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PREFACE

In this report and the documents annexed to it the coste are
expressed in constant EMA units 'of' acoount at their 1970 value.
They thus remain wnaffected by the depreciation of money and by the
.pé&ity changes.that have since oocourred, - :

The following documents are -annexed to this report:

1. Commission action in the radiation protection fieid.
2. Structure of eleciricity prodnction

3, Light~water reactors

4, The fuel oycle

5. Fast reactors

6. High-temperature reactors,
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INTRODUCTION

In 1966 the Commigpion of the European Atomic Energy Community
published the "First Illustrative Programme for the EAEC" in
accordance with the procedure laid down in the Treaty,

The Commission of the European Communities now considers the
time to be ripe to publish a ‘second illustrative proéramme in order
to survey the development of nuclear technology and the context of
energy in general., This programme, like its predecessor, has been
compiled in implementation of Article 40 of the Treaty establishing
the EAEC, which states that "in order to stimulate action by
individuals and undertakings and to facilitate.coordinated development
of their investment in the nuclear field, the Commission shall
periodically publish illustrative programmes indicating in particular
nuclear energy production targets and all the types of investment
required for their attaimment",

The first Programmev was prepared in a buyers' market atmosphere
end when the prices of oompeting sources of energy were being held
down to the very low lew.rels which had ruled in the past, In addition,
the economic assessments were based on combinations of rmuclear reactor
types some of which had still not proved their industrial maturity.

The essential goal of the first Programme was thus to endeavour to
pecure conditions in which nuclear energy would become competitive
and then come on to the market.

The backdrop to the preseni Illustrative Programme differs

from that of its precursor on two basic counts. ' First, the preference
of electricity producers in the Community has focussed on light-water
reactors, and virtually all the orders for commercial power plants
during the present decade will be for this type. Thig family has
emerged as the most reliable and most economic, notably through the
considerable boost it has been given in the United Si;atés, vhereas
development work on advanced-reactor families will have progressed
little beyond the stage of demonstretion plents during {this period.
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Secondly, the tension which characterized the petrolsum market
during 1970~71; despite the appearance of natural gas on the market
in large quantities, has been reflected in a marked increase in tha -cost

of crude oil supplies, thus giving nﬁcléa;' ener;y“ an 1ndié§utable
lead in the competition gtakes. Above all, however, this tension
has served to 'u:nderline $he vulnerability of the Community's o1l
supplies, It is for this reason that the Second Illustrative
Programme has a greater political content than the First.
'

‘A massive swing to muclear energy wonld help towards solving
the problems inherent in the Community's lack of independence in
matters relating to energy and it is regrettable ‘that current
avhievements are lagging behind the targets set out in the First

Programme.,

Like its predecessor, the present Programme is devoted to the
production of electricity by muclear fission.

It would be premature to forecast a gwing to muclear energy
for other purposes ~ to which it is technically apdaptable as of
now ~ such as marine propulpion, desalination of water and industrial
heating, the needs of which can be expressed in units of power which
lie below the break—even point for nmuclear steam-raising plants.

This is even more the case with applications calling for
furthsr technological developments, such as the provision of the
high temperatures required for the reduction of ore in the steel
industry and the on-site gasification of fossil fuels for the mining
industry. Thermomuclear fusion certainly constitutes a source of
energy with exceptional, but longer-term, appeal, While various
approaches to the problem have yielded encouraging resulté, not all the con-
ditions necessary for the development of a reactor working on the
fusion principle have been satisfied but, according to the bodies
responsible for carrying out the research, they could be by 1980-85.
However, before envisaging industrial application it will be necessary
to tackle some extremely complex technicel problems, which are
unlikely to be solved before the end of the century.
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The objectives of the Programme involve the installation of
capacity and the creation of an infrastructure which together form
the internal muclear market which is to be open to the industry.

It is clear that the companies in the Community will be all the
better equipped to compete in the export market if they can capture
{the intermal nuclear market.

Although it has been proved that nowadays the industry possesges
sufficient knowhow to produce and market nuclear installations
successfully, it still needs to be able, under conditions combining
efficiency and competitiveness, to meet the demand, the growth of
which, as evaluated in terms of electricity production, will be
considerable., This knowhow is ceriainly susceptible of improvement
in many ways and the industry will not fail to apply such
improvements to proven reactor types, since commercial competition
necessitates continuous wpdating of techniques,

However, the resources which the Community must call upon in
order to achieve its nuclear objectives do not stem from {technology
alone; they algo concern the organization of the industry itself
and reduction of the obstacles inherent in muclear energy and the
barriers of all kinds which are responsible for the persistent
partitioning of the Community market.,

1985 has been set as the deadline for the Programme,

This leaves sufficient time for the formulation of tﬁe guidelines
to be set as part of an overall energy policy, of which {the programme
forms a basic element, It also accords with the special
characteristics of the nucleaé\sector, which requires relatively
protracted deadlines end a programme of sufficiently long duration
for the scope of the projects recommended in it o be duly appraiséd.
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‘Furthermore, the completion of the Illustrative Programme in

1985 roughly coincides with the coming of age of the technological
variants currently being developed.

The Illustratiwe Programme also envisages advanced-type
reactors, the advantages of which as regards the utilization of
resources and thermodynamic efficiency could help to solve the energy
problems which will arise in the Community beyond 1985, btut on which
major decisions affecting a more digtant future must in any case be.

taken well before that time,

For this reason it seemed wise to extend the period covered by the
Illustrative Programme proper to the year 2000 in order to outline
potential trends jn the muclear market, where the various families

of reactors can be developed,

The Second Illustrative Programme was compiled for the
six-nation European Community in 1970-71.

The enlargement of the Community following the accession
of Denmark, Britain. Ireland and Norway, should not, in the medium term
involve a chnange in the uv.ojecivives concerning production of

nuclear electricity in the present Community.

On the other hand, from the point of view of the resources to
be deployed in the promotion of a nuclear policy, enlargement will
bring about far—reaching'changes, stemming mainly from the remarkable
technological and industrial potential of the United Kingdom.

With regard to the long-term prospects for advanced-reactor
families and, later on, for thermonuclear fusion, harmonization of
development programmes should be facilitated by the similarity

between the projects under investigation.
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It would therefore appear that the Third Illustrative Muclear Programme
which will be drawn up for the enlarged Community, should not y
challenge the principles underlying the recommendations made in

the present report.

PART ONE
THE ILLUSTRATIVE PROGRAMME

SECTION T: Nuclear energy in the Community energy context

The requirements - or, if preferred, the criteria — which the
Community energy policy is aiming to satisfy concern ihe provision
of resources which are reliable, adequate, cheap and non-pollutant.

Nuclear energy can fulfil the major criteria, i.e., security
of energy supply, and is also advantageous from an economic and

environmental standpoint,
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1, Supply

For the six countriés forming the European Community the period
since the end of World War II has been one of sustained egonomic
expansion, accdompanied by a rapid upsurge in the overall demand
for energy, Demand for fuel rose from 461 to 784 million tons of
coal equivalent between 1960 and 1970, a rate of about 55 a year.

Apart from jits high rate of growth, energy consumption has
also been marked by a radical change in structure, Where it
had formerly relied for the most part on indigenous coal, the
Community quickly turned to petroleum, which is today its main

source of energy.

For a contimually expanding proportion 6f its supplies it
has had to have recourse to imports =~ a proportion which in the
space of twenty years has increased from 10% to about two thirds,

The combined effect of the inadequacy of the Community's
own resources and the contimued expansion of its needs can only
increase its dependence on non-member countries and raises the
problem of security of energy supplies under the three heads of
the availability of resources, the regularity of supply and the
holding~down of prices.

These problems are rendered moée acute by a nhew element which
is radically transforming the Furopean supply situation. Whereas
hitherto Burope has been able to count npon American oil to make
good any shortage in times of crisis, various factcrs such as the
exhaustion of certain resources and consideration for the environ-
ment have compelled the United States to fall back on the~world
energy market and to become a net imporier of o0il at such a rate
that as of 1975 it may have to purchase tonnazges of Middle Eastern
0il equalling the European requirements,
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The development of muclear energy can become a major factor -
in the Community's security of supply. Deposits of uranium are
abundant and widely distributed throughout the world, thus affording
a wide range of choice adding a stability factor to supply conditions,
The resources are to a large extent located in the Community or
are under the control of Community companies, All the phases in
the processing of muiclear fuels can be carried out in the Community;
however, in order that this may be done efficiently, it is essential
for a decision to be reached - and implemented ~ on the construction
of a sufficient uranium isotope separation capacity. Finally,
because of its high energy density, muclear fuel raises far less

serious transport and storage problems than do fossil fuels.
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2, The eceonomic aspect : -

The most obvious field of action for fisgion energy is in
electricity generation. The fuel supply situation for electric
power plants is currently dominated by petroleum products. Because
of their stable, low prices they have gained puch an enormous slice
of the market that they have become the most important primary source
of power for the electricity sector in the Community.

While waiting {0 be put on a competitive footing, nuclear energy
was only able 1o play @ marginal role, Initial construction
activities centred on demonsiration units aimed above all at providing -
industrial experience and assisting in the training of reactor
operating teams, Nevertheless, the gap between the total cost of
conventional and that of nuclear production has graduaily been

narrowing - and the trend even reversed » first through the adoption
of higher levels of unit output and then under the influence of the

increases in fossil fuel prices.

- . — - e e m——————— g,

themselves to nuclear energy to any significant extent, Apart from
the attractive price of fuel oil, this attitude was influenced by
several factors, notably, the choice of the type of reactor, the
absorption by the power grids of the high unit powers desirable for
nuclear installations and the necessity Hr additional reserves of
productive capacity in order to reduce the risk of non-availability, -
To these were added the very high invesiment costs characteristio

of -nuclear power plants, ) ’

Towards the end of 1970 the energy market was ghaken by a number
of factors affecting both supply and demand: an increase in maritime
freight charges brought ébout by a temporary scarcity of tonnage; a
rise in'demand for fﬁel oil;. ' . ) '
interruptions in the gupply of crude oil, The oil market proved
highly sensitive to this trend gnd the price of heavy fuel oil in
particular tended to rise'quiékly. |
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This situation had scarcely subsided when the producing .
countries forced the oll companies to adjust their royalty baymenta
to them. The outcome has been a potential increase in the price |
of petroleum such that the balance between the various forms of

power has now tilted in favour of nuclear energy.

Incidentally, it should be noted that the cost of the energy ,
produced by the nuclear power plants derives almost enﬁirely from
the value added in the Community at the different stages in the
manufacture of the fuels, plant and equipment, and at the stage of
production of the electricity 1tself ; the cost of the energy produced
by oil~-fired power plants, on the other hand, includes to & large degree

the royalties paid to the petroleum exporting countries.

It is certéinly possible that market forces will cause fluctuations
in fuel oil prices, but these will not settle at & low enough level

long enough to cancel the economic advantage of nuclear power.

If, in addition, the average cost of reducing 1its sulphur
content is applied, the upward trend of fuel oil should become firmer,

3+ Respect for the enviromment ..

Muclear fission used in the production of electrical energy
can consitute a menace in the form of ecological damage caused Yy,
on:the one hand, radioactive waste and residue and, on the other
hand, thermal pollution. [t thus goes the way of all forms of
energy conversion which, in one way or andther, involve the risk
of degrading the enviromment,

Owing to the different mnature of the ruisances caused by fossdle
fuels it is not really possible to carry.out a strict comparison,
However, it must be stated emphatically in favour of muclear energy.
that, since its initial peaceful applications, it has been subject
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to close scrutiny backed up ty very strict regulations which
are contimuously being updated with the aim of protecting man- and
his environment from radicactive radiation and contamination.

Basic standards establishing maximum permissible levels of
contamination bty exposure ¥doradiation have been defined at
international level, and more particularly at Commnity level,
Chapter III of the Furatom Treaty thus lays down "basic standards
for the protection of health of the workers and the general public
egainst the dangers arising from wonizing yadiations". The
definition of safetly criteria governing the desigh and operation of
mclear power plants is based on these standards., The TreatyAalso
states that they can be revised and supplemented and that each
Member State shall introduce the appropriate laws end regulations
to ensure that they are observed. It further stipulates that a
system must be set up for monitoring the level of radiocactivity in
the air, the water and soil and for ensuring that the basic standards
ere complied withe. Annex I sets out the role assigned to the Commission
of the European Communities in this commection.

The yadioactive emissiéns from mclear installations are thus
governed by ever more stringent Community directives and natiénal A
regulations, and it can be seen that in practice the criteria appiied,
both for power plant constructors and for electricity producers, are
even more severe than those deriving from mere observation of these

directives and regulations,

Although the present situation as regards the riské involved
in ionizing radiation may be said to be satisfactory overall, it
is nonetheless advisable not to relax ¥igilance concerning this
"muisance"”, in order to keep the radiation doses from ruclear
installations down to a very small fraction of the total dose to
which the population is exposed »~ itself well below the permissible

dose.
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Special attention must also be paid in this comnection to
the problem of the final storage of radioactive residue containing
high—activity elements and transuranium elements with a very long
half-life originating mainly form muclear fuel reprocessing plants,
In particular, the development bf’teqhnologies guaranteeing absolute
leaktightness in storaée devices over very long periods ié called

for,

The introduction of an envirommental ppotection policy at national
and Community level will doubtless mean that conventional thermal power
plants will be obliged to observe stricter standmrds than at present
as regards the emission of noxious substances. The pollution due to
electricity production as a whole will tlus be still more tightly
curbed and the economic burden of the measures that will be taken
will increase the attraction of muclear energy as compared with
fossile fuels,

With regard to thermal pollution, since thé thermal efficiency
of the current generation of miclear power plants is lower than that
of conventional power plants, the former ~ for the same electrical
output ~ dissipate into the wooling water about 60% more thermal

energy than conventional power plants.

This difference, although appreciable, does not radically alter
the problems of thermal pollution, either as regards the choice of
sites or from the aesthetic standpoint where the use of cooling towers

is necessary.
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At all events, these problems should be dealt with under a
Community, or even internmational, siting policy ~ as is already
being done in the case of the Rhine ~ aimed in particular at making
the best use of the natural cooling resources bty taking fnto account
the capacity of the river basins and water requirements for other
purposes (drinking or industrial water, irrigation etc.).

By reducing the Community's dependence on imports of fossil
fuels, and more particularly of petroleum, nuclear energy is not
only a diversifying factor capable of rendering energy supplies .
less vulnerable; it is also able to influence prices of competing
forms of energy, since it will henceforth be the cheapest source of .
energy for electricity generation. This relative state of affairs
seems to be stable

(a) because of the fundamental upward trend in the cost of fossil
fuels and

(b) because respect of the emviromment will place a heavier burden
on production of electricity from conventional thermal power
plants,

Hence there is @ clear case for a massive, expanding use of
miclear energy as one of the cornerstones of the Community's energy
policy.
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'SEC'I‘ION II :Nuclear ensrgy and electricitx production

¢

1, The expansion of electricity production
Throughout the Community the expansion of electricity

production over the last fifteen years has shown an exponential
trend at an anmmal average raté of about 7,5%, roughly doubling
every ten years.. Thus in 1970 demand for electricity amounted
to 558 TWh, against 272 TWh ten years before, '

An analysis of the factors governing demand, which was contained
in the report which is being published by the Commission on the
"Long-term energy prospects in the Community" shows that this rate
can be expected to be maintained up to 1985 as an expression of
probable movements in electricity consumption. '

The table below sets out the Community's anmual electricity
requirements et five-yearly intervals, together with the production
figures to be achieved by the power plants (in TWh):

1970 1975 1980 1985

gnnual consumption .
(including losses) 558 796 | 1130 | 1610

Gross production , 580 840 1210 1740
Net production 550 | 790 1140 | 1625

These prospects are enlarged upen in Annex II,
"Structures of Blectricity Production',
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2. The scope for the use of muclear energy .

The niche which nuclear energy could carve for itgelf in the
future production of electricity does not depend only upon the
advantages it offers as regards the enviromment, costs, and security
of energy supply, nor, for that matter, upon the flexibility of site
gelection conferred by the transport end storage facilities peculiar
t0 nuclear fuels.,

The rate and degree of its penetration are subject to varions
limitations inherent in the eleciricity generating sector,which
preclude nuclear power plants from accounting fér all the new
capacity to be installed.

In the load diagram certain sourceg of energy occupy places
conditipned by their advantages as regards cost, their local
abundance, their flexibility of utilization ete, While lignite
and streams thus share with nuclear power the base position in the
load diagram, other sources are concerned with peak-lopping equipment,
guch as lakes, gas.turbines pnd internal combustion engines, which
nuclear energy is not- attempting to replacg, bearing in mind their
low utilization factors,

The upshot is that nuclear energy will, generally speaking,
only replace the commercial fuels; coal, petrolevm productis and
natural gas, which ccnstitute what is kmown in electrical generating
circles as the "competitive" sec%ofﬁ. The phésing of miclear plants
into the power grids will cause existing equipment to be diverted
to the areas of reduced armual wtilization, In other words, scope
for the use of nuclear energy is limited by the growth of production

capacity in the competitive sector.

’*ﬁhe Fig. overieéf gh.ows a Jload diégram
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DIAGRAMMATIC REPRESENTATION OF ELECTRICITY
PRODUCTION IN THE COMMUNITY
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Movements in the contribution of the competitive sector to electricity production

Growth of the share of the competitive sector in relation to 1977.

Minimum share of this increase as forecast by the Second
Target =~ HNuclear Programme.

NB: As determined here, ithie proportion does not irclude production by
the nuclear power plaunts already in service in 1977,



- 1T ~ XvIi/341/2/71-E

The size of this sector is determined first of all by deducting
production Irom conventionel fprivileged" scurces of energy, namely,
water power and geothermal ene.gy, lignite, industrial gases, ete.,

from total production,

It is genefally agreed that the primary ¢ uipment (lakes,
sluice—controlled heads of water, streams) for water power will not
be produced on a large scale in fuiure owing to the ..owing scarcity
éf sites and the high specific cosi of such equipment. The increase
in installed power will derive mainly from the revamping of existing
sites and the construction of pumping stations, the result being no
more than a slight increase in production.

The Community still possesses considerable reserves of lignite, which
are located for the most part in Germany, This fuel is burnt in
specific types of plant operating at high utilization factors and will .
continue to play a part in the growth of gleciricity production for ab

least another decade. |

Other privileged sources will continue to be used fo produée
electricity, but their share will remain marginal. '

Another factor which must be considered in 6rder to. gauge the.
gcope for nuclear energy is the specific equipment and the equipment used
to lop the peaks of the load diggram,This mekes up @ high total capacity tmt
the resultant production is very limited.

