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There is a certain lack of uniformity in the historical knowledge about Italian nu-
clear programs. This is not only due to the scant number of scholars who have studied 
the Italian nuclear program, but also to the difficulty in accessing the archival sources 
needed to carry out this research. Among the programs, those relating to the study and 
implementation of fast breeder reactors (FBR) were the most outstanding, given that 
they seemed to offer revolutionary perspectives in the energy field. The development of 
an FBR on the Apennines between Tuscany and the Emilia Romagna region was un-
doubtedly one of the most important initiatives in the nuclear sector, and specifically in 
the Italian nuclear program, due to the economic and technological commitment it en-
tailed. The reactor was called Prova Elementi di Combustibile (PEC), as it was supposed 
to test the fuel elements that supplied power to the French Superphénix, the European 
commercial FBR. Although the reactor ceased to function after the 1987 referendum, 
the papers relating to this experience are still located in Brasimone, in the province of 
Bologna, in the still active research center of the Agenzia nazionale per le nuove tecnolo-
gie, l’energia e lo sviluppo economico sostenibile (ENEA). The author of this chapter, 
along with representatives of ENEA, is promoting the establishment of an historical 
archive of the documents kept in the closed archives of the research center. This chapter 
is part of a background research on the history of PEC I carried out while working on 
this historical archive project. It draws on the few existing publications about European 
FBRs, above all Willy Marth’s and Henry Nau’s work, and on Antonio Tiseo’s research 
about US President Jimmy Carter’s policy relating to the nuclear fuel cycle.1

1 Willy Marth, The Story of the European Fast Reactor Cooperation, KfK 5255, Kernforschungszentrum 
Karlsruhe, December (1993); Henry R. Nau, “The Practice of Interdependence in the Research and 
Development Sector: Fast Reactor Cooperation in Western Europe”, International Organization 26, no. 3 
(1972): 499-526; Antonio Tiseo, “The Carter Administration and its Non-Proliferation policies: the Road 
to INFCE”, History, Science and Technology, ed. Matteo Gerlini, special issue of Humana.Mente 16, no. 4 
(2011): 53-68.
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What Are FBRs? 

FBRs are reactors that produce their own fuel, and in larger amounts than the fuel 
needed to support fission.2 There are two kinds of fuel cycles in FBRs: uranium-plu-
tonium and thorium-uranium. The first one was the cycle that was most developed in 
the past, due to the military uses of plutonium. In this kind of cycle, the reactor itself 
produced plutonium with the irradiation of uranium 238, which is the fertile isotope 
present in the fuel ores and in the blanket fuels of FBRs. The plutonium produced was 
then separated during the reprocessing of the fuel elements and used as fuel in the reac-
tor.3 In other words, FBRs are plutonium-fueled reactors that produce their own pluto-
nium from an isotope of uranium otherwise useless for fission, through a reprocessing 
process.4 Already in the 1960s, the plutonium and uranium recovery by extraction (PU-
REX) method for the separation of plutonium produced by the reactor became much 
more convenient, both technologically and economically.

The thorium-uranium cycle, on the other hand, uses thorium as a fertile element and 
uranium 233 as a fissile element, in a process that is very similar to the one described for the 
uranium-plutonium cycle. In both cycles sodium acted as a coolant. However, the thorium-
uranium cycle did not lead to the forms of industrial application made possible by the urani-
um-plutonium cycle, which seemed to promise a revolution in terms of economizing energy 
sources.5 FBRs cannot be equated to discovering perpetual motion or eternal fire, but they 
definitely introduced a new economy in the field of nuclear energy for power production. 

FBRs and the Electric Industry

The possibility of creating FBRs first emerged in the early 1950s in Europe. The 
first liquid metal refrigerated experimental reactor (LMFBR) was built in Douneray, 
in the Scottish Highlands. The Douneray Fast Reactor (DFR) went critical in 1959 
and was connected to the electric grid in 1962.6 Among the Euratom member states, 

2 Frank von Hippel, “Overview: The Rise and Fall of Plutonium Breeder Reactors”, in Thomas B. 
Cochran et al., Fast Breeder Reactor Programs: History and Status, International Panel on Fissile Materials 
(IPFM) Research Report 8, February 2010: 1-16, http://fissilematerials.org/library/rr08.pdf, last accessed 
April 12, 2016.

