Kingdom, and Comurhex, ingFrance.j In?j982, the average rate

of utilization of such instaLLations throughouobthe world was about 80%.

'35. SSZ.of the capacity avaiLabte-uithin;tBe'Commun{tf is enougn'to cover
the Community's own requﬁrements,. The -rate of‘utilizafﬁon of the European
installations solely tofcoverithelCommdnitxﬂs:own internal requirements
should increase gradually to 7S%iby“1990. The eonverSion industry is also
an exporting 1ndustry which meets the requ1rements of Europear countries

outside the EEC and those of non= European countr1es. :f_‘

1 ‘ . o e T e :
The European industry also carries out conversion of uranium recovered

during reprocessing.
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" 34. 1t may thus be said that conversion requirements within the Community

will be adequately met. Furthermore, the -capacities can be increased rapidly,

if necessary, by expanding existing'plants.

37. However, the European companies in this sector will in future have to
cope with keener competition from certain uranium-producing countries which
insist, or try to insist, on their uranium being sold in forms that have

been processed beyond the ore-concentrate stage.
(b) Enrichment

38. Uranium enrichment is an activity of considerable economic and political
importance. This stage is responsible for about 30% of the total cost of the
fuel cycle in the case of reactors fuelled with enriched uranium, which

account for almost the entire installed nuclear capacity within the Community.

39. Until 1979, the Community was almost completely dependent on outside
suppliers for its enriched uranium. The United States dominated the world

market until the USSR entered the commercial scene in the ear(y-19703.

v 40;-'Thi§”situation has changed fundamental(y since the setting-up. of two

‘,mult1nat1onal groups for enrichment within the Community: Eurodif and Urenco.

The entry into service in 1979 of the Eurodif plant, the capacity of which
is-10.8 m1Ll1on separative work units (SWU) per year or 40% of the Amer1can
capac1t1es, and ‘the current phased 1mpLementat1on of the investment programme
dec1ded on: by the Urenco group1 make it possible, not only to meet the

Commun1ty S requ1rements, but also to possess capacities sufficient to export

,'Vth1s very h1gh value added service. In consequence, imports of enriched

uranium have decreased considerably from the 100% needed to meet requirements
in the 1970s to less than 25% in 1983.

1 . :
By 1983, these investments had resulted in a capacity of about 1 million SWU.
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41. Industrial compet1t1on is extremely tough on atl the world markets ow1ng;Q
to the extent of the existing product1on capacities. At present, it :
opposes American and European producers, and it 1s:probable that the
- Japanese wj{['joint the fray within the next decade. The present
enrichment service capeci;y available on the world market, about

42 million SWU/year, will probably continue to remain in excess of -
requirements until the middLerf the next decade, when those requiremenfstﬂfl.
will have increased from ebout'ZS'miLLion SWU/year today to over o
40 million SWU/year. R

42. Furthermore, the conclusion of major long-term enrichment contrects
with the USDOE' in the 1970s, under conditions fixed by the suppliers
whicﬁ included the obligation to sign long-term contracts at least eight
years before first delivery, resuLted in the building-up of substantial _
stocks of enriched uranium by the users, and this has led to the emergence
of a secondary market. This market, on which the electricity producers
sell the1r excess quantities, . is at present. characterized by substantial

" discounts in comparison with the sole officially published price (that of

~the Amer1can producers)

43. Research under.way in the field of -enrichment gives grounds to
believe that new technologies could make it possibte within the next

decade to reduce production costs significantly.

1Um’ted States Department of Energy.
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{¢c) Fuel-element fabrication

44, This stage comprises the operations which result in the production
of complete fuel elements ready to be inserted into reactors and is

responsible for about 127 of the cost of the fuel cycle.

45. In the case of light-water reactors, which account for over 75% of
the installed capacity, fuel-element fabrication reached industrial maturity

several years ago.

46. At present, there is substantial excess capacity in the Community, and
a further capacity expansion will not be necessary before 1990. Since the
period required for constructing a plant is less than five years, a
decision to make new investments in this sector should not have to be taken

for some years to come.

47. Although a certain opening of the uranium fuel-element fabrication
market has recently been discernible in the Community, the industrial

structures are still predominantly national.

48. As regards meeting internal requirements, the European market is
virtually self-sufficient, and this situation will continue as long as
the European producers possess sufficient industrial and development

capacity to maintain their hold on the market in the Community Member States.

49. The industrial expertise in fabrication acquired in the Community should
in future enable the manufacturers to cbtain a greater share of orders on
markets outside the Community. However, it can be seen that there is also
gordeide excess production capacity and competition is very keen on all

‘the export markets.

50. The cladding and certain structural components of the LWR fuel element
are made of zircalloy, a zirconium alloy. As regards production of

- zircatloy elements, the plants within the Community have been capable of
meeting requirements so far, and it is possible to increase production
‘capacities rapidly as soon as.it becomes necessary in order to satisfy

requirements up to 1990.
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51. The fabrication of plutonium fuel elements requires spéciaL
installations. The existing plants are low-capacity plants capable of
meeting current requirements arising from the operation of pilot and
industrial—-scale demonstration fast breeder reactors and from plutonium

recycling activities in light-water reactors (thermal recycling).