The relevant figﬁres, arrived at from schematic models -
representing the ratio of power demand to production applied dy each
type of power plant and each category of primary source, can be seen
in the following table s |

y :
*rne installed-capacity trend forecast in this table zllowsfor the
hypothesis raised later concerning the availability factor of nuclear
pover plants on being teaken into service, and has been adjusted in
the light of the nuclear objecltives proposed in Section III,
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_Net installed capacity (GWe) Gross production (TWh)

1970 | 1975 | 1977 | 1980 | 1985|1970 [ 1975 | 1977 | 1980 | 1985
Total 34,3 196 | 229 284 397 | 580 840 971 12101 1740
Reserve . 27,9 34 b 49 60| -~ - - - -
Water power
- Base 16,2| 17 | 18| 19| 20| 79 | 82,5 86| 8 | 92,5
- Peak*fj/ 19,8 26 28 52 3w 47,5 51' 56 | 59,5
Thermal power
- Upper peak 7,3 11 12 i5 26 2 2 2 3
- Privileged 13,3 18 18 20 201 87 | 115 121 | 130 | 133
- Competitive sector| 49,8| 90 | 112 | t4o| 237|370 | s93 | 7a1| 9z |1us0

.
*

’including geothermal

*
Including pumped storage

The decisions téken to date on investment determine the total

capacity of the nuclear power plants to be in service jin the Community

by 1977 and make it possible to estimate the overall volume and

structure of the nuclear generating capacity required to satisfy the

total demand for this period.

between 1977 and 1985, which conditions the scope for the use of

. The increase in generating capacity in the competitive sector

nuclear energy within the limits of the Second Target Programme, is thus

about 130 GWe,

bearing in mind the 25 GWe already operational in 1977, the Community's

Assuming that nuclear energy fully covers this field, and

nuclear generating capacity could reach 155 GWe gross in 1985, or in

round fizures 150 GWe net

1F'or reasons commected with the compilation of the load diagram
no figures are given here for energy genecrated by the reserve

capacity; the latter in any case retains a basically operational

character.

2Eroluding some additional capacity intended to replace units
dthat hove heen nhased ont in the meantime.
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SECTION III:The objectives of the programme

1, Setting the objectives

Price levels for the tompeting sour.es of energy will
henceforth be high enough to put an end to the querying of
decisions relating to nuclear plant investments each time prices
fluctuate. The production of electricity by nuclear methods -
could thus be fixed independently of the delivered prices of the
sources of energy in the competitive sector: coal, oil products

and natural gas,

However, competitiveness will not suffice to sptimulate the
meximum possible expansion of the muclear secior, even when backed
up by the desire to redﬁce the Community's energy dependence and
to consexrve the environment.

Barriers of various types hindexr the requisite gpeeding wp
of miclear power-:;lant. - construction: the sub.division of
the Community market info national blocs, intensified by divergent
technical and safety standards; the piecemeal nature of the
industry; a certain holding back of demand, due in large measure
to the financing arrangements and o public opinion - yecently
aware of.environmentel pollution ~ which is in some cases hostile
to a new form of energy which it regards with suspicion. In
addition, a rise in nuclear genereiing capaocity so intense as to
increase gross output by about 130 GWe in eight years would imply assurances
" of fuel availability particularly enriched uranium ~ which are not
inherent in the present prospects. '

Faced with this pituation, the Commission cannot confine
itself to outlining the scope of nuclear energy any more than if
could content itself with merely forecasting trends in the use of .
this form of energy. ‘
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It must also lay the foundationa of the projects to be undertaken
in order to promote successfully the harmonious development of the Community's

nuclear sector.

It is accordingl& the responsabllity of the Commission to propose
measures which, since they are aimed at the removal of the barriers
mentioned above, will make it possible to achleve, and to envisage

exceeding a very minor target.

It was with this in mind that the final objective of the current
11lustrative programme was set, nhamely, thaq‘by the end of the period
under consideration - 1.e., 1985 ~ the total power of the nuclear generating

capacity in the Commnity will be at least 100,000 Mie.

The development of the nuclear capacity which will have to be
installed in the Community can be proJected as follows :
Currently, the nuclear power plants in gervice producé a total
net power of 5500 Mie, Including the installations under
constructién; total nuclear capacity will be of the order of 12,000 MWe
in 1975 and 23,500 MWe in 1977.

Achievemént of the target means that at least 45,000 Mie will’
have to be in service'ih 1980, Thus the volume of orders must be
stepped up considerably as of now. Annual nuclear commitments would
have to average not less than 7,000 MWe between 1972 and 1975 and11,000-12,000 MwWe
between 1976 and 1980 ; they would thué ex;eed SO%h of the commitments in the
competitive sector &8 of now, and T0% in 1980.
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Priefly, nuclemr gen_er#tipg espacity would develop as follows:

'
b

Year Fuolear power in service (MWe net)
1970 . L PR T

1975 | | " T 12,000

1980 : ! 45,000

1985 ' 100,000

Caloulations of the ooi'responding electiricity production have
been based on hypothet:lca.l tigurea for the dates shown; the relevant
movements should he as follows.

Year A 1970 1975 1980 1985

Gross pfoduction (TWn) 15 65 . 245 - 75
E:nérgy equivalent - '
(105 toe) s 20 % | 1715

In 1985 mclear energy should account for the following
percentages in the Community's energy balancest |

10% of total primary energy requiremen'bs,
33% of total electricity production;
37% of thermal electricity production.
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2. Hypotheses relating to the availability of nuclear power planta

The first hypothesis relates to the time lag between the placing
of the order and the phasing of the plant to the line. It has been
agreed that this interval, currently five years on average, will continue

to apply during the period covered by the Programme, aithougt!h"’bl‘lé

reduction of construction time must consitute a permanent goal and the
approval procedures may in some cases give rise to prolonged delays.

The second concerns the relaijonship between power and ppoduction.
Anmual operating time is fimed at 6,500 h, a figure which, however,
would only be achieved after & period of yun-up to power spread over
two years, during which the equipment would operate for 3,000 h in the
first year and 5,000 h in the second, This hyﬁothesés, which largely
conforms to the present situation, may in time prove to be pessimistic,

at least as regards the power run~up period.

The phasingsto the line are 1o take place halfeway thpough the

year,
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3. Low-key objectives
: B A I I e
Assuning that the nuolesr pbjectives ave fulfilled, the struoture

of electric power and electricity production in the oompetitive

pector between 1970 and 1985 would develop as follows*z

" Nét cepacity (GWe) Grogs production (TWh)
1970 |1975 [1977 [ 1980 [ 1985 | 1970 | 1975 [ 1977 [ 1980 | 1985
Competitive . | : '
sector 50 | 90 | 112| 19| 237 | 371( 593 | 711 932 1450
Conventional . . o
power A7 | 78 | B8 | 1ob | 437 356 | 528| 596 | 687 875
Nuclear power 3 12 24 k51 100 15 65| 115| 245] 575

The main point to emerge from these movements concerma the growth
in conventional thermal produociion, Electricity production from
fossil fuels has been determined up to 1977 by invesimeni decisions
already taken at the present }time gnd will maintain a steady rate of
growth beiween 1977 ami 1985, assuming that the muoclear production
pbjectives are simply attained end not bettered. 1In view of the
fact that indigenous foseil fuele (coal, natural gas) will account
for a very low proportion of this growth and that the flattening-out
of their total contribution towards electricity production can be
expected to start in 1980, demand by the electricity sector for
imported fuels will this continue to increese considerably between
1977 and 1985 and even heyond. |

In order o put a stop to the growth in imports of fossil fuels
for electrical production by 1985, it would be necessary for the
targets in the Second Illusirative Programme 1o be exceeded by a wide
margin and to tetal about 680 TWh by 1985; this presupposes that
at that time 115-120 nuclear GWe sghould be available and thus that
the volume of orders to be placed for muclear power plants during
the next eight years should increase by 25% over the minimum figure
pet in the present programme.

#‘I'his table gives details of the last line of the table on page 18.




- 7 : AVIT/341/2/T1-E

-

However, before analysing the oonditions required for’ the
achievement of the objectives it is pecessary to make a Mey
of the resources available to the Community for covering its
medium—term equipment requirements and to comply with the pfovisions
of Article 40 of the EAEC Treaty by indicating the market which is
being opened up to industry and the investments which the latter
needs to make,




- és " . XVII/341/2/71+E

* e

§§C’I‘ION TV: Resources for achieving the obijectivess reactor gmn'ges

In order to pohieve its objectivea as regards power and energj in
the nuclear field and thus help to protect its independence where '
energy supplies are concerned, the Community must ocall upon the
technological repources of its industry. These resources lie in
various families of reactors whose stages of technical advancement

and whose commercial potential vary gppreciably,
1, The situation in the various reactor families

The development models envisaged in the First Illustrative Programme
were based on five types of reactore. The"proven types" consisted of the
gas-graphite reactors and the enriched-uranium, lighte~water moderated
reactors, The advanced converters comprised the heavy-water pesactors and
the high~temperature gas reactors., The last reactor type envisaged was
the fast breeder, ‘ '

Types of reactor Firgt Programme Second Programme
Proven Gas~-graphite, -
Light-water Light-water
Advanced oonvertera' Heavy-water, -
High-temperature High-temperature
Breeders Fast Fast

Other types of reactor had also been conmsidered likely to find industrial .

applibatioﬁs,-butm th«; hopesheld outwf;!" ”'(':hem in varioks quarters have not
been fulfilled in pecent years. They therefore have no place at all in
the potential currently under examination,

Since gas-graphite reactors are no longer included in France's )
forward consiruction plamning and heavy-water reactors have generally
fallen out of favour, the Community's Second Illustrative Nuolear
Programme 'discards these familigs ¢+ although it phould be emphasiged
that they are the only ones 40 use natural uranium ~ thus retaining
three types, namely, light-water, high-temperature end fast.
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Gas-grephite and natural-uranium reactors

France, the only country in the Community to promote the
gas=graphite family, has resolutely turned to the other proven—
reactor family: +thus the Sixth Plan recommends laying down a
production capacity using light~water reactors with a total
power of the order of 8,000 Mde. A corollary of this decision
has been the de facto abandomment of all further uranium-fuelled
gas—graphite power plants, It shopld be noted that in the United
Kingdom, the only country outside the Community to have developed
this family, the recent decisions on capacity have been mainly
concerned with the "Advanced Gas (cooled) Reactor" (AGR) variant,
which uses enriched uranium, However; the UK has plans for the
construction of light-water reactors,

Heavy-water reactors

Various heavy-water reactor concepts have been studied and developed
throughout the world, Canada, in particular, has developed an original
design on which it has based its mclear electricity productions Eight
power reactors totalling over 8,000 MWe are in service or under construction
at the present time and it is proposed to place orders totalling a further
5,000 Mde in the course of the next two yearse. The technical and industrial
experience acquired, together with the satisfactory operation of these
reactors, mekes it possible to offer them on export markets. However, although
a few small units have been purchased by India and Pakistan, and one medium-
sized one by Argentina, no orders, other than those in Canada, have been
announced since 1967, Finally, the interest éhown by Japan 'in heavy~water
reactors is reflected in the design variant, a prototype of which is to be
laid down in about 1975.

Undoubted competence in this field has also been acquired within
the Community, notably in Germany, France, and Italy ~ where the 35'MWe
CIRENE prototype is under construction —~ and even under Euratom's ORGEL

programme o
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But notwithstanding the constyuction and commissioning of
demonstration units in France (El-4, TO Mde) and in Germany(KKN;»
100 MWe) &t now seems unlikely that there will be a revival of
interest in heavy~water reactors in the Community and that they
will play & significant part in the Commnity's construction pro~
grammes., ‘ |

The differences in degree of technical and commercial 'ma.turity
between the three remaining families in the Second Illustrative
Programme are such that a clear distinction has to be made in the’
gctual form of the presenta'blon ‘be'bween light-water reactors tnd
their future competi'bors, which cannot 'be expected to con‘l:r::.'bute
on a messive scale to electricity production before 1985. It is
for this reason that an analysis of the sitnation regarding high~
temperature and fast reactors has been included in Part 'I‘wo, which
is devoted to the prospects for the period 1985-2000,
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2, Light-water reactors |

The enriched~uranium light-water family of reactors, in the
form of its boiling and pressurized-water (BWR and PWR) variants,
. 18 now very much in the ascendant,

In the United States especially, practically all the plants in
service, under construction or on order consist of reactors of this
type, the total figures for such plants on 1 January 1972 being. about.
133 units and 113,000 Mde, It is therefore considered that the
light-water power plants' genera:bing capacity could reach gn output
of 150,000 Mde by 1980,

A similar expansion has glso begun in the Community, although
it is more limited in scope. nght-water plants today account for
half the installed nuclear oapacity and by the end of 1975 this
proportion will have risen to over 75%. According to the pbjectives
enumerated in Seotion III, the operational capacity of light-water
power plants in the Community should be about 45,000 MWe in 1980

and 100, 000 MWe in 1985. '
Annex III is devoted to this yeactor femily.

Technical potential

Although strictly speaking they are already considered t;\ x
proven and competitive, light-water reactors will undergo some her
improvements gnd be further modified as regards their design and .
construction, While the underlying cause of this development is
mainly of an economiec nature, it can be atiributed to differing
considerations depending on the eircumstances:

(1) Efforts to obtain higher power ratings, which eould result in
the placing in pervice of 2,000 MWe wnits in the 1980's; however,
the dimensions of some of the components will raise aiffioult
problems regarding manufacture and transport, mainly the
pressure vessels and turbo-aliernator gets, end will certainly
necespitate the development of new techniques to accommodate

the larger unit sizes,

*
.See #ppendix
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(2) Consolidation of current technology, the achievement of higher
fuel element performance and, improvement of the fabricafion and
quality~control procedures, -

(3) Improving “the accessibility of the systems for inspection and
maintenance purposes,

(4) The formulation of standards, valid on an international gcale, ~~ ~ -

relating to the definition and acceptance of equipment and to
plant safety criteria.

(5) Finally, and to an extent which is still difficult to forecast,
the anxiety of certain constructors to produce original designs
in order to free themselves from having to use licences granted

by non-Community countries.

Economie outlook

[N

AL
a) Specific capital costh . ..

During 1969 and 1970, eight power plants equipped with light-water
reactors were ordered in the Community. Seven lay within the‘power
spectrum of 770-1150 MWe and the eighth had a more modest rating (450 MWe).
The specific capital costs (éxpreésed_in constant 1970'vaiues) of these units, which
will enter mervice between 1973 and 1975, vary between 140 and 260 u.a./kiWe.

Undoubtedly, these costs have not been establighed from strictly comparable
data, but this 1# only a very partial explanation of the divergence

found. This wide divergence stems chiefly from the abseﬁee of interpenetra-
tion of markets,'frqm the particular situation in any one of these, f%om
the commercial policy practiced by each particular firm and from diverging

e
-

industrial structures in the countrles concerned.

As regards the immediate future, such a disparity could lose
its edge, as indicated by the tendency observed in 1971, and the
level of the specific capital cost$ should be in the 170220 u.a./kWe range (1970
values inthe case of the 800-1000 MWe power plants to be ordered . -

between now and 1975.

*The specific capital cost comprises all the direct costs (site,civil
engineering, steam-raising plant, turbo alternator, electirical and
auxiliary equipment, initial spares) and ell the indirect ?osts
(engineering, overheads during construction, unforeseens, interest
during construction and operating costs during trials).
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Under these conditions, capital costas could work out at

155190 u,a./kie for plants entering service between 1980 and 1965,
end 145-175 u,a,/kie for those entering service between 1985-and 1990.

" Tt should be moted that the trend of the specifio capital
costs, expressed in n,a. at 1970 value, takes no account of the
pdditional coste that may result from particular provisions such
a8 air cooling, special safety measures, etc.

- PU— mailomevoems=r L L L S .
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'b) Puel cycle cost
In the Coomwnity the fuel cycle coet in the case of power plants
under construction lies between 1,6 and 2 milla/kWh.

An analysis of the various cost components and the hypotheses
on which they are based guggest that the fuel oycle cost can be
predicted at roughly the following values:

Plant enters service Cycle cost -~ min[kWh

1980-85 1.5-1.7
1985-90 1.4~1.6

It should be noted that these forecasis agree with those made
in the United States* at the end of 1969,

) Operating, maintenance and insurance costs

The operating, mainienance eand insurance costs used by electricity
producers in the Community in order to estimate the generating cost
of the energy produced by power plants being comstructed lie between
notional values of 4 and 5 u.a./kWe a year,
|
S \

*lhe USAEC estimates the fuel cost for resctors ordered in 1971

at 1,70/1.75 mills/kWh,
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A downward trend towards 3 and 2.5 u.a/kie a year should .emerge
in the case of power plants entering service in 1980 and 1985 respectively,
as a result of improvement and rationalization of the various operating
sequences and the formation, in the case of several power plant operators, .
of joint teams specializing in maintenance opemations,

It ghould be noted that in the United States a constant wvalue
of 2.1 u,a./kie a year from 1975 onwards is generally {aken in respeot
of this item,

d) Overall generating cost of electricity

On the basis of the foregoing hypotheses and an assumed utilization
time of 6500 hours per year, the foreseeable trend in the generating costs
of the energy produced by light-~water power plants is set out in the
following table; the figures at either end of the'ranges shown derive
from the anmeal charges on fixed assets, which give overall rates of 10- 13%,

Plant enters service: . Energy generating cost (mills/kWh.

. 1970 value)
1975-1980 4.9=T.1
1980~1985 4.3-6.0
1985-1990 4.0-5.5

These costs are to be considered as Indicators allowing the economie
assesment of expected improvements in nuclear energy and comparisons between

different types of reactors.

In the longer term the experience acquired by BEuropean designers
ought to bring about a reduction in costs (at constant value); if this
reduction is to be appreciable, however, greater standardization of the
models offered to producers would be necessary, iovgether with repeat
orders for each of these models, the replication effects being intensified
as the

market widens,

PPN e [ [ERR—— e mwewmme s waen
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SECTION V: The extent of the potential market and the investments

required )

In order to evaluate the invesiments of every kind which are
likely o be needed to achieve the objectives of the programme,
it was assumed that the lowest target, expressed as 100,000 nuclear
Mie to be in service by 1985, would be achieved ‘but not bettiered.
and that the new power plants providing this capacity would be -
exclusively of the 11ght—$:a.ter type.

It is clear that this assumption does not detraot in the
glightest from the desirability of exceeding the target figures ox -
from placing significent nuclear production capacity using advanced
reactors in pervice before 1985, .
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1. The market for muclear powsr planis

The table below, which g based on prédi;ted teochnological
development and the trend of costs of 1ight-wh$er power plents,
summarizes the estimates of future average anmal investments in’
electricity generating units,

XVIT/341/2/ 715
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Breakdown of annual investments in muclear power plants between 1971
and 1980 (Markets expressed in millions of neas at 1970 value)

R S Y tn

power plants
ordered each year

800-1200 MWe/unit

Period 1972-75 1976-1980 .
Averege capaocity , : ’
ordered each year 6,700 MWe 11,000 Mie
Average number of 5-8 6~9

1200-200 MWe/unit

Total annual
investment

938 1470

1700 2090

Principal markets

Civil
englneering

Nuclear steam
raising pl a%pz

Turbo—alternator3

97.5 152.4

281 441

234 - 366

177 217
510 628
424 522

1Incltid:.ng leaktight contaimment

2Including pressure vessel, steam generators, pumps, fuel handling and

storage equipment, instrumentation

3Inc1ud1ng condenser, preheaters and feedwater circuits,
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These movemente would seem to be fairly modest'fbr the immediate
future, since it will be necessary to await the end of the-current
decade in order to achieve a volume of orders of 6-9 power plants a
year for the entire Community, This being so, it is unlikely that
the bottlenecks observed at the major component ma.tmfaoturérs in the
United States a few years ago will also occur here.

