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Internationalization of FBR's 

1. General Aspects 

More than in other areas of nuclear R&D the development of 

Fast Breeders, at least in West -rn Europe, has been carried 

out in the framework of international cooperation. This trend 

was primarily caused by the necessity to diminish the costs 

of those projects for a single partner by pooling know-how~arid 

financial means and, in view of technological and industrial 

complexity of these ventures to share the risks of such a 

development among various participants. 

More recently it was suggested that international breeder 

cooperation could also contribute to decrease potentially 

involved proliferation risks. As the development of the Fast 

Breeder has not yet reached the stage of large-scale commer

cialization, it was suggested that prototype and demonstration 

plant development and operation could be carried out in various 

forms of international cooperation. 

2. Different Modes of International Fast Breeder Activities 

International activities in the area of Fast Breeders have been 

practised in various ways, differing from various models of 

internationalization in: 

- ownership 

- operation 

- electricity supply 

- safeguards 

The abstract possibilities of International Fast Breeder acti

vities could be summarized as follows; 
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mode ownership operation electricity safeguards 
supply 

I national national national none or na

tional 

II " " " international 

III " " multina- " 
tional 

IV multina- multina- " " 
tional tional 

3. Present Status of International Fast Breeder Development 

There are several concepts of Fast Breeder development which are 

outlined below with respect to their international character: 

Case 1: Japan's medium-size demonstration LMFBR MONJO (300 MWe) 

has been designed for operation in the mid-1980s. It 

will be built under the auspices of the PNC (Power Reac

tor and Nuclear Fuel Development Cooperation), a semi-

governmental organisation. It will be subject to IAEA 

safeguards. 

Case 2: The US prototype LMFBR Clinch River O^S MWe) will be 

owned and operated by the government. Construction of 

the CRBR (Clinch River Breeder Reactor) begun in 1975. 

The definite decision will be made as*, to whether this 

reactor or another one of a larger size is to be built. 

The US Fast Breeder will be owned by the US-Government. 

It might become subject to IAEA-safeguards. 

Case 3: The Russian LMFBRs are the BN 350 in Shevchenko (in 

operation since 1973) and the BN 600 in Beloyarsk (to 

be critical in 1979/80), both starting with uranium. 

Ownership, operation and management are national. 
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Case 4: The Uk PFR 250 MWe prototype LNFBR became critical in 

1974 and achieved full power in 1977. The PIR was built 

and is owned and operated by UK government agencies. 

It is subject to Euratom/IAEO safeguards activities. 

Case 5: The French demonstration LMFBR Super-Phenix, owned and 

operated by a multinational company, will be subject 

to multinational and international safeguards. (Euratom 

and IAEA). 

Case 6: The German SNR 300 prototype (300 MWe), to be critical 

in 1983/4 is owned and operated multinationally and 

will be safeguarded internationally by Euratom and IAEA 

under the terms of the bilaterial verification agreement 

among Euratom, the IAEA and the seven non-weapon states 

of th» EC /16/. 

Case 7: There are plans to build in the Federal Republic of 

Germany the demonstration FDR/SNR 2. The decision to 

build such a reactor will be preconditioned by the ope

ration of the SNR 300 and the experience gained hereby 

and will be taken only after debate in Parliament. 

In case the SNR 2 will be built an international multi

national agreement comparable to the SNR 300 agreement 

would be applied. 

The enclosed table I gives a more detailed overview on the above 

mentioned cases. In addition the following details of the cases 

6 and 7 are of interest: 

The SNR 300 is being built by INB, a cpmpany of which 15 % are 

held by Belgonucleaire (Belgium), 15 % by N.V. Neratoom (Nether

lands) and 70 % by INTERATOM (100 % daughter of KWO Germany). The 

owner and operator of the SNR 300 is SBK in which Germany's 

largest electric utility, Rheinisch-Westfaiische Elektrizitats-

werke (RWE) has a 70 % ownership, 15 % each owned by Belgian 

and Dutch utilities. 

