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ABSTRACT AND TAKE-AWAY MESSAGES 

 

In a rapidly changing multicultural world full of uncertainties (notably regarding 

sustainability, security of supply and competitiveness of energy), a strong interaction between 

Research, Innovation and Education /RIE/ (so-called Knowledge Triangle) may help reduce 

some of these uncertainties. A number of scientific-technological and socio-political 

challenges, involving a variety of stakeholders, are associated with this changing world. In 

Euratom RIE, in particular, one of the main objectives is to continuously improve peaceful 

applications of nuclear fission energy and ionising radiation for the benefit of both society and 

industry, while drawing lessons from the past history of nuclear power plant operation. As a 

result, a new scientific interdisciplinary approach is under development within the EU and 

outside to develop jointly breakthrough technologies and to produce firm facts and figures 

aiming at supporting decisions related to nuclear fission energy policies. 

 

The main stakeholders of Euratom RIE are developing a common approach regarding 

needs, vision and implementation instruments in several sectors of nuclear fission. Focussing 

on knowledge creation and competence building, their approach can be summarized as: 

 

1 – Analysis of society and industry needs: e.g. who are the main stakeholders and 

what is their role in Euratom programmes ? who is using the results of Euratom RIE ? what 

kind of knowledge, skills and competences are required to meet the stakeholder expectations ?  

 

2 – Convergence towards a common vision: e.g. towards a new governance structure for 

decision making in nuclear RIE, by integrating expert, policy and public knowledge with the 

aim to embed nuclear fission into robust, equitable and socially acceptable systems. 

 

3 – Development of common instruments: e.g. synergy between national and Euratom 

education and training programmes for lifelong learning and cross-border mobility, thereby 

ensuring continuous improvement and renewal of nuclear expertise in a changing world. 

 

As the focus is on innovation under Euratom, special attention is dedicated to 

breakthrough technologies in Generation-IV systems (reactor and fuel cycle) aiming at 

improving sustainability, safety & reliability, socio-economics and proliferation resistance.  



2 

 

 

1 – INTRODUCTION: EURATOM (RESEARCH AND TRAINING IN NUCLEAR FISSION AND 

RADIATION PROTECTION) WITHIN THE ENERGY UNION  

 

The European Union (EU, combined population of over 507 million inhabitants, European 

Council made up of the leaders of the 28 EU Member States, European Parliament made up of 

751 members) is a major player in the world of nuclear fission. In the EU, the generation of 

electricity through nuclear fission is a fact of life. Nuclear power stations currently produce 

more than a quarter of the electricity and more than a seventh of the primary energy 

consumed. World-wide, be it in industrialised or in emerging countries, nuclear fission is part 

of the national energy mix, aiming at building robust, equitable and socially acceptable energy 

systems.  

 

In 2013 in the EU, a total of 131 units were operable in 14 Member States (including 18 

Russian-designed VVER units in 5 States). At the end of 2013, they represented a total 

installed electricity capacity of 122 GWe net and a gross electricity generation of 833 TWh 

(i.e.: 27 % of gross electricity production or 14 % of gross inland primary energy 

consumption in the EU). It should also be noted that 4 reactors are under construction in the 

EU (1 in Finland, 1 in France and 2 in Slovakia), 19 reactors are planned (6 in Poland, 4 in the 

UK, 2 in Hungary, 2 in the Czech Republic, 2 in Romania, 1 in France, 1 in Lithuania and 1 

in Bulgaria) and 15 reactors are proposed. World-wide in 2013, there were 438 nuclear power 

reactors in operation in 31 countries plus Taiwan, which meant over 15 000 cumulative 

reactor-years of commercial operation (i.e.: 11 % of world electricity generation and 5.7 % of 

the world's energy). 

 

The EU Member States /MS/ however have very different energy mix policies. Following 

“Energy Policy for Europe”, it is up to each Member State to decide whether or not to pursue 

the option of nuclear power. This statement is aligned with the Treaty of Lisbon which places 

energy at the heart of European activity. Twelve MS have given signs that nuclear remains 

part of their longer-term low carbon energy strategy. One Member State (Poland) is 

considering including it in its energy mix and another (Lithuania) is ready to re-introduce it 

together with other Baltic States.  

 

More generally, mankind enjoys many benefits from nuclear-related technologies, most 

notably electricity production. For generations to come, electrical, medical and other 

applications of ionising radiation will continue to require national and international RIE 

programmes. Therefore highly educated experts with very specific knowledge, skills and 

competences are needed. For power generation or for medical applications, experts with 

highly qualified nuclear and radiation protection competences will be needed over a long 

time period to build new facilities and/or to safely operate installations (including 

radioactive waste management and decommissioning activities) and to deal with radiation 

protection issues (including modern medical diagnosis and treatment).  

 

Policy makers and industry, however, share the concern that human resources could be at 

risk, especially because of high retirement expectations in "old" countries (with nuclear 

installations – in particular in some EU Member States) and a lack of nuclear experience 

(and of nuclear safety culture) in "new" countries (more than 45 Member States of the IAEA 

have approached the Agency with a serious expression of interest in nuclear power plant 

construction).  
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The nuclear sector represents thus in the EU (and of course also world-wide) a source of 

stable and reliable base load, with low carbon levels and relatively stable costs, which makes 

it attractive from the point of view of fighting climate change and security of supply. Uranium 

fuel is abundant, especially if fast neutron reactors are used, based on breeding of fissile Pu-

239 fuel from non-fissionable but fertile U-238 (Section 7). It is also ideally matched to 

increasing urbanisation world-wide. It is quite clear that nuclear fission will remain part of the 

energy mix for many decades to come, as is shown in this Section 1. 

 

Finally it is clear that if nuclear power is to have a long-term future, absolute priority should 

be given world-wide to the safety of current operational reactors and of future reactors 

(Generation II, III and IV). Much has already been accomplished, and yet further studies and 

research are still needed. International safety concerns are notably summarized in the 

warning: “A (severe) nuclear accident anywhere is an accident everywhere.” 

 

1.1 Short history: from UN "Atoms for Peace" (1953) and IAEA (1957) to EU Euratom 

(1957) and “Energy Union” (2014) 

 

UN "Atoms for Peace" (1953) and IAEA (1957) / historical reminder.  

 

Initially, nuclear power was reserved to the five post-WWII nuclear powers - USA, UK, 

France, Russia and China. In the early 1950's, the USA took the initiative to broaden the 

impact of nuclear power from national security to domestic energy autonomy. This was the 

visionary historical speech of U.S. President Dwight D. Eisenhower to the UN General 

Assembly in New York City on 8 December 1953 with title: "Atoms for Peace".  The 

subsequent "Atoms for Peace" program distributed nuclear technology, materials, and know-

how to civilians and countries that had not previously possessed nuclear technology. This 

program also was the basis for the creation of the International Atomic Energy Agency 

(IAEA in Vienna, autonomous organization on 29 July 1957). Each of the five post-WWII 

nuclear powers still uniquely holds a coveted permanent seat on the United Nations (UN) 

Security Council, the “P5”. Another result of the program was the Treaty on the Non-

Proliferation of Nuclear Weapons: the NPT entered into force in 1970 – a total of 191 states 

have joined - four UN Member States have never joined the NPT (India, Israel, Pakistan and 

South Sudan).  

 

EU Euratom (1957) / historical reminder.  

 

As far as Europe in the 1950s is concerned, there was a general shortage of "conventional" 

energy and therefore the six founding States of the EU (Belgium, France, Germany, Italy, 

Luxembourg and the Netherlands) looked to nuclear energy as a means of achieving energy 

independence. It should be noted that, already at that time, security of energy supply was a 

concern (e.g. oil crisis due to the closure of the Suez Canal in 1956). Severe accidents with 

many casualties in the fossil energy sector (in particular, in coal mines) were also a concern. 

Since the costs of investing in nuclear energy could not be met by individual States, the six 

above-mentioned founding States joined together to form the European Atomic Energy 

Community (Euratom). The general objective of the Euratom Treaty 1 (Rome, 25 March 

1957) was to contribute to the formation of Europe's nuclear industries, so that the six 

Member States could benefit from the development of nuclear energy, and to ensure security 

 
1 Consolidated version of the Treaty establishing the European Atomic Energy Community (Euratom)  

   OJ C 327, 26.10.2012: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:12012A/TXT  

   (in general, summaries of EU Legislation: http://eur-lex.europa.eu/browse/summaries.html) 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:12012A/TXT
http://eur-lex.europa.eu/browse/summaries.html
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of supply. At the same time, the Treaty guarantees high safety standards for the public and 

prevents nuclear materials intended principally for civilian use from being diverted to 

military use. It is important to note that Euratom's powers are limited to peaceful civil uses 

of nuclear energy in the spirit of the "Atoms for Peace" program. 

 

Increasing security of supply in the energy sector today is still a concern, not only in the EU 

but in most countries world-wide. Ensuring uninterruptible power supply (24/7/365), 

including associated fuelling or/and electrical grid infrastructure, is a challenge especially in 

emerging countries – (see UN Sustainable Development Goals no 7: "Ensure access to 

affordable, reliable, sustainable and modern energy for all" – Section 1.3.2). Additional 

concerns have risen however, related to new socio-economic requirements of the 21-st 

century, such as: 

 

• promoting sustainability, i.e.: limiting the environmental impact of energy production, 

transport and use (towards decarbonisation of the global economy) as well as waste 

minimisation (towards circular economy, i.e.: how to do more with less) 

 

• ensuring competitiveness, i.e.: reducing the energy bill for households and businesses, e.g. 

by improving national policies aiming at facilitating access to finance in some countries 

and reducing energy price differentials between countries.  

 

Research, Innovation and Education /RIE/ can contribute to the solution of the energy 

challenge. These three pillars are summarized in the Knowledge Triangle (for the specific 

case of Euratom, see details in Section 6.4), i.e.: 

 

• research: knowledge creation, usually in research and/or academic institutions  

• innovation: technological applications in industry and services (energy and medical) 

• E&T: knowledge transfer and competence building (at higher education level). 

 

Towards a resilient Energy Union (2014) with a forward-looking climate change policy  

 

Euratom is not isolated in the European Energy policy 2 landscape. Nuclear fission is part of 

the European energy mix, together with renewable and fissile energy sources (Article 194 of 

Lisbon Treaty, 2007 3). The EU energy strategy over the current decade is defined in the “EU 

Energy Roadmap 2050” (issued in 2011 – see Section 2.2) which proposes five scenarios 

towards a low-carbon economy, based on a balance between sustainable development, 

security of supply and industrial competitiveness. Two messages are important for the 

European nuclear fission community at the horizon 2050. Firstly, one of the five 

“decarbonisation scenarios” is based on a 20 % share of electricity generation by nuclear 

fission, which represents an equivalent capacity operating of 127 GWe, to be compared to 

today’s total nuclear generation of 122 GWe. Secondly, the general conclusion for all 

“decarbonisation scenarios” is that electricity will play a much greater role than now (almost 

doubling its share in final energy demand, from 21 % today to 40 % in 2050). 

 
 

2 EC DG (Directorate General) ENER programmes related to Nuclear safety; Radioactive waste and spent 

  fuel; Radiation protection; Decommissioning of nuclear facilities; Safeguards to avoid misuse; Security 

  (physical protection) : http://www.Euratom.org/ and http://ec.europa.eu/energy/en/topics/nuclear-energy 
3 Lisbon Treaty of 2007, taking Europe into the 21-st century - http://europa.eu/lisbon_treaty/index_en.htm 

http://www.euratom.org/
http://ec.europa.eu/energy/en/topics/nuclear-energy
http://europa.eu/lisbon_treaty/index_en.htm
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To better understand the global picture of the European Energy policy, it is worth recalling 

the political guidelines and, in particular, the ten priorities 4 (or ten policy areas where the EU 

could make a difference) set out by the new Commission (length of term in office: 2014-

2019). Newly elected EC president Jean-Claude Juncker presented the following ten priorities 

in advance of the European Parliament's vote on 15 July 2014: 

 

1. A new boost for jobs, growth and investment 

2. A connected digital single market 

3. A resilient Energy Union with a forward-looking climate change policy 

4. A deeper and fairer internal market with a strengthened industrial base 

5. A deeper and fairer Economic and Monetary Union (EMU) 

6. A reasonable and balanced free trade agreement with the United States 

7. An area of Justice and Fundamental Rights based on mutual trust 

8. Towards a new policy on migration 

9. Europe as a stronger global actor 

10. A Union of democratic change. 

 

Hence energy is high on the agenda of the European Commission: a resilient Energy Union is 

priority no 3 in the above list of 10 priorities. In February 2015, an important step was made 

when EC president Juncker presented the global EU energy strategy in the “Energy Union 

Package” 5. One of the Objectives is “An Energy Union for Research, Innovation and 

Competitiveness”, which consists of 4 + 2 priorities (Annex 4.3.5). Four core priorities are 

identified as follows:  

• the next generation of renewable energy technologies;  

• facilitating the participation of consumers in the energy transition;  

• efficient energy systems;  

• more sustainable transport systems.  

On top of these four common priorities, there are additional research priorities, namely: 

• carbon capture and storage (CCS) and  

• nuclear energy (emphasis on "the world's safest nuclear generation" and "The EU must 

ensure that ... it maintains technological leadership in the nuclear domain"). 

 

The European Research and Innovation policy has not only an internal (EU-wide) but also an 

external action policy (i.e.: an international dimension). It is worth mentioning a remarkable 

speech by Mr Carlos Moedas, Commissioner for Research, Science and Innovation, entitled: 

"The EU approach to science diplomacy" (1 June 2015, European Institute, Washington) 6. 