I+ should be emphasized that the demand is expressed in wnits
of production rather than in the total power to be installed, The
uncertainty which makes it necessary to term such demand "probable",
and which produces a fairly wide pcatter under the head of "number
of power plants ordered each year" in the foregoing table arises
from: |
(1) The technical feasibility for constructors to develop

increasingly large units, and

(2) The technical and economic feasibility for electricity producer
distributors to include more and more powerful unigs in {heir
generating capacity, '

At all evenis, the cost of the energy prodused will fall when
unit sizes increase and the pressures leading towards economies of

poale will continue to make themselves felt,

This overall stimulus, supplemented by certain effects of the -

gompgtitip,n_between,constmcfors ~ or reactor families ~ could accelerate

the trend towards greater size at the risk of losing some of the
potential benefits of standardization,

The outcome of these movements is such that, measured by the
number of wnits to be ordered each year, the market for muclear
power plants covld already be more or less statio in the Community,
This highlights the appeal and importance
to Buropean industry of capturing export markets.

*
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2, The fuel-cycle industry

The rise in production of electrical energy generated by muclear
means will involve a similar growth in the muclear fuel industry, the’

XVIT/341/2/T1-E
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characteristivs of which are dealt with in Annex IV. The rate of

increase in the turnover of thie recently established industry will

be even higher than that achieved by power plant constructors.

Market trends in the fuel cycle industry

(Light-water reactors)

Annual Cumulative
1975 1980 1985 period
1975-85
Demand for natural _ '
uraniumlin tons 4,200 10,800 | 20,500] 126,900
Demand. for separative
work units in 103 kg! 1,640 5,920 12,600| 70,500
Demand, in tons, for .
enriched uranium for
fabrication purposes:
€1; core 370 1,030 1,850 11,820
2) refuelling 210 080 2,700 12,500
Irradiated fuel
elements for
reprocessing, in tons
of uranium 110 720 19940 9,360
Total uranium in kg2 820 5,450 14,900 71,500

1
2

For a tails assay of 0,25%

To this figure should be added what is produced by the gas-graphite

reactors, whose capacity of 2500 MWe generates a production of

1.3 tons a year.
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While $he investments to be made in light-water reactors by
electricity producers will probably increase by no more than a factor
of 2 between 1975 and 1985, the money spent on orders for na:tnral
uranium will inerease fivefold over the same period and for the same
family, while that spent on orders for irradiated fuel reprocessing
will increase tenfold,

L~
Estimated turnover (in millions of u.a.et 1970 value) for the
. various stages in the fuel cycle )

Annual : Cumulative

1975 1980 1985 1975-85
Natural uranium at mine 65 170 320 -+ 2,000
U308 conversion 10 25 50 300
Enrichment 50 190 400 2,300
Fuel element ‘
fabrication 65 170 320 | 2,100
Irradiated fuel .
transport - - 5 . 10 60
Irrediated fuel
reprocessing,
including radio-
active waste :
storage ' 5. 25 - 50 300
Reconversion into UF, - - - 5 30
Credit for plutonium
recovered from light-
water reactors 4 25 75 350
Total net expenditure -
on the cycle afier
deducting the credit '
for plutonium 190 560 1,100 64700

Différent industrial growth rates {hus gpply to the various stages
of the fuel cycle, each stage having & growth rate congruent with the
position it occupies in the c¢ycle,
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The invesiment problems will thus affect the various stages in
different ways, depending on their inhérent characteristics,

-

Cumulative level of additional investments to be
made in the Community (millions of u.a. at 1970 value

(Estimate based on the objectives of the programme)

Cumilative total up to: 1975 1980 1985
Supply of U308 100 350 750
(exploration and production) '
Conversion/reconversion low . : . 50 150
Enrichment - . 700 1,400
Fuel elements :
fabrication - ' 50 100
Reprocessing¥ : ~ low low . 100
Cumulative total =~ - 100 14200 2,500
*

Owing to an excess of capacity at the present time, new investments
will not be made on any significant scale until after 1980,
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The irradiated-fuel transport market in 1985 will represerrﬁ a turnover
of the order of 10,000 000 u,.a. on the basis of a future estima:ted prioe

of 5 u.a. /kg uranium transpor'ted- currently the incidence of
transportation of fuel elements for the light-water family is not
sufficiently high to warrant reference to an actual transport market,
and the widely varying prices applied are not representative,

Radioactive waste storage ie more an activity concermed with
protection of the biosphere against dangerous substances at the end
of the cycle, and largely the preserve of the public authorities,
rather than a commercial activity which cen 'be undertaken by private

enterprise,
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SECTION VI:Conditions required for the achievement of the -objectives
of the Programme ‘

The Community nuclear~-generated electricity .max:kBt emerging
from the minimum ta.rgét set by the Programme is expressed as a
volume of orders for about 75,000 MWe to be placed between 1972
and 1980. ‘

This figure is modest when compared with the size of the ma.rket
which nuclear energy would gain if, as stated in™3, 2, all the
production wnits in the competitive sector ‘entering service from
1977 onwards were equipped with muclear reactors. -

The minimum target of 1'00%000 nuglear MWe available by 1985
recasts
is in line with the national mentioned prev1ously, as shown in .
the table ‘below, whlch it must ’be emphaswed, :is ‘by way of

illustration only.

Nuclear electricity genera'bing capacit x in service (GWe net) .
1972 ' A 1977 ' 1985 "1 “increase’
' 1977-1985
West Germany _ 12.2 13.6 45 R | |
France . 1 2.7 6.3 A A
Ttaly o 14 | 16 15,
Benelux , o 0,1 . 22 )12 . 10
TOTAL 5.6 | 23,5 100 - 17

However, when one considers the technical barriers of all kinds
which are liable to hinder the expansion of nuclear energy during the
next few years, it would appear that achievement of the Programme
objectives does not of necessity stem from a natural trend in demand,

which the supply would manage to meet spontaneously,

ry :

In the case of joint ventures by two or more countries
‘the unit's entire capacity is attributed to the country
in which it is located.
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Whether they havs an overall effect on the nuclear geoton in
the Community, such a3 the partitioning of markets at & national
level, or poor dependability of fuel supplies can do, or whether
the effect is regional, such as financing diffioulties or the
opposition of the general public, these potential barriers show
that the Programme objectives will not be achieved unconditionally,

1. Opening-up of markets

An essential condition for the harmonious, rapid development
of muclear energy in the Community is the creation of a common
market for equipment, which will raise the efficiency of the
industry and make itself felt, particularly at {the product level,
in the form of lower costs, shorter lead-times and grea’tez" reliability.
As a further result, the position of the Buropean industry vis-d~vis
overseas competition will be strengthened.

Among the causes of tthe current partitioning of markets is,
first and foremost, the traditional links between the suppliers and
the electripity producers. The producers can only sever ‘these links if
considerably more favoﬁrable conditions concerning technology, prices
or deadline; are offered thém, Another factor is the concern on the
part of certpin governments for the protection of their industries'
development, especially when the mclear sector is involved, since .
this is the o"*ne which 1o a great extent mirrors the national achievements
in technology and ﬁ.vmwhichertnerefore, political influences are
inevitably brought to bear at every stage in 'the decismn—making procese,
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Basically, the opening-up of the Community's internal market
is impeded by a series of obstacles in the form of the regulations-
and procedures peculiar to each country.

The technical specifications and standards and the safety criteria,
which are dealt with later on, undoubtedly hémper producers in the
examination of tenders which may be submitted by companies in other
Member States; similarly, these differing specifications, standards
and regulations confront suppliers of electro-mechanical equipment
'with adaptation problems when they attempt to expand their usual
markets,

These barriers to the satisfactory functioning of the common market
in miclear electricity generating equipment will not yield of their own
accorde Their elimination calls for the formulation and implementation

of appropriate measures.

Furthermore, the muclear electiricity industry in the Commnity has
hitherto consisted espentially of national industries existing side
hy side and operating in their respective national markets, the develop-
ment of which they have tended to follow yather than lead. Thip state
of affairs explains the prevailing structural differences and reflects
the absence of market penetration to which it also contributes,.

A prerequisite for any progress in this field is that every
electricity producer should offér mamfacturers throughout the
Community the possibility of gemine access to his market., In this
comnection the institution of a procedure for consulting all Community
undertakings poésessing the necessary qualifications is both tc the
advantage of the elecfbicity producers and meets the exigenciee of
the extension of competition as required by the common market.
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2, Harmonization of coriteria end standards

par—

The opening-up of markeits, the stepping-up of intra~Community
exchanges and gtructural reforms in industry involve the removal
of the technical barriers to free competition,

This mainly concerns the oriteria end standards governing the
design, construction and opera:tion of ‘nuclear power plants and the
installations within which the various fuel—cycle activities take
place, This also concerns the carriage of radioactive substances,
notably in the form of irradieted fuel and radioactive waste.

~ Since these oriteria end standards embody far-reanhing gooial
aspects because of their réleva.noe to public health, safe working
conditions and protection of the environment, there should in no ocase
be divergences between one country and gnother fm this field,

lf‘ o
The requirements to be met for this purpbe;e would have to be

determined by agreement between the ma.tmfaoturers; operators and
national safety and control organigations in such a way as to reconoile
the priority aspeocts of safety (prevention and limita,tion of the
consequences pf acoidents) ~ epart from health considerations ~ end
their consequences of all kinds, notably from a technologzoal end
economic point of view. The final goal is uwniformity of the
technical basis for the national administrative procedures governing
the granting of construction and operating licenses for muclear
installetions and of permits for the carriage of radiocactive substances.

d
A

In the particular case of the light-water power plants, it is
advisable to be forearmed sgainst the penalties incurred through
any delay in the adoption of commonly recognized criteria end stendards,
From a purely economic ‘poin't of view, a delay in g‘tarting uR:e 1000 MwWe
LWR power plant on completion of if{s consiruction would involve
financing charges of a potential order of two million w.a. a month,.
Likewise, a shutdown of & power plant of the same power rating
constitutes g production loss of over 100,000 n,e. & day,
Experience has shown that such delays and shutdowns mogt often stem from
the complexity of the supervisory procedures and methods, as well as
from ineffective quality control,
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For this reason a simplification and standardization of the
methods, criteria and codes applied by the safety and supervisory
organizations would make a major contribution towards reducing the
time lag between the decision to build and the commencement of
operation, Additionally, it would facilitate the standardization
of units and components, this leading to increased productivity.

Two avenues are open for the pursuit of harmonization:

(a) A joint study of concrete projects;
(b) A systematic study of designs and techniques and the
standardization of components,

First step: joint expert study of concrete projects

The studies concerning specific projects which are carried out
by Community expert groups should be conducféd as in the past:
in conjunction with the authorities end the competent organizations
in the countries concerned, without trespassing on the legal and
administrative prerogatives of the competent national authorities.

The joint examination by experts of specific technical problems
has to date proved the most direct method of comparing the practices
employed in the various countries, Henceforth it should be biased
towards the examination of new technical problems, e.g.,

(1) Extension of the operating limits of proven~type installations;
(2) Extrapolation of prototype installations to industrial use;
(3) Application of reliability methods of analysis.

- Second step: systematic study

In addition, efforts should be directed to systems and components
which are most suitable for standardization. Only the designs and
equipment of a sufficiently advanced.technology and those for which
an international market is in existence or is being developed should

be taken into consideration,
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The uorking'methode ehould allay the Juatified fears that
they might tend to become restrictive ru}es whioh could atifle further
developments; rather ehould they be mouided 1n%o syntheses ~ gy

in the form of gu1d1ng prlnclples or speclmen reports - of sound
practice, which would, moreover, be subgect to periodlc updatlng.

Apart from' the new initiatives to bé taken, it would be
necessary to ensure consolldatlon of the act1v1t1es whlch have
occasionally been performed in th1s fleldfunder the aegis of other
internziional organizetions, such as the IS0, the “CEN {European
Committee for Coordination of Standards) and the IAEAC (Internatlonal

Atonic Energy Agency), Vienna,
For technical analinarketing reasons, it‘would seem’appropriate
in the standardization of -components to accord.priorivy treatment to
the technical problems inherent in mechanical components, i.e., to
pressure vessels in power reactors end other parts subject to pressure
in the primary circuit, such as pipework.and junciions and, where

necessary, valves and pumps. .

In line with the.recommendations made by UNICE to the Commission,
it would be advisable at an early stage to compile a defailed and:
above all comparative schedule of the various codes, rules and

standards in existence at the national level. . . ... ., . .|

International carrlggg of rad1oact1ve substanoes

The development of nuclear energy also involves an increase in
movements of radioactive substances. By their very nature, these
come within the category of dangerous goods. In ordgf; therofo;e;
%o be performed under the safest and mosf economio‘conditions, these
transport operations must be governed by regulations which are strict
gnd,in the case of international movements, uniform for all countries,

The harmonization of standards in fﬁia\fielﬁ is considerably
further advanced than in that of fixed installations,
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The IAEA has underteken the task of formulating miea
applicable on a global scale to the transport of radioactive -
substances, An initial text, in the form of a regulation isgued
in 1961, was revised in 1966, A new revigion has just been pompleted.

In accordance with the recommendation made by the Board of
Governors of the IAEA in 1964, which c&lls upon the Member States
and organizations concerned to use the IAEA transport regula.tion_"
as a basig for the national and international regulations in this
field and to ensure that it is applied to international movements,
the relevant IAEA provisions have been incorporated in almost all
the international regulations having force of 1&&2 (and will be so
whenever theyare revised). In the same way, many national
regulations on the subject derive from the IAEA Regulation, thus
conferring upon it almost universal scope.

SR ———

1&8 regards its legal scope, the IAEA Regulation is only mandatory -
in the case of operations directly carried out or involving action

by the Agency. .

2RII) - Internationai regulation governing the conveyance of
dangerous goods by rail (CIM Convention)

IATA ~ International Air Transport Association

IMCO - Intergovermmental Maritime Consultative Association

ADR ~ Buropean agreement concerning the international cerriege .
of dangerous goods by road (ECE)

ADN - European agreement concerning the international cexrriaze
of dangerous goods by inlend waterweys (ECE).
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This, then, constiiuted the 1n1tiai impetus to harmonization
of the regulations, which should be contimed. It is calculated
to ensure and increase the pafety essential to the various stages
in the carriage of radibactive substances (packaging of such
substances, organization and performénce of the operations involved)
through the observation of the common rules, the preparation and
subsequent practical application of which necegsitated theoretical
and experimental research on a large scale, Furthermore, this
harmonization mekes it possible to improve the transport economy
~ e,8.9 through technological progress following on from the
research carried out, through the interchangeability of packaging
materials, through the creation of & fleet of special wehicles and
through the routine nature of the adminigtrative formalities.

3. Industrial strucimres

The degree of the Community's nuclear indusiry readiness to
cope with the potential demand, as shown in its skill in designing,
producing, marketing and gnarenteeing equipment and products, eppears
to vary both as between couniries and emong the various sectors of

LY

this industry's actvity,

A situation such as this is an economic entity unencumbered
by barriers would in itself bear the seeds of suitable remedies
for this structural weakmess and the sheer volume ofipotentiai
demand would speed up the desired changeg.

In order that the Community merket may be unified and rendered
fluid it is necessary that, in conjunction with the efforts directed
towards the removal of technical barriers, the Community indusiry
should accelerate the introduction of ite future structures and set
them up on the widest possible scale, )
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A. The nuclear power—plant construction industry -

The current situation regarding the structure of the muclear
industry in the Community prompts two comments in particular:

(1) The firms concerned are fragmented and to all intents and
purposes without intrav-Community links;
(2) They have a low profitability rating,

Another feature of this situation is a certain degree of
_dependence on American LWR technology. '

The large number of firms in the Communiiy and their fragmented nature

In the Community at least seven firmes construct LWR power plants

for the market.

Three groups develop high~temperature power plants, but to date
only one has been given the go-ahead to build a prototype power plant.

In the field of sodium-cooled fast breeders, two groups in the
Community are engaged in the construction of protoiype power plents,
using different technical solutions, one on a multinational scale

and the other at a purely national level,

Certain structural reforms have already taken place in Commnity
firms, However, they have always done so on a purely national scale,
whereas they ought to be carried out in an international context, as.
was emphasized by the Commission in its report to the Council on the
reorganization of the electro~mechanical industry, dated 22 April 1970,
Since the initial stages of {ransnational collabpration were only embarked
upon recently (agreement between KWU, TNPG, SNAM PROGETTI, EELGONUCLEATRE,
etc,), it is peiyet impossible to evaluate the consequences.
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The low profitability of moclear activities

A — e e ——

The fragmented nature of the industry adversely affeots the
profitability of the constituent firms' molear activitiss, Even
the largest BEuropean constructor is e:;pec’ting"its nuclear power
plant division to show a loss for geveral more years (including,
admittedly, the writing-off of R&D expenditure). According to

recent statements, the American %irﬁs too have not yet writfen off

the R&D expenditure incurred during past years, despite the considerable
market they have captured (about 100,000 M{e in five years), All the

pame, it should be ptressed that mclear power plants acoount enly for
part ~ and in some cases & fairly small part of the firms total activities.

B - - ——
—— e w4 e cweem—— —

Only highly~capitalized companies poéaessing a diéersified
financial structure can afford to invest large sums in nuclear
activities which may well become profitable only after a relatively
long period, especially in the current situation, characterized as
it is by:

(a) A persistently low number of orders each year for nuclear power
plants;

(b) A market which is still heavily partitioned between one country
and the next; ' :

(¢) Numerous firms in competition,

Dependence on US light-water reactor technology

With one exception , almost all Community suppliers of light-water
nuclear power plants'have to rely‘to a greatéf or lesser extent on
the technology of US companies, namely, General Electr;c, Westinghouse
and Babcock and Wllcox. ‘
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The table below sets out the licensing arrangements of the

companies engaged in the supplying of light-water nublear“péﬁer

plants:
Licenser { Licensee Country Participants Remarks
’ : or groups
General ? ARG West Germany| KWU -
Electric |
|
AMN Ttaly IRT -
SOGERCA  [France CGE-ALSTHOM -
Westing- ACEC Belgium Westinghouse takeﬁ over
house International by Westing-
Furope house in 1970
FRAMATOME {France Schneider licence
renewed for
i 10 years in
1970 with
extension of
exchange of
information
FIAT a joint ventvre -
with TOSI and -
BREDA |Italy MARELLI for
Thermo~ tendering -
meccanica purposes
Babcock BABCOCK previous
2nd Atlantique{France egrecments
Wilcox, extended o
Hew York nuclear
field
BBR West Germany di?fo
e vt ) P AR oy o AP FUWWER 17 8 T m TS Seweem . (1 ]

These technological links may constitute a handicap for the

industry in the Community since they have the effect of slow-down

multinational industrial regroupings, restricting export prospects,
or causing companies to neglect their own research and development,

Ce e e e —
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The necessary atmctural 'bransformaticn will haVe to ‘ne _

eimed in particular a'l: the creation of a compet:ltive ‘molear

industry in the Commnity which will ena'ble 'bhe companies oon-; #oms

cerned to: ' ) :

(1) edapt to and eansfy demend by set'ﬁing up suitable mamfacturing
capacity, engineering facilities and 1ndustria1 architecture;

(2) assimllg‘he American technology and gradually free themselves
from licensing agreements through the acquisition of knowhow
and the taking-out of patents on their owm account; - =

(3) develop new technologies for advanced power plants, as regards

both the miclear steam-raising plant and the fuel cycle.