3 Bob van der Zwaan, L’énergie nucléaire au XXI° siècle: enjeux de sécurité (Paris: Ifri, 1999).
4 Jeremy Bernstein, Plutonium: A History of the World’s Most Dangerous Element (Ithaca: Cornell 

University Press, 2009).
5 Louis Puiseux, La Babel nucléaire: énergie et développement (Paris: Galilée, 1977).
6 Walt Patterson, “Fast Breeder Reactors in the United Kingdom”, in Cochran et al., Fast Breeder 

Reactor Programs, 73-88.
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in 1957-1958 France was the first to plan an experimental fast reactor, RAPSODIE, a 
merging between “rapide” and “sodie”, creating one of the best acronyms in nuclear his-
tory. RAPSODIE started working in January 1967, and was successfully connected to 
the electric grid.7 Next came Italy and West Germany. In Italy, the RAPTUS program 
was inaugurated in 1962: the acronym was not the best one (as in Italian raptus omicida 
stands for killing spree), but it stood for “rapid, thorium, uranium, sodium”. It involved 
the building of a fast thermal reactor based on the thorium-uranium cycle, cooled by 
sodium8. In West Germany, the experimental compact sodium-cooled nuclear reactor 
(KNK I) was built in collaboration with the American industry, and involved the study 
of sodium technology for the realization of an FBR.9 The three projects were character-
ized by a strong relationship with Euratom, setting up association contracts with the 
agency, with the aim of promoting a common development of applied research in the 
FBR field. The projects were then affected by a series of tensions that arose between 
Euratom and member states, and among the member states themselves. Tensions arose 
gradually, and the study of this process would shed new light on the history of the Eu-
ropean community, but its analysis would take us far from the subject of this chapter. 
Tensions also arose between the governments of the member states due to their relation-
ship with American nuclear programs. In particular, they were a source of concern for 
France, due to its technological competition with the United States.10

The RAPTUS program grew autonomously, but its directors sensibly chose to inte-
grate it into the French FBR project.11 In the following decade, West Germany estab-
lished strong relations with the US nuclear complex, whereas the nuclear industry of 
Belgium and the Netherlands showed similar interests in participating in the programs 
other member states had started.12 Due to the success of the DFR, the United King-
dom created a prototype, which in 1966 led the British government to approve the 
Prototype Fast Reactor (PFR) project.13 West Germany planned to build a prototype as 
well, and for this purpose in October 1967 it created the Sodium-cooled Fast Reactor 
(SNR) consortium along with the Dutch and the Belgians, in order to build the SNR 
330 reactor.14 As Henry Nau has argued, the French had already decided to proceed 
autonomously not only from Euratom but also from other European partners, as was 

7 Mycle Schneider, “Fast Breeder Reactors in France”, Science and Global Security 17 (2009): 36-53.
8 Mario Silvestri, Il costo della menzogna. Italia nucleare, 1945-1968 (Torino: Einaudi, 1968).
9 Otto Keck, Policymaking in a Nuclear Program: The Case of West German Fast Breeder Reactor 