52. The existing plants have made it possible to acquire the technical
experience needed in order to be able to construct larger units for the
development of a fast breeder programme and of a large-scale programme for

the thermal recycling of plutonium.

53. The fabrication of fuel elements for the family of high-temperature
reactors at present being developed has reached industrial maturity. The
existing plant in the Community possesses a capacity sufficient to meet
current requirements. The available technology can be appLied to plants

wWwith a greater capacity.
(d) Reprocessing

"54. Since the early days of nuclear energy, reproceséing has been
considered as an essential stage.in the nuclear fuel cycle, since it
enables the entire energy content of uranium to be exploited by successive
recycling of the residuat uran{um, an_operétioh made possible through
fhe use jn fast breeder reactors of the plutonium generated during
irradiation of the fuel. Moreéver; the recycting in thermal reactofs of
the uranium and plutonium recovered through reproceséﬁng also hés
.considerable potentiat,'sinée:it allows uranium consumption and the use

of enrichment services to bé reduced. .

‘Lastly, reprocessing facilitates radioactive waste management, since it
enables the fission products contained in the irradiated fuel elements
to. be separated and treated sélectivety‘in accordance with their

specific properties.
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S5. Considerable experience has been acquired in the Community with
the industrial-scale reprocessing of metal fuel from natural-uranium-
fuelled nuclear power stations. This experience derives from the
reprocessing of the approximately 35 000 tonnes1 of uranium so far

dealt with in France and the United Kingdom.

56. The reprocessing of enriched uranium—oxide fuel from modern
nuclear power stations has reached a stage at which it can be applied

on an industrial scale.

On the one hand, about 1 800 tonnes2 of fuel of this category from
reactors throughout the world have been reprocessed to date,
three-quarters of it in the Community, mainly in the French installations
at La Hague (920 t), in the German and British installations and

at Eurochemic (see the following paragraph).

e R 1 L b

Furthermore, the continued improvement of technical and economic
performance and of the safety of the operating installations shows

that reprocessing has now proved itself.

ST SR UE K

In the Community, this sector has hence been capable of solving the
problems arising from the technical, regulatory and financial constraints ;&

encountered in the past which often continue to beset reprocessing

elsewhere in the world.

PR ‘.A?i_::;zvj :‘A,; =

5?. The experience thus acquired has enabled the French, British
and German reprocessors3 to implement the following projects in the

Community:

- two plants with a capacity of 800 tonnes per year each in France,
namely the reconstruction and expansion of the existing plant with R
a concomitant increase in its capacity to 800 tonnes per year |
(Up 2-800) and the construction of a new unit of the same capacity
(UP 3), at present under way at Cap de la Hague;

1 s . . .
The quantities involved in reprocessing are assessed as tonnes of

uranium contained in the fuel elements.
The electrical energy produced per tonne of enriched uraniumoxide fuel is about ten
times as great as that produced per tonne of natural uranium metal fuel. In other
words, to produce the same quantity of electricity, a nuclear plant operating on metal
3fueL would generate ten times as much spent fuel as one operating on enriched oxide fuel.
Tese companies are also partners in the company "United Reprocessors”, which was set up
in 1971 and had its statute -approved in 1975 oy the Commission pursuant to the rules on
competition set out in the EEC Treaty in order to facilitate the harmonious growth of
- the uranium-oxide fuel reprocessing industry.

¥
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- a plant with a capac1ty of 350 t per year, the construct1on of

wh1ch is scheduted to start 1n 1985 1n Germany,

- a plant with a eapacity of 1 200 t per year (Thorpe) which is

under construction at'SeLLafieLd.in_the‘United Kingdom.

The projects already under way are financed in advance,_through
contracts, by customers on a pro rata basis in respect of the
services to be provided over a period of ten years of plant
operatﬁon. To these projects can be added the Belgian plan to
modern1ze, expand and place in service again the Eurochem1c pltant,

which became the property of Belgium in 1978.

On the basis of the start-up schedules put forward for ‘the various
projects, it may be expected that about 4 000 tonnes and 12 000 tonnes
of ox1de fuel will have been reprocessed in the Commun1ty by 1990

and 1995 respectively.

58. The plants now available within the Community are used, on the
one hand, for the'reproceSSing'of fuel.dischargedlfronFnucLear
power stations in the COmmunity,(14 000 tonnes 13 199Q3and

25 000 tonnes in 1995) and, on the other hand, fOr‘theireprocessing
of fuel from non-Commun1ty countr1es (about 7 000 tonnes to be

delivered between now and 1990) .