In ite final phase, this transformation mst lead, in particular,
to the formation of three or four major industrial groups possessing
the capacity to design, develop and tuild both proven-type and
advanced reactors end to attack the world market with a reasonable
chance of success, '

Within these groups, the introduction of increasingly large
units will mean investment on a scale which deuands that the
relevant decisions be taken with a concern for rationalization
and specialization. U e

At the same time, the problem of the harmonization of technical
ptandards will thereby by simplified. '

It is a far ery, however, from the present cizte of affairs
to this desired strvciure. The field of mejor componemts, voo, is
beset by problems of varicue kinds,

As far as turbo-aliternators are cencerned, the Fur-peon
industry is not in a position to produce skafis lor {the turiv-
sets installed in plants with a capacity cexcecs.ng 900 Milc,
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This results in a dependence on overseas supplies, with all
the hazards that entails, especially as regards delivery
delays,

The pressure-vessel and steam-generator sector, in which
the market has already been opened up to some extent, is at
present characterized by a substantial excess of supply over
domestic demand, an excess which the export market is nots:

adequate to absorbe

The position of Community firme in external markets depends
largely on their position in the domestic market, It is also
determined by factors unrelated to their technical capability
and cost efficiency, an important role being played, in particular,
by export financing conditions,

B, The fuel~cycle industry

The nuclear fuel industry consists of several sectors (uranium- .
bearing concentrate supply, enrichment, fuel fabrication, reprocessing),
each of which not only possesses its own particular structmre but also
ie at quite a different stage of development.

Uranium-bearing concentrates: supply and conversion

0

With the help of the national laboratories, the uraniuhﬁmining
industry developed its own prospecting, extraction and ore-treatment
techniques, It then evolved within a national structure marked
by more and more private funding, while occasionally entering into
maltinational funding arrangements. This industry operates both
inside (basically in France) end outside the Community, mainly in
Africa, Canada and Australia, Its world-wide character is becoming
more pronounced day by day, as regards both its fieid of operation

(exploration and extraction) and its market ouilets,
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However, the weakness of prices of these ores on the world

market may induce fears that thie industry's rate of expaneion oould
suffer a perious setback in consequence, ’I‘liiq' would hwe a highly
adverse effect on the ability of the Community's indusiry to compete
with Americen companies, which are cushioned.by their own highly
protectionist domestic market, where the prics quoted for uranium-
bearing ores :!.s higher- than that on the world market,

As regards the conversion of uranium concentrates into
uranium hexafluoride, the Community's industry in this field is
asserting itself on the markets, This activity is fundamentally -
bound up with that of enrichment, ‘

era.nium enrichment

At present there is no industrial capacity in the Community
able tpounderteke uranium enrichment for peaceful purposes, This
deficiency may well be highly detrimental to the development of
miclear energy in the Community, as shown in para, 5 of this
Section,

@el element fabrication

Industrial fabrication of enriched-uranium fuel elements for
IWR power plants is currently booming,

The production capacity of each of the six plants belonging to
pix different companies in the Community lies between 50 and 200 tons
& year, and three of these companies are planning to step up their
capacity to 200 or even 500 tons & year, on the tasis of uranium
hexafluoride, These plants are financed entirely from private sources.

Each of these various companies ig linked with a power plant
constructor, There is consequently no independent European
mamufacturer in the Community, whereas there are already several

in the United States, The principal cause lies in the yrestricted
nature of the market at the moment, In the longer term, however,

a pimilar trend can be expected to emerge, thus providing a stimulus

to competition,
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Unfortunately, it must be pointed owt that to date eéph’of these
facilities has confined itself to supplying its domestic market, the
only exceptions being of a marginal nature, Practically speaking,
therefore, no intra-. ~mmunity trade has taken place in this field.

Furthermore, these different companies are all linked, either
financially or by technical or licensing agreements, with the US‘_
companies General Electiric or Westinghouse, except for the chief
of them, However, it should also be noted that links are gometimes

forged in the reverse direction,

In view of the ties between these companies and the power
plant constructors, the industrial structure of this section of the
fuel industry will, at least during the next few years, follow a
parallel course of development'to that of the ﬁower plant construction
industry and the conclusions drawn with regard to the one indusiry
likewise apply to the other,

Fuel reprocessing

This industry (which was originally aimed mainly at the
recovering of plutonium from gas-graphite power plants) is
preponderantly financed from public funds end at the present time
it is experienciﬁg a major crisis, It must not only adapt in
order to be able to reprocess fuel from light-water power plants,
but also bear in mind the fact that at the moment the reprocessing
market for these fuels is embryonic end falls well Be;ow‘the forecasts

made in 196065,

This was the reason nnderlying the amalgamation of the interests
of the three main Furopean concerns in this sector, namely British
Tuclear Fuels Limited, the ®Département des Production du CEA" end
the "Gesellschaft fiir Wiederaufbereitung von Kernbremnstoffen",

A tripartite service company, "United Reprocessors GmbH", has been
formed which has declared its readiness to accept other pértners.

Under Article 85 of the EEC Treaty the Commission has been notified
of the formation of this company and is required to state its views

thereon,
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4. Stimul ion of demand

The additional .:.nvestmenﬁ required by nuclea.'c generating
equipment as compared H:lth oqnventional plant ig for many producers
a constraint which is causi g thern to drag their feet on switching

to nuclear energy, deaprbe tlt;eir faith in ite profita‘bi].ity as

calculated on the life of 'hhe installations. !
. ? }

In the course of time, zmprovement in the reha,‘bility of
nuclear power plants, thus r?duc;ng the level of the reéerves required,
together with the effect of a certain degree of standardization in
helping to lower specific invéstments, will cut down the additional -
outlay, However, there canibe no question d‘wa.iting for this
potential to be realized if .he m:.nimum o'baect:.ve get by the current
Illustrative Programme .is to ‘be achleved

i

: 1 C < S
The solut:.on of 'l:he fi 1cing problems is primar:lly ‘in the

hands of the electricity prog.ucers. Nevertheless, the public
authorities can ease this 'bafsk, especially in {the matter of taxes,
However, the situation is sog urgenb that, even before they can
benefit from the measures ta.‘::en in thig field, as in that of rating,

the producers ghould have 'l;h;e widee'b possible eccess to the capital
i . ) .

market. 3
t

This being the ocase, *l'.he Commigeion has proposed that the
Council give temporary smthdrization to invoke Article 172 (4)
of the BEuratom Treatly, whio}i ‘dn part;cular -empowers the commission
to raise loans so that the Gormrmmty can contribute to the funding

of nuclear power planis. .

The Commission could thus aot as en intermediary between $he
electricity producers and tfxe wdrld capital market. Through the
gurety which it would provide for these operations on behalf of
the pix governments, it cou;ld ob'baiq for the producers thé best

borrowing terms on the widest possible money market,
‘ .
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Arrangements with wider implications in the matter of the
budgetary structure and the planning of investments to be made in
the electricity sector as a whole should be introduced concurrenfiy
with the implementation of measures of this kind, which, although
admittedly of a restricted nature, are nevertheless appreciable as
regards their immediate effect.

Within this overall view, account should be taken at a
Community, and at an even higher, level of the individual or
bilateral decisions relating to production and transport equipment
by endeavouring to secure a more intimate pooling of reserves.

The gains notched up in production investments would largely
compensate for the additional expenditure eimed on intensifying the
linking of grids, on condition, however, that long-term insurance
agreements ~ or contracts for reciprocal aid in the event of
equipment failure ~ should be concluded between the producing
companies, wider-ranging'than the current pid agreements, which are
of a very limited duration, and more flexible than the customary

planned exchanges of energy.

Gradually, such joint planning would dovetail naturally with
arrangements on other problemsﬁconcerning equipment, and mainly that

of siting policy.

Finally, at a time when the loan capital required for the
countless needs of expansion threatens to remain in sghort supply
end therefore expensive for a long time to come, a more extensive
vee of self-~Tinancing should be encouraged. However, this process
by its nature can only come about gradually and it clearly involves

a certain flexibility in the determination of charges and taxes.
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Se Degendabilitx of miclear ﬂnel supplies

In order that the corresponding electricity requirements may be
met it is not sufficient that the market for mclear generating ‘
equipment should open up and the demand exceed the supply; nor that
the supply should be organized on the scale of the opportunities -

offered. It is also necessary to ensure the uninterrupted supply
of fuel for mclear power plants,

€

The known world peserves of uragnium, as stated in 1.1, are
plentiful gnd geographically scattered and the problems raised by
the carriage and storage of this fuel are of the easiest to resolve,
While on the basis of these data, it is 1egitihate to foster a '
gpeed-up in the swing to nuclear power, security of power supply
in the Community demands that the successive stages of the nuclear
fuel cycle in industry should be kept satisfactorily supplied with

energy "“feedstocks",

This means that the commﬁnity must exercige sufficient control
over the production of uranium ores and concentrates, the production
of enriched uranium and the use of the plutonium generated in ite

nuclear power plants.

Uranium-—-ore Eupgliea ggd concentrate production

The reasonably ¢epéndab1e reserves located in the Communify
and those controlled by the Community's indueiry in non-member
countries currently total more than 75,000 tons of uranium,
Cumulative requirements will be about 55,000 tons by 1980 and about
140,000 tons by 1985, : ' -

Bearing in mind the time-lag of T~8 years between the initial
prospecting and production, the Community'é mining indusiry will have
to0 invest in exploration during the presgnt decade in order to
guarantee dependable, continuous gupplies from sources within its
territory or under its control during the following decade., To this end,
a Community strategy integrating the activities of the various companies
may prove to be necessary, eince until 1980 the world uranium market will
probably be characterized by a slackness in demand relative to the known
resources and to the means of production that are, or will be, available,
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In the present conditions of pressure on prices, fihancial~
aid by the public authorities would seem to be inevitable, But.
such aid should be only temporary, and it is desirable that, .
outside the protected US market, the prices sﬁould settle at
a level which will allow the mining industry to carry out unaided
_ the exploration for, and exptoration of, the new resources which
are indispensable,

/’/ﬁ The facilities for.convgrting‘U308’int6 UF6,:which are for the
most part in France, should be able to cover Community needs until
1975 and possibly 1977-78, gince their currént-capacity is 3,000
tons a year and could be quickly stepped wup to'5,000 tone a year,

s

Uranium enrichment

At the moment the Community ip completely dependent upon external
supplies, and in effect on a single gource, for its enriched uranium,
Whereas the short-term owtlook regarding availsbilities may be
considered satisfactory, the same will no longer apply at the end of
the present decade. A comparison between the cumulative world
requirements for enriched uranium over the next few years and the
cumulative production of existing or projected enrichment facilities w~
mainly American ~ shows that it will no longer be possible to meet
these requirements from around 19860, -

The defiocit will represent 18-21 million kg of SWU for 1982
and 38-47 million kg of SWU for 1985 (with and without plutonium
recycling in thermal reactors respectively), It is important that
this situation should not result in a breakdown in the Community's
gupplies of enriched uranium around 1980,

The problem thus raised must be thoroughly examined and
settled before 1974 if the operators are to be sure that the nuclear
power plants they ordér at that time can be properly supplied with
fuel, '



-

57 - | XVII/341/2/T1-E

The installation of en enrichment cepacity in the Community
would meke a fundamental contribution towards achieving fhe objectives
of the existing programme, since without it the developmént of the '
Communities' nuclear potential wonld be seriously threatened at the
industrial and still more at the commercial level,

The setting-up of an internal enrichment capacity would enable
the Community industry to perform all the activities involved in the
fuel cycle and would also hold out the prospect of improved management
through the integration of éuccesaive industrial operators. In -
addition, the aveilability of comprehensive fuel-cycle services would
enable the intermal market to expand under the stable conditions
required end consolidate the position of the Oomunity'.s industry
on external markets, where the fuel~-cycle guarantees would constitute
a major trump card in competition between reactor comstructors.

At its meeting held on 16~1T December 1970, the Council of
Ministers guthorized a gpecial siudy group under the Consultative
Committee on Nuclear Research to compile a dossier showing the
technical and economic characteristics end performance figures for
installations, based on the various technologies developed in the

Community.

Taking into account {the findings of this siudy group, the
Commission intends to update the proposal which it submitied to
the Council on 22 May 1969 recommending the creation of independent
enrichment cepacities in the Community.

The plutonium merket

‘Utilization of the plutonium produced in the Community by proven
reactors can in no case provide a polution, even temporary, of the
problem just discussed. Nevertheless, the decisions concerning
this utilization are to be taken during the period covered by
the present programme.
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The anmial production of plutonium in the Community will
develop substantially as followss

1975 2,0 tons (total Pu)
1980 6.5 tons (total Pu)
' 1985  15.0 tons (total Pu)

As of 1975 it will be emply sufficient to cover the foreseeable
needs of R&D and those of the fast reactors still under construction
or already in operation. The surplus of available plutonium will
increase by approximately 2.5 tons in 1975 to 9 tons in 1980 and
40 tons in 1985, .

The only immediate outlet for this surplus lies in recycling
in light-water reactors, However, the qﬁantities available for
this purpose will clearly be oo small, at least until 1980, to yield
an adequate turnover for the Community's plutonium-bearing fuel
industry. ‘

If is thus probable that the cost of fabricating plutonium~bearing
fuels in the Community will remain apprecigbly higher than that of
uranium-bearing fuels for about ten years and that, in consequence,
the price of plutonium will tend to be well below its theoretical
energy equivalence value (about 7 u,a2./g). e

On the world plutonium market , which is overshadowed by
the very large surplus in the USA, the trend towards lower
prices can be expected to be less pronounced, and above all
less protracteds In view of the cquantities of fissile material
in existence, the American plutonium fuel industry should be
expanding appreciable as of 1973/1975,.

In these circumstances, some BEuropean electricity producers
may be inclined to look glsewhere for more profitable markets

for their plutonium output.

Fior1d surplus 1971-75: 28 tons of total plutonium
1976-80: 140 tons # " "
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It is thus to be feared that the small quantities of surplus
plutonium in the Community will be exported, at the risk of
handicepping the Community's plutonivm recycling industry, which
would be deprived of the possibility of gearing itself to meet the
demand which it could satisfy towards the end of the current decade.

The Commission, together with the quarters concerned, has
initiated an examination of the means which should be emplojed to
enable the Conmunity'é plutonium fuel industry to come safely
through thié diffucult period. '
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6, 'Public opinion and the envirorment "aiﬁllw-; o T

. As stated earlier the use of mclear energy in the

Community has to comply with baeio rules governing the
laying-downnand observance of radiation protection stand-

ards which the Commission is empowered by the Euratom

Treaty to determine., Design and acceptance criteria for

nuclear Installations wiIT §tiIT Have 6 be harmonized If thé Pbarriers
in the Community market really are to come down, but these criteria
have complied with the basic regulation since its promulgation.

It has been stated elsewhere that the problems relating to thermal
discharges do not differ in essentials as between nuoclear and
conventional power plants gnd thus do mot require specific treatment,

Even so, the exigtence of Community yyles Concerning -
protection against ionizing radiatibn has not precluded certain hostile
reactions among public opinion, wﬁere misgivings have been prompted

by incomplete or misleading information. These reactions have sghown
‘themselves particularly in the case of site selection for nuclear

installations,

Public oppostion constitutes a potential restraint on the’
development which is to be desired in the nuclear energy field ~
and which ie in some measure justified by ecological criteria.ATnig_obS%acle
i8 receiving the fll attemtion oF the responsible awthorities

and in particuiar that of the Commission -

Tt is necessary in this matter to provide the public with
complete and objective information concerning the operation of
miclear installations and to emphasize the imporiant part that
accident hypotheses play in the design and construction of these

installations.
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It is particularly important that such information shomld
make clear the stringency of the regulations designed to protect
any person outside a mclear power plant, even in the case of
the maximum credible accident, i.e,, an accidenmt resulting
fiom the hypothetical simultaneous occurrence of a series of
critical events, which is even less probable than the occurrence
of each of them in isolation, the probability of which is
itself very slight,

As regards the anxiety about the storage of radioactive
waste, it can be stressed that this problem is not yet acute
end that adequate solution will have been found bty the time
they are needed.

In this connection, the Commission has laid before the
Council of Ministers a Eﬁropean Communities' programme on the
environment in which it advocates, in particular, that the
following tasks be carried out jointly and in a context that
embraces at least pll the Community countries:

(%) definition of criteria for management and long-term
storage that will ensure safety and respect for the

environment;
(2) study of suitable sites for such storage;

(3) working-out of a formula for the management of storage
sites and determination of responsibilities in respect

*

of the materials stored .

*The Commission has undertaken to submit propopals to
the Council hy the end of 1973.
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PART TWO

_ THE LONG-TERM PROSPECTS

1985-2000

~

The consequences of importent decisions to be taken during the
period covered by the Illustrative Programme will not be felt in
terms of energy production until after 1985, This is 'parti_cularly
the case where the advanced-reactor families are concerned, Despite
the extremely uncertain nature of forecasts for a period so far
ahead in this field, it is worth while to start analysing the context
o.f their commercial development straight away.



 XVII/3M/2/74E
- 63/64 - R

CHAPTER I : Prospects for nuclear energy

1. Electricity production

The probable trend of the demand relates the muclear objectives
to the prospect of the total electricity production doubling every ten

years until the end of the century,

Consumption of ‘electricity has, to date, only slackened off in
- passing phases and there 15 no reason to belleve at the moment that
the average fate of growth observed in the past will not continue.
When one studies the pattern followed by demand fo: electricity in -
countries where it is higher than in the Community ~ particularly in
the United States, where, however, consumption per head of pdpulation
is almost‘thfee times as high » one also finds this stable average
trend, The versatilityfof electricity conduces to its expansion and
penetration of many fields. It can replace other sources of power,
&evelbp within a glven gector find new applications and, in a general
way, benefit from the sbread of urbanization. It is also conceivable
that the intensification of the struggle against pollution will divert
to electricity the demand currently being directed to cther forms of

energy. . .
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2. MNuclear energy's contribution

The gross production required from the total mumber of electric
power plants in the Commnity will be in this hypothesis :

2,420,000 million kWh in 1990 and
4,840,000 miliion kWh in 2000

Apart from foasil fuels, which are mainly imported, and nuclear
energy, no other gource will be able to contribute in any significant
degree to the growth in electricity production and it i1s a reasonable
supposition that the contribution of the entire pribileged gector
(hydroelectric power, lignite, gases other than natﬁral) will flatten
out at the 1985 level.

The pattern of electricity production would deve;op as follows
(in TWh) ¢ - |

1985 1990. 2000

Gross production ' }740 2420 - 4840
Privileged sector 285 285 285
Competitive sgctor 1450 2135 ugés .
of which ; . '
fossil fuels 875 955 940

nuclear power ' 575 +1180 3615

Bearing in mind the utilization conditions for each source of
energy, the nuclear capacity which should be avallable in 1950 and
2000 in order to provide the production quoted has been estimated at
210,000 and 620,000 Mde respectively,

From 1985 to 2000, the increase in the Community's total miclear
generating capacity would thus be 520 GWe.

The following diagramlllustrates these forecasts.
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It will be noted that shortly after 1985, the comtritution
of fossil fuels to electricity production should rapidly
decline in relative value and become fairly stable in absolute

*
value »

This trend indicates fhat, as far as electricity production
is concerned, it will be 1985 before the use of {chiefly imported)
fossil fuels is brought under control and can be adapted to tha-:
exigencies of the time.

