


NUCLEAR ENERGY IN FRANCE 

In producing nuclear energy, France has always relied on a closed-
fuel-cycle approach, including reprocessing of the spent nuclear fuel, 
an approach deemed essential to conserve uranium resources and 
to manage the ultimate waste products efficiently and selectively. 

Recent years have confirmed the central role that safe and sustain-
able nuclear energy plays in the French electricity supply with addi-
tional renewable energy technologies. France is pursuing the 
development of fourth-generation fast-neutron reactors, as well as a 
continuing investigation of improved methods for the separation and 
transmutation of high-level, long-lived nuclear waste. Scientific and 
engineering research into the safe and appropriate geological 
disposal of radioactive waste products is also ongoing. 
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In May 2006, the board of Electricité de France (EDF) approved the construction of a new 1650 MWe European 
Pressurized Reactor (EPR) at Flamanville near the tip of Normandy. In 2009, the French government strengthened 
its commitment to pressurized-water reactors by endorsing the construction of a second EPR unit at Penly, near 
Dieppe. 

NEW CHALLENGES AND NEW REQUIREMENTS 

In its continuing use of nuclear power, France faces numerous chal-
lenges, including the operation and maintenance of its existing array 
of reactors, waste management, the decommissioning of obsolete 
reactors, and research and development for future nuclear systems. 
All of these efforts must recognize and conform to international 
requirements. 

These activities mean that all participants in the French nuclear 
industry must continually update their approaches and skills, with 
respect to both domestic and worldwide nuclear power development. 
This requirement calls for the hiring and training of thousands of sci-
entists and engineers each year in France and its partner or 
customer countries. 
Over the next ten years, domestic and international nuclear power activities in France will call for the recruitment 
of about 13,000 engineers with Master of Science or Ph.D. degrees, and 10,000 science technicians and opera-
tors with Bachelor of Science degrees. The chief employers will be EDF, AREVA, GDF-Suez, national agencies 
such as the Agence nationale pour la gestion des déchets radioactifs (ANDRA), sub-contractors, and R&D 
agencies such as the Commissariat à l'Energie Atomique et aux Energies Alternatives (CEA), and the technical 
safety organization, Institut de Radioprotection et de Sûreté Nucléaire (IRSN). 

France has made a commitment to support countries that are ready to create the human, institutional, and techni-
cal conditions required to establish a civilian nuclear energy programme that meets all the requirements of safety, 
security, non-proliferation and environmental protection for present and future generations. These efforts are con-
ducted through the France International Nuclear Agency (AFNI). 

In response to the need for competence-building in nuclear energy production, France now offers training opportu-
nities in both French and English education programmes. 

Partnerships created by French nuclear energy participants and by AFNI can provide dedicated programmes, 
created on demand, for countries choosing bilateral co-operation. These programmes include assistance in 
building specific academic capacity, with industrial support, in partner countries. 
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France now obtains about 78 percent of its electricity from nuclear energy, generated by 58 highly standardized 
pressurized-water reactors (PWR) at 19 locations. The operation of these reactors has provided extensive 
feedback on safety, cost effectiveness, proficiency, and public 
outreach. 



FRENCH NUCLEAR ENERGY EDUCATION ANDTRAIN ING http://www.cfenf.fr 

In 2008, the French Minister for Higher Education and Research created a Co-ordination Committee for nuclear edu-
cation and training in order to ensure the expansion of the French nuclear energy sector through the renewal of 
of its workforce. This Committee, recently renamed "French Council for 
Education and training in Nuclear energy" (CFEN) advises the Office of 
Higher Education on opening new academic curricula. It also co-
ordinates the international recruitment of students and provides a point 
of contact with AFNI for education and training. 

The members of the CFEN, which is chaired by Dr Catherine Cesarsky, 
High Commissioner for Atomic Energy, include representatives of gov-
ernmental authorities in education, research and industry, of academic 
institutions (universities and engineering schools), of the chief indus-
trial actors (AREVA, EDF, GDF-SUEZ, ANDRA, and subcontractors), 
and of the main nuclear R&D public institutions: CEAand IRSN. 