In view of the Way-in which reproceseing'caoac{ties hade been expanding
and of the quantities of.fuel to be dealt with (those arising in

the Community and those from non-Community countrﬁes'tofbe reprotessed'
-under contract), it may be est1mated that about 17 000 to 20 000 tonnes
'of irradiated fuel will have to be stored 1n the Commun1ty dur1ng

the 1990-95 period.. ~_ 3 - ‘fm R
Part of that fuel is already the sub]ect ofireprocess1ng“contracts

and, in consequence, w:ll be reprocessed a'

the remainder of that fueL, any reprocess1n thereof w1tt depend

on the decisions to, be taken by the eLect' ci ytprpddeers,on a case~ .

by-case bas1s.
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59. Thanks to the interim storage facilities, it will be possible
to store such quantities of fuel in the Community. At present,

the reprocessors have begun to construct, or are planning, large-
scale interim-storage capacities on the sites of the reprocessing
pltants. In addition, many electricity producers have increased

the storage capacities of existing spent-fuel ponds at operating
power stations, and the most recent plans for new power stations
often make provision for storage capacities capable of accommodatfng
fuel discharged over a period of up to ten years or even more of
pouer*sfation operation. Finelly, storage facilities located on
sites separate from those of rebrocessing plants or of nuclear power
stations are already in service or are being constructed in the

Commun1ty.

1»»60 -The cost of the commercial reprocessing of oxide fuel accounts

-:4for about 30%. of the cost of the fuel. cycle, allouance being made

.:,for the cond1t1on1ng of the wastes and any cred1t from the recovered
fissile materials. '

v‘61; As”~ regards the fast breeder reactors, a modern pilot plant for
‘ the reprocess1ng of irradiated fuel from reactors of that type 1s
:';under construct1on-at Marcoule (TOR). This plant was preceded by

B pilot 1nstallat1ons which, for several years, ensured that the

:f§Dounray,reactor 1n the United K1ngdom and the" Ph€n1x reactor in

France couLd operate with a v1rtualty closed cycle.

¥
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(e) Radioactivejwastefff”}f

62, ALl industrial act‘n

.ties, 1ncluding the use of nuclear energy, giveg?
rise to re51dues, some of which can be recovered and recycLed while

fothers are’ con31dered as wastes. The radioactive wastes arising from

. the use’ of nuclear energy are con31dered here.

63. To facilitate understanding, radioactive wastes are here’ diVided 1ntﬁ
two main categories o

';’- high—act1v1ty wastes, ar151ng from the reproce551ng ‘of spent fuel1 aho ;ff:gtlf

containing about 99%. of the radioact1v1ty produced during uranium

f1$$1on in reactors,

- Lou- and medium act1v1ty wastes, arising during the operation of nucLear_'

power pLants and other fuel-cycle 1nstallations.'
'fThe Low- .and hedium activity wastes can be further subdivided according
to whether or, not they contain a STQnificant quantity of tong lived

alpha emitters. _ o o , B o e .

64. The processing and conditioning of lowr and medium-activity waste
(with the exception of alpha-contaminated waste), which account for
aLmost 95% of the volume of the conditioned-waste produced today in the
Community)'behefit from experience acquired over. 30 years. SeveraL
processes for reduc1ng the volume of such wastes adapting their _
chemicaL comp051tion and 1ncorporating them into solid structures

(matrices) are commerc1ally availabte,

65. Certain Community Member'States have aLready‘acQUired'considerabte
experience with the disposal of these-wastes,2 while others only store
them pending subsequent disposata, No major problem should be - -

experienced in this field.

1If irradiated fuel is not reprocessed, it is considered to be high-activity waste.
Disposal of such waste gives rise to problems which differ from those encountered
in the management of high-act1v1ty waste that has been reprocessed. Only
Limited experience with the processing, conditioning and disposaL of irradiated
Sfuel has so far been acquired anywhere in the world.
Sub-surface land’ disposal and sea disposal undertaken in the context of the
" multilateral consultation and surveitlance mechanism established by the OECD.
The Latter form of disposal is at present the subject of a de facto moratorium.

(N.B.: these wastes are of low and medium activity).
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66. Technologies are available for the processing and conditioning of
waste contaminated by long-lived alpha emitters and for high-activity
waste, and some of these technologies have arrived at the industrial-

application stage.

This is the case, for example, with the vitrification of waste

separated during the reprocessing of irradiated fuel.

67. There has been no disposal of such wastes as yet. The first
installations for the disposal of alpha-contaminated wastes at
- intermediate depth in geological formations wiil enter into service

in some Member States at the beginning of the 1990s. Various options

for the diposal of high-activity waste are being studied by the
Member States and the Community, particularly disposa[ in deep-Lying
continental geological formations Such as salt, clay and crystalline
rocks, which are sufficiently abundant throughout the Community.1

The results obtained from researcﬁ and experiments in this field

confirm that diéposat in these types of formations is feasible.

At present, waste of this type, some of it already conditioned, is
stored temporariLy in special facilities. The need to al[ow
high—activity waste to cool down for periods that can be as Lohg
‘as several decades in order to obta{n optimum conditions for final
storage would seem to rule out the need for 1ndustr1al scale

application of final-disposal’ methods before the end of this century.

68. The costs of processing and conditioning, including, where
necessary, the cost of interim storage on'the site where the waste
was produced, are known accurately enough and are accounted for at

tbe,stages in the fuel cycle where they arise.-

1It should be noted that certain Member States without nuclear power
programmes are also interested in this subject.  In particuLar,
Denmark has studied the feasibility of waste disposal in salt domes
situated within that country.