1

This ie an overall forecast for the Community in which
trends which may differ from one country to another are

integrated.
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CHAPTER 23 _The new resources available

In 1985, the beginning of the period.under review, the
existing nuclear generating cepacity.will come mainly from light-water’
reactors, Among recent insjhalla,tions it will also include some '
prototypes or demonstration plants using techniques currently
undergoing developmént, ‘and especially those relating to fast reactors.
It can also be taken that it will include high-tcmperature reactors
for a power output which is already pignificant,

This raises the gquestion of the position which will be ocdupied
by the advanced end proven families on the market after 1985, bearing
in mind the three factors by which nuclear power will help to solve
the Community's problems: '

(1) dependability of supplys
(2) protection of the environment;
(3) economy. '

Before examining the factors governing their potential penetration,
it will be useful to provide a brief outline of the prospects which
the advanced families have of becoming fully deveIOpedf it being
understood that, while they enter the lists against the previous type
on the basis of erguments not golely concerned with more efficient
use of fissile material resources gnd high thermodynamic efficiency,
i1t must be agreed that the cost curve for the eleotiricity gerierated
by the LWR plants is the target aimed at by their competitors. If
they are able to achieve this, the muclear market during the period
following that covered by the Illﬁstrative Programmewill be indisputably

open,

*

Annexes V and VI, which deal respectively with fast reactors
and high-temperature reactors, describe in greater detail the
status and prospects of tthese families,
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1, Fast breeder reactors

The concept of fast reactors emerged as one of the earliest
developments in muclear energy, Characterized as it 1é mainly by
breeding ~ the ability to produce more fissile material than is
consumed ~ it immediately became the gubject of widespread research,

Efforts on the fast reactor family are ourrently being directed
chiefly to the variant neing sodium cooling (SER). Modest projects
for the development 6f fast reactors cooled by a gas'are vunder way
~ and, to a lesser exjenty steam ~ in several countries, -

In the Community, development of the fast-reactor family has
gone furthest in France, Full~load operation of the Phenix 250 MWe
pressure-'-ve‘ssel pover plant ip envisaged for 1973. Its construction
igs in the hands of a consortium comprising the CEA, EdF and GAAA.

The programme family for this reaclor is meanaged by the CEA, who are
currently operating the "Fortissimo" version of the Rapgodie test.
reactor, Studies are being parried out on a 1000 MWe power plant,
construction of which could be given the go-ahead in ‘i974, ie.,
pfter one year's operation of FPhenix.

The joint pi'ojeet conducted by Germany and Benelux involves
the building of a prototype 300 Mde loop-type sodium—cooled fast
breeder (SNR) reactor, construction of which is due to commence
in 1972 and on which there is & financing agreement between the
German (70%), Belgian (15%), Dutch (15%) end Luxembourg goverrnments.
This agreement has given rise to jindusirial cooperation between
Interatom (W. Germany), Belgonucléaire'(Belgium), Neeratom (Netherlands)
and Luxatome (Luxembourg), The R&D of general interest is being
performed ty GfK (Karlsruhe), CEN (Mol), RCN (Petten) and TNO
(The Hague),as well as by -certain depariments of the Belgonucléaire
gnd Luxatome companies, They are coordinated in an umbrella

programme,
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In addition, GfK has wnderiaken the gindy of a large
fast~-flux materials-testing reactor (FR3), o

The Ttalian effort, like that of ‘France, is being performed
in a national ocontext, its aim ’béing the consirnotion of a reactor
(PEC) for testing fuel elements which could be used in a later,
more elaborate generation of reactors than that represented at
present by the SNR and Phenix prototypés; In March 1970, construction _
was placed in the hands of gn industrial consortium comprising
_ SNAM ~ Progetti and the Societd Ttaliana Impianti under a turnkey
contract, The CNEN retains regponsibility for the manufacture of
the core, An agreement oovering exchanges of technical know-how has
been concluded between the CEA and the consortium., The R&D is being
carried out in the centres at Bologna and Casaccia.

On 10 May 1971, an pgreement between EAF and RWE was published,
to0 which ENEL subseq-uen;tly also beocame a party. These electricity
producers have sgiated that it is their intenmtion to join forces to:

(a) build in France a muclear power plant equipped with a
sodium—cooled fast breeder reactor with e capacity of about
1000 MWe along the lines of the Phenix prototype;

(b) build in Germany e similar type of nuclear power plant, but
along the lines of the SNR prototype reactor, one year after
the latter has been placed in gervice, .

Each of these projects will be pursued by pubsidiaries jointly
ovned by the producers, the first incorporated under French end the
second under German law, ~ The breakdown of the capital among
EdF, RWE and ENEL will be 51%, 16% and 33% respectively in the
first-mentioned company end 16%, 51% and 33% in the second,

The Benelux electricity producers will be able fo lend their

cooperation in the gecond project.
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In the United Kingdom, the experimental 60 MWith DFR has been
operated by the UKAEA gince 1959, The 250 MWe prototype built
on the same site should be in service by the end of 1972, i.e,,
about a year late owing to difficultiesd in the mamufacture of fhe
reactor vessel top cap. Responsibility for the construction
has since 1969 lain with TNPG, who took over the UKAEA team which had
been assigned to this work from the outset, :

Work on the first 1000 MWe power plant could begin
about 1975. : ) -

In the United States, the major part of the current USAEC budget.
for civil reactors is earmarked for sodium—cooled fast reactors, the

development of which is coneidered a matter of priority.

The Fermi reactor, which has been constructed and operated by
a private company (PRDC), was designed for a thermal output of
430 MWth (150 Mde), but hee only been operated at loads up to 200
MWth, Following demage during the experiments involved in the run-up
to power in 1966, this reactor has been repaired and placed back in

operation,

In the field of experimental reactors, the EBR-2 (62.5 MWth)
reactor has been used by the USAEC pince 1961, General Electric has
tuilt and, in collaboration with the USAEC and the German Karlsruhe
centre, operated the SEFOR 20 MWth experimental reactofﬁ Westinghouse
is in charge of the conmstruction of the large 400 MWth FFIF test
reactor, which should enter service in 1974. A '

Thrée constructors, nemely Atomics International, Westinghouse
gnd General Electric, each of which is associated with a group of
electricity producers, have submitted proposals to the USAEC es
pert of the project definition phase of the American programme. The
USAEC has stated its intention to promote the construction of two
demonstration plants, each with a capacity of 300-500 MWe. Work
on the first of these will start at the end of 1972 or the beginning
of 1973,

*This will shortly be dismantled, following the success of its
exrerimental programme.
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In the USSR the BOR (60 MWth) tept reactor went critical in
1968 and the BN 350 (1000_MW%h), plant, construction of whicﬁ
was completed at the end of 1971, ghould enter gervice in 1972;
it will have a capacity of 150 MWe ané produce 100,000 tons of fresh
water a day, In addition, a 600 MWe power plant (BN 600) is under

construction end ghonld be commissioned in 1975 or 1976.

Finally, in Japan the programme is advancing rapidly., The
construction of a 100" MWth.- Rapsodie-type experimental reactor is
. under way end commissioning is planned for 1973-74. Design
work has commenced on a 300 MWe power plant, construction of which
should be completed in 1977 or 1978.

Future outlook

The solution of the technological problems governing theuse
of fast reactors depends to a great extent upon the efficiency of
the organization which the industry sets up at short notice in order
to undertake the large-scale bonstruction projects involving
demonstration plante of the order of 1000 Mie currently envisaged.
Great efforts must be made on the part of both consirnciors and
operators to adapt, if necessary, to an advanced concept based on
very sophigticated standards., To thie end the industry is able to
draw on the vast R&D programme now wnder way in the research

installations, .

The main problems 1ie in the develppment of the steam generators
(sodium/water reaction), the fuel and the core as & whole, where the
phenomena linked with fast neutron flux (swelling of structural ,
materials) are intensified by the need for high burnups. There also
-remain pafety problems; the écondmio golutions Yo which still have {o
be developed. In this respect the experience gained with the
prototypes will be decisive,

BT -2 Lo sl o B EEREREE
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From gn economic point of view it 1a,adm1ttedls%1ikbly that,
initially, the gpecific’ investment cost of breeder reactors will be
higher than that of light-water reactors, mainly "because of the ,
implications of sodium teéhnology and the presence of an intermediate:
circuit, However, the additional cost would be largely ,offsét by
the lower cost of the fuel cycle due to the breeding of fissile
- material, All in all, when the technique has been fully mastex;ed,
the cost per kiWh ghould be lower than that for light-water reactors,
In addition, the cost-of the fuel cycle, which alz;eady does not depend
-much on the cost of the feed material, will undergo a further
" reduction due to the jincrease jin the breeding rate ptemming from the
‘use of carbide fuels and will then, for practioal purposes, become °
_indifferent to fluctuations in the price of uranium,

_ However, it must be expeocted that this reacior type will only
be competitive where unit sizes are very large.

Added to these overall économic advantages sre those of improved
‘utilization of the plutonium produced by the light-water family and
'grea.ter independence of nuclear power plants in relation to enrichment
: installations, , -

In the most -advanced countries the commias:lcning of commercial
. power plants is currently planned for a‘bout 1 985. However, this
could be delayed until after 1990 &f the present estimates = -~
concerning conetructmn and fuel pycle costs proved to 'be too
optmistic.

P et g e e~ e+t e e o e < oo et
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2, High-temperature gas reactors

In the industrialized c_iountries 'tliezje is a growing interest in the-
high—temperature gas reactors, This is 1arge1y due to '
following characteristics, which were adopted in the original designs:

1, A helium coolant temperature of the order of 750°C, thus
facilitating the use of the latest types of steam turbine while
reduoing the thermal effects on the environment as compared with
light-water reactors, owing to their excellent thermal efficiency
(about 40%). '

2, High-rating fuel elements which pchieve high burmips.

3. A good neutron economy gtemming from the use of graphite ‘as the
moderator, cladding and scattering agent. '

The éxpérien_ce gained in the development of coated-particle
fuels and of primary cifcuita integra,ted in prestressed-concrete
pressure vessels gives high-temperature gas reactors the added
atiraction of intrinsic safety, By drawing on this experience,
constructors are now able to tender for power plants,

The family consists of two reactor variants using different
fuel elements: tl}esa are in the form of either gpherical or
priematic elements and use uranium which is either highly enriched
to 93% in the case of the uranium/thorium cycle or only slightly
enriched (about 5%) in the case of the uraniwn/plutonium cycle,

In the United States, Gulf General Atomic received letters
of imtent between September 1971 and July 1972 relating to six
high—power reactors,

This interest derives from ‘the experience acquired in the develop—-
ment of reactors using pPrismatic fuel elements and the thorium cycle
vhich has been pursued for several years now bty GGA with USARC backing, This
experience has been turned %o practical accounmt mainly in the full powar
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operation of the 40 M{e Peach Bottom reactor since 1967 and in the
construction of the 330 MWe prototype reactor at Fort Saint Vrain,

x o~

for which the power run-up is imminent,

In the UK, as a result of a call for bids by the CEGB, the two
consortia TNPG ahd BNDC have submitted a preliminary proposal,
together with a draft research programme, for a low-enrichment,
prismatic fuel element reactor with a capacity of over 600 Mie.

The decision to build is not expected before the end of 1972,

In Germany, a 300 MWe pebble~bed type of power plant for the
Hochtemperatur-Kernkraftwerk GmBH (HKG) has been under construction
at Schmehausen since 1970 by a consortium consisting primarily of
Brown Boveri and Nukem, Commercial operation should begin in 1976,
The design of this plant is based on the experience gained with the
15 MWe AVR reactor, which has been operating on load since 1967,
and is the outcome of :the work carried out between 1963 and 1968 y
the THTR Association, in which the Community participated.

Additionally, the EURO-HKG company was formed on 13 December
1971 by the main electricity producers in the Community and the United
Kingdom with the aim of acquiring and pooling technical and '
economic knownow in the field of high-temperature reactors and of.

-

arrenging exchanges of personnel for training purposes.
' In France the CEA ig currently carrying out an enalytical
gtudy of the HTGR type with the assistance of a group of industrial

companies,

Government end industrial circles, especially in the UK, Germany
and France, view with favour international collaboration ‘pimed at

introducing this type on an industrial scale,.
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Finally, the Community is participating in the Dragon .
programme, which concerns in pariticular the operation of the 20 MWth
Dragon experimental reactor and the development of designe for powér
reactors ueing priematic elements,

Prospects for the steam-cyole type
In the United Stateg the developmen'b of high-temperature gas

reactors seems economically justified by the fact that they are

_ now competing with the light~water reactors. In addition, this
type of reactor offers the advantage of a lower uranium consumption
in meeting increasing energy requirements.

In Eurppe the choice of fuel cycle etill remains open, In
accordance with the stimulus provided by the advocates of the
different solutions, the choice could be made between low enrichment,
which has been studied'by several European indusiries to date, and
high enrichment, as adoi)ted by Gulf General Atomic, The latter
case would entail the creation of a thorium industry in Burope,

The earliest date by which it would be possible to put a total
installed capacity of the order of 2000 MWe into operation on a
commercial basis would be 1980, :

The direct cycle (heliﬁm 'turbines!

It is possible to link high-~temperature gas reac'bprs directly
t0 a helium turbine., The consequent adva.ntages would bes

() reduced requirements for cooling water;
(b) greater efficiency, even during low-power operation;
(c) possible lower specific investment costa,

et e o e e e e e o+ e o e T TR AN

‘Thig improvement to the family necessitates a programme for 'l;hé
development of fuels and graphite capable of withstanding {emperatures
of about 1000°C &t the reactor putlet, It will also be necessary
%0 develop heat insulétors, structural materials (ducting, turbine
blades), valves,etc, with the aid of test rigs under helium at this

pame temperature,
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' . .; ; .
In Germany, certain companies, in cona.bora:bion wlth KFA

Jiilich, have undertaken an R&D progremme in.order to sof}ve thege
gpecifio problems, Also, certain additional prosposaléare being
negotiated with the German government so that a programfne may be
drawn up which would 1ead to the submispion of commercial bids around
the end of the decade.

&p_lications not_relating to the generation of eleotr:loifx

The recent major rise in petroleum pricés could cause a swing
towards energy produced ‘uy nuclear meens, With helium outlet.
temperatures of 900—1100 Cy high-temperature reaotors would
constitute sources of heat suitable for steelmaking, petrochemicals
gnd the heavy chemical industry, Applications such as these could
be contemplated after 1980,

-

Several studies have already been carried out on a Community
sacle, involving opeperation between muclear engineering companies
and universiiy.and private research centres..The additional problem
raised, as compared with direct-cycle techniques, stems from the presencev
of greater quantities of hydrogen in the primary circuit following its
diffusion across the heat exchanger walls.

At the national level,  KFA Jiilich is ourrently examining various
reactors in the 500-3000 MWth range in collaboration with various
German industrial groups and research institutes, with the aim of
generating steam or linking the reactor to an installation producing
hydrogen via the conversion of fossil fuels.

In the United States, Gulf General Atomic, in collaboration with
Stone and Webster, was recently awarded a study contract by the Siate
of Oklahoma with the object of adapting an HTGR {0 a coal gasif'icati'on

plant.

Japan has aleo gheun an interest in the use of this reactor type
as a gource of heat for industrial uses notably in eteelmgking and the
construction of a multipurpose 50 MWth r,eactor is planned.
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CHAPTER IIT : Breakdown of the market hy reactor types

In the field of electricity production the growth of the nuclear
market will lead to at least a sixFold increase in output by the year
2000 over the figure for 1985, This means that nuclear power plantsAtotaliing
at least 520,000 Mie will be installed during this period.

Obviousl$, these estimatiz are looking far ahead and thus,as
regards the 1ong-term'prospects, the fleld is stiil wide open. In any
case, the technical and economic features of the reactor types put into
service beyond 1985 are.still ?oo,much of an unknown quantity for meaningful

lines of demarcation to be drawn,

For all this, the analysis of future market conditions and of
the trends governing the options and determining ‘this breakdown must
continue unabated, so that all subgequent decisions can be taken on the

basis of comprehensive background data.

In this comtext it is certain that dependability of supplies
and environmemtal considerations will contime to play a major role, Owing
to the sacle of the procurement programme, based on light~water reactors,
carried out prior to 1985, later choices will fall upon advanced reactor
designs which meet the above requirements and &lso enable electricity to be
produced under conditions which are at least as favourable as those offered

by light-water reactors.

r— RTINS

e e e

The influence which the size of the nuclear market will exert
on the breakdown between reactor types is difficult to assess. But,
accordlng to the evidence, the market will be all the more gttractive the larger
its volume, On the other hand, insofar as the breakdown 1s based on genuine .
competition, the influence will probably bemitual, the market being more
voluminous the more lively the competition, By the same toke@,the—position
of nuclear energy with respect to the other primary sources of energy
would become still more dominant end, ebove all, the competitive position
occupied by electricity should be consolidated.’
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1, An initial outline of a breakdown by reactor types

-

Unlike lightewater reactors, the conversion factor of which
is about 0,5, fast reactors ~ and in particular those cooled by
sodium (SBR), which could reach maturity by the beginning of the
reriod under considération ~ produce more fissile material than they

consume,

Because of this ability, SBRs can utilize 50-80% of the
energy contained in natural uranium, whereas LWRe only manage
to extract about 1%, Under these conditions it is conceivable
that an initial breakdown between reactor types beyond 1985 and .
probably before 1990 could be based on & coupling of INRs and
SBRs which would minimize the overall cost of the energy produced
while providing a considerable fillip to the dependadility of
supplies via tthe optimum utiliza‘tion of the available resources
of fissile and fertile materials.

Within this two-family system, the acourate and detailed
estimation of how the inoreases in capacity to go into service
between 1985 and 2000 will break down between IWNRs and SBRs is
as hazardous now as 1t was when the First Illustrative Programme
was drawn up, While it has been consistently proved that
plutonium will constitute & key factor favouring the development
of muclear power, it is still impoesible to quantify in any
better way all the variables involved in a model capable of
satisfactory simulating the mechanism of medium and long-term
supply and demand.

At all events, it is appropriate to raise questions about
the guarantees offered by a development model based on two types

of reactor.




~79~ . _ XVII/341/2/71-E
!

Tt is necessary to underline the hazardous na'!;u;"e of
this model, which depends on the success of the SER at both .
the technical and the economic level.s Despite the universal
interest shown in this family of reactors since 1944, the
forecasts have yet to be confirmed by fullescale industrial
experience, which, howevér,‘ will probably not be acquired before
1985; in the mee{ntime it remains to complete the construction
of the prototypes and to build the demonstration plants.
Not until these plant8sare in operation will it be possible
to evaluate with any accuracy the role which SBRes could
eventually play.

If the development of SERs were to end in failure, it
might be considered risky in the medium and longer ‘term to
assign to LWRs alone the task of promoting miclear energy to
the leading role which it must play in the energy sector as

a whole,

Briefly, in a situation in which IWRs represent an
initial crystallization of the muclear techniques which can
be exploited economically until 1985 at least, and in which
SBRs still offer no more than a hope of ensuring dependability
of supplies by taking economic advantage of the breeding
process, the question arises whether it is reasonable to base
the success of muclear energy on a system made up solely of
these two reaetor typese

-
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The reply to this question owwiously depends on the part
the high~temperature reactors (H’I‘R) are 1,tkely to play as compared
with both the IWRe and the SBRs. '

Tt is important to note that the HTRs offer a doubbe appeal
in that, in the form of firstegeneration thermal-neuiron reactors
(HGTR), they can compete in the medium term with IWRs hefore the

'SERs are able to do so thenmselves, while in the longer term, in

the form of second-generation fast~neutron reactors (GBR), they
could prove capable of competing with the SERs.

