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Structure of the European Union

European Union 
(TEU, TFEU)

Treaty on the European Union (TEU)

Treaty of Lisbon

Treaty on the Functioning of the European Union (TFEU, former EC)

Euratom Treaty - 4 fields of action

• Nuclear energy development

(Including Research Activities)
(art. 4-11)

• Health and safety
(art. 30-39)

• Safeguards (Guarantees for peaceful uses)

(art. 77-85)

● External relations
(art. 101-106)
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Research &

Innovation

• 1957: Euratom Treaty
• Concept of Community Research programmes

• Joint Research Centre established

• 1984: 1st Framework Programme (1984-1987)
• 1987: ‘Single European Act’

• Science becomes a Community responsibility

• 2nd Framework Programme (1987-1991)

• 1990: 3rd Framework Programme (1990-1994)
• 1992: Treaty on European Union

• Role of RTD in the enlarged EU

• 1994: 4th Framework Programme (1994-1998)
• 1998: 5th Framework Programme (1998-2002)
• 2000: European Research Area (ERA) launched
• 2002: 6th Framework Programme (2002-2006)
• 2006: 7th Framework Programme (2007-2013)

• EC Framework Programme (2007-2013)

• Euratom Framework Programme 'FP7' (2007-2011)

• 2011: Euratom Framework Programme 'FP7+2' (2012-2013)
• 2013: Horizon 2020 (2014-2020) & Euratom programme (2014-2018)

EU research - the story so far

6

NUCLEAR IN EU-28: 131 UNITS OPERABLE IN 14 OUT OF 28 EU MEMBER STATES 
(= 28 % OF TOTAL ELECTRICITY PRODUCTION)
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Research &

Innovation

Research &

Innovation

Research

Training

Research

Research and Training (R&T): together since Euratom Treaty (1957)

Euratom Treaty (1957), legal framework for research and training programmes
Title II, chapter 1: Promotion of Research
Article 7:“Community research and training programmes shall be determined by the Council, acting 
unanimously on a proposal from the Commission, …”

Actual Interest

Budget

Scientific Value

Expected Interest

Research Education

& Training

Business / 
Innovation

Knowledge Triangle - Knowledge  cycle management
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● Education is a basic and life-long learning process

� broader than training, encompassing the need to maintain completeness and 
continuity of expertise across generations

� essentially a knowledge creation process, involving primarily academic institutions as 
suppliers, and students as "customers"

=> it deals mainly with knowledge (and understanding)

● Training involves acquiring a specific competence required to properly perform 

a well-defined activity or a job, usually to an established standard

� concerned with schooling activities other than regular education programs

� a competence building process, involving primarily experts in continuous professional 
development as suppliers, and learners (e.g. professionals) as "customers"

=> mostly about skills and attitudes, in addition to knowledge (competencies)

Definition of education and training

Free movement of KNOWLEDGE = “FIFTH FREEDOM” – complementary to the other "freedoms"

of the “internal market” => PEOPLE, GOODS, CAPITAL AND SERVICES + KNOWLEDGE

Source: http://www.irsn.fr/EN/publications/thematic-

safety/chernobyl/Documents/irsn_booklet_chernobyl_2011.pdf

Some sources of radiation
exposure for humans

Average exposure of the Belgian population
Average dose per caput in Belgium : 

5,5 mSv (FANC 2013)

"Basic Safety Standards" (BSS) - COUNCIL DIRECTIVE 2013/59/Euratom laying down 
basic safety standards for protection against the dangers arising from exposure to ionising radiation

(Act adopted by Council on 05/12/2013)
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The European Council requested on 24/25 
March 2011 that the safety of all EU nuclear 
plants should be reviewed, on the basis of a 
comprehensive and transparent risk and 
safety assessment ("stress tests"). These 
“stress tests” are defined as targeted 
reassessments of the safety margins of 
nuclear power plants, developed by ENSREG, 
including the EC. 

"Final report on the Peer Review of EU 
Stress Tests”, 26 April 2012 -
http://www.ensreg.eu/node/407

"Stress Tests" after the Fukushima accident 
(Great East Japan Earthquake, 11/03/2011)

=> impact on revised Euratom
"Nuclear Safety Directive" 

(Directive 10562/ 87
– Brussels, 30/06/2014)

European Nuclear Initiatives

Nuclear 
safety

Waste 
management

Radiation 
protection

Emergency 
preparedness 
& response
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Revised NuclearSafety Directive
2014/87/EURATOM (1/2)

Safety objectives for nuclear installations

European system of topical peer reviews

Transparency

Independence and role of national regulators

Continuous improvement of nuclear safety
throughout the EU

4 key areas of improvement

Reinforcement of Safety objectives

• Accident prevention and Mitigation for 

new nuclear designs

• Avoidance of offsite consequences of 

any accidents

Instigation of Topical peer reviews

• Significant common issues to be 

investigated with a view to improving 

nuclear safety

• ENSREG may manage activity

• Topics still to be considered –

Containment venting, PV integrity ?

Obligations to ensure Transparency

• Communication with public

• Provision of information 

Requirement for Independence in decision 

making of the national regulators

Revised Nuclear
Safety Directive

2014/87/EURATOM 
(2/2)
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Nuclear Waste Directive
2011/70/Euratom (1/2)

Legally binding standards for safe and responsible

management of radioactive waste and spent fuel

Main bases

�IAEA Safety Standards

�Joint Convention

�Ultimate responsibility lies with the Member State

� Embrace passive safety features for long term 
management

� The generator of the waste to bear the cost

� Export under only very strict conditions

16

Nuclear Waste Directive 2011/70/Euratom (2/2)
General principles
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Of particular interest is the incorporation in the revision of a new Chapter IV:
"Requirements for radiation Protection Education, Training and Information". 

Chapter X (“Requirements for regulatory control” / “Section 1 – Institutional 

Infrastructure”) requires Member States to have systems in place for the 
education, training and recognition of 

• "Radiation protection experts" (Article 82)
• "Medical physics experts" (Article 83)
• "Radiation protection officers" (Article 84).

http://ec.europa.eu/energy/nuclear/radiation_protection/radiation_protection_en.htm

More information on the EUTERP website and in the FP7 Euratom projects: 
RPE and RPO in “ENETRAP III” // MPE in “EUTEMPE RX”.