N
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~ As regards the cost of waste disposal, particularly that arising from

' the disposal of high-activity waste in deep;lying geoLogieaL

formations, the converg1ng conclus1ons of economic studies carr1ed

out in several countries 1nd1cate that it wwLL not exceed

69.. In accordance with the Council resolution of 18 February 1980

3% of the production cost of the nuclear kwh.‘-I

2

approving a plan. of action, the Commission -is administering, in the
radioactive waste sector, a major Community programme -including,

in particular, research work - whichjhaé been coordinated with the

activities of the Member States; it is also associated through.

specialized agreements with certain non-Community .countries.

As part of this plan of-acfion,'the Commission also has to analyse
cont1nuousLy the situation in th1s sector. The first exhaustivev
analys1s of the present 51tuat1on and prospects was recently
forwarded to the Commun1ty 1nst1tut1ons.3

1This is not.an estimate of the eost of d1sposaL but an upper Llimit

which that cost will not exceed under any c1rcumstances,‘such an
assessment doés not. take account of cost d1sc0unt1ng, uh1ch reduces

- sthe relative extent of the costs.j

3comis3) 262 final. -

0J € 51, 29.2.1980.

e Gpg A e -
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(f) The transport of‘;uclear fuel

70. The nuclear-fuel transport sector in the Community will expand
considerably in the years ahead because of the rapid expansion of,
national nuclear power pregrammes. The diversity of products
transported, the means of transport used and the geographical locations

concerned are three essential - but not necessarily interdependent -

. aspects of this type :of transport.

The sector covers a very wide range of activities: the transport

of uranium in all its forms (ore concentrate, natural and enriched

‘uranium hexafluoride, uranium and plutonium oxide, new and irradiated

fuel elements) in specific packagings adapted to the physical and
chemical characteristics of these materials and the nature of the

risks they represent.

71. The cost of transporting nuclear material (ore, processed
uranium, fuel, etc.) is'included in that of the various services
associated with the fuel cycle and accounts for a very small propoertion

of the overall cost of the full range of such services.

By way of illustration, the unit cost of transporting irradiated
fuel -~ which is the most expensive transport operation - amounts

to a few percent of the cost of reprocessing.

72. In view of the foreseeable trend in power-plant siting, the

qumber of journeys for the purpose of transporting new fuel is likely to
increase appreciably. This trend is not so pronounced in the case of
irradiated fuetl, as»Large-cabécity“transport casks will oe deVeLoped -

over the next few years.

73. The need for a new type of heavy cask has recently become
evident in the Community. The type concerned is a dual-purpose
cask for the transport and extended interim storage of irradiated

fuel pending reprocessing. As the practice of extended interim

" storage becomes more widespread, there could well be a considerable:

increase in the demand for casks with which the industry seeéms capable
of coping. ' '

A
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T4 Programmes for the transport of . 1rrad1ated fuel d1scharged from
- nuclear power stat1ons call-for met1culous ptann1ng on the part of: the
Atransporters, the electr1c1ty producers, the reprocessors and the

competent nat1onal author1t1es.
‘ Prov1s1on 1s made for a reserve transport cask capac1ty of

approx1mately 30% in order to allow for ma1ntenance requwrements and

other cont1ngenc1es.A

75. The scale of such operat1ons w1ll 1ncrease in future to keep

:f‘the requ1rements ar1s1ng from the greater number of power

’ stat1ons in- operat1on.

~fﬂThe future prospects for th1s sector po1nt to the use of large - and

-ﬁf;to some: extent standard1zed - casks, uh1ch w1LL make it poss1ble to

prov1de a more eff_'Tent serv1ce.
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5. Nuclear .reactors: design and construction

(a) Reactor types

(i) The_types_already developed .

76. Power reactors of several types - or éoncepts - are 1in operation in
the Community, since their design depends on the technological and

political considerations, infrastructure, etc., specifid to each client.

77. The oldest type is the Magnox (British designation) or UNGG (French
designation meaning natural uranium, gas, graphite) which was adopted

in the United Kingdom and'France and exported by the former to Italy and
Japan and by the Latter to Spain (a single reactor in each case). This

type of reactor was designed at a time when:

- only the USA had the capac1ty to prov1de industrial-scale supplies of
 enriched uranium;

- the production cost of nuclear graphite was lower than that of an

equivalent quantity of heavy water (it was also possible to use natural

- uranium in heavy-water reactors).

At a later date, in the United Kingdom, France, Germany, Italy and at
Euratom, attempts were made to improve the neutron economy of the systems
in order to increase the quantity of energy that the uranium could yield

by developing heavy-water reactors. Except in germany, where it was

dévetoped exclusively for export,1 this design never advanced beyond the
prototype stage, since other designs, which did not require the quite

specific and very considerable investments in heavy-water production, had
become available in Europe where uranium-enrichment technologies had been

acquired in the meantime. The unanimous European decision to abandon

1 . ' . .
Argentina purchased two heavy-water reactors from Germany with a capacity

of 319 and 692 MWe, respectively, while in Germany itself there was the

S2-MWe prototype, shut down in May 1984. European industry developed this

reactor type up to a total capacity of 1 267 MWe, while in Canada, where

the heavy-water reactor was adopted as the standard national type, a total

capacity of 15 499 MWe has been attained.
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the heavy-water design has aroused regret, which is perfectty

. understandable in view of the éatisfactory performance of the system.