In other words, alongside two mclear techniques which are
likely to dovetail smoothly (LWR and SER), thereeis a third (HTR)
which can compete with both, while aleo opening up good prospects
for the use of miclear heat for purposes uurelated to the production.
of electricityy esgs, e'beelma.k:.ng, mamufacture of chemicals,
refining of fossil fuels, etc,

The foregoing arguments in favour of development based on
three reactor eystems ere of course, not in themselves sufficient
to justify its necessity, N

However desirable Dommnity action to promote such a cause
may be, the financial resources and the means required for the
development of the HTRs must also.be made availeble, over &md
above those required for the development of the SERs, without
jeopardizing the equally high-priority effort irxvolved in
industrial development work on LWRs,.
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This indicates the true magnitude of the problemd which
all the bodies concerned in the Community are being called
-upon fd help in solwing, not only in order to enable the
mclear energy production pims recommended by the present
Programme for 1972-85 fo be achieved, but also, during this
pame period, to provide it with the new means of production
upon which its 16nger—term future depends to an equally decisive
extent, - : -

It is important tonnote that at a time when the Community
is faced with a number of decisions to be taken in this field,
its entargement has in fact become an imminent reality,

This is why, on 20 December 1971, the Council of Ministers
took the decision to allow the United Kingdom to participate in
the work of the "Coordinating Committee on Fast Reactors"
forthwith, because of the extent of jits programme concerning
‘the SBRs, and to inform the other three countries applying for
membershipes This Committee will thue be in a position to
point up the beneficial effects of the enlargement of the
Community on the dévelopmen’t of SBRs and on the prospect of
gaining the maximum benefit at the lowest cost from a wider
markek} with an eye aleo to the export markets offering themselves
to a European industry which is of the size necessary for world
trade.

The consideration being given ¥bothe HTR family within
this enlarged framework has glready found concrete expression
in the fact that, on 13 December 1971, the principal Community
electricity ppoducers and the CEGB, together with the HKG company,
which is responsible for building the prototype 300 MWe THTR
(Thorium—Hochtemperaturreaktor) at Schmehausen, decided to set
up a company to be known as Euro-HKG, It is to be hoped that
an agreement of this kind will be the prelude to a rationalization
of the decisions taken by the electricity producers goncerning
HTRs and will encourage mutual consul$ation between constructors
. on the main choices which will guide the development of this

reactor system.
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© ""APPENDIX

Muclear power .stgtion installed,.under construction and

plammed in the Co nity

Position as at 15 June 1972

t electy
nstruction

CO

al capacity of m aar generating plants in servige
or planned: 28,302 MWe net, broken down as follows:

Country:In service under on order Total
i const.iplanned ;| Mie
a) Proven-type reactors
Gas/graphite o
Chinon 1 / Loire (EDF) F 70 - - 70
Chinon 2 / Loire (EDF) F 200 - - 200
Chinon 3 / Loire (EDF) F 480 - ‘- 480
St, Laurent 1 / Loire (EDF) F 480 - - 480
8t. Laurent 2 / Loire (EDF) F 515 - - 515
Bugey 1 / Rhéne (EDF) F 540 - - 540
G 2 Marcoule / Rhéne F 40 - - 40
¢ 3 Marcoule / Rhone F 40 - - 40
ENEL (Latina)! I 200 - - 200
2565 - - 2565
JBoiling water
KRB (RWE/BW) G'undgemmingen a 237 - - 237
KWL (VEW) Lingen G 174 P - 174
VAKX (RWE/BayernW) Kahl G 15 - - 15
ENEL (Garigliano). I 150 - - 150
GKN ((D.odewaard) N 52 - - 52
KKW (Preag) Wurgassen,Weser G 640 e - 640
KKB (HEW/NWK) Brunsbiittel G -~ i TO - 770 &
ENEL 4 (Caorso) I - {783 - 783 i
KKP 1 (Badenw/EVS) Philippsburg G - 860 - 860
KKP 2 (Badenw/EVS) Fhilippsburg G - - i 860 860
KKI (Bayernw/IsarAmperW) Chy, Isdr ¢ - - 870 870
KKW (HEW/IWK) Krummel, Elbe G - - 1260 1260
T 1265 71 2413 | 2990 "6671

1

Owing %o a reruwanent non-availability the effective capacity is 153 MWe

2Fbccludin7: vaturalegas superheat




: Coubtry In under | On ;

Pressurized-water service constr- *Ofder o3 Total
KWO Obrigheim Neckar G 328 - - %28 i
SENA (Chooz) F~ i 270 - D 270
ENEL (Trino Vercellese) I 247 - - okt
PR 2 (Mol) .} B . 10 - - 10
KKS (MWK + HEW) Stadersand/Elbe ’ ¢! 630 - - 630
8,0.M,0. (Tihange /Meuse)?- I B - 870 . 870
Centr.Nucl.de Doel(Doel/sCheldw' B - 780 - 780
PZEM (Borssele) N - 450 - 450
¥XB 1 (RWE) Biblis /Rhine ¢ - 1146 - 1146
KKkB 2 (RWE) Biblis /Rhine S - 1178 - 1178
Fesserheim I (Rhin EDEP F - 80 - 890
Fessepheim II (Rhin EDF . F - . 890 890
KKU (Preagz/NJK) Esenshamm (¢} - - 1230 1230
GKN (NeckarW, TWS, DB) Neckarwestheim G - 775 - 775
Bugey 2 (EDF) F - - 925 925
Bugey 3 (EDF) A ' F - - 925 925

1485 6089 3970 11544

b) Advanced converters

JHeavy water

MZFR (Karlsruhe) G

KKN (Niederaichbach~Isar) G -- 100 - - 100

EL 4 (Monts d'Arrée) F 70 - - 70

CIRENE (Latina) I - - %2 1 32
High temperature

HKG (Schmehausen) G - 300 - 300

AVR (Jiilich) G 13 - - 13
Sod:mm/ zirconium hydride |

KNK (Karlsruhe) G 29 - . 19
Nuclear superheat

HDR (Grosswelzheim / Main) G T 22 - - 22

g : 175 400 32 607

¢) past breeders ‘
Phenix (Marcoule) u F - e33 - 233 i
SNR 300 (Kalkar/Rhine) - T 282 | 282
- | e} 282 | 515

1Franco-—Belgia.n (50/50) power plant

250% French (EDF) participation |

330‘,’/3 Swiss participation - | L
4German (70%)/Benelux consortium ' |
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Gountryl Im | under| Om
: serytic ) Total
@) Type not yet decided . oo |oonsirie: der gF .
BASF 4 (Ludwigshafen) o 500 |- 4oo
Grafenrheinfeld (BayernW/.,.) ~ recorfl only .
Grosswelzheim/Gundremm. (RWE) G 1200 1200
Badbreisig/! Mulh.Kdrlich (RWE) G 1200 1200
Biblis ITII (RWE) a 1200 } 1200
KBR -1 Breisach/Rhine(BW/EVS) G “ 3200 i 1200
Schmehausen/Lingen (VEW) rG p.m. p.m.
Slechen Rosenheim (BW/IAW) G p.m, p.m.
GKN (Borsele/Maasvlakte) N 600 600
Enel 5 I 600 600
6400 6400
2, Type breakdown of reactors installed or under construction (%)
Gas/graphife 2565 MWe (17.5 %)
Boiling-light-water 2681 Mie (25.2 %)
Pressurized-light-water - 574 Mie (51.8 %)
Heavy-water 221 Mie (1.5 %)
High~temperature 313 Mde (2.14%)
Other advanced converters 41 Mie (0.3 %)
Fast breeders . , 233 Mde (1.6 )
14628 Mle (100 @)
5. Breakdown by stage of comp'le'bion and country of location
West ether~ - .
Germany | France | Italy : Jands Belglum : Community
Reactor installed 2129 2705 6597 52 10 5493
Reactor under constr,i 5129 1123 783 k50 1650 9135
7258 7828 | 1380 502 1660 | 14628
Reactor on order or 9702 2740 632 600 - 13674
planned
| 16960 6568 | 2012 | 1102 1660 | 28302
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ANNEX %

-

ACTIVITIES OF THE COMMISSION OF THE EUROPEAN COMMUNITIES IN

THE FIELD OF RADIATION PROTECTION

One of the tasks of the European Atomic Energy Communit&»(Euratom),,
which was set up under the Treaty ¢f Rome in 1957, is to 1ay down
adequate condltiong for the protecéion of the health of workers and
the general public against ionizing'radiation. In Article 2 of the
Treaety, the Community 1s obliged in particular to "establish uniform
safety standards to protect the health of vorker@ and of the general
public and ensure that they are applied".'

CHAPTER 1II of the Treaty (Articles 30-33) states how these safety
standards are lald down and what are the powers and obligations of
the Commission regarding the overseeing of the provisions to ensure
compliance with these standards and of the surveillance of the

radiocactive contamination of the environment.

The present document summarizes the activities and results achieved
by Euratom in this field, but it should be pointed out right at the
outset how the railoactive rick is generally estimated, on what prin-
ciples the establishment of standards concerning the protection

of workers and the population are Lased, and vhat significance should
be assigned to the 1limiting values adopted for humen exposure and the

contamination of the envirocunent.
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1. Estimetion of the radiosctive risk (1) |
The majority of estimates of the risks to mankind arising from exposure to '

radiation are based on observation of individuals or of sectiohs of the population
who have been exposed to heavy doses of radiation for relatively short periods
of time as a result of accidents, war or medical treatment.

As regards low doses of ionizing radiation, only animals experiments have provided
data which have heen extrapolated to human conditions and these are still in-
conclusive and incomplete.

This is trie not only of the somatio effects (and especially o¢f leukemia) but
in particular of the genetic effects, and here it has been impossible to detect
with any certainty genetic damage resulting from these doses received by man,
despite conmiderable scientific efforts.

With regard to the somatic effects, the studies carried out on the Japanese

survivors of Hiroschima and Nagasaki and on certain groups of patients who

were exposed for medical reasons) showed that in the case of doses of more than
100 rad there wae a greater incidence of leukemia during the 15-20 years following
exposure; therefore, at high levels of exposure there ip & proportional relation-
ship between dome and biological effect.

An importent point to be noted ie that diseases such as cancer are not specifio
to ionizing radietion and occur naturally among the population. The only way

of demonstrating the effect of radiation ie to cerry out a ocomparison on a valid
ptatistical basis between & non-exposed population group and an exposed group
and to examine the extent to which there is a significant inorease in the number
of cases of the diseass under examinatior in the second group. In the cass of
the levels of exposure encountered under normgl conditions in the pursuit of -

a nuclear activity, the link between the dose and biological effect ceaces

to exist and thus makes i4 virtually impossible to establish a quantitative
reletionship with any accursoy.

(1) The basic standards which are laid down by Euratom pursuant to Chapter III
of the Traty and are aligned with those proposed by the International Com-
mission on Radioclogical Proteoticn relate in particular ¢o meximum permissibdle
doses. These dcees are expreesed in rads or rems; 1 rad corresponds to the
abgorption of 100 erg/g by the substance under consideration. For radiologiocal
purposes the dose is expressed in rems; the figure in rems is equal to the
dose in rads multiplied by e quelity factor which takes into account the
biological effect which, in turn, varies according to the type of radiation
in question. For information : the dose due tc uatural background radiation
is about N.125 rem/year iz Burops. The besic evandards lay down 5 rem/year
a8 the maximum permissible dose fir the most exposed workers, and 0.5 rom/
year for the public as a whole.

Radiomctivity i expressed in ocuries (Gi); 37.107 dieintegraxiona/seo ocour
in the gquantity of a substance corresponding to 1 Ci.
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However, under a double heading of eimpliﬂoat:lon and ocaution the
assumption has been maintained that there is no threshold as such;
also, the existence of a linear relationship between dose and
effect has been upheld with a view to defining an uppar-:or maximuwn.
“1imit to the risk of somatio effeots, The statistical evaluations
arrived at via this method must be treated with caution, since it
must be borne in mind how and under what circumstances they were
arrived at, The confusion between risk and effeot is frequent;
what is'envisaged is an increase in the probability of an inorease
manifest':tng itself in a oertain disease within the group exposed.

As regards the overall genetic effecis, it has been kmown for 40
years as a result of animal experiments that irradiation is capable
of oausing genetio mutations, There is no humen evidence, even

in the descendants of Japanese parents exposed in 1945, of significant
genetic damage linked with ionizing radiations Sinoce animal
experiments have yielded incontrovertible evidence, genetioists have
upheld the theory of the exisience ¢f linear relationship between
dose and effeoct and of the absence of o damage threshold,

Nevertheless there might well be & recovery process in the oase of
low-dosa ohronic expasure,

It should be pointed out here that the UNSCEAR (United Nations
Soientifio Commi‘btee on the Effeots of Atomic Radiation) expressed

an opinion on this matter baock in 1964 by suggesting a linear
non-threshold model, for both the genetic and the somatio effects of
radiations "It must be emphasiged that the estimates of risk are ‘
reliable only in the range of doses, usually high, for whioh information
is available, The use of these estimates for doses ontsids the
observed range may be very much in error, and in the low dose range,
where a linear extrapoletion to gzeroc dose is used, it oan in most
cases only be taken as en indica.fion of the upper limit of risk,

Thus the linear non-threshold model as used in radiation protection

. 18 intended to represent only the upper limit of risk, not the risk,
and the true risk ocen be presumed only to lie romewhere beiween zero
and the value emerging from the linear non-threshold model",

A —————

1Rcaport to the General Assembly; 19th session, supplement No, 14
(!/5814; United Nations New York (1964).
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These various considerations thus suggest that it is not easy to
obtain a mathematical representation which defines the total risk,
at acceptable levels, to the population of the beaceful uses of
nuclear energy (and in particular nuclear power reactors). It is
commonly acknowledged that this risk is very low in the present
state of the art and in the light of existing prevention and safety
techniques.

In addition, no accident affecting the puLiic has ever occurred to
date in a nuclear power plant - obviously a fortunate state of
affairs - in contrast with other industrial activities, where a
more accurate estimate of the magnitude of the risk is possible as

a result of the experience acquired from accidents.

| 2, Principles and Methods of Radigtion Protection

2.1 The International Commission on Radiological Protection (ICRP)

is the organization which, since 1928 has defined at a scientific

level the principles, concepts and'pethods in the form of recommendations
which must be adopted at a national orvinternational level with respect
to the risks involved in lonizing radiations.

A certain number of concepts, which were alsc drawn on in the
establishment of the Euratom Basic Standards, appear in ICRP
Publication No. 9 (containing the recommendations whioh uare-adopted
in 1965 and are still in force). The ICRP, basing itself on the
agsumption that any exposure to radiation can involve a certain-risk
of somatic and genetic effects, accepts the linear model which
implies that there could be a damaging effect, even at the lowest
levels of exposure. As stated above, such an assumption is dictated
by caution, since certain effects could only emerge above a minimum
dose (or threshold), but the ICRP feelg that "the polioy of accepting
a risk of damage at low doses constitutes the most reasonable basis
for protection against radiation". liowever, it also says: "Unless
man wishes to give up thé .activities involving exposuﬁé’fdﬁionizingw s
radiation, he must accept that there is alwaye a certain risk and
limit the radiation dose to a level at which the risk run can’be

deemed accepteble in view of the advantages gained".
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The concept of an acceptable rigk has been readily aoogpted by ﬁén,
who considerg it to be'the price of progreni. " The radiation
protection standards defining the magni tude of this risk represent
a compromise between two apparently oontrhdiotory aims, namely, to
- promote the essential peaceful uses of the atom and to eliminate
any risk of exposure to radiation.

The ultimate aims of radiation protection are to give advance warning
of aoute.expoaure to radiation and to limit the risk of delayed
effects to an acceptable level.

- Tha'fCRP "recommends the avoidance of all useless exposure and

- the reatrioction of all doses to the lowesf values which can be

' .aohieved without diffioculty, due consideration being given to the
~ gocial and econonic aspects™.’

" The appliocation of this principle has prdvided the nuoclear industry
with a level of safety attained in no other industry.

Right from the outset the idea that the doses 1nvolved in any nuclear
activity should be established acourately before that activity is
engaged upon and that once under way it should be subjected to close
and continuous surveillance has been applied with remarkable success.
It is customary to consider that work involving the risk of exposure
to radioactivity can only be performed if the standards are laid down
in advance and oomplied with throughout the entire sequence of
operations.

2.3 The prevention of acoidenjal exposure to radiation begins ear;l

In order to be effective it must be faotored into the design of
nuclear installations, when the probability of the risk of an acoident
must already be taken into account and reduced to the lowest level
'thohlis compatiﬁle with the technical requirements of the planned
installation. |
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From numerous standpoints the prevention of acoidental exposure to
radiation follows the same rules as the prevention of other types

of industrial acoident. The precautions are such that an acocident
" could not be oaused by one simple error, but by a combination of
several elements relating to working procedures, environmental
oconditions and human factors,

2.4 The prevention of ohronic exposure is based on observance of

maximum permissible levels for exposure doses and internal contamination,

These levels aot as guidelines for the planning of installations, the

selection of working methods, the drafting of safety instruotions and, .

in general terms, the practical organization of radiological protsotioh.
|

2.5 Maximum permissible dose is ?defined as the dose whioh, at the

present state of the art, is unllilcely to cause partiocular trouble

to the individual during his life, Maximum permissible doses are

laid down for workers,

‘One-tenth of the maximum permissible doses laid down for exposed
workers has been fixed as the maximum permissible dose for members
of the general public, The faotor of ten has no formal signifiocance
from a biological stendpuint, but it appcared necessary for purposes
of opsrational or nuolear installation planning, in order to fix an
upper limit to whioh certain members of ithe pubiic ocould be ?zposed
with a view, in partioular, to setting maximun levels of radioceotive
waste discharge into the enviromment, '

A third limit hes beeni,fixed. This oonocerns whet it has been decided to -
oall the genetio population dose, It deals with the possible hereditary
effects &moﬁg the population in general., This dose oan never exceed

5 rem/30 years and is added to the exposure due to natural

radicaotivity, whioch is of this order of magnitude, and to medioal
treatment,

L ) ) i { "‘{, ' e
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2,6 It should be borne in mind that the limiting levels of exposure
or contamination are not exact lines of demarcation between dangerous
and harmless doses; rather they oonstitute guidelines whioh help to
eliminate or reduce the risk of damage to health., Such levels
oannot just be left to t{e judgment of the workers or employerss
surveillance must be placed in the hands of experienced, qualified
staff who are able to interpret the results or apply them with a.
full knowledge of the case,

The survelillance of nuolear installations, to ensure the health of
the workers, is based on (a) physical and ohemical and (b) biologioal
and medioal methods. The former perform what it has been agreed %o
oall physical radiation surveillanoe, i.,e., all of the measurementis
and readings of exposure and contamination. The latter are inoluded
under the head of the medioal surveillance of workers, which examines
‘how the individual adapts to his work and how his state of health
develops in acoordance with the contamination to whioh he may be
subjected,

2.7 Regulations also guarantee training and information and in partiocular
ensure that the nuolear worker is informed of the risks to whioh he may
be exposed as well as dealing with the regular training and infoma.tion
of supervisory staff with a view to orea.ting and maintaining an
atmosphere of safety.