BSS - "Basic Safety Standards" - COUNCIL DIRECTIVE (1/4) 
2013/59/Euratom laying down basic safety standards for protection 

against the dangers arising from exposure to ionising radiation 
(Brussels, 05.12.2013)

� Better protection of workers (in particular medical staff and workers in workplaces with indoor 
radon and in activities processing naturally occurring radioactive material)

� Better protection of the public (in particular from radon in dwellings)

� Better protection of patients (in particular with regard to the avoidance of incidents and 
accidents in radio-diagnosis and radio-therapy)

� Obligations to ensure transparency (Communication with undertakings and individuals subject 
to medical exposure) 

� Emergency preparedness and response

• Establishment of national management systems, 
including Assessment of emergency situations; 

• Requirement for the establishment of specific 
Response plans for specific postulated events; 

• Establishment of long term strategies for 
existing exposure cases; 

• Improved cooperation at the international level; 

• Requirement for prompt provision of information 
to public; 

• Guidelines and training for the protection of 
emergency workers).

Key points of revised BSS - DIRECTIVE 2013/59/Euratom (2/4)
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Research &

Innovation

Project (MPE): “Guidelines on Medical Physics Expert"

EC Contract for the EC Directorate - General for Energy / 
Directorate D - Nuclear Energy / Unit D.4 - Radiation Protection

•

• Contents

• Curriculum Framework for MPE programmes in Europe 

• 1: Generic Skills 

• 2: KSC for the MPE as Physical Scientist 

• 3: KSC for the MPE as a Healthcare Professional

• 4: KSC for the MPE as Expert in Clinical Medical Radiological 
Devices & Radiation Protection 

• 5: KSC Specific for the MPE in Diagnostic & Interventional 
Radiology 

• 6: KSC Specific for the MPE in Nuclear Medicine 

• 7: KSC Specific for the MPE in Radiation Oncology / 
Radiotherapy 19

Follow-up initiative after BSS Directive (3/4):

"EUROPEAN GUIDELINES ON MEDICAL 

PHYSICS EXPERT"

EC - RADIATION PROTECTION N° 174 ANNEX 1 

(February 2014)

Inventory of Learning Outcomes 

for the MPE in Europe
Excerpt of ToC

4. Learning outcomes for physicians directly involved 
with the use of ionising radiation

4.1 Diagnostic radiologists

4.2 Interventional radiologists

4.3 Non-radiological specialists employing 
ionising radiation in interventional techniques

4.4 Nuclear medicine specialists

4.5 Radiation oncologists

“GUIDELINES ON RADIATION PROTECTION 

EDUCATION AND TRAINING OF MEDICAL 

PROFESSIONALS IN THE EUROPEAN UNION”

EC - RADIATION PROTECTION N° 175 

(February 2014)

Source:  http://ec.europa.eu/energy/nuclear/radiation_protection/publications_en.htm 

Equipment Dependent 

Factors 

Item MPE WTE MPS WTE 

CT scanners (portable, dual 

or single source excluding 

radiotherapy) 

unit 0.02 0.07 

CT scanners - multi-modal 

(e.g. PET-CT, SPECT-CT etc.) 

unit 0.01 0.03 

Patient Dependent Factors No. of patients MPE WTE MPS WTE 

Patient dosimetry in 

Interventional Radiology 

and Cardiology 

1000 0.02 0.04 

Estimation of skin dosimetry 

and follow up (high doses) 

50 0.005 0.01 

Follow-up study after BSS Directive (4/4):
Proposal for MPE Staffing Factors for Diagnostic and Interventional Radiology

Source: RADIATION PROTECTION N° 174 / EUROPEAN GUIDELINES ON MEDICAL PHYSICS EXPERT (MPE)
ANNEX 2 / Medical Physics Expert Staffing Levels in Europe (June 2014)

http://ec.europa.eu/energy/nuclear/radiation_protection/doc/publication/rp174_annex2.pdf

See also EFOMP web-site ("European Federation of Organisations for Medical Physics" / 1980, 35 members): 
http://www.efomp.org/index.php/efomp-news/291-guidelines-on-the-medical-physics-expert-published
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European Technological Platforms and authoritative expert associations (1/2) 

The ETPs bring together the main stakeholders in nuclear fission research, namely:

• research organisations (e.g. public and private sectors, industrial and radio-medical)

• systems suppliers (e.g. nuclear vendors, engineering companies, medical equipment)

• energy providers (e.g. electrical utilities, co-generation plants for process heat)

• nuclear regulatory authorities and associated technical safety organizations (TSO)

• higher education and training institutions, in particular universities

• civil society (e.g. policy makers and opinion leaders), interest groups and NGOs.           

⇒ common approach within the main areas of Euratom research and training programmes, i.e.

(1) Safe operation of reactor systems

(2) Management of ultimate radioactive waste

(3) Radiation protection, including medical applications of ionising radiation. 

⇒ guidance documents: 

“Vision Report”, “Strategic Research and Innovation Agenda” and “Deployment Strategy”. 

Technology Platforms
SNE-TP (NUGENIA), IGD-TP

- ENSREG = "European Nuclear Safety Regulators Group" 
http://ec.europa.eu/energy/nuclear/ensreg/ensreg_en.htm

- HERCA = "Heads of European Radiological Protection Competent 
Authorities" - http://www.herca.org/index.asp

- MELODI = "Multidisciplinary European Low Dose Initiative" -
http://www.melodi-online.eu/

- ENEF = "European Nuclear Energy Forum" 
http://ec.europa.eu/energy/nuclear/forum/forum_en.htm 

- SNE-TP = "Sustainable Nuclear Energy Technology Platform" - http://www.snetp.eu/
- NUGENIA = "NUclear GENeration II & III Association - http://www.nugenia.org/
- IGD-TP = "Implementing Geological Disposal of Radioactive waste" - http://www.igdtp.eu/

European Technological Platforms and 
authoritative expert associations (2/2)
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Socio-economic context in the EU 
e.g. "one of the root causes: we CANNOT have it all !"

Boston Consulting Group - KBVE/SRBE Studiedag «Welke energietransitie?» - Palais des Académies, Brussels, May 8th, 2014

Energy market design is dysfunctional 
in many countries world-wide

24

Weather-related fluctuation of renewable energy (solar and wind power) 

with significant influence on operation regime of conventional power plants 

(one week time span in June 2013, in Germany – SIEMENS)

Source: « DEVELOPMENT AND INTEGRATION OF RENEWABLE ENERGY: LESSONS LEARNED FROM GERMANY” - July 2014 

- by FAA Financial Advisory AG (Finadvice) for the Edison Electric Institute

Hard coal and gas-fired units are following load and balancing renewables during peak load conditions. Typical baseload lignite coal, 

and even nuclear units, has to follow load during minimum load periods because of priority dispatch of renewables.
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Governance: openness, participation, accountability, effectiveness and coherence

• Openness. The Institutions should use a language that is accessible and comprehensible 
for the general public. 

• Participation. Improved participation is likely to create greater confidence in the end result 
and in the Institutions which deliver policies. 