The EU is aiming at using science cooperation to improve international relations between 

countries: "our approach to science diplomacy, as democratic continents, should be one in 

 
4 "Setting EU priorities, 2014-19 / The ten points of Jean-Claude Juncker's political guidelines" (October 2014)       

    http://www.europarl.europa.eu/EPRS/EPRS-Briefing-538963-Setting-EU-Priorities-2014-19-FINAL.pdf  
5 Energy Union Package  / Communication from the EC to the European Parliament, The  Council, the European 

Economic and Social Committee, the Committee of the Regions and the European Investment bank,  

(COM(2015) 80, Brussels, 25.2.2015) "A Framework Strategy for a Resilient Energy Union with a Forward-

Looking Climate Change Policy" and Annex 1 "Roadmap for the Energy Union" for actions in the 4+2 priority 

domains (Annex 4.3.5) related to Security of Supply / Internal Energy Market / Energy Efficiency / Greenhouse 

gases / Research and Innovation - http://www.consilium.europa.eu/en/policies/energy-union/  

   + Vice-President Maroš Šefčovič on Energy Union - http://ec.europa.eu/priorities/energy-union/index_en.htm 
6 Carlos Moedas, Commissioner for Research, Science and Innovation, 1 June 2015, Washington 

    - http://ec.europa.eu/commission/2014-2019/moedas/announcements/eu-approach-science-diplomacy_en 

http://www.europarl.europa.eu/EPRS/EPRS-Briefing-538963-Setting-EU-Priorities-2014-19-FINAL.pdf
http://www.consilium.europa.eu/en/policies/energy-union/
http://ec.europa.eu/priorities/energy-union/index_en.htm
http://ec.europa.eu/commission/2014-2019/moedas/announcements/eu-approach-science-diplomacy_en
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which everyone is welcome. Where channels of communication are always open. Where peace 

and prosperity are not the by-products of scientific cooperation, but the end goal".  

 

Here is another excerpt regarding the common language and ideals of science and its potential 

impact on international relations:  

 

"I want science diplomacy to play a leading role in our global outreach for its uniting power. 

Certainly with our closest partners, but, even more so, where it can make an even greater 

difference: where the political situation is more complex. The European Union has imposed 

many sanctions on Russia, but one area where we have endeavoured to maintain our strong 

connection is in the area of research and innovation. Russia is a very active scientific partner 

of the EU. It is still a welcome partner in Horizon 2020 projects. We are working to maintain 

this important bridge to Russia, preserving a precious link through the common language and 

ideals of science." 

 

In this monograph dedicated to Euratom RIE, the emphasis is on  

 

• analysis of society and industry needs: what are the drivers and enablers for change ? 

(Section 1); what is the political and financial framework (Section 2) ? what are the main 

RIE challenges and how to improve the governance structure ? (Section 3) 

 

• convergence towards a common vision: the goal is continuous improvement of safety and 

security in all nuclear installations (through improvements in technology, regulation, 

culture) – what are the lessons learned from major accidents ? (Section 4) 

 

• development of common instruments to meet the above society and industry needs: 

Euratom and national programmes with emphasis on education and training actions under 

FP7 /2007 – 2013/ (Section 5) and Horizon-2020 /2014 – 2020/ (Section 6). 

 

The last Section (no 7) is dedicated to Generation-IV: the focus is on research and innovation 

(breakthrough technologies) aiming at continuously improving sustainability, safety & 

reliability, socio-economics and proliferation resistance. 

 

In order to understand the new orientation of Euratom RIE under Horizon-2020 /2014-2020/, 

it is useful to discuss the political context with emphasis on the main drivers and enablers for 

changes. 

 

1.2 Drivers for changes in Euratom RIE programme: EU policies (top down) and 

stakeholder requirements (bottom up) 

 

The drivers for changes in Euratom fission RIE programme are principally of two types:  

- EU policy covering fields of interest to nuclear fission (top down approach – see 1.2.1)  

- stakeholder requirements set out by the stakeholders (bottom up approach – see 1.2.2). 

 

1.2.1 EU policies and Knowledge Triangle (research, innovation and education) 

 

The “Europe 2020 strategy for smart, sustainable and inclusive growth” 7 has set a number of 

targets, related to Employment; Research & Development (R&D); Climate change and 

 
7 Europe 2020 strategy - http://ec.europa.eu/europe2020/index_en.htm 

http://ec.europa.eu/europe2020/index_en.htm
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Energy; Education; Poverty and Social Exclusion. Its implementation involves seven 

“Flagship Initiatives” 8 aiming at smart, sustainable and inclusive growth, i.e.: 

• Smart growth (Innovation Union + Digital agenda for Europe + Youth on the move) 

• Sustainable growth (Resource efficient Europe + An Industrial policy for the globalisation 

era)  

• Inclusive growth (An agenda for new skills and jobs + EU platform against poverty). 

 

The programme of Euratom research and training under Horizon-2020 is based principally on 

three of the above Flagship Initiatives that are related to the Knowledge Triangle and 

discussed in the following EC Communications (more details in Sections 2.3 and 6), namely: 

"Innovation Union”, "Resource-efficient Europe" and “An agenda for new skills and jobs”: 

 

RESEARCH: "Innovation Union 9 - Turning ideas into jobs, green growth and social 

progress” COM(2010) 546 (Brussels, 6.10.2010) – this Communication lays down the general 

objectives and EU added value of "Horizon-2020 - The Framework Programme for Research 

and Innovation” 10  adopted on 11 December 2013  (follow-up of FP7 /2007-2013/) (more in 

Section 6.1) 

 

ENERGY: “Resource-efficient Europe 11 - Towards a resource-efficient, low-carbon 

economy” COM(2011) 21 (Brussels, 26.1.2011) - this Communication is a confirmation of 

the three pillars of EU Climate Change and Energy Policy (i.e. sustainability, security of 

supply, competitiveness) - it is the basis of Communication (COM(2011) 885) on "Energy 

Roadmap 2050" 12 (more in Section 6.2) 

 

EDUCATION: “An agenda for new skills and jobs  13 - A European contribution towards full 

employment” COM(2010) 682 (Strasbourg, 23.11.2010) - this Communication proposes, in 

particular, a EU strategy and a series of instruments to foster lifelong learning and cross-

border mobility – it is the basis of Communication COM(2011) 787 on the "ERASMUS+" 

programme 14 - (more in Section 6.3).  

The Euratom RIE programme in nuclear energy (covering both fission and fusion) is a 

complement of Horizon 2020 (it is referred to in Societal Challenge no 3 "Secure, clean and 

efficient energy" – all six Challenges are discussed in Section 2.3). In fact, it is subject to a 

separate proposal under the Euratom Treaty. Basis document "COM/2011/0808 Horizon 

2020" 10 reads: "Nuclear energy research and innovation, to be supported under the Euratom 

Treaty, will allow the Union to develop, in the interest of all its Member States, the most 

advanced technologies for nuclear safety, security, radiation protection and non-

proliferation". 

 

1.2.2 Stakeholder requirements (scientific-technological and socio-political) w.r.t. 

Euratom 

 

 
8 Flagship: http://ec.europa.eu/europe2020/Europe-2020-in-a-nutshell/flagship-initiatives/index_en.htm 
9 Innovation Union  http://ec.europa.eu/research/innovation-union/pdf/innovation-union-communication_en.pdf  
10 Horizon-2020 RTD Framework Programme - http://ec.europa.eu/programmes/horizon2020/en/ 
11 Resource efficient Europe - http://ec.europa.eu/resource-efficient-europe/  
12 Roadmap 2050 (+ EU 27 Energy Figures) - http://ec.europa.eu/energy/energy2020/roadmap/index_en.htm 
13 An agenda for new skills and jobs - http://ec.europa.eu/social/main.jsp?catId=958&langId=en   
14 «Erasmus+» programme (DG EAC) - http://ec.europa.eu/programmes/erasmus-plus/index_en.htm  

http://ec.europa.eu/europe2020/priorities/smart-growth/index_en.htm
http://ec.europa.eu/europe2020/priorities/sustainable-growth/index_en.htm
http://ec.europa.eu/europe2020/priorities/inclusive-growth/index_en.htm
http://ec.europa.eu/europe2020/Europe-2020-in-a-nutshell/flagship-initiatives/index_en.htm
http://ec.europa.eu/research/innovation-union/pdf/innovation-union-communication_en.pdf
http://ec.europa.eu/programmes/horizon2020/en/
http://ec.europa.eu/resource-efficient-europe/
http://ec.europa.eu/energy/energy2020/roadmap/index_en.htm
http://ec.europa.eu/social/main.jsp?catId=958&langId=en
http://ec.europa.eu/programmes/erasmus-plus/index_en.htm
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Below is a non-exhaustive list of  stakeholder requirements based on the conclusions of the 

2013 Symposium on "Nuclear Fission Research for a low carbon economy", co-organised by 

the EC (namely: DG RTD, DG JRC and DG ENER) and the European Economic and Social 

Committee /EESC/ (Brussels, 26-27 February 2013) 15. A study was conducted during one 

year by a group of scientific-technological and socio-political experts, selected by DG RTD in 

view of this 2013 Symposium. The title of the study is "2012 Interdisciplinary Study - 

Benefits and limitations of nuclear fission for a low carbon economy: Defining priorities for 

Euratom fission research & training (Horizon 2020)". This study was launched in April 2012 

upon request of the Council (Council meeting of 28 June 2011) in view of their Decision on 

Euratom Horizon-2020 - see broad lines in Section 3.2 and details in Annex 1. 

 

Some stakeholder requirements of scientific-technological type: 

 

continuous improvements in: (1) Sustainability (e.g. efficient resource utilisation + minimise 

volume, heat and radio-toxicity of waste); (2) Safety & Reliability (e.g. maximum safety 

performance through design, technology, regulation and culture)  

/ research related to (1) and (2) has always been at the heart of Euratom RIE 

 

continuous improvements in: (3) Socio-economics (e.g. economic advantage over other 

energy sources + public engagement in decision making); (4) Proliferation resistance and 

physical protection (e.g. protection against all kinds of terrorism)  

/ research related to (3) and (4) covers political, legal and technical aspects 

 

towards better scientific support for decision making (e.g. regarding regulation and standards 

for radiation protection and nuclear safety); multi-disciplinary approach (e.g. nuclear 

cogeneration of heat and power, smart grids); development of a common nuclear safety 

culture, based on technical, human and organisational excellence. 

 

Some stakeholder requirements of socio-political type: 

 

sustainable solutions to: (1) possible shortages of skilled nuclear professionals and ageing 

workforce; (2) challenges requiring decisions over long time scales (“from cradle to grave 

may exceed 100 years”) and amid tough world-wide competition 

 

towards a common language between the worlds of education and work, using EU tools for 

E&T (e.g. Bologna 1999 for students, Copenhagen 2002 for professionals) and taking into 

account new sociological characteristics (“X” and “Y” generations) 

 

a new way of “developing / teaching” nuclear science (new governance for RIE) in order to: 

(1) re-build public confidence regarding fission technologies; (2) provide scientific support to 

develop robust, equitable and socially acceptable energy systems. 

 

1.3 Enablers for changes: European stakeholder organisations and national / international 

RIE programmes  

 
15 2012 Study: http://www.eesc.europa.eu/?i=portal.en.events-and-activities-symposium-on-nuclear-fission  

   Synthesis report available in EU Bookshop (free of charge) - http://bookshop.europa.eu/en/benefits-and-

limitations-of-nuclear-fission-for-a-low-carbon-economy-pbKINA25817/ 

http://www.eesc.europa.eu/?i=portal.en.events-and-activities-symposium-on-nuclear-fission
http://bookshop.europa.eu/en/benefits-and-limitations-of-nuclear-fission-for-a-low-carbon-economy-pbKINA25817/
http://bookshop.europa.eu/en/benefits-and-limitations-of-nuclear-fission-for-a-low-carbon-economy-pbKINA25817/
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The enablers for changes in Euratom RIE programme in nuclear fission and radiation 

protection are principally the European Technology Platforms (ETP) 16 and a number of 

authoritative expert associations 17.  

 

1.3.1 European Technology Platforms and authoritative expert associations 

 

The focus on sustainability in Euratom programmes goes together with a better governance 

structure in the decision making process (i.e.: more openness, participation, accountability, 

effectiveness and coherence) - see EU governance in Section 3.2. Special efforts are dedicated 

to the development of a common nuclear safety and radiation protection culture at EU level, 

based on the highest achievable standards (focusing, for example on sense of responsibility 

and ownership as well as on questioning attitude of all staff members in nuclear installations). 

Also important is public information and engagement in energy policy issues, notably in 

connection with nuclear decision making (nuclear energy is the energy that generates most 

emotion per MWh produced !). Most of these soft issues are related to lessons learned from 

conducting the "stress tests" in the 131 nuclear units in the EU (see Section 4.2.5). 

 

Euratom research, innovation and education programmes bring together – within the so-called 

“European Technology Platforms” - the major stakeholder groups of nuclear fission and 

radiation protection, 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. electro-nuclear utilities and industrial heat suppliers) 

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

• academia and higher education and training institutions dedicated to nuclear fission 

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

 

The European Technology Platforms and authoritative expert associations that are dealing 

with Euratom matters, play an important advisory (not decisional) role in the design of the 

relevant RIE programme, especially under the current EU Horizon-2020 programme of 

research and innovation (2014 – 2020). These stakeholder groups provide guidance and input 

 
16 List of European Technology Platforms (reactor safety, geological disposal, emergency, radio-ecology, etc)  

 - SNE-TP = "Sustainable Nuclear Energy Technology Platform" - http://www.snetp.eu/ - 3 pillars, namely: 

 - ESNII = "European Sustainable Nuclear Industrial Initiative" – http://www.snetp.eu/esnii/ 

 - NUGENIA = NUclear GENeration II & III Association (1921 Belgian law) - http://www.nugenia.org/

 - NC2I = "European Nuclear Cogeneration Industrial Initiative" - http://www.snetp.eu/nc2i/ 

- IGD-TP = "Implementing Geological Disposal of Radwaste TP" - http://www.igdtp.eu/  

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

- NERIS = “European Platform on Preparedness for Nuclear and Radiological Emergency Response and 

                   Recovery” (established in June 2010) - http://www.eu-neris.net/ 

- ALLIANCE = European Radio-ecology Alliance (since October 2012) - http://www.er-alliance.org/ 

- EurADOS = European Radiation Dosimetry in medical and industrial applications: http://www.eurados.org/en 
17 List of independent authoritative expert associations ("stress tests", radiation protection, low dose impact) 

 - ENSREG = “European Nuclear Safety Regulators Group”  

 - http://ec.europa.eu/energy/nuclear/ensreg/ensreg_en.htm 

 - WENRA =Western European Nuclear Regulators Association/ - http://www.wenra.org/  

 - HERCA = “Heads of European Radiological protection Competent Authorities Association”   

 - http://www.herca.org/index.asp 

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

http://www.snetp.eu/
http://www.snetp.eu/esnii/
http://www.nugenia.org/
http://www.nugenia.org/
http://www.snetp.eu/nc2i/
http://www.igdtp.eu/
http://ec.europa.eu/energy/nuclear/forum/forum_en.htm
http://www.eu-neris.net/
http://www.er-alliance.org/
http://www.eurados.org/en
http://ec.europa.eu/energy/nuclear/ensreg/ensreg_en.htm
http://www.wenra.org/
http://www.herca.org/index.asp
http://www.melodi-online.eu/
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to define common needs, vision and implementation instruments in connection with the three 

main areas of Euratom research and training, i.e.  