The multinational research, development and construction of the 

SNR 300 form part of a major multinational framework of coope

ration, which grew out of the network of associations between 
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Euratom and research centers in its member states and was estab

lished as a tripartite undertaking between the Federal Republic 

of Germany, Belgium and the Netherlands in 1967/68. 

The early cooperation in the LMFBR development between Belgium, 

Germany and the Netherlands has been linked with the French-

Italian cooperation for the future projects. These agreements 

were signed on July 5, 1977. In short, the most important 

• agreements are (more detailed in /I/ and /15/) : 

- Close cooperation in R+D between CEA, KfK and INTERATOM in 

association with the previous cooperation partners in Italy 

(CNEN), Belgium (Belgonucleaire and SCK/CEN Mol), and the 

Netherlands (ECN Petten, Neratoom, and TNO). 

- Cooperation of the respective industrial groups involved, i.e. 

between INB (INTERATOM, Belgonucleaire, Neratoom), Novatome, 

and NIRA, from design studies to the experience of construc

tion including operational experiences. 

- Pooling and marketing of information and know how by a joint 

company, SERENA. Licences can only be granted by SERENA by 

unanimous decision of the participating partners i.e. Belgium, 

France, Italy, Federal Republic of Germany and the Netherlands. 

The interconnections of industrial and commercial exploitation of 

know-how are shown systematically in Fig. 1, those of Research 

and Development in Fig. 2. 

Generally speaking the worldwide activities in research, deve

lopment, construction and operation of fast breeders can be de-

vided into two blocks (see Table I): 

1. national arrangements with or without international safeguards 

(MONJU, Clinch River FBR, BN 600, PFR) 

2. multinational arrangements with international safeguards, 

(SNR 300, Super-Phenix, CNR 2) 

To show the different ways of internationalization the last 

three mentioned multinational projects are described in a 

more detailed way (Table III): 
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Table II: Specification 

Reactor owner and operator shareholding 
utilities 

SNR 300 SBK (Schnellbriiter-

Kernkraftwerk GmbH) 

RWE 70 t 

(Rheinisch-WestfS-

lische Elektrizi-

tatswerke AG) 

Electronucleaire 15 % 

(utility group) 

SEP 15 % 

(Samenwerkende 

Elektrizitats Pro-

duktiebedrijven; 

utility group) 

CEGB nominal 

country 

Germany 

Belgium 

Netherlands 

United 

Kingdom 

2. Super-Phenix NERSA (Centrale Nuc-

cleaire Europeenne a" 

Neutrons Rapides SA) 

ENEL (Ente Nazio-' Italy 

nale per l'Energia 

Elettrica) 33 % 

EDP (Electricite France 

de France) 51 % 
SBK (see above) 16 % De Be Ne 

3. SNR 2 ESK (EuropMische 

Schnellbriiter-Kern-

kraftwerks-Gesell-

schaft) 

ENEL (see above) 33% Italy 

EDF (see above) 16 % France 

SBK (see above) 51 % De Be Ne 
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4. Potential Incentives for Internationalization of Fast Breeders: 

Environmental, economic and non-proliferation aspects are 

potential incentives for internationalization of Fast 

Breeders. However, it is also recognized that the extent 

of these potential incentives largely depends on the 

concrete form of internationalization. The impact on 

economics, non-proliferation and the environment will be 

different whether the facility is operated nationally though 

under international safeguards or whether it is also owned 

and operated multinationally. 

4.1 Environmental aspects: 

International participation in construction, operation and 

electricity supply may lead to the deployment of larger plants 

than usually planned for national needs. In these cases the 

local ecological impact might be greater, and the upper 

limits of a certain admitted environmental pollution and of 

activities may even be reached. On the other hand the 

environmental releases per Gigawatt installed are lowered 

in larger plants. Thus it is, for example, probable that 

tritium activity zero-release may be achieved in a more 

economic way than in a smaller Fast Breeder plant. 

4.2 Economic Aspects: 

Several economic advantages of an international project could 

be conceivable: 

a) Pooling of know-how and financial means in the joint 

development, construction and operation of a Fast Breeder 

could make participation in such a project possible for 

some states which otherwise could not afford to undertake 

such a venture. The specific plant costs for a single plant 

would decrease according to cost degression. 