3. Aotivities of the Commigsion of the Furopean C ti

Following on from the briéf review above of the general prinoiples
underlying the policy of limiting and monitoring the radiocactive risk,
the present chapter summarigses the development of the Euratom
regulafione and their gpplication in the six nations of the Community.

3.1 The Commission, the cxeoutive arm of Euratom, had oconferred upon
it by the Treaty a number of specific arcen of responsibility with
respect to health protection as a result of which it has been able

to condnot large-scale activities in this field, 1In accordance with
Article 2 of .the Treaty, these activities are aimed above all at the
- aligmment of health protection standards throughout the Community, in
order to avoid any disorimination based on the nationality of the
worker or the company employing him,
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- As 18 stated in Chapter IIXI, the Treaty provides for the establishment
of a system of Basic Standards to this end (fundamental and praotiocal
. protection standards) in such a way that they may "be applied as

such without any additional safety coefficient", These Basic
Standards lay downi

1, The maximum‘bermissible doses ocommensurate with adequate safety;

2, The maximum levels of exposure and contaminationg

3. The basic principles underlying the medical surveillance of
workers,

These standards are in conformity with the recommendations of the
International Commission on Radiological Protection (ICRP), which
are based on the principles outlined in Section 2.1 above,

They were drawn up by the Commission in consultation with a group
of persons sppointed by the Scientifioc and Technical Committee from
among scientific experts in the Member States, and in particular
from among experts in the field of public health.

The Commission requests the opinion of the Econcmic and Social Committee
on the Bagic Standards thus drawn up. After consuliing the Assembly,
the Counoil aoting on a qualified majority vote on the proposal put
forward by the Commission, which records the opinions of the Committees
and conveys them to the Council, lays down Basioc Standards in the

form of dircotives to the Member States. They can be amended and
supplemented in accordance with the proocedure recently instituted

after their introduction in stages on 2 February 1959, 5 March 1962

and finally 27 October 1966,

The Treaty pbints out that the legal and regulatory measures intended
40 ensure compliance with these standarde come under the jurisdiction
of the Member States, but the Commiseion can verify their oonformity
with the standards and is empowered to muke reocommen dfiions with a .
view to bringing about the harmonization of theoe provisions, Euratom
thus ocoupies a special place among international institutions, since
it possesses precips, incontrovertibic means of aotion as regards
radiological proteoction,
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3.2 The inventory of the provisions in existenoce before the adoption
of the Euratom Treaty in the six ocountries of the Community, and then
the application of those provieions have shown that it is possible to
map out a common policy on protection in six ocountries having different
legal and administrative structures., IEmphasis should be given to

the importance of this situation in relation to the international
legislation governing health proteotion., The overall legal instrument
which the Commission has submitted to the states has stimulated national
initiatives, interministerial coordination, legislative and regulatory
amendments and, in some cases, the promulgation of new legal texts.

It would not have been possible to have implemented all of these
initiatives in euch a short time and with such significant results

without the obligation impowed on the Member States of applying the
basioc standards, (

The principle that the States must give the Commission prior notioce
of aotivities involving ionizing radiation is embodied in the basio

" standards ax}d represents one of the essential ocomponents of any action
aimed at limiting éxposure to radiation and ensuring compliance with
the standards. Germany, Belgium, France and Italy have fairly
oclear~out legislation on these points and a speoial proocedure has
been sei up for nuclear installations likely to oonstitute a serious
risk to the enviromment, Scientifio oorrmisaiong ocomposed of experts
representing the vé.rioua ministries and depéx*tmen’sa involved are
oconsulted hefore a final deoision is ta.ken.' The responsibility for
issuing the authorization to build and operate remains with the
competent national authorities, -

3.3 The basic standards also speoify the compilation of a medical

file which is to be kept up to date on each worker and held in the
archives throughout the lifetime of' the person ooncerned, and in any
ocase for at least thirty years after the conclusion of the work
exposing him to lonizing radiation. This file must above all contain
the individual doses received by the worker and the results of medical
éxaminstions., The iember States muct takr practiocal cteps to ensure
that iie medioal file for each worker is kept regularly up to date

and also see to it that all useful informaticn concerning the places
worked at by the worker and the doses received by him is psssed on
within the Community, This provision is aimed at facilitating the
praotical application of the Community principle of the free mobility
of labour,
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3.4 In acoordance with the basio standards, the Member States of the
Community must subject activities involving a risk of ionizing
radiction to a system of priocr deolarati .. or c.iuuviigation, If
suitable procedures are adopted, the necessary guarantees regatding
prevention and protection are provided before the activities are
undertaken, Regular cheoks enable the competent authorities to

ensure that the conditions laid down as regards operation are fulfilled
and that the levels of exposure at no time exceed the presoribed levels.

The Euratom Treaty also stipulates that the Member Staiec must set up
installation enabling the levels of radiocactivity in the atmosphere,
water and the soil to be continuously monitored with a view to ensuring .
oompliance with the basio standards., Information ooncerning this
monitoring must be passed on to the Commission, which also has the
right of access to the installations, the operation and efficiency of
which it oan then verify,

This Community surveillance of compliance with the standards through
the national installations is one of the most origina1~aapeota of the
radiologiocal proteoction policy whioh the Commission needs to carry
through successfully, and the outcome of which rests in the power of
recommendation and even of direction which the Commicsion oould
exeroise each time that the basic standards are exceeded or the
regulations not observed, Hitherto the Coummission has naver had to
use this power, but 1t is inocluded in the Treaty and confers wpon
Euratom a real responsibility for tke surveillance of radioactivity
vhioch is likely to have an e¢ffoot on the health of the population,

3.5 The radioactive risk knows no frontiern; 1t is thus normal for
the speoial prodlem of radioaotiv> waste to have been the subjeot of
precise measures embodied in an article in the Treaty (Article 37)
whioh obliges the Member States to pass on to the Commiesion general
data on any planned discharge of radioactive waste, regardless of
its furm; in order to establish whether it is likely to give rise to
radioaﬁtive contamination of the water, soil or the airppao% of
neighbouring iember States. S




<

-1 - Xv11/341/2/71-8

The Commigsion haslaid down the essential aspeocts of the general
date whioh must be supplied by the Member States, The method used
40 evaluate the risk of contamination to neighbouring States is
based not only on an appreciation of normal operating conditions, -
but also on exceptional or accldental discharges,

Since 1959 about fifty opinions have been issued by the Commission

on planned disoharges of radioaotive waste from various nuclear
installations in the Member States, Artiole 37 of the Treaty
oonstitutes an important element in a Gommuniiy poliocy on the enviromment.

" In future the applioation of Artiole 37 will assume particular

importance owing to the expanéion.of miolear energy and radioecology
will be ocalled upon to play a deéieive paxrt in the analysis of the

sites or areas in whioh nuclear power plants‘a,re set up. An objective
asgessment of the likely hazard to man and the environment due to the
miclear aoctivities envisaged will be based on ecologiocal oonsiderations,

It would be possible right now to undertake more exhaustive eoological
studies than those ourrently under way, whioh would bear on the future
outlook for a forecast of nuolear expansion,

Current methodology adopted in the matter of radiocecology is well~krown
and based on internationally acoepted concepis, such as raedioclogical '
absorpiion ocapacity, the oritical transfer path and the critical

populiation group.

3.6 Any regulatory or techniocal aotion must be backed up by a research
programme, Luratom has appreciated thie'very'weil, since for more than
twelve years now the Commission and the Member Siates have besen
mplemerﬂ;ing short, medium and long term programmes of studies and
research aimed at extending the existing kmowledge of the effeois of
ionizing radiation on men and the environment., .

i . A .
Poeroo ek e ek e BPOFY "R e (Y . Lraa  wekld s 5!;."""3 e



-12 - XVII/341/2/71-E

The latest five-year programme, whioh was approved by the Council

iy

of Ministers in 1970, inoclude emong its prime objeotives a study
the biologioal effects of the low-dose radiation received and

the development of knowhow and methods enabling the radiocactive

y

o

contamination of man snd the environment to be analysed with a view
to quantifying the radiocaoctive risk more acourately. This programme
is oclosely linked with the aims of radiation proteotion and will help
to verify or updalte present health protection standards.

The prinecipal route by whioh man is subjected to radiocactive
oontamination is wvia the food chain, The radicaotivity discharged
by nuolear installations uliimately enters the human organism, in
dilute or concentrated form, depending on the characteristios of #s
biological environment, Living oreatiures ohange the quantities of
radioaoctivity taken up from the enviromment., The aoquisition of
the most precise knowledge possible of the factors involved in the
transfer and conceniration of {this radicaotivity is enviéa.ged in
several researoh contracts aimed at determining acceptable levels
of contamination in the food chain and the enviromment, whether in
the atmosphere, fresh water, sea water, estuaries, the soil or food,

In addition, the path followed by radioactive substances in man is

still not understood ‘fully enough and certain standards relating to
the uptake of radiocactive substances are oui'rently being amended as
& result of studies carried out at a European level. .

Bonolusion

Owing to the development of nuclear energy, the imminsn*t; _ expansioﬁ

of iis peaceful uses and the resultant inorease in the m:mbsr of . .
potential soursez of irradiation or contamination, the noordina;ted
aotivitiea of prevention and aurveillanoe, which are alreaﬂy very
affaotive, would havée to be atepped up‘in Srder’ o " furihed ‘iimit
poten‘ial risks in {the future, This programme is one of the
Cowmmity's hain tasks, sificé™the risk of muolear aooi& “r‘rh; goes bt
" beyond the national frontiers and therefore justifies concerted

action at a Community level, -
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Other aspects of health proteotion cover nuclear mediocine and
hygiene as well as radiobiologiocal research, with regard to whioch
the Commission will continue to aot as sponsor and coordinator,

As of now the oonditions most favourable to the development of atomio
energy in the Comminity ocan be oonsidered to have been oreated by
the implementation of a complete programme in the field of health

"~ protecotion,

The succession of stages leading to the fullest use of nuclear energy
will enable the necessary technologioal improvements to be made in °
good time, thus striking at each stage of development a balance between
the advantages and uncertainties still inherent in an acourate knowledge
of the effeots of radiation, ‘
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The Structure of Electricity Production .

I. Production -and Trends in Demand

'I‘he object of this Annex is to indicate the probable overall developments
1n the field of electricity productlon in order to: supplement the Second

Illustrat:.ve Nuclear Progra.mme. ‘'The ma:.n empha.sls will be placed on the

deve10pment of the production structures and on an: analyses of the poten-
tial part played by the 1nd1v1dua.1 sources of energy in the’ productlon of
electriclty.

e

The production of electrlclty is bound up even more" oloselyrm.th dema.nd
tha.n is the case mth forms of energy which ca.n be stoi'ed, “sz-,noe ee,ch
kilowatt-hour is only produced at the moment of consumption‘ What is -
stated below on e1ectr1c1ty production is dlrectlyrrelated tc the as-
sumptions concermngctrends in demand made in the section_s dealing with
electricity in the Commission's.report on "The Loné-Terlﬁq Pfospecfs: ifor

Energy Supplies in the Community".

However, in order to be able to draw conclusions concerning total pro-
duction requirements from the overall demand as forecast in thet document,
secondary hypotheses had to be made concerning ‘the development of certain
items on the electricity balance sheet.  Of decisive importance in pro-
duction trends is the electrical emergy required by the grid, which in-
cludes the losses, The Gorresponding: gross consumption also includes
the power plants' own requireménts and the consumption by the pumped-~-
storage facilities. Thé gross power genération needed to meet the re-
quirements is obtained from the gross consumptlon, taking into account
the balance on exchanges. . - '

The last two decades have been marked by a continuous, rapidly-
increasing demand. If this period is considered in five-yearly
stages, there are seen to be only slight discrepancies - (1ess than
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0. 3% a year) betwoen the rates of increage 1n deﬂand and supply, and

these become even sllghter ovor loriger perlods.""”

. (in TWh)
e S — e
Mean
_ annual
: - " | growth
1950 | 1955 f 19€0 | 1965 | 1970 |. 1970-1935 .
inergy ' i
consumption
1nclud1ng
losses) 119 186 | 272 392 558| +7.6%-

Plants' auxiliary
power and consump-—
tion of pumped-

storage facilities 6 101 16| 25f 35

Gross consumption ‘ 1251 1961 288 417} 593 +7.7%
Import = it 21 4 6 13 ‘
Gross production | 123 194 284 411| 580| +7.6%

The period 1950--55 was still characterized by a considerable heed to
meke up lost ground caused by. thc war, and this led to .an average . .-
. rise. of almost 107 a year in consumption. During the subsequénx--
- five-year stages the rate of increase flattoned out to‘7,¢—8p a year,

_the average rate between 1955 and 1970 being 7.6% a year.

In the analysis of demand mentioned above, forecasts for movements -
in demand covering the next fifteen years arec based on a very slight .
slowing-down in overall demand, within which there will, admittedly,
-be structural changes,. Thus the main expectation is of a
disproportionate increasc in domestic as opposed to jndustrial
consumption, resulting in a further rise in the level of low-voltage

pale,
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The anticipated stagnation of the import surplus, together with the
faster rate of construction of pumped-storage stations, will
necessitate an increase in production equivalent on average to

exactly the rate over the last fifteen years (+7.6% a year).

(in TWh)

Mean
annual
growth

1970 { 1975 1980 1985 | 1985-1970

Energy
consumption
(including losses) 558 796 | 1,130 | 1,610 | +7.3%

Plants! auxiliary
power and consump-—
tion of pumped-

storage facilities 35 60 20 140

Gross consumption 593 | 856 | 1,220 | 1,750 +7.5%
Import surplus 13 16 10 10 ,
Gross production 580 840 { 1,210 { 1,740 +7.6%

These overall date constitute the starting point for the two-part
survey of the structure of electricity production which covers the
periods 1950-1970, 1970-1975 and 1975-1985. A retrospective look
at the period 1950-1970 is included in the survey, since it provides
interesting statistical information, not only on the Community as a
whole, but also on the varying rates of development in the

individual Member States. -All the decisions reiating to generating
capacity for the period 1970-1975 have alrcady been taken, whereas

a certain latitude still exists as rcgards the pattern of electricity
production from the different energy sources. For the period 1975-1985,
the development trends emerging today, which should be assumed as
probable without taking the criteria of a4 common policylinto c¢loser

consideration, are assessed.
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II. Evolution in:the Community and the Community cbuntries Yetween
1950 and 1970 - : EET .

1. The part played by the different sources of energ in electr:oitx
production -

~

1.1 Over the last two decades a distinct change has taken place in
Commumty electnclty productlon. 'I‘his was - the outcome of numerous
investment a.nd operatlonal decisions .reached in the lz.ght of the
possible a,lterna'b:.ve methods of product:.on.

In those places where the topography was suitable ,'mv':ater péﬁer tradi- 3
t:.onally held pr:.de of pla.ce, thanks to a number of mdisputable ad-
vantages, among whlch were the oontmuous natural replenishment of e
the ‘energy consumed, the very low operat.mg costs and the lqng opera.ting -
life of the genera.tlng plant. o S |
However, that water power only accounted as to oné-éighfh- for the in-
crease in ‘demand for electricity can be explained by the faot that -
development potential approached saturation and 'bt{at thé‘ge‘nepat‘ign
facilities themselves became more expenswe as a result of the in- -
ev:.table choice of ‘less suitable s:l.tes. In additlon, high 4ransport
costs are usually incurred as a result of the mflcxible siting - whioh
characterizes water power. Another reason ‘for the relatively slight ~
growth rate of energy from hydraulic soupges_;s the growing importance ’
of storage and pumped-storage stations, ‘"thqir’ ‘production being restric—
ted to short-duration, pea.k-loppmg activities’ on]y. " "

The bulk (about four-flfths) of the :.ncreased dema.nd for electriclty

dur:.ng the last couple ‘of decades has been met by foss:.l f‘uels.

At '!:he begmning of the period under cons:.derat:.on, hard coal held
a clear lead in all the COmmumty coun'hries possessmg their own
supplies, which in the case of Germany was enha.nced by cons:.derable
quantities of ligm.te(. Wherea.s ligm.te roughly maix;ta:.ned 1ts
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position, hard coal's share in the expanding demand dropped under.
pressurc of competition from hydrocarbon fuels after the end of the
fifties, and cven considerable national subsidies did not prevent

an-absclute decline in all the Community countries at the close . ..

of the sixties.

The usc of mincral--oil prodﬁcto in 1950 was restricted cpuentlally
to limited auantltlog of diesel 011 for pcak—lopplnv purposcs
vDurinp the fiftics a twrt was ma do on tho usc of fuel 011 1n
power plants, but because of linited aveila bllltv and thc '
:impossiblllty of concluding long-term contracts.it was unable to
ain much t,rouncl if was only when 1ar”e quantitics of heavy
fuel oil came on to the market at attractive prices as from 1960
v.thatvg_pronounced upsurge occurred in the use of fuel oil in thermal |

power stations at the expense of hard coal.

Natural gas rescrves of inter-regional importance ornly became
available ‘in the.Community‘aftér the mid-sixties. ﬁp to that
time the deposits at lacq and in the Po valley had been tapped to

a certain extent for electricity-generating purposes but the first
real impotus to the large-scale use of ngturul gas in the clectric
power:-gector was provided by the opening-up of the rich Dutch
fields., However, until 1970 the main purpose served by this
development was the reshaping of clectricity production in the”
Netherlands, where natural gas has already overtaken -every other
form of fuel used in power stations. = An incipient expansioh“in 3
the use of natural gos for electr101ty~renerat1ng purposos has ‘
also made its olf felt 1n Belgium and Gcrmyny, both 1n 1ts rapldly o
increasing share of the market and in the signing of important

contracts,

" The expectatlonu arouscd Dby nuoloar onergy as carly as the.
mid~f1ft1es remained unfulfllled during the following decade,
The technical end cconomic difficulties that had to be overcome



6 XVII/341/71-E

in the use of this fuel for power-generating purposes proved greater

than initially supposed. In addition, the anticipated ;shortage of :

- fossil fuels .did not come about, and indeed heavy fuel oil in

particular was available on attractive terms for consumption in
power plants, A start on the construction or planning of nuclear
power plants on a large scale in the Community had to wait until the

beginning of the scventies,

The deveclopments over the last two decades as illustrated here are -
shown below in quantitative terms for.the Community and the Member
States,. i e
1.2 In 1950, over 90% of the.electricity produced in the countries
which were later to form the Community was still obtained via
indigenous sources,such‘aS«water power and coal (hard coal and.-
lignite).  38% was accounted for by watar power (47 TWh), 44% by

pit coal (54 TWh) and 9% by lignite (11 TWh).

The proportion accounted for by these fuels had dropped to a total

of 57% by 1970, when lignite had registered a slight 1mprovement )

to 11% (66 TWh), but hard coal and water power had fallen back to 26 %
(151 T™h) and 20% (11{ TWh) respectively. ’

Over the same period, the use of mineral oil products (and
especially heavy fuel oil) soared in the power station sector.
Although the share of these fuels.was still quite 1ns1gn1f1cant -
at 2.5% (3 T™h) in 1950, by 1970 it had overtaken that of every other
form of fuel in use in power stations with a proportlon of 27ﬂ

(154 THR).

There was also a marked increase in the consumption of natural gas
in thermal power stations, although not to~thé same extent as with
fuel oil. As late as 1965 the share of natural gas .in electribity
production was still only 2% (9 TWh) and it had risen to no more
than 8.4% by 1970 (49 TWh). '
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The proportion of elcctricty generated vie nuclear energy in 1970

was, at 2.6% (15 Th), still unimportant in comparison with other
fuels. The first feeding of muclear electricity into the grid in the
Community took place in Francc in 1957, followed by Germany in

1961, Belgium in 1962 Italy in 1963 and the Hetherlands in 1938.