(Lexington, MA: Heath, 1981).
10 Nau, “The Practice of Interdependence”, 506.
11 Giovanni Paoloni, Energia, ambiente, innovazione: dal CNRN all’ENEA (Roma-Bari: Laterza, 1992).
12 Nau, “The Practice of Interdependence”, 513-14.
13 Patterson, “Fast Breeder Reactors”.
14 Marth,  The Story, 25-26.
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clear during the negotiations with Italy in the fall of 1965.15 The Italians wanted to join 
the French program and build the PEC in Brasimone, which would bring the common 
project directly to its commercial phase, since RAPSODIE would cover the prototypi-
cal phase.16 The French, however, thought that a prototypical phase was still needed, 
and the PEC would have become useful only in the business phase.17 In 1967, when 
RAPSODIE went critical, the French government decided to build a prototype called 
Phénix, using the name of the mythical bird that rose from its ashes, an appropriate 
metaphor for the FBR.18 Leaving aside the British project, which had developed autono-
mously from the European partners, it was obvious that in the Euratom environment 
the prototypical phase showed at least two duplications, and risked a third one if the 
PEC was to be started as a prototype. In September 1969, in a resolution published in 
the Italian journal Atomo e industria, the final users of the FBR, namely the electricity 
producers gathering around the Union internationale des Producteurs et Distributeurs 
d’Énergie Électrique (UNIPEDE),19 complained about the waste of resources that was 
occurring in Europe in the development of FBRs, and asked to combine efforts in order 
to create a single 1,000 MWe trading model.20 Two months later, the European Council 
met in The Hague and argued for the need of the “widest possible cooperation” in the 
field of FBRs, but it was only in late December 1973 that Electricité de France (EDF), 
the Ente Nazionale per l’Energia Elettrica (ENEL) and the Rheinisch-Westfälisches Ele-
ktrizitätswerk (RWE) signed the so-called “utilities convention”.21 The three producers 
finally agreed to coordinate their efforts, although the agreement they signed provided 
for the building of three trading reactors, which followed two different kinds of cooling 
systems: the first to be built would be a pool type, the second a loop type.22 The pool 
type Superphénix would be built in France, followed by the loop type SNR 2 in Germa-
ny.23 In April 1976, the French President Giscard d’Estaing approved the project and, in 
1977, work started on the site of Creys-Malville.24 Italy had a 33 per cent share of the 

15 Nau,“The Practice of Interdependence”, 515.
16 Paoloni, Energia, ambiente, innovazione, 104-05.
17 Nau, ““The Practice of Interdependence”, 515-16.
18 Jean-François Sauvage, Phénix, une histoire de cœur et d’énergie (Bagnols-sur-Cèze: CEA-EDF, 2004).
19 On UNIPEDE history see Vincent Christiaan Lagendijk, Electrifying Europe: The Power of Europe 

in the Construction of Electricity Networks (Amsterdam: Aksant, 2008).
20 Atomo e industria, November 1969.
21 Nau, “The Practice of Interdependence”, 518.
22 Survey of the Nuclear Policy of the European Communities, Supplement to the Bulletin of the European 

Communities, September-October 1968, qt. in Nau, “The practice of interdependence”, 518.
23 Marth, The Story, 21-25.
24 Claude Bienvenu, Superphénix: le nucléaire à la française (Paris-Montréal: l’Harmattan, 1999).
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two companies managing the SNR 2 and the Superphénix, and participated in the PEC 
reactor project, which tested the fuel elements of the Superphénix.25

Jimmy Carter’s Worries

That same year, Jimmy Carter became President of the United States, an event that 
indirectly influenced – with interesting historical implications – the fate of FBRs, not 
only in Europe. As Tiseo has argued, in talking about nuclear issues President Carter 
relied on his knowledge about nuclear engineering and on his personal attitude toward 
the energy question.26 Generally speaking, ever since his campaign against Gerald Ford, 
Carter was cautious about promoting the production of electric power from a nuclear 
source. This was clear during the Conference on Nuclear Energy and World Order 
held on May 13, 1976, when the democratic candidate spoke in favor of renewable 
energy sources. It would not be correct to define Carter’s attitude as the expression of 
a green opposition to nuclear power. His actions were the outcome of the unavoid-
able intertwining between civilian applications of nuclear energy and potential military 
uses. Following the spirit of the Non-Proliferation Treaty (NPT), Carter claimed that 
contracting countries that did not possess nuclear arms should be granted special condi-
tions in the technological transfer from providing countries, but the possibility that such 
countries could leave the regime provided by the treaty should be prevented.27

The aspect of Carter’s position that is most relevant for us concerns the sale of repro-
cessing technology. According to Carter, the assignment of technology should have been 
discouraged, and the United States should have committed itself to making sure that 
supplying countries would not invade this field, in the pursuit of their business interests, 
as this would endanger the strengthening of nonproliferation.28