• Accountability. The Institutions must explain and take responsibility vis-à-vis those 
affected by their decisions or actions.

• Effectiveness. Policies must be effective and timely, delivering what is needed on the basis 
of clear objectives and an evaluation of future impact.

• Coherence. Coherence requires political leadership on the part of the Institutions to ensure 
a consistent approach within a complex system.

=> White Paper on European Governance (25.7.2001)

• "European governance" refers to the rules, processes and behaviour 

that affect the way in which powers are exercised at European level

(see also Laeken European Council of 14 and 15 December 2001 

– "Laeken Declaration on the future of the Union"). 
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• Increasing effort to better identify and understand societal expectations, needs and concerns 

=> involvement of civil society (with significant representation of local communities, elected 
representatives, and NGOs, as well as social and natural scientists) together with traditional 
actors in the field such as industry, public authorities, experts and research institutions.

- European GMF - “Group of European Municipalities with nuclear Facilities” (started in 1993)

- French ANCCLI (« Association Nationale des Comités et Commissions Locales d’Information »)

=> Aarhus Convention: UNECE Convention on “Access to Information, Public Participation 
in Decision-Making and Access to Justice in Environmental Matters”, adopted in 1998.

• Revised "Basic Safety Standards" (BSS) Directive (COUNCIL DIRECTIVE 2013/59/Euratom)

Article 77 – Transparency

Member States shall ensure that information in relation to the justification of classes or 
types of practices, the regulation of radiation sources and of radiation protection is made 
available to undertakings, workers, members of the public, as well as patients and other 
individuals subject to medical exposure. This obligation includes ensuring that the 
competent authority provides information within its fields of competence. Information 
shall be made available in accordance with national legislation and international 
obligations, provided that this does not jeopardise other interests such as, inter alia, 
security, recognised in national legislation or international obligations,

http://ec.europa.eu/energy/nuclear/radiation_protection/radiation_protection_en.htm

• Safety culture is in fact an issue in many power generation organisations

Excerpt from the “Ethics Opinion n°27” (p 59) – Section 3.6.4 Safety: 

“Reducing the risks down to purely technical aspects would not fulfill the 
requirement for an integrated approach and comprehensive assessment. 
Consequences in terms of the environment and health should receive the same 
amount of attention as the cultural, social, economic, individual and institutional 
implications. A safety culture embraced by governments and operating 
organisations is necessary in the production, storage and distribution of energy in 
maintaining a low level of risk.”

• Recommendations regarding “educational projects” related to “the responsible use of 
energy” 

Excerpt of «Ethics Opinion n°27» / “Recommendations” (p 63): 

«4. enhance the awareness of citizens (starting from an early age) regarding the 
need to adopt new attitudes and lifestyles for the responsible use of energy by 
promoting and financing educational projects and awareness-raising initiatives …»

"Ethical framework for assessing research, production, and use of Energy" 
(Ethics Opinion n° 27, issued on January 16, 2013)

http://ec.Europa.eu/bepa/European-group-
ethics/docs/publications/opinion_no_27.pdf
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Most of the culture is below the surface

Above the surface we find the visible aspects of culture:

- artefacts, people’s actions, language use,

Below the surface we find :

- norms

- values

- fundamental assumptions of reality

What is safety culture ? (1/5)

Integrated Management System

Source: “IAEA’s approach to management 

systems & safety culture”,  Monica Haage

Regulatory Oversight of Safety Culture in Nuclear Installations (IAEA TECDOC 1707), March 2013

http://www-pub.iaea.org/MTCD/Publications/PDF/TE_1707_CD/PDF/TECDOC_1707.pdf

INSAG-4 [IAEA, 1991] and revision INSAG-15 [IAEA, 2002], nuclear safety 
culture is defined as:

� “That assembly of characteristics and attitudes in organizations and 
individuals which establishes that, as an overriding priority, nuclear plant 
safety issues receive the attention warranted by their significance.”

INPO, nuclear safety culture is defined as : 

� “The core values and behaviours resulting from a collective commitment by 
leaders and individuals to emphasize safety over competing goals to ensure 
protection of people and the environment” 

(INPO 12-012, April 2013, "Traits of a Healthy Nuclear Safety Culture", 
Institute of Nuclear Power Operators)

NUCLEAR SAFETY CULTURE (INSAG AND INPO) (2/5) 

See also "Stress Tests" / EU Council in March 2011 : "Targeted reassessments of the 
safety margins of NPPs in the light of the Fukushima events" – see EC DG ENER website

http://ec.europa.eu/energy/nuclear/safety/stress_tests_en.htm) 
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Nuclear safety culture (WANO) (3/5)

WANO Guideline 2006-02,

“Principles for a Strong Nuclear Safety Culture”, Jan. 2006

The following eight Principles for a Strong Nuclear Safety Culture

have been adopted by member utilities worldwide:

1. Everyone is personally responsible for nuclear safety.

2. Leaders demonstrate commitment to safety.

3. Trust permeates the organisation.

4. Decision-making reflects safety first.

5. Nuclear technology is recognised as special and unique.

6. A questioning attitude is cultivated.

7. Organisational learning is embraced.

8. Nuclear safety undergoes constant examination.

Research and 

Innovation

IRPA GUIDING PRINCIPLES FOR ESTABLISHING A RADIATION PROTECTION CULTURE (2014) (4/5)

IRPA / INTERNATIONAL RADIATION PROTECTION ASSOCIATION – www.irpa.net

• “safety culture” � “radiation protection culture”

- in the nuclear industry, plant safety has always been set as the priority in order to avoid a nuclear accident

- in the medical sector, radiation protection of both professionals and patients has invariably been put forward as a priority.
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EVOLUTION OF RADIATION PROTECTION CULTURE (5/5)

Source : ‘Safety and radiation protection culture’ - K. Classic, B. Le Guen, K. Kase, R. Vetter, Mayo Clinic, EDF France, 
IRPA – www.irpa.net - International Radiation Protection Association. 

Table of Contents
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Research and 

Innovation

35

 
Program Period EC funding (M€) Annual budget (M€/y) 

FP5 1998-2002 172  34 
FP6 2002-2006 190 38 
FP7 2007-2011 287 57 

FP7 extension 2012-2013 118 59 
FP8 (projected) 2014-2018 355 71 

 

Since the 5th Framework programme (FP5) in 1998, the global EC funding for
EURATOM indirect actions is almost constant in constant Euro value. Table
below reflects the annual average EC funding for indirect actions in each FP
since 1998. It cumulates the areas of waste, radiation and reactor safety.