 

(1) safe operation of reactor systems 

(2) management of ultimate radioactive waste 

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

 

These stakeholder groups also foster the scientific community to participate in collaborative 

projects wherever appropriate (Euratom projects usually involve up to 10 organisations and 

have a duration of up to 4 years). It is clear that, in this scientific collaboration, the 

participating TSOs strictly keep their prescribed role, powers and independence as a support 

to the national regulators in decision making. Non-EU research organisations are welcome to 

join Euratom projects provided that their scientific contribution brings a clear added value to 

the project and that they pay the full costs of their participation. 

 

The "Sustainable Nuclear Energy Technology Platform" (SNE-TP) 16 is particularly important 

to guide Euratom RIE in the above domain "(1) safe operation of reactor systems". SNE-TP 

consists of three pillars:  

    1. NUclear GENeration II & III Association /NUGENIA/ (dedicated to Gen-II / Gen-III);  

    2. European Sustainable Nuclear energy Industrial Initiative /ESNII/ (dedicated to Fast 

        Reactor systems); and  

    3. Nuclear Cogeneration Industrial Initiative /NC2I/. 

 

The ETPs usually developed their vision in “Vision Reports” (excerpts regarding SNE-TP, 

IGD-TP and MELODI, in Annex 2.1, 2.2 and 2.3, respectively). The ETPs also produce other 

guidance documents that are used by the research community, such as: “Strategic Research 

and Innovation Agenda” and “Deployment Strategy”. These documents are particularly useful 

for Euratom to set RIE programmatic priorities in collaboration with the stakeholders. 

Examples of accompanying initiatives, such as setting up Key Performance Indicators and 

Estimates of Staffing Levels, are discussed in Annex 2.1.2 and 2.3.2, respectively.  

 

As far as vision and strategy are concerned, a number of interesting "Position Papers" were 

produced by the High Scientific Council (HSC) of the European Nuclear Society (ENS) 18. 

The ENS was founded in 1975 and is the federation of 23 nuclear societies from 23 countries 

— stretching from the Atlantic to the Urals (including Russia and Serbia as well as Israel). 

Another crucial component of that membership is the group of about 60 corporate members, 

representing key stakeholders which are partners for nuclear technology and research in 

Europe. The HSC advises the ENS and is made of 8 to 15 scientists of high reputation, 

coming from at least 5 European countries.  

 

Here are the titles of the ENS / HSC Position Papers published since October 2009: 

• Irradiated Fuel and Waste Management: the Achille’s heel of the nuclear industry ? 

• Maintaining Nuclear Competence within the EU as a follow-up of their "Expert Analysis 

paper" on "Nuclear Education, Training and Knowledge Management in Europe" 

• The accident at Fukushima  

• Preventing nuclear proliferation: a duty for the nuclear community  

 
18 European Nuclear Society (ENS Secretariat in Brussels) - http://www.euronuclear.org/  

    ENS / HSC Position Papers - http://www.euronuclear.org/1-expert/wordpress/?page_id=293 

http://www.euronuclear.org/1-expert/wordpress/?page_id=293
http://www.euronuclear.org/1-expert/wordpress/?page_id=293
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• Statement on the medical isotope crisis  

• Statement on Climate change & Nuclear Power. 

 

Some ETPs are actively involved in the various phases of the RD&DD (Research – 

Development – Demonstration – Deployment) cycle of large innovative projects, such as 

Generation IV (Section 7). The first two phases of the RD&DD cycle (research – 

development) can best be described using the above mentioned “Technology Readiness 

Levels” (Section 2.3). The research phase (usually resulting in a “Viability Report”) 

corresponds to TRL 1 to TRL 5. The development phase (usually resulting in a “Performance 

Report”) corresponds to TRL 6 to TRL 9. More specifically, the EU research and innovation 

programme usually contributes to the funding of the first two phases of the RD&DD cycle.  

 

Several “key reports" are produced during the RD&DD cycle, thereby showing progress 

towards maturity of the project. During the first "Research" phase, the key question is “is the 

concept licensable ?”: the focus is on pre-conceptual design, and a "Viability Report" is 

produced, involving mainly research and academic institutions. During the second 

"Development" phase, the key question is “how to integrate and assess all systems needed ?”: 

the focus is on conceptual design, and a "Performance Report" is produced, involving mainly 

research institutions and industrial experts. During the third "Demonstration" phase, the key 

question is about formal license: the focus is on preliminary design, involving mainly vendors 

and regulators, and a "Demonstration Report" is produced. For this third phase, scientific and 

financial risk sharing becomes an issue. Public funding usually comes from other sources than 

EU RIE programmes (e.g. from EU Structural and Investment Funds – Section 2.3 – or from 

the European Investment Bank). Finally, during the fourth and last "Deployment" phase, the 

emphasis is on detailed and final design, involving mainly users (e.g. utilities) and regulators 

as well as local stakeholders: this last phase is left to the open market (i.e.: usually without 

EU co-funding) in agreement with the policy makers and subject to the competition rules of 

the EU internal market. 

 

1.3.2 “European Energy Union” (2014) and UN 17 "Sustainable Development Goals" (2015) 

 

“European Energy Union” and "European Fund for Strategic Investments" (MYRRHA, 

ALLEGRO, PALLAS) 

 

As already said, EC President Jean-Claude Juncker announced in November 2014 the EC 

intention to create a “European Energy Union”, thereby demonstrating the crucial role that 

energy plays in the wider economic strategy for Europe. The Energy Union strategy, outlined 

by the Commission, involves several aspects of the EU energy development: energy security, 

diversification of supply, cross-border connections, competition rules and regulations, 

consumers’ interests, energy efficiency, decarbonization of electricity, household and 

transport sectors, EU leadership in renewable energy development, research and innovation 

on low-carbon technologies and sources (including renewables, energy efficiency, smart-

grids, energy storage, CCS, nuclear, biomass and biofuels), governance and monitoring 

processes. 

 

More precisely, five priorities (naturally aligned with the "2030 Climate and Energy Policy", 

European Council, October 2014 – Section 2.2) are outlined in the Energy Union Package of 

2015 5 (priority no 5 being "research and innovation"):  
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1. Energy security, solidarity and trust: make the EU less vulnerable to external 

energy shocks and reduce dependency on specific fuels, energy suppliers and routes 

 

2. The internal energy market: improve energy interconnections, improve cooperation 

between Member States when developing energy policies 

 

3. Energy efficiency as a contribution to the moderation of energy demand: work 

towards the 2014 target of at least a 27% improvement in energy efficiency by 2030 

 

4. Decarbonisation of the economy: reduce domestic greenhouse gas emissions by at 

least 40% compared to 1990 – special role for the EU emissions trading scheme  

 

5. Research, innovation and competitiveness: We are still a long way from fully 

coordinated and focussed research, effectively combining EU and Member State 

programmes around common goals and deliverables. 

 

The priorities of the “European Energy Union” are of course aligned with the above-

mentioned principles of sustainability, security of supply and competitiveness (Section 1.1).  

 

In the context of the “European Energy Union”, the European Commission has adopted on 13 

January 2015 the "European Fund for Strategic Investments" (EFSI) 19 with a budget of Euro 

315 billion over the period 2015-2017. The EFSI is aiming at mobilising additional public and 

private investments in the real economy in areas including infrastructure, education, research, 

innovation, renewable energy and energy efficiency. The EFSI should target projects that 

promote job creation, long-term growth and competitiveness.  

 

Three nuclear fission projects have applied officially for the EFSI, namely: MYRRHA, 

ALLEGRO and PALLAS (see Annex 3.6). 

 

• MYRRHA is a "Multipurpose hYbrid Research Reactor for High-technology 

Applications", firmly planned at the Belgian Nuclear Study Center in Mol  

• ALLEGRO is designed as a Gas Cooled Fast Reactor demonstrator, resulting from 

regional collaboration (“Visegrád-4”: Hungary, Czech Republic, Slovakia, Poland)  

• PALLAS is firmly planned in Petten, Netherlands – it is the successor of the High Flux 

Reactor (HFR, operated by NRG on behalf of the EU's Joint Research Centre). 

 

UN 17 "Sustainable Development Goals" (2015) 

 

It should be recalled that the concept of “Sustainable Development” (referring to both 

intergenerational sustainability and poverty eradication in the world) was first developed in 

the famous G H Brundtland Report “Our Common Future” (World Commission on 

Environment and Development, United Nations, 1987). In 2000 came the Millennium Summit 

of the United Nations. All 189 United Nations Member States at the time (there are 193 

currently), and at least 23 international organizations, committed to help achieve eight so-

called Millennium Development Goals (or MDGs) 20 by 2015.   

 
19 EC priority - Investment Plan:  http://ec.europa.eu/priorities/jobs-growth-investment/plan/index_en.htm 
20 Millennium Development Goals (2000): 1. To eradicate extreme poverty and hunger; 2. To achieve universal 

primary education; 3. To promote gender equality and empower women; 4. To reduce child mortality; 5. To 

http://ec.europa.eu/priorities/jobs-growth-investment/plan/index_en.htm
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As a follow-up initiative, in 2014, under the leadership of United Nations Secretary-General 

Ban Ki-moon, discussions started to define Sustainable Development Goals (SDGs), with 

improved data availability and quality of development indicators, which will serve as the core 

of a universal post-2015 development agenda. The SDGs and associated targets integrate 

economic, social and environmental aspects and recognize their inter-linkages in achieving 

sustainable development in all its dimensions. This new agenda has been adopted at the UN 

Sustainable Development Summit 2015 (25-27 September 2015, New York) that was 

convened as a high-level plenary meeting of the General Assembly.  

 

Here is the list of the 17 SDGs 21: 

 

• Goal 1: End poverty in all its forms everywhere  

• Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable 

agriculture 

• Goal 3: Ensure healthy lives and promote well-being for all at all ages  

• Goal 4: Ensure inclusive and equitable quality education and promote lifelong learning 

opportunities for all 

• Goal 5: Achieve gender equality and empower all women and girls  

• Goal 6: Ensure availability and sustainable management of water and sanitation for all  

• Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all  

• Goal 8: Promote sustained, inclusive and sustainable economic growth, full and productive 

employment and decent work for all 

• Goal 9: Build resilient infrastructure, promote inclusive and sustainable industrialization 

and foster innovation 

• Goal 10: Reduce inequality within and among countries  

• Goal 11: Make cities and human settlements inclusive, safe, resilient and sustainable  

• Goal 12: Ensure sustainable consumption and production patterns  

• Goal 13: Take urgent action to combat climate change and its impacts  

• Goal 14: Conserve and sustainably use the oceans, seas and marine resources for 

sustainable development 

• Goal 15: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 

manage forests, combat desertification, and halt and reverse land degradation and halt 

biodiversity loss 

• Goal 16: Promote peaceful and inclusive societies for sustainable development, provide 

access to justice for all and build effective, accountable and inclusive institutions at all 

levels 

• Goal 17: Strengthen the means of implementation and revitalize the global partnership for 

sustainable development. 

 

It has been said that Research, Innovation and Education /RIE/ can contribute to the solution 

of the energy challenge (Section 1.1). RIE focussing on "Secure, clean and efficient energy" 

Horizon-2020 Societal Challenge no 3) is quite naturally aligned with the UN policy, as it can 

contribute to meeting above SDG no 7 dedicated to energy as well as SDG nos 4, 9 and 13.  

 
improve maternal health; 6. To combat HIV/AIDS, malaria, and other diseases; 7. To ensure environmental 

sustainability; 8. To develop a global partnership for development.   
21 UN Sustainable Development -  https://sustainabledevelopment.un.org/sdgsproposal 

https://sustainabledevelopment.un.org/sdgsproposal
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As far as world-wide model for economic growth is concerned, it is generally believed that 

there is a very strong link between specific primary energy use (in GJ/person-year – which is 

usually proportional to GHG emissions) and specific GDP level (in Euro/person). The 

ground-breaking question nowadays is whether economic growth is possible with lower 

energy consumption and whether such a situation is sustainable. Time ago, publications, such 

as "Limits to Growth" (Club of Rome, 1972), investigated the relation between economic 

growth and the environment (including utilisation of natural resources) and issued warnings 

without proposing specific solutions. The mainstream view still was that environment and 

economy were conflicting goals. More recently, European countries such as Denmark and 

Switzerland proposed and tested - quite successfully so far - a holistic solution, consisting of 

energy efficiency and technological innovation (in particular, relying on renewable energy). 

The energy consumption and GHG emissions in these two countries hardly changed or even 

went down in the recent period despite a significant increase in gross domestic product 

(GDP). Is this so-called "Energiewende" (= "virement de bord énergétique" = energy tacking) 

applicable to all EU Member States ? What are exactly the factors breaking the traditional link 

between primary energy use and economic growth ? Is decoupling of GDP from primary 

energy use and GHG emissions sustainable ?  

 

1.4 Euratom research and training programme under Horizon 2020 (period 2014-2020) 

 

Research, innovation and education are at the heart of the Euratom Treaty. Article 4.1 of the 

Euratom Treaty mentions explicitly research and training as a twofold objective: “The EC is 

in charge of promoting and facilitating nuclear research activities in the MS and to 

complement them through a Community Research and Training programme”. The aim of 

Euratom is to contribute to the sustainability of nuclear energy by generating appropriate 

knowledge (in particular, through research and innovation /R&I/) and developing 

competences (in particular, through education and training /E&T/).  

 

Euratom works in synergy with its own institutional laboratories (i.e.: DG Joint Research 

Centre /JRC/) 23 and with national programmes in the EU Member States concerned with 

applications of nuclear fission and ionising radiation. Euratom also works in association with 

international organisations dedicated to nuclear fission developments, such as the IAEA 

(International Atomic Energy Agency, Vienna) and the OECD/NEA (Organisation for 

Economic Co-operation and Development / Nuclear Energy Agency, Paris). Equally 

important is international collaboration of Euratom programmes with research laboratories 

outside the EU frontiers (industrialized countries as well as emerging nuclear energy 

countries). 

 

Euratom research projects in the EU (in the past decades and nowadays under Horizon-2020 

which is the follow-up of FP7 /2007 – 2013/ for the period 2014 – 2020) are implemented in 

three different ways: 

 

(1) indirect actions carried out and co-funded by private and public research organisations in 

the EU Member States concerned with nuclear energy, in the form of collaborative projects 

co-funded and monitored by EC DG RTD "project officers" (Directorate General Research 

and Innovation), Brussels (calls-for-proposals, information and final reports of indirect 

actions initiated under FP7 /2007 – 2013/ are posted in the CORDIS website 22). 