The same applies to "market" introduction costs as the 

prospects for commercialization at this stage are still 

uncertain. 
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The distribution of the quite significant breeder-related 

infrastructural costs) among participants may also be of 

advantage. Last but not least, joint ventures may contribute 

to sharing the technological and technical risks of such a 

sophisticated venture and the resulting economic consequences 

among the participants. 

b) Partial or full participation in a multinational venture could, 

apart from the above mentioned reasons cf economies of scale, 

have additional long-term indirect economic advantages; Through 

the participation in such a venture better access to a breeder 

and its e">ec*-ri<~it" supply with a higher level of uranium 

exploitation could be achieved, thus offering a larger degree 

of long term energy independence. 

4.3 Non-Proliferation Aspects: 

Breeder reactors will not increase by their very nature the 

risk of nuclear proliferation, since the effectiveness of 

non-proliferation depends mainly on the nature and efficacy 

of political and institutional arrangements in the use and 

safeguarding of fissile material rather than on the choice 

of nuclear technology. International participation in 

funding and operation combined with international safeguards, 

may be regarded the best guarantee for achieving non-proli

feration goals: The more international involvement in a 

nuclear power venture, the higher the chance of optimum in

herent control against any abuse. 

5. Problems of Internationalization; 

Fast Breeders are as is generally recognized, very complex 

large-scale technological projects, which are still at the 

development stage. Additional technical and financial efforts 

are still needed to reach the stage of commercialization. 

International funding, international management and conse

quently an international decision-making process could 

however add new problems of coordination and also points 

of friction to a project which is already complicated enough. 

Apart from that, international projects /ventures tend to 
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become more bureaucratic in their execution than national 

projects. This is one reason why in an international Fast 

Breeder project the number of participants should be 

rather limited. 

Another but weak form of international involvement in a 

Fast Breeder project may be the connection to international 

electricity supply grids. 

6. Aspects of co-location concepts in connection with FBRs. 

Internationalization of plants or facilities is independent of 

local integration of FBR's with reprocessing and refabrication 

facilities (co-location). Internationalization and co-location 

do not exclude each other; but obviously there are some 

obstacles for co-location as will be shown in detail as 

follows. 

Three basic co-location concepts are presently being discussed 

by the international technical community; those concepts are 

not specifically considered within the context of FBR, but 

rather in a general way: 

a) the concept of operating single reactors or clusters of 

reactors separate from the co-located back-end of the fuel 

cycle /3/, /4/ 

b) the co-location of several reactors with the back-end of 

the fuel cycle ir. secured integral energy centers /5/ 

c) a combination of a) and b) with some reactors either 

separately or in clusters outside and all other reactors 

inside the secured fuel cycle centers /6/. 
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6.1 Single reactors or clusters of reactors in local distance to 

located back end (case a)). 

The concept under a) has been studied by IAEA for thermal reac

tors with a co-located reprocessing and refabrication center. 

It was found that a 1500 t/yr reprocessing center for LWR spent 

fuel would be the optimum size to serve 50 GWe LWR's (3/. The 

concept of the Federal Republic of Germany of a reprocessing 

center for LHR fuel at Gorleben follows these ideas by combining 

reprocessing, refabrication, waste treatment, and waste disposal 

facilities at one site /6/. 

The USNRC study /4/ on Nuclear Energy Center Sites showed that 

under current conditions co-location of a set of four 120O MWe 

reactors including reprocessing and refabrication would be an 

optimum in the US in terms of transmission lines etc. Similar 

German plans foresee 3-4 LWR's of 1,3O0 MWe size at one site, 

e.g. at Biblis, but no co-location of reprocessing and refabri

cation. However, large and intensive studies have shown that 

in the future clusters of about 4 to 6 LWR's with 1,300 MWe 

will be an upper limit in the Federal Republic of Germany. The 

problems of: 

- licensing 

- thermal heat reject ion (thermal pol lut ion) 
- public acceptance 
- transmission l i n e optimization 
- regional r e s t r i c t i o n s 

will make a concentration of many reactors at one site very 

difficult. 