Source: "ESNII in the context of Generation IV: ESNII+, SARGEN_IV, CP-ESFR, LEADER, GoFastR",
by Pascal Anzieu 1, Carole Wahide 1, Daniel Blanc 2, Alfredo Vasile 1, Alessandro Alemberti 3, Christian Poette 1
(1 CEA; DEN, France, 2 IRSN, France; 3 Ansaldo Nucleare, Italy)

FISA 2013 - 8th European conference on Euratom research and training in reactor systems - 14-17 October 2013
- Vilnius, Lithuania - Co-organised by the European Commission and the Lithuanian Presidency of the EU

- http://cordis.europa.eu/fp7/euratom-fission/fisa-2013_en.html

Global EC funding for EURATOM indirect actions (FP5 to FP7) (1/2)

Horizon-2020      /      2014-2018     /               315               /                      63

Research and 

Innovation

36

In the FP5 a topic “Safety and efficiency of future systems” is clearly
identified; in the FP6 there is a sub-topic “Innovative concepts” in the
domain “Other activities of nuclear technology and safety”; finally in the
FP7, one can find the topic “Potential of advanced nuclear systems” which
becomes more accurate for the last calls in 2011 and 2012 in the extension
part of FP7, with sub-topics “Generation-IV nuclear systems and ESNII”,
“Crosscutting activities and ESNII”, and “Advanced reactor systems”.

Specific EC funding for EURATOM indirect actions 
in "innovative reactors" (FP5 to FP7) (2/2)

 
Program Total EC 

funding 
(M€) 

Number of 
projects 

Number of 
year*project 

Average 
participants 
per project 

EC funding 
(k€/y per 

participant) 
FP5 12 15 47.5 9 2 
FP6 18 7 16.5 18 9 
FP7 79 20 67 20 3 

FP7 extension 29 12 40 11 5 
 

⇒ tendency to better organize the European effort, and not only to aggregate disjoint
domestic programmes.

⇒ Euratom indirect actions related to GIF collaborative programme: increased
contribution over the years (7 % under FP5, 20 % under FP6 and 26 % under FP7)
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From a project-related logic
to a programme-related logic 

Scientific 
communities

EC programme National actions 
and programmes

EC supporting 
actions

…The way forward

37

RESEARCH: "Innovation Union - Turning ideas into jobs, green growth
and social progress” COM(2010) 546 => "Horizon-2020”

1.1 - Priority 1 - Excellent science 

• European Research Council (ERC): 

focus on frontier research by the best individual teams 

• Future and emerging technologies (FET) programme 

(originally launched by DG CONNECT) 

• Marie Skłodowska-Curie actions (MSCA – new name since 2014) and COFUND 

• European Research Infrastructures (including nuclear facilities, e.g. JHR and MYRRHA)

1.2 - Priority 2 – Industrial leadership (Risk-Sharing Finance Facility /RSFF/): 

this instrument can support riskier but creditworthy RDI (Research, Development, Innovation) 
projects through risk-sharing between the EU and the EIB (European Investment Bank) 

1.3 - Priority 3 - Societal challenges 

• European Institute of Innovation and Technology (EIT)

=> Euratom research and training programme (2014-2018) is a complement of Horizon-2020

Reminder: Euratom Work Programme 2014-2015 
(http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/euratom/h2020-wp1415-euratom_en.pdf)
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Source: EuroMaster in Nuclear Energy 

European Institute of Innovation and Technology  - Knowledge and Innovation Communities” (KIC)

http://www.kic-innoenergy.com/education/msc-programmes/msc-emine.html

- TRL 1 Basic principles observed and 
reported

- TRL 2 Technology concept and/or 
application formulated

- TRL 3 Analytical and experimental 
proof of concept

- TRL 4 Component /subsystem / 
technology validation in laboratory 
environment

- TRL 5 Component /subsystem 
/technology validation in relevant 
environment

- TRL 6 Prototyping demonstration in 
relevant environment 

- TRL 7 Prototyping demonstration in 
operational environment

- TRL 8 System completed and 
qualified (demonstration in 
operational environment)

- TRL 9 Technology proven through 
successful mission operations.

Technology Readiness Levels (NASA 
1980’s) -
http://www.nasa.gov/content/technolo
gy-readiness-level/

Customer Readiness level vs Technology Readiness Levels

40

700M€ 2011-2015

KIC Innoenergy :Co-Location Centres
• 6 CCs
• Local integration
•Thematic coordination

http://kic-innoenergy.com/wp-content/themes/homepage/map/popupmap.html
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EcoSocHard 
sciences

nanomaterials

Convergent technologies (KETS)

ICT ‘’Smart’’ Biotechs

RenewablesNuclear

Complementarity
Storage, grids, …
H2 production

Synergy

KIC innoenergy: nuclear and renewable energy convergence

Indirect actions

DG-RTD

Fusion R&D
Programme

€ 728 million

(45 %)

Indirect actions

DG-RTD

Nuclear Fission,
Safety and 

Radiation Protection

€ 315 million

(20 %)

Direct actions

JRC

Nuclear Safety

and Security

€ 560 million

(35 %)

Total budget: € 1603 million

� Council Decision of 13 December 2013
ITER (2014-2020): € 2915 million in current values (outside H2020)

� Council Regulation of 16 December 2013

42

Euratom Programme (2014-18) complementing H2020

Euratom Programme Budget
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EU/EURATOM Fission challenges

• Safe and harmonised management of 
radioactive waste

• Enhanced safety of design and operation of 
existing and future reactors

• Lift uncertainty about health risks after low 
radiation dose due to industrial and medical 
applications

• Ensure transfer of knowledge to future 
generation in the field

• Integration of European research 
programming and implementation

• Challenges need to be addressed worldwide

RD&DD Stages Definition Contact with 
Regulators

Design
Authority

Research 1.Preconceptual Options and ideas

Global Principle.

Is the concept
licensable?

Originator (RTD)

2. Conceptual Viability report
Design & Fuels
Requirements

Systems
Integration &
Assessment

Development 3. Preliminary Performance report Systems
Integration &
Assessment

Demon-
stration

4. Basic Design Demonstration report
First quote.
Formal guidance.

Formal license

Discussions.