Close co-operation among these members resulted in the creation of 
new curricula and a threefold increase in nuclear graduates within a 
three-year period, with a total of about 450 B.S, 900 M.S. and 
100 Ph.D. graduates in nuclear engineering expected by July 2010. 

Nuclear-energy industrial and R&D organisations have become involved in initial education programmes through 
their experts. Industrial companies such as AREVA and EDF, and national agencies such as ANDRA 
(http://www.andra.fr), have provided grants to endow chairs in various schools. 

More than 20 chief universities and engineering schools, all over the country, with however many of them located in 
the Paris area, provide nuclear-engineering-related education programmes. CEA/INSTN (Institut National des 
Sciences et Techniques Nucléaires) also plays an important role in this field through its establishments located in 
Saclay, Cherbourg and Cadarache. 

NUCLEAR SCIENCE AND TECHNOLOGY COURSES TAUGHT IN ENGLISH 

I N I T I A L EDUCATION 

• INTERNATIONAL MASTER'S DEGREE IN NUCLEAR ENERGY SCIENCE http://www.master-nuclear-energy.fr 

In the Paris area, a consortium of engineering schools (Paris Institute of Technology and Ecole Centrale de 
Paris-Supélec), in conjunction with the University of Paris at Orsay (Paris-Sud 11) and the National Institute for 
Nuclear Science and Technology (INSTN), have created an international 2-year masters-level programme in nuclear 
The curriculum covers all aspects of nuclear energy activity and opens 
numerous opportunities for employment in the nuclear energy industry 
or in R&D agencies. 

The first year of the programme (M1) is devoted to basic courses 
(Nuclear Physics and Neutronics, Materials Science, Process 
Engineering and Chemistry of Reactive Media, Electrical Engineering, 
Fluid Mechanics and Heat Transfer, Economics of Energy, and Project 
Management). 

The second year (M2) includes five Majors: Nuclear Engineering, 
Nuclear Plant Design, Operations, Fuel Cycle (Engineering or 
Radiochemistry), and Decommissioning and Waste Management. 

The experimental sessions and training are carried out with EDF simu-
lators. Instructional visits to nuclear sites and a Master's thesis 
(20 weeks) complement the courses. 

All course instruction is in English with the exception of a compulsory course in French language and culture. The 
program aims to train about 200 students per year, with a majority of foreign students. 
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Admission is open to high-potential international students with a bachelor's degree. Direct admission into the 
second year of the program is possible for qualified students. 

This state-of-the-art program receives the support of industrial enterprises (EDF, AREVA, GDF-SUEZ), and 
has secured a strong commitment from the "European Foundation for Tomorrow's Energies", which EDF 
created and placed under the aegis of the Institute of France. 

- INTERNATIONAL MASTER'S DEGREE IN MATERIALS SCIENCE FOR NUCLEAR ENGINEERING 

http://phelma.grenoble-inp.fr 

The Institut National Polytechnique at Grenoble (Grenoble-INP) offers a Master in "Materials Science for 
Nuclear Engineering," in close co-operation with EDF and CEA, with a degree suitable for both industry and 
R&D. This M2 course is open to French and foreign students or professionals after physics or chemistry M1 
level or equivalent, and for engineers in the context of professional training. A M1 level education in Materials 
science is also available at Grenoble-INP. 

This 300-hour course deals with the metallurgical and physico-chemical aspects of the under irradiation ageing 
of nuclear fuel and materials for reactors and components. A set of common lectures (200h) provides the basics 
to understand the behaviour of materials in a nuclear environment. The optional 'structure materials' course is 
given by EDF engineers whereas the optional "nuclear fuel materials" is given by CEA engineers. This gives the 
opportunity for students to interact "on-site" with researchers and engineers. The organisation of the master is 
modular so that some of the units can be taken separately in an intensive course during a short period. Some 
master's courses are also proposed as "Advanced materials science" lectures for doctoral studies. 