 
22 EC DG Research and Innovation / Euratom: http://ec.europa.eu/research/energy/euratom/index_en.cfm 

http://ec.europa.eu/research/energy/euratom/index_en.cfm
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(2) direct actions carried out and funded by the institutional laboratories of the EC concerned 

with Euratom research and training actions, i.e.: the DG JRC (Joint Research Centre) 23, in 

particular the Institute for Transuranium Elements (ITU) in Karlsruhe (Germany); the 

Institute for Energy and Transport (IET) spread over Petten (Netherlands) and Ispra (Italy); 

the Institute for Reference Materials and Measurements (IRMM) in Geel (Belgium). 

 

(3) national research and innovation programmes in the EU Member States dedicated to 

nuclear fission and radiation protection (with or without Euratom co-funding, pending upon 

whether they are aligned with Euratom or national RTD priorities). 

 

Practical examples of Euratom research projects in this monograph are focussing on 

Generation-IV systems (i.e.: breakthrough technologies to improve sustainability, safety & 

reliability, socio-economics and proliferation resistance of nuclear facilities) – see Section 7. 

 

As far as implementation of Euratom training projects is concerned, a number of Euratom 

Fission Training Schemes (EFTS) are funded through indirect actions, focussing on lifelong 

learning and cross-border mobility (Annex 5.1). The concept of "learning outcomes" related 

to Knowledge (= understanding), Skills (= how to do) and Competences (= how to be) /KSC/ 

is at the heart of the EFTS. This approach is aligned with the general EU policy in education 

and culture, i.e.: the “Bologna 1999” process for mutual recognition of academic grades and 

the “Copenhagen 2002” process for continuous professional development across the EU 

Member States. It is no surprise that the format adopted by the IAEA training programmes is 

based on a concept very close to the above KSC approach. Following the IAEA definition 

(Safety Standard Series, 2001) 24, competence means the ability to apply knowledge, skills and 

attitudes so as to perform a job in an effective and efficient manner and to an established 

standard.   

 

Practical examples of Euratom training projects in this monograph are focussing on Euratom 

Fission Training Schemes (EFTS) for continuous professional development in reactor safety, 

waste management and radiation protection (in particular, low dose effects) - see Annex 5. 

 

In the nuclear energy sector during the last four decades, three severe accidents happened 

(Three Mile Island /TMI/ in 1979 in the USA; Chernobyl in 1986 in the former Soviet Union; 

Fukushima in 2011 in Japan). Lessons however were drawn world-wide, in particular in the 

EU, which organised the “stress tests”  25 in all European nuclear power plants (NPPs) 

following the Fukushima Daiichi accident of 11 March 2011 (Great East Japan Earthquake, 

Tohoku's coastline, Richter magnitude 9). These “stress tests” were defined by the European 

Commission (EC) as targeted reassessments of the safety margins of nuclear power plants 

and were developed by the European Nuclear Safety Regulators' Group (ENSREG) - see 

Section 4.2.5. It should be noted that many non-EU countries also conducted comprehensive 

nuclear risk and safety assessments based on the EU "stress test" model. These include 

Switzerland and Ukraine (both of which fully participated in the EU "stress tests"), Armenia, 

 
   FP7 CORDIS: Community R&D Information Service: http://cordis.europa.eu/fp7/euratom/home_en.html   
23 EC DG JRC - the European Commission's in-house science service (science hub): https://ec.europa.eu/jrc/ 
24 "Building competence in radiation protection and the safe use of radiation sources" (jointly sponsored by 

    IAEA, ILO, PAHO, WHO), IAEA 2001 - http://www-ns.iaea.org/standards/documents/pubdoc-list.asp  
25 EC Communication COM(2012) 571, dated 4 October 2012 – "EC Communication on the comprehensive  

   risk and safety assessments ("stress tests") of nuclear power plants in the EU and related activities "  

   - http://ec.europa.eu/energy/nuclear/safety/doc/com_2012_0571_en.pdf 

http://cordis.europa.eu/fp7/euratom/home_en.html
https://ec.europa.eu/jrc/
http://www-ns.iaea.org/standards/documents/pubdoc-list.asp
http://ec.europa.eu/energy/nuclear/safety/doc/com_2012_0571_en.pdf
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Turkey, the Russian Federation and Belarus as well as, to some extent, Taiwan, Japan, South 

Korea, South Africa and Brazil. 

 

Under the Horizon 2020 Framework Programme (2014 – 2020), a total of 80 billion Euros 

will be spent on RIE (Section 2.3). In times of austerity, it is one of only very few 

programmes in the EU budget to have seen a strong increase in funding, namely almost 30% 

in real terms over the previous FP7 /2007-2013/ (which was Euro 55 billion). It should be 

noted that in contrast to other large disbursers of research grants in the world (e.g. the US 

National Institutes of Health and the UK research councils), the Commission has some room 

for manoeuvre — and the luxury of long-term planning. 

 

The Euratom research and training programme (2014-2018) is a complement of the Horizon 

2020 Framework Programme for Research and Innovation (see EU Official Journal of 16 

December 2013 26). RIE in nuclear fission and radiation protection is part of “Priority 3 – 

Societal Challenges” (all Challenges are discussed in Section 2.3) of the Flagship Initiative 

“Innovation Union”: it is referred to in topic no 3 (out of 7) under “Section 2. Rationale and 

Union added value”, as follows: “Research and innovation activities on nuclear fission and 

fusion energy are carried out in the Euratom programme established by Regulation 

(Euratom) No 1314/2013. Where appropriate, possible synergies between this societal 

challenge and the Euratom programme should be envisaged.”  

 

The Euratom RIE budget is stated in the same Council Regulation (Euratom) No 1314/2013 

(16 December 2013) 26 as follows (“Art. 4 – Budget”): 

 

Item no 1 - The financial envelope for the implementation of the Euratom Programme shall be 

EUR 1 603 329 000. That amount shall be distributed as follows: 

  (a) indirect actions for the fusion research and development programme, EUR 728 232 000; 

  (b) indirect actions for nuclear fission, safety and radiation protection, EUR 315 535 000; 

  (c) direct actions, EUR 559 562 000. 

For the implementation of indirect actions of the Euratom Programme, the Commission's 

administrative expenditure shall reach up to 7 % on average during the duration of the 

Euratom Programme and no more than 6 % in 2018. 

 

In other words, the total budget for Euratom Research and Training (2014-2018) is Euro 1603 

million (without ITER), consisting of indirect actions of DG RTD (Euro 728 million for 

fusion and Euro 315 million for fission) and direct actions of DG JRC (Euro 560 million). As 

a consequence, the effective annual budget of indirect actions for fission is < Euro 60 million. 

 

The emphasis in this introductory Section is on Generation-IV research and development 

(R&D) in the EU. Safety improvements in Generation-II (e.g. related to long-term operation) 

and in Generation-III (e.g. related to severe accident management) are also addressed. As 

 
26 (1) EC Research and Innovation  = L 347/104 - Official Journal of the European Union - 20.12.2013 

REGULATION (EU) No 1291/2013 OF THE EP AND OF THE COUNCIL (11 December 2013) establishing 

Horizon 2020 - the Framework Programme for Research and Innovation (2014-2020) ….. 

http://ec.europa.eu/research/participants/data/ref/h2020/legal_basis/fp/h2020-eu-establact_en.pdf  

(2) Euratom Research and Training = L 347/948 - Official Journal of the European Union - 20.12.2013 

COUNCIL REGULATION (EURATOM) No 1314/2013 (16 December 2013) on the Research and Training 

Programme of the European Atomic Energy Community (2014-2018) complementing the Horizon 2020 

Framework Programme for Research and Innovation  

http://ec.europa.eu/research/participants/data/ref/h2020/legal_basis/fp/h2020-euratom-establact_en.pdf  

http://ec.europa.eu/research/participants/data/ref/h2020/legal_basis/fp/h2020-eu-establact_en.pdf
http://ec.europa.eu/research/participants/data/ref/h2020/legal_basis/fp/h2020-euratom-establact_en.pdf
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regards radiation protection research, the emphasis of Euratom programmes is on better 

quantification of risks at low dose and how they vary between individuals (of particular 

interest in radio-diagnosis and radio-therapy). 

 

The nuclear industry, be it vendors or utilities, is a major end-user of the findings from 

Euratom Research and Training programmes. As far as investments from the EU Member 

States in nuclear fission energy are concerned, it is worth mentioning the Community Nuclear 

Illustrative Programme (or "Programme Indicatif Nucléaire Communautaire" – French 

acronym PINC). It is a requirement of the Euratom Treaty, which calls on the EC to facilitate 

coordinated development of investment in the nuclear field. The obligation to draw up PINC 

reports is laid down in Article 40 of the Euratom Treaty 1. The PINC is a report made by the 

EC providing information on on nuclear energy in the EU, the objectives adopted by the 

Member States for nuclear power production and the investment required to achieve them. 

Recommendations are also given to Member States on nuclear investments.  

 

From 1958 to 2007, four such illustrative programmes and one update have been published 

(namely: in 1966, 1972, 1984, 1990 and 1997). A sixth PINC report was published in 2007 

(10 years after 1997). An updated version should be published by the EC by the end of 2015. 

The issues that are expected be covered in this document are capacity projections, investments 

and financing.  

 

The following issues are discussed in the sixth PINC report (2007) 27: 

 

• Status of nuclear power in Europe and the world: e.g. statistics about nuclear electricity 

production in the EU and in the world; number of Member States notifications to the 

Commission about nuclear investment projects 

 

• Advantages of the use of nuclear power: e.g. contribute to the diversification and the 

security of the energy supply; interesting option for the fight against climate change; high 

construction costs but relatively low operating costs 

 

• Management of the risks associated with nuclear: public’s perception is a vital factor in the 

acceptability; the liberalised electricity markets cannot guarantee price stability, which 

may lead public authorities to take steps to reduce the risk for investors 

 

• European action on the subject of nuclear energy: the Euratom Treaty is the legal basis for 

the regulatory framework laying down far reaching obligations and competences in the 

nuclear field (notably research as well as controls, security and nuclear safety). 

 

 

 

27 EC Communication of 10 January 2007 "Nuclear Illustrative Programme" presented under Article 40 of the 

Euratom Treaty for the opinion of the European Economic and Social Committee [COM(2006) 844 final - 

Official Journal C 138 of 22 June 2007] - http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=URISERV:l27072 

 

 

 

 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=URISERV:l27072
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2 - POLITICAL FRAMEWORK: LISBON TREATY 2007; CLIMATE CHANGE & ENERGY POLICY 

FOR EU; EUROPE 2020 STRATEGY FOR SMART, SUSTAINABLE & INCLUSIVE GROWTH 

 

European integration (28 Member States in the EU since Croatia joined in July 2013 – or 274 

regions counted in terms of provinces and similar regional units) has delivered more than fifty 

years of stability, peace and economic prosperity. It has helped to raise standards of living, 

built an internal market and strengthened the Union’s voice in the world. It has achieved 

results which would not have been possible by individual Member States acting on their own. 

It has attracted a succession of applications for membership and in a few years it has 

expanded on a continental scale. It has also served as a model for regional integration across 

the world. It should be recalled that the Nobel Peace Prize 2012 was awarded to the EU "for 

over six decades contributed to the advancement of peace and reconciliation, democracy and 

human rights in Europe" 28. 

 

These results have been achieved by democratic means (see governance of the EU institutions 

in Section 3.2). The EU is a community of strong shared values that are predominantly 

defined politically. According to the Treaties, the EU is founded "on the principles of liberty, 

democracy, respect for human rights and fundamental freedoms, and the rule of law". In EU 

policies, special attention is devoted to ethical principles (and relevant legislation), such as: 

the right to privacy, the right to the physical and mental integrity of a person, the principle of 

proportionality, and the need to ensure high levels of human health protection as well as the 

exclusive focus on civil applications. EU actions should also follow principles relating to 

equality between women and men.  

 

The EU is considered as a potential superpower. With a combined population of over 507 

million inhabitants, or 7 % of world population, the EU generated a nominal gross domestic 

product (GDP) in 2013 of 14.8 trillion Euro (i.e. some 16.26 trillion US dollars), which is 

equivalent to 29.6 kEuro per capita, constituting approximately 23% of global (world) 

nominal GDP, making it the largest economy in terms of GDP (Purchasing Power Parity 

/PPP/) (before the USA and China) according to the IMF (2012) and World Bank (2012). The 

EU also spends 50% of world social expenditure. In order to maintain this standard of living, 

according to German Chancellor Angela Merkel, at least 2 % growth over the next decade is 

necessary and therefore structural reforms are needed - in particular regarding global 

competitiveness (e.g. in the energy sector, reducing energy bills for households and 

businesses - Section 2.2). As discussed above, in this context, the EU formulated the "Europe 

2020 strategy for smart, sustainable and inclusive growth" 7 as a possible response.  

 

Research and innovation can contribute to achieving the above goals. Worth mentioning in 

this context is the “GAGO report” based on the International Conference in Brussels “Europe 

Needs More Scientists” organised in April 2004. The key question was: "What is being done 

to stimulate the number of scientists in Europe when 500 000 more researchers are needed 

 
28 "From War to Peace: A European Tale" - Nobel Lecture by the European Union, Herman Van Rompuy,  

    President of the European Council, and  José Manuel Durão Barroso, President of the European Commission,  

    Oslo, 10 December 2012  - http://www.nobelprize.org/nobel_prizes/peace/laureates/2012/eu-lecture_en.html  

http://www.nobelprize.org/nobel_prizes/peace/laureates/2012/eu-lecture_en.html
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?". The Gago report was produced by a high-level group (HLG) on Human Resources for 

Science and Technology in Europe in charge of investigating the serious shortcomings in 

Europe’s scientific labour market: "Increasing Human Resources for Science and Technology 

in Europe", July 2004 29. The coordinator of the HLG was Prof. José Mariano Rebelo Pires 

Gago who has been the Minister for Science and Technology of Portugal from 1995 to 2002 

and again from 2005 to 2011. In terms of human resources, it was estimated that an extra 0.5 

million researchers (or 1.2 million research-related personnel) were needed to meet that goal 

and reach the minimal level of eight researchers per thousand in the workforce. However, this 

objective could not be reached within a reasonable time (and certainly not by 2010, the target 

set by the EU Summit of Lisbon in 2000).  