Vendor

5. Detailed Design Procurement. Vendor

Deployment 6. Final Design User

RD&DD: from preconceptual to final design (development of large innovative technological projects)

Life cycle of 100 years for NPP: from design, manufacturing, construction, commissioning, operation, decommissioning up to green field
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VHTR – Very-High-Temperature Reactor SA
GFR – Gas-Cooled Fast Reactor SA
SFR – Sodium-Cooled Fast Reactor SA
LFR – Lead-Cooled Fast Reactor MoU
SCWR – Supercritical Water-Cooled Reactor SA
MSR – Molten Salt Reactor MoU

� ����

� � ��

�� ��

� �

�

�

� ��

VHTR

GFR

SFR

LFR

SCWR

MSR �

� �

��

o

o

� System Arrangement (SA)

JRC: Implementing Agent of Euratom
RTD: Indirect actions in support to GIF

ES
N

II

� Memorandum of Understanding (MoU)
o    Observer

�

�

�

Website: www.gen-4.org

GIF Member States involvement in the 6 systems

ESNII: governance

2040: Target for the deployment of Gen-IV Fast Neutron Reactors with 
Closed Fuel Cycle. ESNII TF Organised under the umbrella of SNETP, 
a task force with 20 members (10 industry, 10 research)

5 b€

1.96 b€

1.2 b€

2.65 b€

Total estimated cost:    10.81 b€
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French actors are getting
Organised (650M€ national loan) 
ASTRID is open to EU and 
International cooperation

- Belgian programme
for MYRRHA, 60M€ / 5years
- East European support to 
ALLEGRO (CZ,SV, HU),
ALFRED (RO host)

ESNII: projects

• preliminary design phases: partially funded

• next steps: strong need for Public - Private Partnerships

( MS - EU - Private funding)

Industry opinion about Gen IV in the EU – EDF vision (2010)

48

• The Gen IV SFR, associated to a closed fuel cycle, seems the 
unique choice compatible with an industrial deployment before the 
second half of the century

• Beyond its specific contribution in term of sustainable use of the 
uranium resources, to be deployed by 2040, this technology will 
have to show favourable characteristics in term of :
• Safety

• Reactor operation

• Availability, surveillance, maintenance

• Coherency and performances of the associated fuel cycle 

• Rationality of the system "reactor/fuel cycle/management of 
the ultimate waste": safety & security, radioprotection, 
efficiency

• Competitiveness of the system "reactor + cycle"

• Investment "reactor + cycle", cost for operation, cost of cycle, 
cost for the management of the ultimate waste

(Source EDF)
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Radiation protection: low dose risk extrapolation 
(linear no-threshold” /LNT/ model versus “hormesis”)

Low Dose Research

LNT : a testable 
hypothesis 

Research and 

Innovation

50
Source: LOW CARBON COMPETITIVE ENERGY SUPPLY - FRANCE’s PERSPECTIVE, Frank CARRE (SET-Plan Conference 2013, May 7-8, 2013)
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� 1 - sustainability

� 2 - safety and reliability

� 3 - economics

� 4 - proliferation resistance

All paths should be kept available, they could be used in sequence.  

R T

Ude

FP

U Pu MA

R T

Ude

MA

U Pu

FPR T

Ude

FP MA

U Pu

Homogeneous 
recycling 

Heterogeneous
recycling

U & Pu 
recycling

FR: to produce 50 times more electricity 
with the same uranium amount

Final R&I challenge: integration of all four
technology goals in the GIF systems

Table of Contents

1 - Introduction:  Euratom - drivers and enablers

2 – Towards  a new governance for Euratom R&T – focus on safety culture

3 - Euratom R&T under "EU 2020 strategy for smart, sustainable and inclusive growth" 

4 – Lifelong learning and cross-border mobility 

- “Euratom Fission Training Schemes”

5 – Conclusion: strengthening competences and sharing a common safety culture 
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EDUCATION: “An agenda for new skills and jobs - A EU contribution towards full 
employment”, COM(2010) 682 => lifelong learning and cross-border mobility

• Bologna Declaration on the "European Higher Education Area" (June 1999 - 47signatory States) 

=> “European Credit Transfer and accumulation System” /ECTS/

• Copenhagen Declaration on “enhanced European cooperation in VET” (November 2002) 

=> “European Credit system for Vocational Education and Training” /ECVET/.

ECVET definition: "learning outcomes" means "statements of what a learner knows, 
understands and is able to do on completion of a learning process and which are defined in 
terms of knowledge, skills and competences (KSC) that can be assessed and validated". 

BOLOGNA 1999: 
MUTUAL RECOGNITION OF ACADEMIC GRADES

COPENHAGEN 2002:
Lifelong learning and cross-border mobility

Source: "The European Qualifications Framework for Lifelong Learning (EQF)" 
– EC 2008 / http://www.ecvet-team.eu/sites/default/files/eqf_brochure_2008_en.pdf

DESCRIPTORS DEFINING LEVELS IN THE EUROPEAN QUALIFICATIONS FRAMEWORK (EQF)

54
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26/11/2014 PETRUS III

ECVET in Brief

56

Necessary 
conditions 
for ECVET 

implementation 

(Source: Cedefop
publication "Necessary 
conditions for ECVET 

implementation", May 
2012)

OBJECTIVES of ECVET

• European mobility

• Permeability

• Recognition, validation

• Quality and standards

• Lifelong learning

• Integration in working 

and social life

• European identity

• Transparency of 

qualifications

• Improve VET cooperation

• Flexibility
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ANDERSON AND BLOOM TAXONOMY

ADAPTED FOR RPE (INCLUDING TAXONOMY ACTION VERBS) 1/3

RPE = Radiation Protection Expert 
("Basic Safety Standards" (BSS) - COUNCIL DIRECTIVE 2013/59/Euratom laying down basic 

safety standards for protection against the dangers arising from exposure to ionising radiation

- Act adopted by Council on 05/12/2013
=> Chapter IV "Requirements for Radiation Protection Education, Training and Information")

http://ec.Europa.eu/energy/nuclear/radiation_protection/radiation_protection_en.htm

Source = FP7 Euratom EFTS project ENETRAP II /2009-2012/ (http://enetrap2.sckcen.be/) 

ANDERSON AND BLOOM TAXONOMY

ADAPTED FOR RPE (INCLUDING TAXONOMY ACTION VERBS) 2/3
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ANDERSON AND BLOOM TAXONOMY

ADAPTED FOR RPE (INCLUDING TAXONOMY ACTION VERBS) 3/3

A non-profit international organization established on September 22, 2003 under the French 
law of 1901 and located at CEA-INSTN (Saclay) Paris.