Reprocessing was an integral part of the possible marketing of FBRs. These reactors 
were also crucial for technological developments of the US nuclear sector: in 1976, work 
to create the first liquid metal fast breeder reactor (LMFBR) in Clinch River, Tennes-
see, started, creating a model that other plants would soon follow.29 May be even more 

25 Marth, The Story,14.
26 Tiseo, “The Carter Administration”.
27 Speech by Gov. Jimmy Carter at Conference on Nuclear Energy and World Order, May 13, 1976 qt. 

in “Nuclear Issues in the Presidential Campaign: Three Steps Toward Nuclear Responsibility”, Bulletin of 
the Atomic Scientists, October 1976: 8-14.

28 Speech by Gov. Jimmy Carter.
29 Memorandum to the President from Charles Warren on Clinch River Breeder Reactor and re processing 

policy, April 13, 1977, Jimmy Carter Library Donated Historical Material, White House Central File – Subject 
File, National Security – Defense – ND-18. box ND-48: General ND 16/CO 172 1/20/77 through Executive.



146

Matteo Gerlini

keenly than their European colleagues, the directors of US nuclear plants wanted to 
shift from the slow-neutron thermal reactors to FBRs. Therefore, fuel reprocessing was 
crucial to the US nuclear industry. The newly created Department of Energy (DOE) 
immediately favored FBRs and the plan to develop the LMFBR, while the Depart-
ment of Defense immediately detected the potential proliferation risks embedded in 
that technology.

On March 24, 1977 Carter issued the Presidential Directive/NSC-8, the cornerstone 
of his Non-Proliferation Policy, completely disregarding the expectations of FBR sup-
porters. As he stated:

It shall be a principal US security objective to prevent the spread of nuclear explosive, 
or near explosive, capabilities to countries that do not now possess them. To this end 
US non-proliferation policy shall be directed at preventing the development and use 
of sensitive nuclear power technologies which involve direct access to plutonium, 
highly enriched uranium or other weapon usable materials in non-nuclear weapons 
states, and at minimizing the global accumulation of these materials.30

FBRs were part and parcel of the Presidential Directive’s objectives. To achieve them, 
the US government committed to “indefinitely defer the commercial reprocessing and 
recycle of plutonium in the US”, meaning that it would “restructure the US breeder 
program so as to emphasize alternative design to the plutonium breeder, and to meet a 
later date for possible commercialization”.31 Given that these aims had to be accepted 
worldwide, the US government proposed that countries using nuclear energy follow a 
common path, and pursue a common research project for the development of alterna-
tive technologies to those used in FBRs.

The US nuclear industry could protest but had to abide by the Carter’s rules. The re-
action of European nuclear industries and governments, though, was much sharper, giv-
en that reprocessing represented a large part of the European nuclear market, and that 
France, West Germany and the United Kingdom had signed important agreements with 
countries such as Switzerland, Sweden and Japan. They were hoping to sell the FBRs 
they had worked on together, but if PUREX could not be sold, FBRs lost their meaning. 

Already in July 1977, after the National Security Council (NSC) and the Central 
Intelligence Agency (CIA) received news of European reactions, Carter moderated the 
peremptoriness of the Presidential Directive, stating: “we are not trying to impose our 

30 Presidential Directive/NSC-8, to the Vice President, the Secretary of State and Defense and others. On 
Nuclear non-proliferation policy, March 24, 1977, http://fas.org/irp/offdocs/pd/pd08.pdf, last accessed April 
12, 2016.