 

2.1 Lisbon Treaty: challenges of globalisation, demographic changes, security, energy 

 

The European Commission is the driving force for European integration: it is the defender of 

the general interest. The Commission is in fact the guardian of the Treaties and of the 

"acquis communautaire" (i.e. all the EU's legislation) 30. One of its main tasks is to ensure 

fulfilment of the obligations of the Member States and/or proper application by them of the 

provisions of the Treaties. It is the task of the Commission to make proposals to the Council 

and to the Parliament to undertake new activities in the framework of the Treaties. The power 

of legislative initiative, which is held by the Commission (as a near monopoly in fact) and 

confirmed by the Treaty of Lisbon (Article 17 TEU), is particularly important for the 

development of the common policies. However, the treaty of Lisbon introduces a right of 

initiative for EU citizens stepping up their participation in the EU decision-making process. It 

enables them, through the signature of at least one million signatures from a significant 

number of Member States to put proposals to the Commission. 

 

Approximately 23 000 permanent officials (often called Eurocrats) and 11 000 temporary 

staff (mainly in so-called "executive agencies"), independent of the governments of their 

respective countries, work under the direction of the members of the Commission. The 

permanent officials are divided into 33 Directorates-General, each of which is responsible for 

a part of or a full policy of the Union, corresponding to the ministries of a national 

government. And yet the Commission's staff is smaller than that of a good number of national 

ministries. Furthermore, twenty per cent of the staff is involved in the linguistic work 

(translation and interpretation), which is absolutely essential to ensure equality of treatment of 

the 24 official languages of the Union (namely: Bulgarian, Croatian, Czech, Danish, Dutch, 

Estonian, English, Finnish, French, German, Greek, Hungarian, Italian, Irish, Latvian, 

Lithuanian, Maltese, Polish, Portuguese, Romanian, Slovak, Slovenian, Spanish and 

Swedish).  The working languages of the European Commission are English, French and 

German. Under the control and responsibility of the Commission, "executive agencies" may 

 
29 "Europe Needs More Scientists" - http://ec.europa.eu/research/conferences/2004/sciprof/pdf/final_en.pdf  
30 "Your roadmap in the maze of the European Union" - based on the book of Nicholas Moussis: "Access to 

European Union law, economics, policies.": http://www.europedia.moussis.eu/books/Book_2/2/4/1/2/?all=1 

Also of interest to understand the EU: http://europa.eu/legislation_summaries/glossary/initiative_right_en.htm 

http://ec.europa.eu/research/conferences/2004/sciprof/pdf/final_en.pdf
http://www.europedia.moussis.eu/books/Book_2/2/4/1/2/?all=1
http://europa.eu/legislation_summaries/glossary/initiative_right_en.htm
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be entrusted with certain tasks relating to the management of EU programmes. The 2014 EU 

budget was Euro 135 billion and the 2015 EU budget is Euro 141 billion. 

 

In a rapidly changing multicultural world, Europeans look to the EU to address issues such as 

globalisation, climatic and demographic changes, security and energy as well as ethics. The 

Lisbon Treaty 3 of 2007 is to some extent the EU response to these public expectations. It 

came into force in December 2009 and took over many innovations proposed in the original 

EU Constitution of 2004. Remember that the EU leaders signed the Constitutional Treaty 

(resulting from the transparent “Convention method”) in autumn 2004, but ratification was 

stalled following negative votes in France and the Netherlands in 2005.  

 

The Lisbon Treaty in fact is an amendment of the 2002 Treaty on European Union (TEU) 31, 

where a number of basic principles were already stated. For example, the Union is built on the 

rule of law: it can draw on the Charter of fundamental rights, and it has a double democratic 

mandate through a Parliament representing EU citizens and a Council representing the elected 

governments of the Member States.  

 

As far as, in particular, ethics is concerned, it is worth mentioning that the precautionary 

principle is a "general principle of EU law". Article 191 of the Lisbon Treaty states that 

"Union policy on the environment shall aim at a high level of protection taking into account 

the diversity of situations in the various regions of the Union. It shall be based on the 

precautionary principle and on the principles that preventive action should be taken, that 

environmental damage should as a priority be rectified at source and that the polluter should 

pay." 

 

It should be recalled that in the Lisbon Treaty, the distribution of competences in various 

policy areas between Member States and the Union is stated in the following three categories:  

• exclusive competence (e.g. functioning of the internal market) 

• shared competence (e.g. energy + research, technological development) 

• supporting competence (e.g. education, vocational training).  

The three above competences are described in Articles 3, 4, 6 of TFEU, i.e.: the Consolidated 

Version of the Treaty on the Functioning of the EU, EC Official Journal - C 115 - Brussels, 

9.5.2008 (TFEU) 32. 

 

Exclusive competence  

When the Treaties confer exclusive competence on the Union in a specific area, only the 

Union may legislate and adopt legally binding acts, the Member States being able to do so 

themselves only if so empowered by the Union or for the implementation of Union acts. 

 

Article 3 / sub 1 of TFEU. The Union shall have exclusive competence in the following areas:   

 
31 Treaty on European Union (TEU), consolidated version, Official Journal of the EC - C 325 - Brussels, 

     24.12.2002 (notably Art. 2, 3 and 6): http://Eur-lex.europa.eu/en/treaties/dat/12002M/pdf/12002M_EN.pdf  
32 TFEU new name of 1958 Treaty of Rome: https://www.ecb.europa.eu/ecb/legal/pdf/fxac08115enc_002.pdf 

http://eur-lex.europa.eu/en/treaties/dat/12002M/pdf/12002M_EN.pdf
https://www.ecb.europa.eu/ecb/legal/pdf/fxac08115enc_002.pdf
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(a) customs union; (b) establishment of competition rules necessary for the functioning of the 

internal market (e.g a genuine internal market for the products and services of the energy 

sector, open markets and level playing field for all competitors, etc); (c) monetary policy for 

those Member States whose currency is the Euro; (d) conservation of marine biological 

resources under the common fisheries policy; (e) common commercial policy. 

 

Shared competence 

With reference to Article 2 of the Treaty on the Functioning of the European Union on shared 

competence, when the Union has taken action in a certain area, the scope of this exercise of 

competence only covers those elements governed by the Union act in question and therefore 

does not cover the whole area.  

 

Article 4 / sub 2 of TFEU. Shared competence between the Union and the Member States 

applies in the following principal areas: (a) internal market; (b) social policy, for the aspects 

defined in this Treaty; (c) economic, social and territorial cohesion; (d) agriculture and 

fisheries, excluding the conservation of marine biological resources; (e) environment; (f) 

consumer protection; (g) transport; (h) trans-European networks; (i) energy; (j) area of 

freedom, security and justice; (k) common safety concerns in public health matters, for the 

aspects defined in this Treaty. 

 

It is worth noting that energy falls under "shared competences". As far as nuclear energy in 

the energy mix policy is concerned, Article 194 of the Lisbon Treaty is particularly important: 

"Union policy on energy shall aim, in a spirit of solidarity …: .. Such measures shall not 

affect a Member State's right to determine the conditions for exploiting its energy resources, 

its choice between different energy sources and the general structure of its energy supply”. 

 

Article 4 / sub 3 of TFEU. In the areas of research, technological development (RTD) and 

space, the Union shall have competence to carry out activities, in particular to define and 

implement programmes; however, the exercise of that competence shall not result in Member 

States being prevented from exercising their own competences. 

 

Research and technological development (RTD) thus also falls under "shared competences".  

 

As far as nuclear fission, in particular, is concerned, it is worth recalling that Euratom 

continues to be based on a distinct Treaty (Protocols 1 and 2 Annexed to the Treaty of Lisbon, 

OJ 2007 C 306/165 and 199). RIE in the particular case of nuclear fission and radiation 

protection falls under the Euratom Treaty (Section 4.1). 

 

Supporting competence 

In certain areas, and under the conditions laid down in the Treaties, the Union shall have 

competence to carry out actions to support, coordinate or supplement the actions of the 

Member States, without thereby superseding their competence in these areas. 
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Article 6 / The Union shall have competence to carry out actions to support, coordinate or 

supplement the actions of the Member States. The areas of such actions shall, at European 

level, be: (a) protection and improvement of human health; (b) industry; (c) culture; (d) 

tourism; (e) education, vocational training, youth and sport; (f) civil protection; (g) 

administrative cooperation. 

 

Education and vocational training fall under "supporting competences". Title XII (Articles 

165 and 166) of TFEU refers explicitly to education and vocational training. For example, 

Article 166(2) states that: “Union action shall aim to: — facilitate adaptation to industrial 

changes, in particular through vocational training and retraining, ..”.  Education and training 

is indeed a competence left principally to the national or regional level in the EU Member 

States. As a consequence of the Treaty of Lisbon, EC financial contribution to E&T actions 

(as for youth and sport) preferably goes to “facilitation” actions where added value for the EU 

is clearly demonstrated. The aim should be, for example, to increase employability in a given 

sector by strengthening EU coordination of national E&T programmes. EU education and 

vocational training policy focusses on mutual recognition of related job qualification 

processes (Section 5.3). One of the EU instruments to achieve this goal is the European 

Qualifications Framework for Lifelong Learning (EQF) aimed at harmonising national 

qualification systems. In this context, a number of E&T actions at EU level have been 

developed using ECTS (Bologna process 1999), ECVET (Copenhagen process 2002), 

Europass, etc.  

 

In conclusion of this Section 2.1 comes the question: Does the European Union significantly 

shape the policy agenda of its Member States ? How many national laws originate in 

Brussels? Some sources claim that 80 per cent of laws adopted in the EU Member States 

originate in Brussels. This could be reality in fields like agriculture, environment or regulation 

of the financial market but not in general, according to a 2012 research of the London School 

of Economic and Political Science (LSE) on the Europeanization of public policies 33. 

 

2.2 Climate Change and Energy Policy for Europe including circular economy: from 

Green Paper 2006 to EU Energy Roadmap 2050  

 

It is worth recalling that energy played a key role in the construction of the European Union. 

Two of its founding treaties deal directly with energy:  

 

• the European Coal and Steel Community (ECSC, Treaty of Paris) created in 1951, 

which was the first great achievement of the supranational Europe - for the first time, 

the six Member States of this organisation surrendered part of their national 

sovereignty, albeit in a limited field, to the Community 

 

• the European Atomic Energy Community 1 (EAEC or Euratom, Treaty of Rome) 

created in March 1957. Following unproblematic ratification in the various countries, 

the Euratom treaty (as well as the first treaty establishing a European Economic 

Community /EEC/) entered into force on 1 January 1958. 

 
33 LSE on EU policy-making = http://blogs.lse.ac.uk/europpblog/2012/06/13/europeanization-of-public-policy/ 

http://blogs.lse.ac.uk/europpblog/2012/06/13/europeanization-of-public-policy/
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Energy powers our society and economy: it is well known that growth of primary energy 

consumption appears to go hand-in-hand with GDP growth, except for the strong believers in 

the "Energiewende" (Section 1.3.2). EU final energy consumption by sector at the end of 2011 

was as follows: 33 % transport, 26 % industry, 25 % households and residential needs, 13 % 

services, 2 % agriculture and 1 % others. At the end of 2011, in computing the shares in gross 

inland primary energy consumption in the EU by various primary sources, oil comes out top 

(35.2 %), followed by natural gas (23 %), solid fuels such as coal (17 %), nuclear (14 %), 

renewable energy (10 %) such as hydropower and wind energy, and other (e.g. industrial 

waste - 0.8 %) (Annex 3.1.1). This mix varies widely across countries and is evolving over 

time as a result of their geographical conditions, such as availability and access to natural 

resources, national policy choices, such as the decision to make use or not of nuclear power, 

changing financial incentives, progress in technologies, decarbonisation requirements and the 

development of the internal market.  

 

Facts about energy (and, in particular, about nuclear energy) in the EU show that energy 

problems demand a Community-wide approach. Energy in the EU falls under "shared 

competences" (Section 2.1). In this context, the EC has been mandated to create the political, 

legal and financial framework to deliver the EU's decarbonisation objective while at the same 

time ensuring security of energy supply and competitiveness. 

 

As a reminder, the Commission published in 2006 a Green Paper (COM 2006 105, Brussels, 

8.3.2006) entitled "A European strategy for sustainable, competitive and secure energy". One 

year later, in Energy Policy for Europe /EPE/ – (COM(2007) 1, Brussels 10.1.2007) 34, the 

EU Energy Ministers reaffirmed EU strategy regarding a low-carbon economy, based on a 

balance between sustainable development, security of supply and industrial competitiveness: 

 

• promoting environmental sustainability, i.e.: limiting the environmental impact of energy 

production, transport and use (with the objective of limiting the rise in global temperatures 

to 2°C above pre-industrial temperature by 2100) (nicknamed "Kyoto")  

 

• increasing security of supply, i.e.: ensuring a reliable and uninterrupted supply of energy  - 

Russian annexation of Crimea (February 2014) has reminded Europeans that energy 

security cannot be taken for granted (resulting in tensions in gas and oil trade between 

Russia and the EU) (nicknamed "Moscow") 

 

• ensuring competitiveness, i.e.: reducing the energy bill for households and businesses, e.g. 

by improving EU industrial policy to alleviate the concerns of European industry (e.g. 

difficult access to finance in some parts of Europe; energy prices and high price 

differentials vis-à-vis Europe's competitors) (nicknamed "Lisbon"). 

 

The EU Council of March 2007 approved the integrated policy package on "Climate Change 

and Energy". It proposed a sustainable, low-carbon, energy-efficient economy, in particular, 

through the “Objectives 20/20/20 for 2020”. A legislative “climate and energy package” 

(binding legislation) to implement these 20/20/20 targets was agreed by the European 

Parliament and Council in December 2008, which became law in June 2009. On that 

occasion, it was recalled that nuclear fission is an integral part of the energy mix policy (see 

Article 194 of the Lisbon Treaty – Section 2.1) and that the EPE will fully respect Member 

 
34 Energy policy for Europe - http://europa.eu/legislation_summaries/energy/european_energy_policy/ 

http://europa.eu/legislation_summaries/energy/european_energy_policy/
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States' choices of energy mix. The European Council also suggested that broad discussion 

should take place among all relevant stakeholders on the opportunities and risks of nuclear 

energy (as a consequence the ENEF 16 platform was created).  

 

The above-mentioned 2011 Flagship Initiative "Resource efficient Europe" 11 (COM(2011) 

21) is a further strengthening of the EPE objectives, i.e.: to explore possible paths towards a 

low-carbon, resource-efficient EU energy system and the policy challenges related to that 

goal.  