CONTINUING EDUCATION 

- NATIONAL INSTITUTE FOR NUCLEAR SCIENCE AND TECHNOLOGY ( I N S T N ) http:// www-instn.cea.fr 

In 1956, the CEA (http://www.cea.fr) created the National Institute for 
Nuclear Science and Technology (INSTN) to provide technicians, engi-
neers and researchers with highly specialized courses in nuclear 
science and technology, including graduate-level curricula. Today the 
INSTN offers a selection of nearly 210 continuing education sessions, 
from its catalogue or on demand, including training for engineers and 
PhD students in English, such as physics and basic operation of light 
water reactors, decommissioning and waste management, fast neutron 
reactors, nuclear materials... 

The doctoral training programme "International School in Nuclear 
Engineering," designed for PhD students, is also open to nuclear-engi-
neering researchers and consists of nine one-week independent 
courses. INSTN also participates in the "Train the Teachers and 
Instructors " program created in 2009. 
INSTN has promoted many national and international partnerships by contributing to the European Higher 
Education Area, especially within the ENEN (European Nuclear Education Network), in close co-operation 
with the European Commission. ENEN's chief objective is the preservation and further development of exper-
tise in nuclear energy fields through higher education and training. 

The INSTN also co-operates with international organisations, and in particular with the IAEA. 

• THE INSTITUTE FOR RADIATION PROTECTION AND NUCLEAR SAFETY ( I R S N ) http://www.irsn.fr 

The IRSN is charged with the training of medical personnel and others exposed to radiation in the workplace. 
The institute also provides a wide range of advanced training sessions in nuclear safety and regulation, as well 
as initial training in radiation protection. Some of these training sessions lead to qualifications that are recog-
nized throughout France. 

Together with other European Technical Safety Organisation (TSOs) IRSN is designing a new training pro-
gramme in English that aims to provide a common culture in nuclear risk assessment to regulators and TSOs 
within Europe and possibly in other countries as well. 
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IN IT IAT IVES FROM INDUSTRIAL COMPANIES 

AREVA 
http://www.areva.com 

Ranked first in the global nuclear power industry (covering every stage of the fuel cycle, reactor design and construction, 
and related services), AREVA provides all related skills enhancement and training solutions to its partners and custom-
ers both in France and in the rest of the world, based on the best safety level, the experience and know-how developed 
by the Group for its own training requirements. 

Industrial training is delivered by AREVA in a dozen training centers in France, Germany and USA. Around 500 courses 
are currently on offer, with 100 trainers and several thousand students every year. All teaching methods are used includ-
ing E-Learning, classroom sessions, simulator training and study trips with site tours, and also some specific internships. 
AREVA is also able to set up and manage turnkey training centers. 

Courses are available to all the group's partners and stakeholders: government authorities, nuclear groups, AREVA cus-
tomers and suppliers, electric utilities, and fuel cycle operators. The courses cover all stages of nuclear programs, 
focusing not only on scientific and technical subjects, but also on project management, with specific programs on nuclear 
facility operation. 

EDF 
http://www.edf.fr 

Ever since its entry into nuclear energy, EDF has developed and maintained a strong internal vocational education and 
training organization to train its personnel, particularly reactor operators, who must undergo both initial qualification 
training and periodic training. 
The organization offers about 1.5 million hours of training per year worldwide, with over 650 different operation or 
maintenance courses underway, supported by a staff of about 700, including teachers. A portion of these courses are 
taught in English. 

GDF 
http://www.gdfsuez.com 

The Nuclear Trainee Programme for junior employees (about 100 trainees per year) combines courses with job training 
that is individually coached by an experienced company manager. This programme allows junior engineers to develop 
into nuclear generalists and lets them build their network inside the group. The topics range from nuclear fundamentals 
to safety, including PWR operation, fuel cycle, waste, and decommissioning. 

A programme for Majors is also implemented for experienced engineers who lack a nuclear-energy education. 

TRAINING 0FTEACHERS AND INSTRUCTORS 

Teacher training is also offered in English. Anew programme to train the teachers and instructors has been implemented 
by the major French nuclear energy stakeholders. It is devoted to the training of university faculty and scholars and is 
implemented in a close working relationship with them, on the basis of an in-depth analysis of the local education 
system. It usually consists of a three-phase course that includes visits and conferences at the chief French nuclear 
energy sites and facilities, advanced courses in nuclear engineering, internships, and a possible assistance in education 
and training programme design. 
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