However, that decision was motivated by the desire to avoid commitment to
overLy specialized investments at a time when alternatives based on Less
specific technologies were available, as was enriched uranium.

78. ihe design of the British Advanced Gas-Cooled Reactor (AGR) was derived
from that of the'Magnok and was intended to reduce the production cost of the
kWh by increasing: ' -

- the power density, and

- the thermodynamic efficiency.

In order to attain that objective, it was necessary to make use of higher
temperatures, which required that the cladding be made of refractory metals
and consequently that enriched oranium be used as the fuéL. Because of this,.
the neutron economy of a graphite reactor became quite comparable to that

of a Llight—-water reactor.

The AGR reactors developed in the United Kingdom (and even in the USA,

where work on them was discontinued at an early stage) had so far not obtained
commercial success on the export market, since the cost of the power they
produced was not competitive with that of the power generated by LWRs
(light-water reactors). This was due to the fact that the good neutron eoonomy
achieved by the use of graphite was adversely affected by the cladding
materials, while the high level of thermodynamic efficiency resulting from

nigh temperatures was offset by the high construction cost. As regards

the Latter aspect, it is regrettable that comparison with the LWR cannot

take place under equal conditions (in other words, after the same number of

reactors have been placed in service).

?9. The other European countries chose Light-water reactors, mainLy in the
form of pressurized water reactors (PWRs), 51nce _
- enriched uranium had become available from several sources;1

- they provided an opportunity to draw on American experience.

For a certain period, the PWR had to compete with the BWR (boiling-water reactor),
but the Community Member States later showed preference for the former. .It is
possible that the BWR will return to favour as a result of the experience
acquired in the construction and use of that‘type of reactor.

l N ' - ’ -
It should be noted that there is no reactor concept which enables natural
" uranium to be used in conJunction with Llight water; at the beginning of the
.nuclear era, this was a serious disadvantage for the deveLopment of light-
water reactors in Europe.
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80. It can be expected that new reactor designs that may be developed in-
future will possess one or more of the features listed below in increasing

order of importance and priority:

. . . 1
- suitability for Low- and medijum-temperature applications;

- suitability for use in power stations of Lower electrical capacity than >
those of today;

- suijtability for high-temperature applicat‘ions;2

- capacity to-recycle the plutonium produced by any type of reactor in
which uranium (natural or enriched) is used, either in reactors of
already established design or, preferab[y, in specially designed
reactors (fast breeder reactors);

- capacity to utilize almost all the energy contained in natural uranium, 74
that is to say, to multiply by a factor of about 60 the amount of
energy utilized so far.

ey wre b mNp e WEgees it 25 .

However, it is unlikely that the diversity of the features referred to
above will give rise to a proliferation of advanced concepts, if for no
other reason than that the level of the development costs, known. to be
necessary from the experience acquired with existing reactor types, will
be high.

B

81. As regards district heating, it may be considered that such a development

will take place only very slowly and that steam for that purpose will first
be supplied by existing power stations, priority being given to conventional
plants, although nuclear power stations were chosen in Switzerland. District
heating could eventually be based on specialized reactors that generate heat
alone (as was done in the USSR) or have a dual role, generating both power

and heat.

82. Furthermore, the AGR reactors and the Magnox reactors could provide

industrial steam (the uses of which are very widespread but vary from place

to pLace),3 but it is improbable that this highly fragmented potential market

would be compatible, in the short or long term, with the economic dimensions
of today's reactors.

The low~temperature applications chiefly concern collective (district) heating
(temperatures below 200°C); medium-temperature applications concern uses of
industrial steam (temperatures below 570°C).
High-temperature applications (at about 800°C) require the use of permanent
gases (difficult to ligquefy), for example, the Lliquefaction of coal,
the stimulation of deposits of very viscous petroleum, the reduction of metal
L0xides, the production of hydrogen, etc.
“Fast breeder reactors (FBRs), which are dealt with Later on, would also be
suitable for that PUrPOse. '

~ -~
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83. Low-power reactors are of interest either as replacements for
decommissioned'conventional or nuclear units or for export tovtountries'
possessing Low-capac{ty power transport grids.l The problem is neither
“technical (since the known concepts were deveLoped with Low-power units)

nor one of credibility (since the German industry successfully sold two

PHWR units to Argentina without first having placed units_of eomparabte power -
in service in the Federal Republic), but an economic one. It is necessary }
to be certain that the cost of the 1nstalled kwe, which is higher in the
case of smaLLer units, is Low enough for such units to be competetive;
moreover, the extent of the small power-reactor market is uncertain, which
makes it difficult to access with accuracy the series effect when it is
super1mposed on the scale effect 1nfluenc1ng the construction cost of these

. umts.

84. Where high-temperature applications‘are concerned, they presuppose the

fﬁdUStrial—scaLe-deveLOpment of a specific design, that of high-temperature
'1reactors-(HTRs), which have already proved their worth as experfmental
reactors in the United Kingdom, Germanyvand the USA, mainly with a view

to electricity generation. ALL these reactors have the quality required

for these types of technologicaL application. In addition, they can also -
clearly be used for eLectr1c1ty production, and it is even tikely that, in
order to reach the level of profitability indicated: above, this reactor type
would have~to make its initial penetration into the eLectr1cqty sector.
However, it will inevitably meet with competition from the existing commercial

types..