 

As far as long-term scenarios for EU energy mix are concerned, the EC issued the EU Energy 

Roadmap 2050 12 (COM(2011) 885 / Brussels, 15.12.2011). Council conclusions were issued 

in May 2012. As a result, the EU is committed to reducing greenhouse gas emissions to at 

least 80 % below 1990 levels by 2050 in the context of necessary reductions by developed 

countries as a group, while at the same time ensuring security of energy supply and 

competitiveness. This ambitious decarbonisation policy objective is aligned with the 4th 

Assessment Report of the Intergovernmental Panel on Climate Change (IPCC – 2007):  upper 

targets of 440 ppm CO2 and 2 °C; 50 % GHG reduction world-wide and 60 to 80 % in OECD 

countries. This objective was confirmed in the 5th Assessment Report of IPCC (Synthesis 

Report – Summary for policy makers 35). Here are two excerpts of the 2014 IPCC document: 

 

Page 24: In the absence or under limited availability of mitigation technologies (such as 

bioenergy, CCS and their combination BECCS, nuclear, wind/solar), mitigation costs can 

increase substantially depending on the technology considered. 

 

Page 82: Scenarios that are likely to maintain warming at below 2°C include more rapid 

improvements in energy efficiency and a tripling to nearly a quadrupling of the share of zero- 

and low-carbon energy supply from renewable energy, nuclear energy and fossil energy with 

carbon dioxide capture and storage (CCS) or bioenergy with CCS (BECCS) by the year 2050. 

 

A total of 7 energy mix scenarios were proposed in the EU Energy Roadmap 2050, as a basis 

for policy action – see details in related Impact Assessment study 36. One of the main 

conclusions of decarbonisation of the energy system by 2050 is that electricity will have to 

play a much greater role than now (almost doubling its share in final energy demand to 36-39 

% in 2050 – today it is 21 %) and will have to contribute to the decarbonisation of transport 

and heating/cooling: gross electricity production in the EU is estimated at 4800 TWh per year 

in 2050 (compared to 3280 TWh at the end of 2011 – Annex 3.1). Doubling the electricity 

consumption by 2050 is a big challenge: how to produce this electricity in a "secure, clean 

and efficient" way following the requirements of the 21-st century. 

 

A summary of the 7 scenarios is given below (NFiEG = 2050 estimates of nuclear fuel in 

electricity generation in % from 2005 / ECO = equivalent capacity operating in GWe, to be 

compared to total nuclear generation at the end of 2011 which was 122 GWe – Annex 3.2): 

 

1  Business as usual (Common Reference Scenario – pre-Fukushima)  

- NFiEG = 26,4 % / ECO = 161 GWe of total nuclear power generation 

 
35 "IPCC, 2014: Climate Change 2014: Synthesis Report". Contribution of Working Groups I, II and III to the 

Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Geneva, Switzerland, 151 p 

- identical to the "Summary for Policymakers" adopted at the 40th session of the IPCC on 1 November 2014 in 

Copenhagen, Denmark - http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf 
36 Impact assessment - http://ec.europa.eu/energy/energy2020/roadmap/doc/roadmap2050_ia_20120430_en.pdf 

http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf
http://ec.europa.eu/energy/energy2020/roadmap/doc/roadmap2050_ia_20120430_en.pdf
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1bis  Current Policy Initiatives (CPI) scenario (post-Fukushima)  

- NFiEG = 20,6 % / ECO = 117 GWe 

 

2  High Energy Efficiency – this would reduce energy demand by 41% 

- NFiEG = 14,2 % (= average for nuclear energy) / ECO = 79 GWe 

3  Diversified supply technologies - no technology is preferred 

- NFiEG = 16,1 % (= average for nuclear energy) / ECO = 102 GWe 

4  High Renewables (RES) - they might supply 75% of total energy supply 

- NFiEG = 3,6 % / ECO = 41 GWe 

5  Delayed CCS - leading to higher shares for nuclear energy 

- NFiEG = 19,2 % (= maximum for nuclear energy) / ECO = 127 GWe 

6  Low Nuclear - coal plants with CCS would provide 32% of total energy 

- NFiEG = 2,5 % (= minimum for nuclear energy) / ECO = 16 GWe. 

 

The reference "Business as Usual" scenarios (above 1 and 1bis) would lead to a 40% 

reduction of greenhouse gas emissions in 2050 (compared to 1990). This is far from the EU 

objective of an 80 to 95% reduction target. Therefore, five "decarbonisation scenarios" have 

been developed (above scenarios nos. 2 to 6), all reaching the 80% greenhouse gas emission 

reduction targets. Three of these decarbonisation scenarios (nos. 2, 3 and 5) show an 

important role for nuclear energy in low carbon electricity generation in 2050, with shares 

between 14 and 20%.  The highest percentage of nuclear energy in electricity generation 

would be in the delayed CCS and diversified supply technologies scenarios (19.2 % and 16.1 

%, resp.). Those two scenarios also have the lowest total energy costs: around 14.06 % of the 

expected cumulative GDP of 2011–2050 (reminder: EU GDP 2013 = Euro 14.8 trillion), 

which is approximately Euro 57 billion / year over the period 2011–2050 (source: PRIMES 

modelling). 

 

If long-term operation (LTO) of NPPs is conducted between 2015 and 2035, new nuclear 

build should take place between 2025 and 2045. If 20 % of the electricity in 2050 is produced 

by nuclear (above Delayed CCS scenario) - that means 960 TWh or 137 GWe (assuming 7000 

hours / year) - then new build of approximately 100 nuclear units of 1400 MWe will be 

needed. This projection has an obvious impact on human resource needs by 2035 (see 

European Human Resources Observatory in the Nuclear Energy Sector /EHRO-N/ in Section 

5.4 and Annex 3.3.2). 

 

Progress towards achieving the “Objectives 20/20/20 for 2020” is discussed in “Energy 

challenges and policy” (2013) 37: 

 

(1) EU target for GHG emission reductions of 20% relative to emissions in 1990 

In 2011, greenhouse gas (GHG) emissions were estimated at 16 % below 1990 levels. This 

ambitious target (legally binding for Member States) was implemented through the EU 

Emissions Trading System (ETS) and the Effort Sharing Decision. Some authoritative studies 

claim however that this result of 16 % is also due to delocalisation of energy-intensive 

industries to Asia and to economic recession in the EU. 

 

(2) 20% share for RES in gross final energy consumption in the EU 

In 2011, the renewable energy sources (RES) share of EU gross inland primary energy 

consumption was 10.0 % compared to 8.5 % in 2005. With binding national targets, growth in 

 
37 EC contribution to the European Council of  22 May 2013: http://ec.europa.eu/europe2020/pdf/energy2_en.pdf 

http://ec.europa.eu/europe2020/pdf/energy2_en.pdf
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renewable energy has increased: 20.8 % of electricity was renewable in 2011 (i.e. 658 TWh 

out of 3280 TWh – see details in Annex 3.1.1). So far, the EU is on track to achieve the 20% 

renewables share target, although the situation varies from one Member State to another. 

Some authoritative studies claim however that the growth of renewables is still to a large 

extent based on subsidies and feed-in tariffs (offering long term contracts to renewable energy 

producers) and some rigid support schemes (e.g. RES priority grid access). 

 

(3) 20% savings in EU primary energy consumption compared to projections made in 2007 

Meeting the EU's 20% energy efficiency target by 2020 means saving the equivalent of 350 

coal power plants. Energy efficiency is a major challenge, based on cheaper and cleaner 

sources of energy. This target is not legally binding for MSs. Primary energy consumption has 

been slightly decreasing since 2007. This is due to the economic crisis, the effectiveness of 

existing policies and the reduced energy-intensiveness of EU industry. 

 

On 22 January 2014, the European Commission issued its Communication for a policy 

framework for climate and energy in the period from 2020 to 2030 (COM(2014)15) 38, 

containing decarbonisation objectives to be met by 2030. It further strengthens the policy of 

"competitive, secure and low-carbon EU economy". As follow-up, on 23-24 October 2014, 

the European Council issued "Conclusions on 2030 Climate and Energy Policy Framework" 

(EUCO 169/14) that contain a set of energy and climate targets to be met by 2030: 

• a binding EU target of at least 40% reduction of greenhouse gas emissions by 2030, 

compared to 1990 

• a binding target of at least 27% of renewable energy used at EU level 

• an energy efficiency increase of at least 27%, to be reviewed by 2020 having in mind an 

EU level of 30% for 2030 

• the completion of the internal energy market by reaching an electricity interconnection 

target of 15% between Members States. 

 

Not surprisingly, the Energy Union Package (2015) is aligned with the above targets. In fact, 

the 2030 decarbonisation targets in the EU will be met through a market-driven approach 

(supported by stronger ETS, etc.), rather than through a continuation of (costly) national 

subsidy schemes. These objectives indeed are sending a strong signal to the market, 

encouraging private investment, in particular, in electricity networks and/or low-carbon 

technologies. RIE is explicitly singled out for inclusion in national plans under proposed 

governance arrangements.  

 

The new Commission (2014-2019) is also engaged in a thorough reflection on the circular 

economy 39, i.e.: how to do more with less. Moving towards a circular economy is also at the 

heart of the above-mentioned resource efficiency agenda established under the Europe 2020 

Strategy for smart, sustainable and inclusive growth. Sources of future economic growth 

could be developed where more products are made out of secondary raw materials, waste is 

considered a valuable resource, and where innovative business models retain physical goods 

longer and more efficiently in productive use. Since the industrial revolution, waste has 

constantly grown. This is because our economies have used a “take-make-consume and 

dispose” pattern of growth - a linear model which assumes that resources are abundant, 

available and cheap to dispose of. What we need is a more circular economy.  This means re-

 
38 A policy framework for climate and energy in the period 2020 - 2030: http://ec.europa.eu/energy/2030_en.htm 
39 "Moving towards a circular economy": the European Commission is aiming to present a circular economy 

    strategy to transform Europe into a more competitive resource-efficient economy, addressing a range of  

    economic sectors, including waste.  http://ec.europa.eu/environment/circular-economy/index_en.htm  

http://ec.europa.eu/energy/2030_en.htm
http://ec.europa.eu/environment/circular-economy/index_en.htm
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using, repairing, refurbishing and recycling existing materials and products. What used to be 

regarded as ‘waste’ can be turned into a resource. The aim is to look beyond waste and to 

close the loop of the circular economy. All resources need to be managed more efficiently 

throughout their life cycle. In this context, as far as innovation in nuclear fission is concerned, 

it should be noted that most of the Generation-IV reactor systems employ a closed fuel cycle 

to maximise the natural resource base (non-fissionable but fertile Uranium-238) and minimise 

high-level wastes (minor actinides) to be sent to a repository (fast neutron spectrum systems 

with full actinide recycling - industrial deployment planned around 2040 – see Section 7.1). 

 

2.3 Multi-annual Financial Framework 2014-2020 (including Horizon-2020) and 

Reformed Cohesion policy (European Structural and Investment Funds) 

 

Multi-annual Financial Framework 2014-2020 (including Horizon-2020) 

 

Information about the EU programmes and funding budgets for the "Europe 2020 strategy" is 

available in the "Multi-annual Financial Framework" (MFF) for 2014-2020, originally 

presented in 2011 by the EC to the European Parliament, the Council, the EESC and the 

Committee of the Regions, and adopted by the Council on 2 December 2013 40. The MFF 

consists of five headings with the following budget shares:  

1 - Smart and inclusive growth (47 % of total MFF budget), composed of  

     (a) competitiveness for growth and jobs (1/4 of budget – including Horizon-2020),  

     (b) economic, social and territorial cohesion (3/4 of budget  

           – see Reformed  Cohesion policy 2014-2020 below) 

2 - Sustainable growth - natural resources (39 %) 

3 - Security and citizenship (1.5 %) 

4 - Global Europe (6 %) 

5 - Administration (6.5 %).  

 

The adopted MFF regulation enables the EU to spend up to Euro 959.99 billion in 

commitments and Euro 908.40 billion in payments over the period 2014-2020 (2011 prices). 

This is 3.5% and 3.7% respectively less than under the MFF 2007-2013. The commitment 

ceiling amounts to 1.00% of EU gross national income compared to 1.12% for the 2007-2013 

MFF. The ceiling for payments equates to 0.95% of EU gross national income compared to 

1.06% for 2007-2013. This is the first time the overall expenditure limit of a MFF has been 

reduced compared to the previous MFF, ensuring budgetary discipline for the EU and 

reflecting the particular budgetary pressure that MSs currently face at national level. 

 

As said earlier, Horizon 2020 is the EC funding programme for research and innovation 

(originally called "Common Strategic Framework for Research and Innovation") under the 

Lisbon Treaty. Horizon 2020 is a part of the MFF (in fact under item no 1 Smart and 

Inclusive Growth / (a) competitiveness for growth and jobs). The main body in the EC 

responsible for implementation of “Horizon 2020” is DG RTD 22 within the so-called RIE 

 
40 Multiannual Financial Framework 2014-2020 (covering around 70 spending programmes in areas such as  

    research, agriculture or cohesion policy) - (Council Regulation (EU, Euratom) No 1311/2013) - Official  

   Journal of the European Union L 347/884 (20.12.2013) - http://ec.europa.eu/budget/mff/index_en.cfm  

http://ec.europa.eu/budget/mff/index_en.cfm
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Family (i.e.: Directorate Generals RTD, EAC, ENER, ENTR, ENV, INFSO, MOVE, JRC). 

The Euratom programme for research and training in fact is complementing Horizon-2020 as 

it falls under a different Treaty (i.e. the Euratom Treaty). 

 

In summary, initial positions on the Horizon 2020 budget have diverged considerably; the 

original proposal by the Commission was Euro 80 billion for the seven-year programme, but 

the European Parliament had pushed for Euro 100 billion; however, the Council advocated 

and won a more modest budget. The Irish Presidency of the European Council (first half of 

2013) put great effort into ensuring a deal before the end of their mandate. On 25 June 2013 

an agreement was reached between the EU Council, the EC and the European Parliament 

regarding the overall budget and its distribution amongst the various research and innovation 

actions. The Council Decision of 2 December 2013 regarding MFF confirmed the budget of 

Horizon 2020: Euro 70.2 billion (at "constant" 2011 prices), i.e. nearly Euro 80 billion over 

seven years at current prices (adjusted for inflation, assumed to be 2 % a year) 41. In times of 

austerity, it is one of only very few programmes in the EU budget to have seen a strong 

increase in funding, namely almost 30% in real terms over FP7 (which was Euro 55 billion). 