Mission

The preservation and further development of higher nuclear education and expertise in all areas of 
nuclear fission and radiation protection (education and training) 

Composition (as of March 2014)

⇒ 64 members (universities, research institutions and industry) from 17 EU Member States, 
plus Switzerland, Russian Federation, Ukraine, Japan and South Africa

⇒ further international collaboration: partnership agreements 
with ENS, IAEA / ANENT (Asia), Canada and WNU

Website = http://www.enen-assoc.org/

Reminder: legal association ENEN = spin-off of Euratom FP-5 coordination action 
(22 universities, budget of 200 000 Euros) (contract FIR1-CT2001-80127 over period 2002 – 2003 / 
http://cordis.europa.eu/fp5-euratom/src/lib_finalreports.htm#training)

THE ENEN ASSOCIATION

(EUROPEAN NUCLEAR EDUCATION NETWORK) 

60
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"Euratom Fission Training Schemes” for safety related jobs and functions

Eleven EFTS: ECNET, ENEN III, TRASNUSAFE, CORONA, CINCH II, 
EUTEMPE-RX, GENTLE, NUSHARE, PETRUS III, ENEN-RU II, ENETRAP-III (1/2)

• ECNET - EU-CHINA Nuclear Education and Training Cooperation: mirror project to be financed 
by the Chinese Atomic Energy Authority (March 2011 - February 2013) 

• ENEN-III Training schemes - Generation III and IV engineering: addressing mainly  nuclear 
systems suppliers and engineering companies (May 2009 – April 2013)

• TRASNUSAFE - Nuclear Safety Culture: addressing mainly the health physics sector (e.g., 
ALARA principle in industry and medical field) (Nov. 2010 - October 2014) 

• CORONA - Regional Center of Competence for VVER Technology and Nuclear Applications: 
focus on VVER personnel training (December 2011 – November 2014) 

• CINCH-II - Cooperation in education and training In Nuclear Chemistry: focus on 
the European master's degree in nuclear and radiochemistry (June 2013 – May 2016)

• EUTEMPE-RX - European Training and Education for Medical Physics Experts in 
Radiology: focus on Euratom BSS Directive 2013/59 (August 2013 – July 2016)

• GENTLE - Graduate and Executive Nuclear Training and Lifelong Education: focus 
on synergy between industry – academia (January 2013 – December 2016) 

• NUSHARE – Project for sharing and growing nuclear safety culture competence: 
focus on policy makers; regulatory authorities; industry (Jan. 2013 – Dec. 2016)

• PETRUS III - Program for Education, Training, Research on Underground Storage: 
addressing mainly the radwaste agencies (September 2013 – August 2015)

• ENEN-RU-II- Cooperation with Russia in Nuclear E&T and Knowledge 
Management: mirror project by ROSATOM and MEPhi (July 2014 – June 2017)

• ENETRAP-III - European Network on E&T in Radiological Protection: addressing 
mainly the nuclear regulatory authorities and TSOs (June 2014 – May 2018).

Eleven EFTS: ECNET, ENEN III, TRASNUSAFE, CORONA, CINCH II, 
EUTEMPE-RX, GENTLE, NUSHARE, PETRUS III, ENEN-RU II, ENETRAP-III (2/2)
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“EUROPEAN HUMAN RESOURCE OBSERVATORY IN THE NUCLEAR ENERGY SECTOR”

1ST SITUATION REPORT ON EDUCATION AND TRAINING IN THE NUCLEAR ENERGY FIELD IN
THE EU (COM(2011) 563, BRUSSELS, 16.9.2011)

http://ec.europa.eu/energy/nuclear/safety/doc/com_2011_0563_en.pdf

"EHRO-N is therefore the initiative to fill this gap, especially as it can provide a continuous monitoring
and scanning of future challenges. EHRO-N will be the central information source for all
stakeholders in the EU interested in the optimisation and rounding up of the initiatives taken. Member
States are therefore invited to fully support the Commission in developing this promising tool."

=> follow-up: The "Second Situation Report on Education and Training in the Nuclear
Energy Field in the EU" was published as a «Commission Staff Working Document»

on 3 October 2014 (Brussels, SWD(2014) 299 final / 13874/14)

(http://ehron.jrc.ec.europa.eu/)

=> First EHRO-N report on the supply and demand for nuclear experts for the present and future nuclear projects 
in the EU by 2020 (analysis done on data received from spring 2010 to spring 2011). 
“PUTTING INTO PERSPECTIVE THE SUPPLY OF AND DEMAND FOR NUCLEAR EXPERTS BY 2020 WITHIN 
THE EU-27 NUCLEAR ENERGY SECTOR”, April 2012, EHRO-N report, JRC-IET, EUR 25291 EN

63
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Competence Pyramid
Hypothetical graphical representation of 

the nuclear energy sector in the EU-28 by type of employees

Workforce Model

SOURCE: “EUROPEAN HUMAN RESOURCE OBSERVATORY

IN THE NUCLEAR ENERGY SECTOR" - HTTP://EHRON.JRC.EC.EUROPA.EU/

=> transfer of knowledge, skills and competences (KSC) needed to continually improve safety culture 
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Table of Contents

1 - Introduction:  Euratom - drivers and enablers

2 – Towards  a new governance for Euratom R&T – focus on safety culture

3 - Euratom R&T under "EU 2020 strategy for smart, sustainable and inclusive growth"

4 – Lifelong learning and cross-border mobility - “Euratom Fission Training Schemes”

5 – Conclusion: strengthening competences 

and sharing a common safety culture 

Conclusion : strengthening competences
and sharing a common safety culture 

• contribute to the creation and transfer not only of knowledge but 
also of skills and competences related to nuclear safety culture

• ensure technical, human and organisational excellence through

ETI in applications of ionising radiation in all parts of the EU

• develop a new governance structure at EU level for decision 
making in nuclear matters (i.e. rules, processes and behaviour)

⇒ a new way of “developing / teaching science”, aligned with 
"Europe 2020 strategy for smart, sustainable and inclusive growth"
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Good collaboration  Euratom – IAEA

in research – innovation - education

European

Union 
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FISA and Euradwaste 2013 conferences

14-17 October 2013
Vilnius, Lithuania

http://cordis.europa.eu/fp7/euratom-fission/fisa-euradwaste-2013_en.html
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69

Thank you for your attention
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• EU Energy research: http://ec.europa.eu/research/energy/index_en.htm

• Euratom Seventh Framework Programme: http://cordis.europa.eu/fp7/euratom/home_en.html

• Information on FP7 and access to programmes and calls: http://cordis.europa.eu/fp7/home_en.html

• Euratom Seventh Framework Programme funded projects http://cordis.europa.eu/fp7/euratom-
fission/library_en.html

• CORDIS publications
� http://cordis.europa.eu/fp6-euratom/library_en.html
� http://cordis.europa.eu/fp7/euratom-fission/library_en.html
� Euratom FP6 Research Projects and Training Activities, Volume I-II and III (PDF)
� Volume I ftp://ftp.cordis.europa.eu/pub/fp6-euratom/docs/nuclear_fission_eur21228_en.pdf
� Volume II ftp://ftp.cordis.europa.eu/pub/fp6-euratom/docs/nuclear_fission_eur21229_en.pdf
� Volume III ftp://ftp.cordis.europa.eu/pub/fp7/docs/euratom-fission_eur22385_en.pdf
� Euratom FP7 Research Projects and Training Activities, Volume I (PDF)
� Volume I ftp://ftp.cordis.europa.eu/pub/fp7/docs/fin-266-euratom-web-jun09v02_en.pdf
� Volume II http://ec.europa.eu/research/energy/pdf/euratom-fp7-vol-2.pdf
� Volume III 

http://ec.europa.eu/research/energy/euratom/publications/pdf/euratom_fp7_research_&_training_projects
_volume_3.pdf