85.. The EOst of developing and promoting this reactor type has so far prevented
it from being more widely used, but the associated technology. is well known
(that of helium, graphite and carbides), its thermodynamic efficiency and
heutron economy are exceLLent and its adaptability to small or medium-sized
‘un1ts has been’ demonstrated. A further advantage of the HTRs is their
capac1ty to ut1l1ze thorium (more abundant than uranium, but not d1rectly
f1ss1Le in a reactor) to produce f1ss1Le uranium-233, which can be recovered

as an energy source mater1al by reprocess1ng ‘the 1rrad1ated fuel elements.

whatever the intrinsic qualities of high-temperature reactors may be, it

witl not be possible to make”use_of them in any new projects unless major
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decisions on that reactor type are taken from an industrial standpoint

- With regard to a possible project and the way it is to be implemented:
nationaL‘framework or European cooperation. In Germany, a consensus has

been reached by the potential users, the research bodies and the construction
industries, who may shortly adopt an investment programme involving both

the construction of a certain number of reactors and the infrastructures for
the production, on an appropriate scale, of graphite and graphite- and

carbon-coated uranium-oxide particles.

86. As regards the use (recycling) of plutonium in non-specialized reactors,
technical solutions are available and industrial-scale plutonium-recycling
operations are now being conducted by several electricity producers.1
Decisions in this connection-depend on detailed economic assessments which
take account, in particular, of the following specific problems: the

handling of plutonium fuel elements; accumulation of the uranium-236

isotope, which Limits the re-enrichment of spent uranium; accumulation of
non-fissile plutonium isotopes, which Llimits the number of times plutonium

can be recycled; and the internal structures of reactors fuelled with enriched
uranium (in which recycling is carried out), which limit the Qolume of the

reactor capable of accommodating_pLutonium fuel.

1 . . . . ..
It may be possible to achieve an approximately 15% reduction in the
uranium requirements of the total number of light-water reactors.

AN
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87. Finally, fast breeder reactors (FBRs) are capable of extracting 60
times as much energy from uranium as are Light-water reactors, either
PWRs or BWRs, and, at the same time, of recycl1ng pLuton1um, whatever'

its origin, with greater eff1c1ency.'

This capability'deriVes from the fact that FBRs use depleted uranium,

- which is a by-product of the enrichment of natural uram'u'm,1 in

combination w1th ptutonium, which is created durwng the operation of any
reactor fueLLed with uranium (naturat, enr1ched or depleted) and is

Later separated from that uranium during the reprocessing of- 1rrad1ated

fueL.;

88. Community industry has already acquired cons1derabLe knowledge of
and experience with FBRs, and this is- reflected, :in part1cuLar, in the construction

of 3 prototypes within the 200~ to 300—MWe'range3 and of one demonstration unit

1DepLeted uranium can also be derived‘from the reprocessing of fuel

from reactors in which natural uranium is used, such as the Magnox (UK),
2UNGG (france) or CANDU (Canada) types.

"The FBR is not only the most effective system for expLo1t1ng the energy
potential of plutonium, it is also the system which most reduces:

the out- of—p1Le plutconium 1nventory that has accumulated to date:

(a) it can always contain much greater quantwtwes of: pLuton1um than a
thermal reactor, even when it is.-used for recycL1ng purposes,
(b) furthermore, it is v1rtuatty unaffected: by the isotopic
composition of the plutonium, :which 1t consumes aLmost fully
" (high burnup). e

It is also 1nterest1ng to note that FBRs do not cessar1Ly generate
plutonium - and still Lless breed it; :if properly ad’usted they are
.capable, while generat1ng eLectr1c1ty, of “burn ng" p tcn1um without
producing any. _ s '

One of which has been in operat1on for over 10, years, the. thi
scheduLed to enter 1nt herv1ce shortty. ' g Lol
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.. : . 1
with a capacity of 1 200 MWe, bringing the total capacity up to 1 959 MWe.

89. Studies, experiments and operating demonstrations have shown that, particularly
in Europe, the FBR concept has come to the fore as a fundamental component
of a long-term nuclear strategy. Dividing nuclear power production
between FBRs and PWRs would give the strategy under
consideration a considerable measure of flexibility in the total ut1L1zat1on
of uranium and would enable the consumption of that material to be appreciably
reduced. However, this development must be preceded by a demonstration of

the economic viability of the reactor concept.

90. Except in the case of the Magnox and UNGG reactors, which were developed
| ma1nLy on the basis of a pol1t1caL decision, it can be seen that, where
-real aLternat1ves were ava1LabLe (for example, heavy water/light water;
graphite/tight water; helium/carbon-dioxide gas; helium/sodium), the
solbtibn that turned out to be the most economic one was always that
which enabled industry to hinimize its specific expenditure. In particular,
if the technologies required by the two most promising reactor types, the
PWRs and the FBRs, are considered in detail, it is evident that a plant
* designed to produce PWRs which was subsequently forced to lie idle coutd
manufacture other heavy mechanical components (with, of course, 1nvestment
~in excess of that required in the case of less exacting conventional work).
For its part, the FBR industry is characterized by greater mobility,
since, under ‘normal conditions of site accessibility, it has to make use of
on-site apricetions2 of high—quality stainless-steel tethnoLegy which can
. be uséd for a wide variety of purposes.3 However, it is conceivable that, with a
vieu»te imp%éving the economic performance of FBRs, greater use will be made
of'workshopffahrication in the-devetopmeht of that reactor type, which would

make FBR teéhnolpgy more conventional to some extent.