1.3 Conditions 1n the individual Member States oftcn uivergod
considerably from the overall structurc 1n the Community .

Basically, thc following develapments have taken places

In Germany, it is clear that the bulk of the electricity produced
was initially derived from coal (breakdown for 1950: hard coal 52%,
lignite 24%): In 1970, the position of thesc two fucls was still
strong (hard coal 39% = 96 TWh, lignite 25% = 61 TWh); at this
time fuel o0il accounted for 15% (36 TWh), thus occupying a
distinctly inferior position in relation to the other licmber States
(apart from Luxembourg). The proportion of electricity provided

by water power slumpcd from 18,57 in 1950 to 7% in 1970.

In France, about 90% of the clectricity produced in 1950 came from
water power (47%'= 16 TWh) and hard coal (42% = 14 TWh). Up to
1960 the proportion provided by watcr power rose to 55%, which then
dropped to 39% in 1970. At this point hard coal accounted for 25%
and fuel oil 22 %, '

In Italj}-almost 88¢. of the clectricity produced in 1950 was based -
on water power, its sharc of the market being an overwhélninv 825
until 1960. During the sixtics, more electricity was generated via
fuel oil and in 1970 the contribution of water power was only 35%

as agianst the 48% notched up by fuel oil,

1Tho tables bontéining'data 6n° the Member States are in the Annexes,
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‘In the Netherlands and Belgium; the structure of eldétficity

production in 1950 was broadly similar: in both countries, where
water power plays no part, hard coal accounted-for- just under 90%
of the production. Uhile in both countrics, and particularly
after the beginning of the sixties, increasing use was made of
heavy fuel oil in power stations, different paths were

followed as from thc mid-sixties Over a period of five ycars

the position of natural gas in the HNetherlands increased from

less than 1% to 47% in 1970. At this ®ime fuel oil provided
.33 and coal only 1(7: of the electricity gencrated. ' In Belgium,
on the other hand, fuel o0il had a dominant position {50%) in
1970, while coal'sshare had dropped to 267, Characteristic of
Belgium is the relatively high proportion of derived gases
(roughly constant between 1950 and 1970 at 10%) consumed in

" industrial power stations,

Up to the beginning of the sixties; the structurc of clectricity

production in_ Luxcmbourg was based almost cxclusively on the blast-furnace

gas produced during iron—founaing, Siﬁce 1962, water power has
goined o statistically important position as o result of the
construction of the Vianden pumped-~storpse station, but it should
be noted that this plant is phased cxclusively to the German grid.
The upsurge in domestic domand in Luxenmbourg will, on the other
hand, only be covered by imports until cconomic higﬁ—capacity
plants arc built,; possibly on a‘joint basis with neighbouring

countrics,

2. Furthor cxpansion of_gcnngﬁing_plaqﬁg

2,1 A quentitative plot of capacity extensions covering the
last twenty ycars must be restricted to a brecakdown according to
water power, geo%hermal heat; conventional thormal bower and

nuclear energy. A rctrospective breakdown of the output of

e ————— e
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conventlonal thermal powcr stations is dlfflcult, since the time ..

sequenoes for the perlod under con81derat10n are nelther gapless o

nor comparable1.‘

ooy

Installcd_ppwer_plant oapa01ty in the Communltx~1350-197o

.....

(P081t10n at dach year's end in JW)

Year ‘Hydroelecfric Geothermal vConventlonal Nuclear ﬁewer

" | power plants | power thermal plants v

e Co plants: ~power plants | . : "

1950 | 15,009 o000 ' 25,235 -

1955 21,024 250 | 36,611 - E
1960 | - 26,572 3097 537438 9%

1965 © 32,401 39| 6,999 | 1,097

1970°| 36,289 p02 104,017 3,376

2.2 "M extension of generating capacity requires particularly = - °

careful plgnnlng, since electrlclty as such cannot be stored and =

its power at anytime'is ‘determined hy the oustomer and not the"

supplier. Should the supplier be unable to meet demand at a glven

moment, ‘the first option open to him is "brwon-out" .

If this is '

1nadequate, he” 1s forced to block out certaln sectlons of the'f

grid.

It was not p05°1b1e to complle a oomparat1Ve, detalled llst of

powér plant capacity according to types of fuel in the Communlty
until after 1963, and then only gradually- and unfortunately, not
on a retrospective basis.

The recording criteria differed so greatly before 196¢ that the
data concerning the current situation can no longer be compared
with those for past years.
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Since power plants take several years to be built, during which time
unforeseeable increases in demand can occur, an adequate stretch
margin to cover future growth must always be included in the plah-
ning's, In additio?, reserve capacity is needed in order to offset
irregular water supplies, plant failureé'causes by operational dg-

fects and fluctuating demand due to climatic or fortuitous factors.

At the beginning of the fifties there was still a certain tightness
in reserves, This situation arose from a particularly rapid expan-
sion in demand resulting from both the pogt—war backlog demand and

the boom around 1950. However, at the end of the sixties the thermal

reserves available at the time of the winter peak amounted to 25% of
the maximum load on the grid (as against 12.17% around 1953). This
may to some extent also be explained by the trend towards increased

reserves wnder the influence of placing into service of continuously .

growing unit capacities.

With more and more nuclear power plants with increasing unit capa-
clties coming on stream, one can proceed on the asasumption that

considerable reserves will be maintained in the near future. .

243 Although an ;nbregseﬁ,level of reserves normally leads to
retrogressiﬁe deveImeenf.in the mean utilization factor of power
plants, this has been more than offset in the Community as a whole

by an improvement in load conditions., The mean annuel utilization
factor of the maximum grid load shows an upward trend in all Commu-—
nity countries with the exception of Italy, where it was allready
above the average before 1960, The underiying narrowing of the
typical fluctuations in demand, apply to the daily.ahd‘wéekly but

naot to the seasonal profile. Aé,a matter of fact, the drop in demand
is seen to be even more pronounced during vacation periods. On the

k]
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“other hand, “consuiption during the low-demand periods - weekends and
holidays — clearly rises more quickly than consumption on working "
days, so that the repercussions of shorter wofking hours have been
more than offset. A specific leisure~time demand‘is'refléctédﬂihfthe
levelllng-out of the weekend trough, and is expanding partlcularly
rapidly in step ‘with the r1s1ng ‘standard of living. A contrlbutlon
towards leveling—off the working-day load curve is made by the
electricity~intensive industries, which normally work to the three-
shift system and are expanding at a faster rate than oveiall demand.
Finally, consumption during the slack periodsvis boosted, .in parti-
cular by use for home— and water-heating purposes, as a result of

~ cheap offpeak rates.

2.4 'The changes in the 'load patterns and reserve keeplng affected
the -tilization of the varlous types of power plant 1n dlfferent ways.

The installed water—power capacity increased somewhat more quickly
than producibility in an average year, through the growth in the
proportion of storage installations devoted to peak-lopping.

On the other hand, productlon in the thermal sector. outpaced the ex—
pansion of 1nstalled capaclty. Improved load pattern coupled with
an increasing proportion of the base~load belng covered by thermal
power, are 'preponderant contrlbutory factors in this trend. A

certain influence was also exerted by the decllne in the share of '
the run-of-the-river power stations, which led to a correspondlng

reduction in reserve capacity neéded tovoffsetfa water shqrtage in

the Community and in the Alpine areas.
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;The resultant 1ncrcase in the mean plant utilization period from about
3, 700 hours/&car around 1950 to about 4, 500 hours/jear around

1970 made a considerable contrlbutlon to the prefitability of
_investments:in.therﬁal powcf étations, Liccording to:a rough
calculation, thé résultant imprqvement of about 800 héurs a year

is attributab1e in the main to the following causes?

Improvcnont in 1oad curves = . . i v .+ 650 h .
Cutbaok on rescrves in coverlng o . L } o
water shortagcp A + 450 h )
Incrcase in gcneral reserve 'f R o - 300 h i 5
© 4+ 800 h . ..

2,5 Although the, sfatistical date of the Community oyer. the last
‘two decades do not permlt a complete representation of generating
capacmty as a function of unit sizes, the general trend
has beon towards a very rapid increase in the standard size of -
newly-installed thermal generating plant, thé aim of which was to-

take benefit from the attendant cost savings.

While at the 5oginning of the fifties the size of modérh'k'

power plants was about 50 ‘M, around the ‘end of the last

decade the peak ‘of technical aohlevcment for plant already in’
operation was 600 MW, and’ oopvcntlonal aad nuclcur planto had been

designed to develop up to gOO and 1,300 1w respcctlvely,

v

2.6 The trend towards largcr yenerﬁtlnp units hes been accompanied
by continuous improvements in thermal cfflclency. In 1950 the most
modern units were able to achieve efficiency ratings of 31-33%

under optimum operating conditions (50 IMW); in 1960 (125 MU) the
figure was 36-37/5, & little 1atcr (250 m) it was 39, and in 1970
(600 M) 40-427.,
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The coniing to the fore of modern genera.t:mg plant has cauged ‘the -
average thermal efficiency, rela:ted to the net production of"éor

ventional thermal power stations in: the Comum.ty counrtri®s; to' " -
increase from less than 20% in 1950, through 29% in 1960 to 35% N

in 1970' . - T : . : v_,x

The 1mproved combustlon efflclency .can be illustrated 'by the fa,ct
that, whereas in 1950 the production of a kilowatt~hour requlred

an ayerage.consumption of '640 g of coal, 1n 1970 the average rate.
was. 350.g.and in the msot up~to-date plants no more ‘than the

thermal equivalent of just over 300 g of coal 1s requ:.red,

These 1mprovements were aohleved v1a technlcal a.dvances in the .
constructlon of boﬂ.ers and turbmes.' ‘I‘he outcome has been a’ -
certain degree of specialization of base load plants. Previously)'
base load was covered by the more modern generati;lg sets, whereas
older plant were used for peak—loppmg purposes (the consequence -
being more frequent load changes and- plan*l: ehutdowﬁs) - Thig" spe- o
clallzatlon in the base~load sector led *bo an mtensifled swing
towards typloal peak-load power plants such as pumped-storage

sta.tlons and gas turblnes. N

Low investment costs and short start-up times, together with good * -
load follomng cha,racterlstlcs, make gas tu:rbmes particularly
suitable - for operatlon at low utilization fa.ctore, desplte their
hlgh fuel cos‘te. Recently, compos:.te stea.m-—gas tm‘bz.ne sets have e
appeared, m wh:.ch 'bhe waste heat ‘from the gas turbme section 13
ducted to the steam—turblne boiler, thus ra:.s:.ng the overa.ll

effici ency of the plant a.nd. at the same’ tlme 1mprov1ng its loa.d
followmg characterlstlcs. As far as the future is concerned,

the prospect whloh emerges 1s that of the construct:.on of con— -
ventional thermal power plan'ts of a Slmpllfled type, in wh:.ch
reduced thermal efflclency is balanced agamst lower mvestmen‘t ,.
costs greater adaptability of operation, the base load sector

being dealt with by nuclear energy.
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2,7 The rising unit-sizes demanded a rapid extension of the trans—
mission network, which has had to keep pace with the rate of eiﬁénrk
sion of generating plant. However, in sma}ier grids thgqppgéible..
expansion proved at times bo be a limiting factor of the wnit capa-
cities. The current extension of the 380 kV grid is already‘the-
consequence of a wider-reaching planning than was the case with the
setting#up'bf the 220 XV grid. For currently foreseeable unit sizes
the 380 KV grid will remain adequate until the next stop to a voltage
level of over 1, OOO XV will be made. In this way the T60 kV voltage -
system, already in use in'North America and the USSR for transmission
over long distanbes;'Wbuld”be'byﬁassed'in thevCommnnity.'-Up to 1985~
the beginning of a trans1tlon Yo a higher voltage will in any case
not alter fundamentally the s1tuat10n of the perlod under conSLde- !

t

ration..

3 T%e_foié of industrial self-producers

3.1 At a given 1ocatlon, there is as a rule only one supplier
available to meet the demand for electrlclty, smce otherw:.se the -
necessary overlapping of grids wculd call for economlcally
unacceptable. additional investments.

Ntvertheless, an alternatlve capable of competlng w1th the publlc ::,
aupply sector is avallable o the consumer with sufflciently h1gh N
requlrements, i.e., the poss1b111ty of generatlng his own
electricity. Admittedly the chomce is not always fully open to

the party wishing to meet 1ts own needs in all member countries.
Even if the choi.ce is open to him, the de01s1on hlnges on problemé &
such as the malntenance of reserves and’ qualxty of suppl1es, ‘which'
are more difficult to solve for the 1ndependent suppller than for
any publlc electricity utlllty, whlch can rely on the grld. '
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Accordingly, the decision in favour of setting up ‘one's own
electricity generating plant can only be taken of conditions
particularly propitious to. this measure exist. 'The following

are cases in point:

(1) Where a réquirement not only for electricity but also for
heat can be fulfilled by combined plants capable of generating

both electricity and process steam (energy-steam cycle); or

(2) Where unmarketable or surplus energy can be usefully émployed
in the "in-plant power station" (e.g.; low;grade coal in
pit-head power stations, waste heat and blast-furnace gas in
ironworks power stations, oil-réefinery gas and synthesis gas . .

1from -chemical plants, etc.). '

Another. reason for building pit-head power stations is: that

consumption of coal on as recgular a basis as possible in these

plants can stabilize¢: output and employment: in the mines.

3.2 The importaﬁéé;of indngtrialfSelféprodnction'of-electricity, measured

as & proportion of total output, diminished slightly in‘the

Community during the period under consideration, namely, from

32.9% in 1950 to 26.7% in 1970, This relative slump could be

explained primarily by the fact that the public utilities are

better abie to ‘achieve economies of s?ale via increased plant size
and nore efficiént use of the grid than individual producers.

The particularly distinct fall-off after 1965 shows that the

demand threshold ,above which the settinguup of privat generating

plant can yield advantages,has moved upwards.

3.3 Although what has been said regarding the Community as a
whole also applies in general to the individual Member States,

the considerable divergences shown below should also be noted:



Gormany

France
A

St Tt

Italy

Jetherlands
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The high proportion of 40.2 recorded in 1950 for

industrial self-production diminished steadily up to
1970, vhen the figure was 33%.

Between 1950 (30.75%) and 1955 (35.24.), self-
production grciur, but itschare then dropped back to

19. 7% by 1970.

The 19.7% rccorded in 1950 was the lowest for all the
Member States. This had risen to 25,75 by 1965 but
five years later it had rclapsed. slightly to 24.4%.

There was a distinct drop between 1950 (26,7%) and
1970 (15.4%). In 1970, the proportion of industrial
self=production of electricity in the Netherlands was

. - therefore. the lowest for all the Community countries.

Belgium

Juxerbourg

Herc industrial self-production is also of considerable
significance. The highest level in the entire Community
(45.3%) -was-recorded -in 1955, the figure for 1970 being
31,4%. -

Domestic requircments were, apart from insignificant
amounts of watcr power, met be iron-—foundry power

stations., As a result of the commissioning of the

‘Vianden pumped-storage station, which is not connected

to the Luxcmbourg grid, the. proportion of the national

.production accounted for by industrial p@wer stations

dropped to 58.7% in 1970.
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III. Current situation and short-term developments (1970-1975)

1. Generating capacity in cxistence or under construction

In 1975, the electricity consumed in the Comrmnity will be produced
in power plants alrcady in operation or currcntly under construction.
Disrcgarding the fact that ccrtain delays could occur in the
completion of the power plants planned for 1975, it can be taken

that there is already a rcasonably clear ﬁicture as to the gencrating
capacity the Community will have in hand in 1975, which will

consist of the following capacitics as compared with 1970:
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Structure of gower generating caga01tx 1n the COmmunit;
~~_1970 and 1915 -

Type of power plan and fuel used ‘ Electrical plant
' . ‘ ~ installed capacity -~
End of 1970 End of 1975
- 1,000 MW 4, 1,000 MW @ ‘
A. Total (144.1) 100.0 | (203,7) | 100.0
B. Privileged sources of energy ) |
1. Water power - 36,3 -~25,2 52.5 20.9
a) Run-of-river pover stations 12.9 9.0 13.7. | 6.7
b) Storage power stations 23.4 16.2| -28.8 14.2
2, Geothermal heat . 0.4 0.3 2.4 - 0.2
3, Conventional thermal power 17.1 11.91 20, 10.0 |
%) brwon. coaly: ; -single-fuel 9.6 - .,6.7:1.”12.8 6:3
b) brown coal,  fulti-fuel 0.6 0.4 0.6 0.3
c) derivative gases, single~fuel 2.5 1.7 2.5 1.2
d) derivative gases, multi~fuel 4.4 3.1 4.4 2.2
C. Non~privileged sources of energy \
4. Conventional heat energy 86.9 60.31 127. 62.7
a) single~fue cor Do opondl 188,30 0 4006 #8209 407
hard-coal . 35.0 25.01 - 28,2 13.0
mineral ¢il products 20,8 14.4 47.6 23.4
. rature] gas 1.5 1.1 7.1 3.5
b) multi-fiel Sk 28,6 19.8 | 44.8 22.0
lard coal/mneral oil products } 16.7 11,61 22.9 [ 11.3
ara COal/hatural gas - 1.7 te 1.7 0.9
mjneral oi} products/hatural -
gas bave 802 ‘5.7 17.6 8.6
terd coa)/mineral 011 products/ | I
natural gas o 2.0 1.4 2.6 1.3
5. Nﬁcleai_pdwerﬁglanfé"h ‘., §44 2.3 'v_1é.zﬂ 6.2
P-!-'-vw'—-rr"—-——v--w-l-r-vy-i"—'-w—-L—‘-—-v--4P—n—"—“F—’-b
Conventional thermal power, total (3+4) 104.0 T2.2 | 148.1 72.7
of which single~fuel 70.3 48.8 98.2 48.2
total multi-fuel 33.7 23.41 49.9 24.5

Including less _recent lignite gnd 110n1te
1nd1v151b1e capacity.

bfiguettes and also low,



 stations, o |
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It can be scen from the tablé above that the proportion of total
capacity provided by hydro-clectric power stations will diminish
still further (1970 = 257, 1275 = 21%), despite an absolute

'increase in installed capacity (+ 6,000 Mil), which is mainly

} acoountcd.for by storage ~ and in particular pumpcd--storage power

1
i

. Before 1975 therc will be no further developments in geothermal

- power, which is restricted to Itély; in addition, the number of -

: renain unchangcd. : g

piants using dcrlvatlvo gasos in‘the Fommunlty will probably

By thé same datc lignife-fired power station capacity will have
increased bJ slightly over 3,000 MY but its share in the total

installed capa01tv will remoin almost constant (6. 3?).

. A particularly sharp drop has occurred in the number of coal-fired

power plants (- 7,800 18], including low, indivisible levels of
produotlon), caused by the high age of many of the omwller,

Bard-coal=fired power stations, which had become uneconomlc, and

“ by tho'conv reioh of a nunber of ore modern plants to 0il or’

" natural gas. In contrast, a considcrable increase in single-fuel,

“fuel oil and natural-gas-fired power stations (+ 26, 800 Md and

'+ 5,600 MY reSpectlvely) has to be recorded.
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