• Research*eu magazine http://ec.europa.eu/research/research-eu/index_en.html

• Strategic Energy Technolog Plan SET-Plan http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm

• FISA 2009 http://cordis.europa.eu/fp7/euratom-fission/fisa2009_en.html

• Financial Framework 2014 – 2020 “Horizon 2020”

• http://ec.europa.eu/budget/reform/index_en.htm

• http://ec.europa.eu/budget/biblio/documents/fin_fwk1420/fin_fwk1420_en.cfm

• http://ec.europa.eu/research/horizon2020/index_en.cfm

• 2013 Symposium  on ‘Nuclear Fission research for a low carbon economy’

� http://www.eesc.europa.eu/?i=portal.en.events-and-activities-symposium-on-nuclear-fission

• FISA 2013 and Euradwaste’13 http://cordis.europa.eu/fp7/euratom-fission/fisa-euradwaste-2013_en.html

Available Links
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DG DEVCO
Development & 
Cooperation -
EuropeAid

EUROPEAN
COMMISSION (EC)

33 General Directorates
and

11 Services

European 
External 
Action 
Service
(EEAS)

Department K

Security Policy 
and Conflict 
Prevention

K1
Weapons of 
mass 
destruction, 
conventional 
weapons, 
space

K3
Security Policy 
and Sanctions
� IfS

MD VI
Global and 
Multilateral 
Issues

DG ELARG
Enlargement

DG ENER
Energy

Directorate B
Human and 
Society 
Development

Directorate D

Regional 
Cooperation
& Assistance

Euratom
Supply 
Agency

Directorate D
Nuclear Safety 
and Fuel Cycle

Directorate E
Nuclear 
Safeguards

Unit B5
Instrument for 
Stability and 
Nuclear Safety

Unit D3
Regional 
Cooperation &
Programmes 
(Nuclear Issues)

Unit D1
Nuclear safety 
architecture and 
multilateral & 
international co-
operation

Unit D2
Nuclear energy 
technology, 
nuclear waste 
and 
decommissioning

Unit D3
Radiation 
protection

Unit E1 
Design, 
planning and 
evaluation of 
inspections. 

Unit E2 
Reprocessing 
plants

Unit E3 
Fabrication and 
enrichment 
plants

Unit E4 
Reactors, 
storage and 
other facilities

Unit E5
Nuclear 
accountancy, 
methods and 
evaluation

Unit G4
'Fission 
Energy'

� International  
Agreements 
(Fusion/Fission)

Unit G5
'ITER'

� Broader 
Approach 
Agreement

Unit G6
'Fusion Energy'

� Technology 
transfer and 
industrial  policy

Community Nuclear Activities
(RTD-G4.1, July 2014)  

Department 
VI.B

Multilateral 
Relations and 
Global Issues

VI.B.1
Global Issues 
and Counter-
terrorism
� INSC

VI.B.3
Multilateral 
Relations

DG RTD
Research and
Innovation

Directorate G
Energy

DG JRC
Joint 
Research 
Centre

Institute for 
Reference 
Materials and 
Measurements 
(IRMM)
Geel, BE

Institute for 
Transuranium 
Elements (ITU)
Karlsruhe, DE; 
Ispra, IT

Institute for 
Energy and 
Transport (IET)
Petten, NL; Ispra, 
IT

(plus other 4 
institutes)

Directorate A

Scientific 
Policy and 
Stakeholder 
Relations

Unit A4
Nuclear Safety 
and Security

Unit C1
Strategy, EFTA 
& enlargement 
countries, 
Russia, Asia, 
and Pacific

Unit C2
North America 
Latin America 
and Caribbean

Unit C3
European 
Neighbourhood, 
Africa and Gulf

Directorate C
International 
Cooperation
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Source: http://www.answers.com/topic/taxonomy-of-educational-objectives

Educational objectives in the cognitive domain 
(Learning, Teaching, and Assessing) 

(pioneering work of B Bloom (1956) and L W Anderson (2001) in taxonomy)
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http://www.humansynergistics.com/Files/Research

AndPublications/WorkStylesMethodsValidity.pdf

ACUMEN WorkStyles Technical Report on Methods & 

Validity - Human Synergistics International - 2007

Example of Graphic Profile 

(shaded areas in a circumplex) 

to assess managers' and team 

members’ strengths and weaknesses

Assessment for professional development (1/2)

the most effective performers have thinking 

styles especially marked by higher scores on 

Achievement (11 o'clock), Self-Actualizing (12 

o'clock), Humanistic-Encouraging (1 o'clock), 

and Affiliative (2 o'clock).
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The Graphic Profile shows an individual's scores as shaded areas in a circumplex. 

The main purpose of the graphic profiles is to show which scales dominate the 

individual's thinking styles. 

ACUMEN WorkStyles Technical Report on Methods & 

Validity - Human Synergistics International - 2007

http://www.humansynergistics.com/Files/Research

AndPublications/WorkStylesMethodsValidity.pdf

Assessment for professional development (2/2)
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Technology Goals for Generation-IV Nuclear Energy Systems
Sustainability 

1. Generate energy sustainably, and promote long-term availability of nuclear fuel

2. Minimize nuclear waste and reduce the long term stewardship burden

Safety & Reliability 

3. Excel in safety and reliability

4. Have a very low likelihood and degree of reactor core damage

5. Eliminate the “technical” need for offsite emergency response

Socio-Economics 

6. Have a life cycle cost advantage over other energy sources

7. Have a level of financial risk comparable to other energy projects 

Proliferation resistance and Physical protection 

8. Be a very unattractive route for diversion or theft of weapons-usable materials, 

and provide increased physical protection against acts of terrorism
76
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* S-Q1: Is plutonium (Pu) an asset or a liability ? (breeding of U-238 in FRs => Pu-239)
Is depleted uranium (U) a recyclable material or waste ?

* S-Q2: How to minimise volume, heat and toxicity of ultimate radioactive waste ?