' - . " )

With modern .technology, FBRs are cooled by means of molten sodium (LMFBRs) in order

to ensure that operating pressure will be low and that there will be a truely efficient
inherent - and passive - emergency cooling system. In the quite distant future, a
gas—-cooled vartant of the FBR (GCFBR} may be developed. This is one of the types

to be considered in respect of the technological applications of heat previously
mentioned. The difficulties arising from very high pressure and temperatures in the
case of this variant can be overcome only by means of very specific and exclusive
techniques. As a result, industry is not giving much priority to the development of
the GCFBR variant, since it wishes to cut back on jnvestméents that are too specific and,
in any case, such development would follow that of the LMFBR and HTR reactor types.

2Because its large components are too bulky to be transported.

3 . .
The fact that the stainless-steel industry makes use of well-known and tried techniques

explains the success of certain industries in their participation in Superphénix,
although they have not previously had an opportunity to acquire that technology in
the FBR field.
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(b) General outlook for the industry

91. The Community's nuclear construction industry-has a production
capacity which greatly exceeds domestic and export market

requirements.

92. Although the nuclear industry.is characterized more by the
extent of its technical expertise, its creative ability and its
capacity for coordination (parameters which separate countrigs
that have attained’industriat maturity from the others) than by its
investment in manufacturing, it is nevertheless the Latter factor
which, on account of its social impact, determines the pdtentiaL

development of that industrial sector as a whole.

93. The existing excess capacity in the nuclear power-station construction
sector affects a flexible and highly ramified industry possessing
wide-ranging skills tHat are very difficult to acquire and can be
put to use for other ends. Nuclear component manufacturers are
well ‘equipped for conventionat boiler-making and fok manufacturing
conventional turbines, distiLLation towers, equipmént for the
iron and steetl industfy, concrete furnaces,'heavy.dr-sophiéticated
.equipment for major earth-moving and civil-engineerihg work and_
for the mining or oil-extraction industries, méchine toots, etc.
This flexibility is still greater in the field of-design énd
industrial architecture, since the capital there isﬁalmost entirely

humén and the skills extremely cdmprehénsive.
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94. Furthérmore, many non—Community countries wish to make use bf nuclear  |
energy, so that interesting export opportunities would be created.
This would continue a long-standing tradition of the European heavy
electrical engineering industry and would bring to fruition the extensive
experience acquired.on the domestic market. Nevertheless, such exports
would not suffice to absorb the excess capacities of the nuclear
industries in view of the general economic crisis, particularly in

countries of the Third Hortd.

95. The pressure of external competition, which is already considerable

in traditional markets, will increase in the nuclear market, mainly

in countries of the Far East and particularly in Japan. In that

country, operators have the advantage of being able to construct,

service and operate nuclear power plants within their own market, which
is closed to the European industry. They are also the favourite partners

of the Americans in reactor-system development (an example of such

ot T e e T avems - Eee e ™

cooperation is the Westinghouse-Mitsubishi agreement on the marketing of
the APWR,1,“A" meaning "advanced“).2 for their part, the Americans
possess all the requisite skills, but in the past lacked the motivation
which would have enabled them to be more agressive in exporting their

equipment and are also hindered by their internal nuclear policy.

96. One of the most serious weaknesses of the European nuclear industry is the
absence of a coherent tradition of cooperation between the major industries
participating in the nuclear sector, whereas there are cases of i

fruitful cooberatfon between partners of different sizes.

1And the agreement between General Electric and Hitachi-Toshiba on the

marketing of the ABWR (advanced boiling-water reactor).

2 .. . . .
In addition to the American operations in Japan, the presence of the
Germans (KWU), which is a European alternative, should be mentioned.
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However, some examples of cooeeration-on advanced technology
projects do exist. Studies on uranium enrichment, thermonuclear
fusion and the fast breeder reactor .show that fuLLer and more

T

balanced c00perat1on is certainly poss1bLe.

Thermonuclear fusion is dealt with in paragraphs 105 and 106.
In the fast-reactor field, mention shouLd be made of the SNR 3001

and Superphénix reactors:

Suberphénix, which. is nearing completion at Creys4MaLvitle, France,
and will enter into service.ﬁn‘1985, is being built jointly by France,
Italy and the Federal Republic of Gerrnany;2 it is the Largesf

FBR constructed so far and is closer to 'a standardized industrial
product than any other fast breeder. It will have been built with

a cost overrun and minor delays that can be envied by those
responsible for many projects involvjng Less-advenced reacfbrs..