 

Horizon-2020 programme /2014-2020/ (COM 2011/0808 document) 10 addresses a number of 

Societal Challenges (i.e.: major concerns shared by citizens in Europe and elsewhere) through 

various research and innovation actions. It is believed that a challenge-based approach will 

bring together resources and knowledge across different fields, technologies and disciplines, 

including social sciences and humanities. Horizon-2020 covers activities from research to 

market with a new focus on innovation related activities, such as piloting, demonstration, test-

beds, support for public procurement and market uptake.  

 

Funding of Horizon-2020 focusses on the following six Societal Challenges: 

1. Health, demographic change and well-being 

2. Food security, sustainable agriculture, marine & maritime research, etc 

3. Secure, clean and efficient energy (with reference made to the Euratom programme) 

4. Smart, green and integrated transport 

5. Climate action, resource efficiency and raw materials 

6. Inclusive, innovative and secure societies. 

 

The calls-for-proposals of the above Societal Challenges refer to the “Technology Readiness 

Levels” or TRLs (9 in total), a type of measurement system used by NASA to assess the 

maturity level of a particular technology 42 before going on the open market. Under Horizon-

2020 programme, where ever a topic description refers to a TRL, the following definitions 

apply 43, unless otherwise specified: 

 

• TRL 1 – basic principles observed 

• TRL 2 – technology concept formulated 

• TRL 3 – experimental proof of concept 

 
41 Europa Press Release 03/12/13 (Horizon 2020) http://europa.eu/rapid/press-release_MEMO-13-1085_en.htm  
42 Technology Readiness Levels (NASA 1980’s) - http://www.nasa.gov/content/technology-readiness-level/ 
43 Horizon-2020 / “Technology Readiness Levels” / EC Decision C(2014)4995 - http://ec.europa.eu/research/ 

participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf  

http://europa.eu/rapid/press-release_MEMO-13-1085_en.htm
http://www.nasa.gov/content/technology-readiness-level/
http://ec.europa.eu/research/%20participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf
http://ec.europa.eu/research/%20participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf
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• TRL 4 – technology validated in lab 

• TRL 5 – technology validated in relevant (e.g. industrial) environment  

• TRL 6 – technology demonstrated in relevant (e.g. industrial) environment  

• TRL 7 – system prototype demonstration in operational environment 

• TRL 8 – system complete and qualified 

• TRL 9 – actual system proven in operational (e.g. competitive) environment. 

 

As far as "inclusive growth” (one of the main objectives of Europe-2020 strategy) is 

concerned, it should be noted that Mr Carlos Moedas, Commissioner for Research, Science 

and Innovation, announced in March 2015 his priorities as being “open science” and “open 

innovation”. This is aligned with the priority set by the previous Commission, namely: 

Science 2.0 (also known as open science) which is a new approach to science that refers to the 

transformation and opening up of science through ICT, and which uses information-sharing 

and collaboration made possible by network technologies.  

This priority in “open science” is demonstrated, in particular, by the EU policy of “Open 

Access to Scientific Publications and Research Data in Horizon 2020” 44 which fosters free 

access to results of publicly-funded research, thereby allowing the benefits of science to be 

exploited by all (researchers, industry, citizens) in the EU-28 Member States. Open access can 

be defined as the practice of providing on-line access to "scientific information" that is free of 

charge to the end-user and re-usable. In the context of research and innovation, “scientific 

information” can refer to (i) peer-reviewed scientific research articles (published in scholarly 

journals) or (ii) research data (data underlying publications, curated data and/or raw data). 

Openly accessible research data can typically be accessed, mined, exploited, reproduced and 

disseminated free of charge for the user. Note that Open Access becomes an issue only if 

publication is elected as a means of dissemination: the decision on whether or not to publish 

lies entirely with the fundees of Horizon-2020 projects. 

 

Reformed Cohesion policy (European Structural and Investment Funds) 

 – possible applications for Euratom research infrastructures 

 

In October 2011 the Commission adopted a reformed Cohesion policy (2014 - 2020) 45 that 

put emphasis on capacity building in research, technology and innovation through "smart 

specialisation", setting the foundations for a “staircase to excellence” for those Member 

States that are on a “catching-up” path vis-à-vis their European counterparts. Overall, the 

reformed cohesion policy will make available up to Euro 350 billion (2011 prices) over the 

period 2014 – 2020 to be invested in Europe's regions, cities and the real economy. This 

amount represents more than a third of the EU's total budget and covers the five European 

Structural and Investment (ESI) Funds 46, all revised in 2013, namely: the three traditional 

Structural Funds (European Regional Development Fund /ERDF/; European Social Fund 

/ESF/; Cohesion Fund) as well as the European Agricultural Fund for Rural Development 

/EAFRD/ and the European Maritime and Fisheries Fund /EMFF/. 

 

To obtain structural funds for large research infrastructures from the EC (DG REGIO), 

consensus should be reached at 5 levels: local political and industrial stakeholders, national 

scientific community, national government and competent authorities, intergovernmental 

 
44 Open Access - http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-

oa-pilot-guide_en.pdf 
45 Cohesion policy 2014 – 2020:  http://ec.europa.eu/regional_policy/what/future/index_en.cfm 
46 EUROPEDIA website ("Access to EU law, economics, policies") - http://europedia.moussis.eu/books/Book_2/ 

http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-oa-pilot-guide_en.pdf
http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-oa-pilot-guide_en.pdf
http://ec.europa.eu/regional_policy/what/future/index_en.cfm
http://europedia.moussis.eu/books/Book_2/
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agreement with other EU Member States, and finally negotiations with the EC (in particular, 

regarding "smart specialisation"). The "Platform for Smart Specialisation Strategies /S3/" 

fosters economic development through targeted support to Research and Innovation 47: a 

methodology is provided to identify R&I priorities for ERDF funding – see in particular the 

"Eye@RIS3" tool, where the emerging priorities can be seen. The Structural funds are at the 

core of structural changes necessary in a number of EU regions. Research initiatives that 

contribute to the low carbon economy (including in nuclear fission) could be covered by the 

ERDF provided they also cover the basic goals of Cohesion policy.  

 

The above ERDF has been used in the nuclear R&D domain for the first time during the 

period 2007–2013: this is the Czech Sustainable Energy Project 48 (SUStainable ENergy, 

SUSEN) which is implemented as a regional R&D centre, located at the CVR (UJV Rez site). 

The objective is to create a new sustainable energy research centre bringing education, R&D 

and application analysis into a single institution. This robust infrastructure is aimed at 

supporting Czech participation in EU programmes for safe and efficient energy generation 

with emphasis on the preparation of Generation IV and fusion technologies and on the 

continuous improvement of safety in Generations II and III. The new centre will create 185 

new jobs and should become a landmark institution for research into sustainable nuclear 

energy. Costs of the “Sustainable Energy” project eligible for ERDF funding amount to 

approximately EUR 100 million, of which ERDF has been contributing approximately EUR 

85 million for the programming period 2007-2013.  

 

Training initiatives at EU level are covered by the European Social Fund. For example, in 

Poland, in forecast government spending for the decade 2014-2024, PLN 16 million (around 

Euro 4 million) has been allocated for the Ministry of Science, to be partially financed from 

the above European Social Fund 49, with the aim of training, in particular, nuclear personnel 

during the period 2013-2015 (see Polish Nuclear Power Programme - Warsaw, January 2014). 

 
47 JRC / IPTS (Ispra) website for S3 (smart specialization strategy) - http://s3platform.jrc.ec.europa.eu/home 

- Flagging Emerging Specialisation Priorities of your Region - http://s3platform.jrc.ec.europa.eu/eye-ris3 
48 SUStainable ENergy, SUSEN (Czech Sustainable Energy Project) - http://susen2020.cz/en/  and also 

http://ec.europa.eu/regional_policy/projects/stories/details_new.cfm?pay=CZ&the=72&sto=2427&lan=7&regio

n=ALL&obj=ALL&per=2&defL=EN = website of EC DG REGIO (EU Regional and Urban Policy)   
49 A government programme launched in January 2014 envisages 6000 MWe of nuclear power will be connected 

    to Poland’s grid by 2035, consisting of two multi-unit plants, the first of which would come online by 2025.  

    - Source: NEI - http://www.neimagazine.com/features/featureplanning-for-nuclear-in-poland-4261487/  

http://s3platform.jrc.ec.europa.eu/home
http://s3platform.jrc.ec.europa.eu/eye-ris3
http://susen2020.cz/en/
http://ec.europa.eu/regional_policy/projects/stories/details_new.cfm?pay=CZ&the=72&sto=2427&lan=7&region=ALL&obj=ALL&per=2&defL=EN
http://ec.europa.eu/regional_policy/projects/stories/details_new.cfm?pay=CZ&the=72&sto=2427&lan=7&region=ALL&obj=ALL&per=2&defL=EN
http://www.neimagazine.com/features/featureplanning-for-nuclear-in-poland-4261487/
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3 – TOWARDS A NEW GOVERNANCE STRUCTURE FOR EURATOM DECISIONS, BASED ON 

SCIENCE AND STAKEHOLDER INVOLVEMENT 

 

3.1 Controversial issues in high-tech domains and STOA Panel at European Parliament 

 

As is demonstrated by the many debates organised by the STOA Panel 50 at the European 

Parliament, there are in fact many controversial issues in high-tech domains besides nuclear 

power, such as: Nanotechnology; Biotechnology and Its Medical Applications; Genetically 

Modified Food; Stem Cell Research and Human Cloning; Scientific Research on Animals; 

Environment and Climate Change; CO2 capture, transport and storage /CCS/; shale oil & gas 

and fracking (i.e.: hydraulic fracturing and horizontal drilling). 

 

STOA is in fact a Panel of Members of the European Parliament. The STOA debates are 

aiming at assessing Scientific and Technological Policy Options for the European Parliament. 

Today many of the issues coming before the European Parliament have a scientific or 

technological dimension to them. Technological and scientific advances lie at the heart of 

economic growth, and it is necessary to both understand how to support scientific and 

technological innovation and to understand the impact of these technologies. Some issues 

directly relate to EU research and development policies, and the structures that need to be put 

in place for a technology to become widespread. Others focus on the impact on society and 

the environment. STOA is committed to cooperation with the best and most up-to-date 

expertise in Europe and worldwide. STOA's scholars and contractors have been drawn from 

all the EU Member States, candidate countries, Switzerland, Russia and the USA. 

 

Dual-use technologies and their potential for enhancing Europe’s economy are per se also a 

controversial issue. Found in an increasing number of sectors ranging from special chemicals 

and materials, electronics and computer software, dual-use technologies receive increased 

attention from policymakers in the EU (Brussels) and in national capitals. The increase in 

items with uncertain dual-use features makes distinguishing between civilian and military 

products and platforms more difficult, and complicates the issues of exports and technology 

transfers. Dual-use trade has grown steadily over the years, with EU controlled dual-use 

exports estimated at approximately 2.5% of total EU exports. A good example of 

"Simplifying Terms and Conditions of Transfers of Defence-Related Products within the 

Community" can be found in EU legislation, e.g. the "Council Regulation (EC) No 428/2009" 

of 5 May 2009 51. The European Commission is currently reviewing the EU export controls 

system. The aim is not only to improve dual-use export legislation but also to foster concrete 

ways of making dual-use technologies a major asset to Europe’s economy, fostering growth, 

employment, innovation and competitiveness.  

 

 
50 STOA = Science and Technology Options Assessment: http://www.europarl.europa.eu/stoa/ 
51 Council Regulation (EC) No 428/2009 of 5 May 2009 setting up a Community regime for the control of 

exports, transfer, brokering and transit of dual-use items", Off. Journal of the EU, L 134, Vol 52, 29 May 2009  

- http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L:2009:134:FULL&from=EL 

http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s5
http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s3
http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s4
http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s4
http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s6
http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s8
http://www.nsf.gov/statistics/seind10/c7/c7s4.htm#s1
http://www.europarl.europa.eu/stoa/
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L:2009:134:FULL&from=EL
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Widening the scope of RIE programmes at EU level, including energy, economics and social 

sciences as well as ethics, is particularly important. Under the umbrella of the European 

Strategic Energy Technology Plan (SET-Plan), a number of RIE programmes were proposed 

for the period 2010-2020 in specific energy domains, known as the six "European Industrial 

Initiatives" (EII), with detailed implementation plans and Technology Roadmaps. The six EIIs 

are: 1 - Wind energy; 2 - Solar energy; 3 - Electricity networks; 4 - Sustainable bio-energy; 5 

- CO2 capture, transport and storage /CCS/; 6 - Sustainable nuclear energy /ESNII/ 16 (see 

also Section 6.2.1).  

 

For this purpose, notably for the Euratom RIE programme, a new type of governance 

structure is under development, integrating local, national and European decision levels after 

wide stakeholders consultation while involving key non-technical and technical dimensions.  

 

3.2 Governance: openness, participation, accountability, effectiveness and coherence 

 

Fission technologies can be transmitted to the next generations only within the framework of 

a responsible strategy regarding waste management and/or recycling of fissile and fertile 

materials. This is in line with the IAEA statement: “any use of nuclear energy should be 

beneficial, responsible and sustainable, with due regard to the protection of people and the 

environment, non-proliferation, and security” 52.  

 

In this context, Euratom research and training programmes insist, in particular, on the 

implementation of geological disposal for spent fuel and high-level radioactive waste and on 

Generation-IV developments aiming at efficient natural resource utilisation and waste 

minimisation. 

 

The EC established its own concept of governance in the White Paper on European 

Governance 53 issued on 25 July 2001, in which the term "European governance" refers to the 

rules, processes and behaviour that affect the way in which powers are exercised at European 

level, particularly as regards openness, participation, accountability, effectiveness and 

coherence. These five "principles of governance" reinforce those of subsidiarity and 

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

Declaration on the future of the Union). These principles are meant to inspire all EU policies 

and actions, including those in the nuclear domain. It should be stressed that there are many 

definitions and interpretations of “principles of governance”. Here is the definition from the 

above White Paper on European governance: 

 

• 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. 

 
52 Nuclear Energy Basic Principles, IAEA NUCLEAR ENERGY SERIES No. NE-BP, December 2008 

    - http://www-pub.iaea.org/MTCD/publications/PDF/Pub1374_web.pdf  
53 "European governance - A white paper" [COM(2001) 428 final - Official Journal C 287 of 12.10.2001] 

     - http://europa.eu/legislation_summaries/institutional_affairs/decisionmaking_process/l10109_en.htm 

http://www-pub.iaea.org/MTCD/publications/PDF/Pub1374_web.pdf
http://europa.eu/legislation_summaries/institutional_affairs/decisionmaking_process/l10109_en.htm
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• Coherence. Coherence requires political leadership on the part of the Institutions to ensure 

a consistent approach within a complex system.  