IAEA "International Project on Innovative Nuclear Reactors and Fuel Cycles" (INPRO) -

"Assessment Methodology for Innovative Nuclear Energy Systems"

•  Energy Indicators for Sustainable Development (multi-agency report, 2005)

•  General rules for the application of the INPRO method for assessment (2008)

•  IAEA INPRO basic principles, user requirements and criteria 
- Economic basic principle
- Infrastructure basic principle
- Waste management basic principle 
- Proliferation resistance basic principle
- Physical protection basic principle
- Environmental Basic Principle 
- Safety basic principle.

GIF CRITERION NO 1 - SUSTAINABILITY
(OPTIMAL NATURAL RESOURCE UTILISATION /U-238 => Pu-239/
+ MINIMISE VOLUME, HEAT, RADIO-TOXICITY OF WASTE) (1/2)

Research and 
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Comparison of the capability of two INS operating in France in 2010 (blue) and 2100 (green) 
in the areas of economics, safety, environment, proliferation resistance, waste management, 
and infrastructure (The higher the number on the diagram, the better the performance).

Aggregating and consolidating the results of an INPRO assessment (2/2)

Source: IAEA-TECDOC-1575 Rev. 1 / "Guidance for the Application of an Assessment Methodology for 
Innovative Nuclear Energy Systems" - INPRO Manual — Overview of the Methodology / Volume 1 of 9 of 
the Final Report of Phase 1 of the International Project on Innovative Nuclear Reactors and Fuel Cycles 
(INPRO) - November 2008 - http://www-pub.iaea.org/MTCD/publications/PDF/TE_1575_web.pdf
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• SR-Q1: How safe is safe enough ? (integral approach needed)

* SR-Q2:  What is the impact of managerial and human factors on safety performance ? 
(safety culture)

In 2011, the Risk and Safety Working Group (RSWG) of GIF produced a document that
describes the methodology, called the "Integrated Safety Assessment Methodology"
(ISAM) for use throughout the Gen IV technology development cycle.

This is an advanced method based on an integral Risk Informed approach in which
qualitative and quantitative, deterministic and probabilistic insights are made available
to support the designer throughout the design process.

The methodology is consistent with existing “Technology-Neutral” guidance documents
e.g. produced by IAEA.
("Proposal for a Technology-Neutral Safety Approach for New Reactor Designs" - IAEA
TECDOC 1570, 2007)

GIF CRITERION NO 2 - SAFETY & RELIABILITY 
(DETERMINISTIC AND PROBABILISTIC ASSESSMENT METHODS 

+ NUCLEAR SAFETY CULTURE) (1/2)
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GIF Portal (public): https://www.gen-4.org/gif/jcms/c_9260/public

ISAM Report 2011: https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/gif_rsgw_2010_2_isamrev1_finalforeg17june2011.pdf

"An Integrated Safety Assessment Methodology (ISAM) for Generation IV Nuclear Systems", 

GIF/ Risk and Safety Working Group (RSWG)/2010/002/,  June 2011 (2/2)
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• SE-Q1: How to evaluate the total social costs of energy technologies ?
= private (capital + O&M + fuel)+ external (system effects + accidents + avoided CO2) 

• SE-Q2: How to improve public engagement in decision making 
(energy governance = openness, participation, accountability, effectiveness, etc) ?

In 2007, the Economics Modeling Working Group (EMWG) of GIF accepted to produce a
credible methodology to assess, compare, and eventually select future nuclear energy
systems, taking into account a robust evaluation of their economic viability.

They issued "Cost Estimating Guidelines for Generation IV Nuclear Energy Systems" for
economic optimization during the viability and performance phases of the Generation IV
project.

Several existing nuclear-economic models were upgraded and then integrated in an
integrated nuclear energy economic model (INEEM) and a software tool called G4Econs has
been developed to provide a global economic assessment .

This document discusses the development of all relevant life cycle costs for Generation IV
systems, including the planning, research, development, demonstration (including
prototype), deployment and commercial stages.

GIF CRITERION NO 3 - SOCIO-ECONOMICS 
(TOTAL SOCIAL COSTS OF ENERGY 

+ PUBLIC ENGAGEMENT IN DECISION MAKING) (1/2)
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Source: Tarjanne, Risto and Kivisto Aija, Lappeenranta University of Technology,  
« Comparison of Electricity Generation costs », 2010

Electricity generation costs with emission price of 20 EUR / t CO2 (2/2)
NB: “nuclear” refers to the nth of a kind (NOAK) [different from first of a kind (FOAK)]
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• PR-Q1: Is the nuclear proliferation risk over-estimated ? 
(weapons of mass destruction: Chemical, Biological, Radiological and Nuclear /CBRN/ threats)

* PR-Q2: How to combat radiological terrorism ? (related to “small weapons”)

In 2011, the Proliferation Resistance and Physical Protection (PR&PP) Working Group of GIF,
prepared a document that describes the "Evaluation methodology for PR&PP of Generation IV

nuclear energy systems" (NESs) - Rev. 6 (GIF/PRPPWG/2011/003).

For a proposed NES design, the methodology defines a set of challenges, analyses system
response to these challenges, and assesses outcomes. The results are intended for three types of
users: system designers, program policy makers, and external stakeholders.

GIF CRITERION NO 4 - PROLIFERATION RESISTANCE AND 
PHYSICAL PROTECTION (1/2)

• Definitions (GIF PR&PP)

• “Proliferation resistance" is that characteristic of an NES that impedes the 

diversion or undeclared production of nuclear material or misuse of 

technology by the Host State seeking to acquire nuclear weapons or other 

nuclear explosive devices.. (IAEA)

• "Physical protection (robustness)" is that characteristic of an NES that 

impedes the theft of materials suitable for nuclear explosives or radiation 

dispersal devices (RDDs) and the sabotage of facilities and transportation 

by sub-national entities and other non-Host State adversaries.”
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Reminder:  “Global Nuclear Energy Partnership” (GNEP), launched by the US-DOE in 2006. 

- original aim: promote the use of nuclear power and close the nuclear fuel cycle in a way
that reduces waste and the risk of nuclear proliferation. The GNEP proposal would divide the
world into “fuel supplier nations,” which supply enriched uranium fuel and take back spent
fuel (including fuel reprocessing and burning of plutonium and minor actinides in advanced
burner reactors of Generation IV type), and “user nations”, which operate nuclear power
plants.

=> critics for discriminating between countries as nuclear fuel cycle “haves” and “have-
nots”.

- transform the partnership in 2010 into the “International Framework for Nuclear Energy
Cooperation” (IFNEC) with a broader scope (also wider participation: 32 Participant and 31
Observer countries).

=> explore mutually beneficial approaches to ensuring the expansion of nuclear energy for
peaceful purposes in a manner that is efficient, safe, secure, and which supports non-
proliferation and safeguards.

GIF CRITERION NO 4 - PROLIFERATION RESISTANCE AND 
PHYSICAL PROTECTION (2/2)