From this it may be concluded that, fortified by this experience,

. the industries will be able to improve their international cooperation

stitl further. It should be stressed in addition that this achievement
demonstrates that the cost estimates for the FBR are as reliable
as’ those usually made for Light-water reactors and can atso provide

a sound basis for planning.

it can be seen that the national markets for light-water reactors and

AGRs are to a great extent walLed—off.3 This partitioning of the

~ European market, while.not the cause of the current excess industrial

cépacity, is nevertheless hQLding ba;k any efforts.-to.reduce it.

- This excess capacity is the result of the extent and duration of the

econom1c recess1on, wh1ch has made obsoLete the pro;ect1ons on the

bas1s of wh1ch ‘the 1nvestments were made.

1Pr03ect implemented by the FederaL Republic of Germany and the -
Benelux countries and accorded the status of Joint Untertaking
within the meaning of the Euratom Treaty. Luxembourg has in the
meantime withdrawn from the proiect. :

2Holdmgs were subsequentLy acquired by Belgium and the Netherlands.

3In practice, a national market is closed whenever a country wishes
to be self-sufficient in a particular product.
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This situation, which is compatible with the Community Directives on the
opening~up of public contracts to competitive bidding, is the result

of policies of the Member States most concerned and cannot change

until those countries consider that rationalizing the sector at

Community leve! is more beneficial than conserving jobs which are not
always viable and maintaining a surplus on .the balance of payments at. the
cost of greater internal expenditure. The Community has already had
sectoral industrial difficulties arising either from problems of

excess capacity or from problems relating to the opening-up of

contracts. W4With the assistance of the Community institutions, it

has been possible to find. solutions.

(¢) Maintenance of nuclear power stations

In the short term, the industry has found a susbstantial market
in the maintenance of nuclear power stations. It is estimated
that the sum of almost 500 million ECU per year is budgeted for
maintenance in the Community alone. Furthermore, a certain
proportion of services is being exported to the United States,
mainly because of the number of reactors in operation and of the

compulsbry.badkﬁtting system in force in the United States.

In Europe, service activities are being developed mainly towards
specialized maintenance with specially designed tools, the use

of appropriate software and optimization of the fuel cycle, these

being sectors in which it is clear that the original designers

are in an advantageous situation from a technological standpoint

in comparison with the installation operators.
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(d) Decommissioning and the industry

103. The'diSmantling of nuctear power stat-ion's1 must be considered from'
two standpoints: ' '
- its economic importance, that is to say, the extent of the
dismantling market; ' . .
- the assoc1ated technology, that is to.say, the’ development

of ‘methods most suitable for the different materials.

The extent of the market, in terms of the volume of business,
ijs at present equivalent to 1% of the construction market. Hence
it does not provide a significant additional outlet for.the

industry.

It would be astonishing were the situation otherwise;
demotit#on obeys the same }aw'of‘grouth as the construction sector, but
after-an interval of close to 30 years. Since the nuclear sector is

of recent origin, demolition is an activity for the distant future.

As regards the technological aspect, SmaLLvreactors are more than
sufficient to allou'dismantLing techniques to be developed. The

. problems of a qualitative nature to which they give rise are the
same as those in the case of larger reactore, and their demolition
will prouide valuable experience which can be'extrapolated'to‘the
subsequent demoL1t1on of larger reactors in the same way.as-the
.construct1on of smalLer reactors prov1ded a bas1s for the construction

of larger ones.

104. Despite the scarcity of opportunities on the present dismantling

narket; it is Likely that the construction industry will find it"
suff1c1entLy advantageous to become active in the f1eld, if only
because there are points of s1m1lar1ty between d1smantl1ng and
power= stat1on ma1ntenance. The former can, in fact, be regarded
‘as the f1nal phase of the Latter, both activities requ1r1ng of
v_1ndustry the same sk1LLs and the same. precaut1ons, since they are

carr1ed out 'H'l the same en\n ronment

1The decommissioning of nuclear-fuel fabrication facilities is not considered
here, since it has an even smaller economic impact. The equipment, in fact,

is exposed only ‘to . surface contam1nat1on and not to actwvat1on in depth due

to the lack of a neutron fLux._
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The example of General Electric in the United States, in acting as
main contractor for the demolition of Shippingport (the firsf

PWR nuclear power station) is most revealing of this trend on
the part of constructors to undertake demolition work,
especially because it shows their willingness to dismantle reactors 1

which are not part of their range of products.

Thermonuclear fusion

The Illustrative Nuclear Programme, although deliberately focused
upon aspects of the use of nuclear energy which are of economic

significance, cannot disregard thermonuclear fusion, since it

represents for mankind a new energy source of considerable potentiat
which could be inexhaustable. However, before that potential can be
exploited, appropriate practical means must be available, and a

considerable period will inevitably elapse before they are.

Research conducted to this end is concentrated on the tofoidal
geometry reactor, which has met with a Large measure of approval

in the scientific world. The Joint European Undertaking JET

(Joint European Torus) is operating the most advanced model of this

type, which was constructed on time and within the budget provided.

The main importance of JET derives from the opportunity it offers

to prepare, with full knowledge of the facts, the specifications

“for future research investment in the field of fusion, namely

for NET (New European Torus) with which it may be possible to

achieve a major advance in fusion technology.
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