Since future FBR plants would be built and operated with the 

same safety standards and admissible radiation releases as 

LWR's /!/, it can be assumed in principle that also FBR clusters 

with a capacity of 5 GWe are basically conceivable. However, 

this statement will not hold for all future reactor sites at 

least not within the Federal Republic of Germany, since only 

a few sites within the Federal Republic of Germany might allow 

such a high concentration of energy production with respect to 

the environmental impact on sites. 
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Furthermore, it might be of interest that the annual discharges 

of FBR fuel will be very similar to those of LWR's, i.e. 25 t 

heavy metal per GWe. yr. /8, 9/. 

6.2 Integral FBR fuel cycle centers in the Federal Republic of 

Germany (reactor included) (case b) 

The idea of co-location of too many FBR and their Fuel Cycle Center 

in order to minimize fuel transportation routes does not appear 

to be feasible within the Federal Republic of Germany, since 

appropriate sites can hardly be found. Major technical conside

rations which might impose significant siting problems are: 

- radiological and chemical effluents 

- thermal effluents 

- public acceptance problems 

- land and water requirements 

- transmission grid problems. 

Furthermore, according to the German concept of a geological re

pository in salt the selection of a site is restricted to very 

few locations. Each of the above-mentioned problems is considered 

to make the siting in the Federal Republic of Germany extremely 

difficult. This follows from the experiences in realising the co-

location of a few facilities and plants. 
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6.3 Symbiotic Fuel Cycle Centers (case c) 

The idea of having large Integral Energy and Fuel Cycle Centers 

with FRR'^ burning plu^onium and producing denatured U-233 -

U-238 for dispersed converter reactors in other countries 

as has been proposed in the US /6/ /10/ shows the 

same problems as mentioned in the case of the Integral Centers. 

In addition, it is difficult to believe that such solutions 

could improve the proliferation resistance, since denatured 

U-233 - U-238 fuel can be enriched by centrifuge techniques 

or future new enrichment techniques /11/, /12/. 

Apart from these deliberations there are no present plans for 

the realisation of such symbiotic fuel cycle centers in the 

Federal Republic of Germany or other parts of the world. 

7. Trends of development and arrangements 

There are several well-established national policies, plans-

and programs aimed at the development of Fast Breeders. 

Particularly in Western Europe there is an history of effec

tive international cooperation in Fast Breeders, from research 

and development to joint marketing. Even strong and impressive 

regional cooperative programs are being planned in this part 

of the world. 

There are various reasons, primarily economic and environmental 

ones which support additional international cooperation and 

they should be examined by those states without cooperation 

and without international participation in breeder projects 

up to date. 



Table I: Status of Internationalization 

Case NO Country Plant Specification 

2 

3 

4 

5 

Japan 

USA 

UdSSR 

UK 

France 

Monju, 300 MWe 
Deno-plant, 1986 
critical 

Clinch River, 375 MWe, prototype, 
1981 to be decided on continuation 

BN 350, 1000 MWt, prototype, 1973 oper. 
EN 600, 600 MWe, Demo-plant, 
1979 critical 

PFR, 250 MWe, prototype 
1972 critical 

Super-Phenix, 1200 MNe 
demonstration plant 
1982 critical 

Germany,F.R. SNR 300, 300 MNe 
(DeBeNe) prototype 

critical 1983/4 

SNR 2, 1300 
(DeBeNe) MWe, demo, not yet decided upon 

1) 
compare Lit ̂ T§7 

Ownership Safeguards 
Arrangement 

Management 
Arrangement 

rational not yet fixed national (PTC) 

Euratom/IAEA 
international 

1) 

national 

multinational 
(EdF, ENEL, RWE) 

Eurato.ii/IAEA 
international 

Euratom/IAEA 
international 

multinational 
(EdF, ENEL, RWE) 

« » 

http://Eurato.ii/IAEA
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