31 Presidential Directive/NSC-8.

http://fas.org/irp/offdocs/pd/pd08.pdf
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will on those nations like Japan, France, Britain and Germany, which already have re-
processing plants in operation”.32

While it seemed like Carter was opening up to European nuclear industries, he was 
in fact becoming more rigid toward the US industry, which was investing in FBRs, and 
kept a firm position on the Clinch River reactor. From a historical point of view, it is 
important to analyze how the US nuclear industry’s abandonment of FBRs might have 
influenced the development of this technology worldwide. Perhaps, Carter thought that 
a bird in the hand is worth two in the bush: while the US government did not question 
the outcome of the international agreements signed by West European countries, Euro-
peans accepted the US President’s basic criterion, and participated in the International 
Nuclear Fuel Cycle Evaluation (INFCE), which will be examined later in the chap-
ter. Most importantly, by giving up research in such frontier technology as FBRs, the 
American nuclear complex marked a turning point in the commercialization of FBRs. 
Europeans proved to be successful in the prototype phase, but the commercial phase still 
needed applied research. Without the seminal contribution of American nuclear com-
plex, the process was seriously jeopardized. Eventually, Europeans were alone facing the 
various technical problems of large-scale, power FBRs. In fact, one of the worst technical 
problems encountered by Superphénix was the wearing of materials undergoing the 
neutron flow, and the chemical problems caused by sodium cooling, given that sodium 
is pyrophoric and explosive with water contact.

The Effects of US Nuclear Choices

The US nuclear complex33 was crucial for the Western bloc’s nuclear industry, as was 
clear during the temporary stop in the delivery of nuclear fuel from the United States to 
Europe in July 1976, in the last months of Gerald Ford’s presidency. While the fuel was 
ready to be shipped, the US President discontinued the delivery, waiting for Congress’ 
decision on the non-proliferation directive.34

Almost all European countries were opposed to the Presidential decision to keep the 

32 Jimmy Carter, “Nuclear Power Policy, Statement on decisions reached following a review, April 7, 
1977”, Public Papers of the President of the United States Jimmy Carter 1977-1981, Book 1, January 20 to 
June 24, 1977 (Washington: Office of the Federal Register, National Archives and Record Service, General 
Service Administration, 1977).

33 For the concept of “nuclear complex” see the homonymous Bertrand Goldschmidt, Le complexe 
atomique. Histoire politique de l’énergie nucléaire (Paris: Fayard 1980).

34 Steven J. Baker, “Monopoly or Cartel?”, Foreign Policy 23 (Summer 1976): 155-201; Philip 
Gummett, “Development in Thinking about Nuclear Non-Proliferation”, International Affairs 57, no. 4 
(Autumn 1981): 553.
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block on nuclear materials: France and Germany had the harshest reactions. In March 
1977, a CIA report on the aspects relating to the FBRs fuel addressed the issue, arguing 
that the European community’s attempts to formulate an energy policy had been frus-
trated. According to the Agency, this was largely due to the unwillingness on the part 
of member countries, especially France, to surrender the decision-making authority in 
order to allow for effective planning. Nevertheless, the report noted, at the height of 
1977 France came to realize that further cooperation was needed, although arm’s length 
involvement seemed to be a distinct preference:

One of the most fruitful areas for mutual cooperation is nuclear reprocessing. This 
is where the French have focused their efforts and will have the most to offer. The 
French recognize that there are technological benefits to be gained from coopera-
tion in the field of fast breeder reactors, but they apparently are hesitant to make 
their operating experience to any country without obtaining commercial benefits. 
France probably seeks to license foreign groups to use the technologies.35

Already in October 1977, Carter promoted an alternative research in FBRs, based on 
the thorium-uranium cycle, which barred the production of plutonium and therefore 
the risk of proliferation. From a political and financial point of view, this meant that all 
efforts made in the research on plutonium would be notably depreciated. This was not 
an attractive perspective for Europe, although its various member states could count on 
American help.

Whether Europe liked it or not, control over fuel and technology were the main tools 
the US government used to strengthen the Non-Proliferation Treaty (NPT) regime. As 
Joseph Nye has argued,36 this technical approach became evident with the approval on 
March 10, 1978 of the Nuclear Non-proliferation Act37; the Act set the criteria accord-
ing to which nuclear materials could be exported, and forbid their sale to any country 

35 Scientific and Technical Intelligence Report. Subject: French Policy and Plans for Energy R&D, Central 
Intelligence Agency Top Secret Report to the President, March 1977, obtained by Freedom of Information 
Act (hereafter FOIA) from the National Security Archive Foundation of Washington DC, Collection: 
nuclear non-proliferation, number 00198, 23 pages. Alleged: Scientific and Technical Intelligence Report. 
Subject: French Nuclear Power and Plans for Energy R&D, Central Intelligence Agency Top Secret Report 
to the President, September 1976, obtained by FOIA from the National Security Archive Foundation of 
Washington DC, Collection: nuclear non-proliferation, number 00191, 20 pages.

36 Joseph S. Nye, “Non-proliferation: A Long Term Strategy”, Foreign Affairs 56, no. 3 (April 1978): 
601-23.

37 Warren H. Donnelly, “Application of US Non-proliferation Legislation for Technical Aspects of 
Fissionable Materials in Non-military Applications”, in Stockholm International Peace Research Institute, 
Nuclear Energy and Nuclear Weapons Proliferation (London-New York: Taylor and Francis, 1979).
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that did not accept the international safeguards provisions on plants’ safety and suitabil-
ity set forth by the International Atomic Energy Agency (IAEA).38 

The End of FBRs

The INFCE, strongly supported by Carter to promote an alternative to uranium re-
processing and enrichment, partly became the sounding board for tensions that emerged 
in the relationship between the United States and the other participating countries. The 
INFCE held its first organizational conference in October 1977, and closed in 1980 
with a final declaration, which included statements from individual national delega-
tions. According to Bertrand Goldschmidt, a prominent person in the French nuclear 
program, the INFCE was “a technical-diplomatic compromise in a sort of giant scientif-
ic happening”,39 according to Nye, “while officially INFCE was given a predominantly 
technical rationale, this was a means of attracting broad participation into what was 
really part of a political process of stabilizing the basis for the international regime”.40 
It was difficult to deny the importance of INFCE in furthering and consolidating the 
creation of a binding regime against nuclear proliferation.41

In this frame, it became harder for FBRs to be successful commercially. After a series 
of protests and attacks, Superphénix, which was connected to the electric grid in 1986, 
underwent several accidents. It was transformed into a research reactor in 1994, and 
finally switched off in 1998, after a short but troubled existence. The PEC was almost 
completed but it remained unfinished until after the 1987 Italian referendum on nu-
clear power, and was eventually dismantled. The SNR 2, on the other hand, was never 
built. Not even the British nuclear program, the first ever to be carried out, succeeded 
in convincing its government to invest in FBRs. Therefore, FBRs as a competitive tech-
nological option for electric power, were in a tight spot. The historical reconstruction of 
the Italian project ends here, with the scant images we have reported so far. 

Having access to the historical archive of the PEC program in the future is crucial 
to carry out research on this experience and on the history of the Italian FBR program. 
How did the managers of the Italian project face the crisis, and what was the institution-
al activity of the persons involved in FBRs before the United States advanced its position 

38 It occurred with the Pakistani site of Kahuta Khan. Feroz Hassan, Eating Grass: The Making of the 
Pakistani Bomb (Palo Alto: Stanford University Press, 2012).

39 Goldschmidt, Le Complexe atomique, 489.
40 Joseph S. Nye, “Sustaining Non-Proliferation in the 1980s”, Survival 23, no. 3 (May-June 1981): 101.
41 Jayantha Dhanapala, “The management of NPT Diplomacy”, Daedalus 139, no. 1 (Winter 2010): 

57-67.
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on FBRs? This is one of the most interesting questions that, hopefully, scholars will be 
able to answer in the future. The techno-political conjunctions of that historical period 
were critical for the international nuclear industry, as well as for the development of the 
nuclear dual-use and its strategic implications.

Carter did not interrupt the worldwide production of separated plutonium, but 
he certainly discouraged it and greatly reduced it. One of the initiatives US President 
Barack Obama promoted, which future historians will probably discuss, is the nuclear 
security summit process, facing the problem of the minimization of the currently out-
standing separated plutonium, a process Carter started in 1977 from a more realistic 
and current point of view.