 

A new governance structure is being implemented in all EU institutions. Consultative bodies 

of the European Union such as the European Economic and Social Committee (EESC) 54 or 

the Committee of the Regions (CoR) are good examples. The EESC represents civil society 

and its various stakeholders, while the CoR is the voice of local and regional authorities in 

Europe. For example, the EESC mission statement reads: “Committed to European 

integration, the EESC contributes to strengthening the democratic legitimacy and 

effectiveness of the European Union by enabling civil society organisations from the Member 

States to express their views at European level”. The nuclear industry also is aiming at similar 

objectives as can be read, e.g., from the "Corporate Social, Environmental and Financial 

Responsibility" (CSR) reports of some companies (e.g. TVO/Finland in Annex 3.2). 

 

The various “freedoms” within the EU are worth being discussed in this context. The Green 

Paper entitled “The European Research Area (ERA): New Perspectives” (April 2007) 

provides the outline of what is needed to introduce a “fifth freedom” - that of the “movement 

of knowledge”. The ERA is based on the internal market in which researchers, scientific 

knowledge and technology circulate freely. The above mentioned "Open Access" policy of 

Horizon-2020 (Section 2.3) is one of the many instruments developed to turn the ERA into 

reality. The “movement of knowledge” would complement the four freedoms enshrined in the 

Treaty, protecting the free movement of goods, services, capital and labour. An updated 

version of ERA policy is proposed in the EC Communication “A Reinforced ERA Partnership 

for Excellence and Growth”, COM(2012), 392 - Brussels, 17.7.2012) 55. 

 

Nuclear safety culture is an area where the above principles of good governance apply 

particularly well. The IAEA distinguishes“five characteristics of safety culture" (Section 4.3).  

One of these characteristics is Accountability, which means in practice, for example: 

"Ownership for safety is evident at all organizational levels and for all individuals". 

Ownership is important not only in the context of nuclear safety culture but, more generally, 

in all political and scientific actions aiming at developing robust, equitable and socially 

acceptable systems. As a matter of fact, people or organisations who take ownership are seen 

as problem solvers – remember the famous call of US President John F. Kennedy in 1961: 

"ask not what your country can do for you - ask what you can do for your country" 56. 

 

Whether one thinks today of renaissance or longer-term operation (Generations II and III) or 

tomorrow of technological breakthrough (Generation IV - Section 7), the public must be 

informed and reassured.  

 

Transparency, in particular, is a key issue in the revised "Basic Safety Standards" (BSS) 

Directive (Council Directive 2013/59/Euratom of 5 December 2013 – Section 4.1). Here is the 

related excerpt: Article 77 – Transparency 

 

 
54 EESC - a bridge between Europe and organized civil society: http://www.eesc.europa.eu/  

    COR - the EU's Assembly of Regional and Local Representatives:  http://cor.europa.eu/en/Pages/home.aspx 
55 The European Council has called for ERA to be completed by 2014 - http://ec.europa.eu/research/science-

society/document_library/pdf_06/era-communication-partnership-excellence-growth_en.pdf   
56 President John F. Kennedy's Inaugural Address in Washington, D.C. 20 January 1961 - President Kennedy 

     urges American citizens to participate in public service and "ask not what your country can do for you – ask 

 what you can do for your country" - http://www.jfklibrary.org/Asset-Viewer/BqXIEM9F4024ntFl7SVAjA.aspx 

http://www.eesc.europa.eu/
http://cor.europa.eu/en/Pages/home.aspx
http://ec.europa.eu/research/science-society/document_library/pdf_06/era-communication-partnership-excellence-growth_en.pdf
http://ec.europa.eu/research/science-society/document_library/pdf_06/era-communication-partnership-excellence-growth_en.pdf
http://www.jfklibrary.org/Asset-Viewer/BqXIEM9F4024ntFl7SVAjA.aspx
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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. 

 

A recent application of good governance by the EC in the nuclear domain was the 

organisation of the “Stress Tests” in March 2011 (Section 4.2.5 and Annex 4.3), which 

produced, inter alia, high-level recommendations (in particular, regarding openness and 

participation) that have been taken into account in the revised Euratom Safety Directive 

(Council Directive 2014/87/Euratom of 8 July 2014 - Section 4.1 and Annex 4.3.4), 

demonstrated by the following excerpt:  

 

• public engagement (Article 8, dedicated to “Transparency”):   

“1. Member States shall ensure that necessary information in relation to nuclear 

safety of nuclear installations and its regulation is made available to workers and the 

general public, with specific consideration to local authorities, population and 

stakeholders in the vicinity of a nuclear installation. ………… 

4. Member States shall ensure that the public shall be given the appropriate 

opportunities to participate effectively in the decision making process relating to the 

licensing of nuclear installations, in accordance with relevant legislation and 

international obligations.” 

 

• cross-border peer review by the national regulators: this mutual assistance process is 

defined in Chapter 2a “Peer Reviews and Guidelines”. 

 

The creation of European Technology Platforms (in particular, ENEF) 16 and authoritative 

expert associations 17 is aligned with the new governance structure. Other applications of 

those principles can be found in areas where there is an increasing effort to better identify and 

understand societal expectations, needs and concerns such as exposure to low doses of 

ionising radiation. Many public debates were held in connection with repository concepts for 

low and intermediate short-lived radioactive waste 57. The related Euratom RIE projects 

involve, in particular, civil society together with traditional actors in the field such as industry 

(e.g. electricity generation), public authorities, experts and research institutions. The civil 

society was represented by local communities, elected representatives, and NGOs, as well as 

social and natural scientists. 

 

In this context it is worth recalling that, in the spring of 1993, municipalities located near 

nuclear facilities in EU Member States embarked on coordination in order to examine and 

increase their weight in the decision making processes that affect their territories and citizens 

(GMF - “Group of European Municipalities with nuclear Facilities”) 58. Also of interest is the 

 
57 Euratom research projects contributed to develop a transparent risk governance (e.g. RISCOM, COWAM, 

 ARGONA): models have been tested for risk decision making, based on the notions of analysis and deliberation. 
58 GMF statement «Our society is engaged in a permanent round of debates in order to achieve consensus in the 

    processes of democratic decision making, this is being emphasized, if possible, in the emerging model of  

   knowledge society. Public participation and transparency are key elements, especially when these processes  

   affect the environment or the future of our citizens.” - http://www.gmfeurope.org/ 

http://www.gmfeurope.org/
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French ANCCLI (“Association Nationale des Comités et Commissions Locales 

d’Information”) 59, an indirect follow-up of the French “Bataille law of 1991” (Annex 1.2), 

which focuses on transparency and nuclear safety. The above initiative is aligned with the so-

called Aarhus Convention which establishes a number of public rights (individuals and their 

associations) with regard to the environment: this is the “United Nations Economic 

Commission for Europe” (UNECE) Convention on “Access to Information, Public 

Participation in Decision-Making and Access to Justice in Environmental Matters”, adopted 

in 1998 in the Danish city of Aarhus. There are similar associations in other EU Member 

States and world-wide. 

 

Civil society is also represented by non-governmental organisations (NGO), such as Women 

in Nuclear Global 60. This NGO supports and encourages women working in nuclear 

industries throughout the world, particularly energy and radiation applications. The members 

have a common commitment to provide information and communicate with the public. WiN 

Global aims to promote the understanding and public awareness of the benefits of nuclear and 

radiation applications through a series of active networks, both national and international. 

 

Cross-national studies of public opinion in the EU are particularly important for monitoring 

the implementation of the new governance structure: this is one of the tasks of the 

Eurobarometer survey series 61 which is designed to compare and gauge trends within the 

Member States. EU citizens were consulted, for example, in 2010, regarding European 

legislation in the areas of Nuclear Safety and Radioactive Waste. The Eurobarometer surveys 

are also instrumental to understand the stakeholder requirements (socio-political as well as 

scientific-technological) and so help in setting up priorities for Euratom RIE programmes.  

 

Of particular interest regarding “openness” (i.e.: using a simple language for communication) 

is the International Nuclear and Radiological Event Scale 62 (INES) of the IAEA/OECD: this 

is a tool for promptly communicating to the public in consistent terms the safety significance 

of reported nuclear and radiological incidents and accidents. The INES can be compared to 

the Richter scale, which measures the relative intensity of earthquakes. INES events are 

classified at 7 non-zero levels following 3 criteria:  

(1) Impact on people and the environment;  

(2) Impact on the radiological barriers and controls at facilities; and  

(3) Degradation of Defence-In-Depth (DiD). 

 

Reminder: both the Chernobyl 1986 and Fukushima Daiichi 2011 severe accidents have been 

rated 7, whereas the Three-Mile-Island 1979 accident was rated 5 on the INES - Section 4.2.  

In the EU, should a technical defect in a plant lead to significant release of radionuclides to 

the environment, the Member State concerned would be obliged to report through the EU 

radiological emergency notification system (ECURIE) – Annex 3.3.1. 

 
59 ANCCLI - Réseau National d'échange sur la transparence et la sécurité nucléaire - http://www.anccli.fr/ 
60 WiN Global, founded in 1992, 25 000 members from 102 countries: http://www.win-global.org/about/what 
61 Eurobarometer survey (run by DG Energy) - http://ec.europa.eu/public_opinion/index_en.htm  
62 INES (designed in 1989 by IAEA and OECD/NEA) - http://www-ns.iaea.org/tech-areas/emergency/ines.asp 

http://www.anccli.fr/
http://www.win-global.org/about/what
http://ec.europa.eu/public_opinion/index_en.htm
http://www-ns.iaea.org/tech-areas/emergency/ines.asp
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It is also worth quoting another statement by IAEA, referring to the Millennium Development 

Goals (to be shortly substituted by the Sustainable Development Goals – Section 1.3.2). 

When celebrating in January 2014 the 75th anniversary of the discovery of nuclear fission 

(reminder: December 1938, Berlin, radiochemists Otto Hahn and Fritz Strassmann 

bombarding elements including uranium nuclei), Director General Yukiya Amano declared: 

 

“The IAEA gives priority to assisting developing countries in using nuclear technology in 

areas including health, food and agriculture, and water management,” ….. “By making 

nuclear technology available, the IAEA makes a unique and lasting contribution to achieving 

the Millennium Development Goals.”  

 

3.3 “Benefits and limitations of nuclear fission for a low carbon economy” 

 ("2012 Interdisciplinary Study” and “2013 Symposium” requested by Council) 

 

In view of their decision on the Euratom part of Horizon-2020, the EU Council (Council 

meeting of 28 June 2011) requested that the Commission "organise a symposium in 2013 on 

the benefits and limitations of nuclear fission for a low carbon economy. The symposium will 

be prepared by an interdisciplinary study involving, inter alia, experts from the fields of 

energy, economics and social sciences".  

 

This request from the Council in June 2011 was an important step in the development of the 

above-mentioned new type of governance structure for Euratom decisions. The response of 

the Commission services was to launch the "2012 Interdisciplinary Study" (Section 1.2) in 

April 2012. This study was composed of two parts: a scientific-technological and a socio-

political part (details in Annex 1.1 and 1.2, resp.). The Terms of Reference were focused on 

answering “why – and how to – continue developing research and training activities in 

nuclear fission and radiation protection at EU level ?”. The selected experts were invited to 

consult, in particular, the documents produced in 2007 by the EC in connection with the 

European SET-Plan. The “2012 Interdisciplinary Study” was published on the occasion of and 

presented at the above mentioned 2013 Symposium (Brussels, 26-27 February 2013) 15. 

 

An Ethics study (called "Ethical framework for assessing research, production, and use of 

Energy") covering all energy sources was also conducted in this context and was published in 

the proceedings of the 2013 Symposium as well as in a separate EC/EGE document 63. This 

Ethics study was issued on 16 January 2013 and referred as “Ethics Opinion n° 27”. The 

European Group on Ethics in science and new technologies (EGE) in fact was asked by 

President J.M. Barroso (length of term in office: 2004 – 2014) on 19 December 2011 to 

contribute to the debate on a sustainable energy mix in Europe by studying the impact of 

research into different energy sources on human well-being. The EGE was a team linked with 

the Bureau of European Policy Advisers (BEPA), reporting directly to the President of the EC. 

 
63 "Ethical framework for assessing research, production, and use of energy" (Ethics Opinion n°27), 16/01/2013 

     BEPA/EGE study - http://ec.europa.eu/bepa/european-group-ethics/docs/publications/opinion_no_27.pdf 

Nota bene about history of the service: The lineage of the EU’s policy advice service dates back to 1989 when  

     the then-President, Jacques Delors, created the "Forward Studies Unit". The BEPA was created in 2004 by 

     Juncker’s predecessor, Jose Manuel Barroso who switched the focus from three areas – political, economic 

     and societal – to two: outreach and analysis. From January 2015, the BEPA has been revamped as the 

     European Strategic Policy Centre (ESPC). The ESPC will form research clusters around five broad themes: 

     social affairs, institutional affairs, economy, sustainable development and foreign affairs. 

http://ec.europa.eu/bepa/european-group-ethics/docs/publications/opinion_no_27.pdf
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This Ethics study advocates a fair balance between four criteria - access rights, security of 

supply, safety, and sustainability - in the light of social, environmental and economic 

concerns. They also insist on more science-based support for EU energy policy.  

 

Recommendations are also made regarding “responsible use of energy”, such as: 

 «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 …» 

 

It is no wonder that the conclusions of this Ethics study are aligned with the above 

Sustainable Development Goals proposed by the United Nations (Section 1.3.2). 

 

"2012 Interdisciplinary Study": scientific-technological part - priorities for Euratom RIE 

 

A total of 10 external experts were hired (funded by DG RTD) to identify and discuss 

scientific-technological priorities for Euratom Horizon-2020. Ten topics were selected for this 

purpose (Topic 10 being the Synthesis), pertaining to three domains, i.e.: 

• EU Energy Policy - 2 Topics, namely:  

(1) three pillars of the EU Energy Policy (sustainability, security of supply and 

competitiveness) 

(2) European Strategic Energy Technology (SET) Plan 

• Euratom Treaty and other EU policies - 5 Topics, namely:  

(3) Research and Development 

(4) Education and Training and Skills 

(5) EU Nuclear Safety and Security Aspects 

(6) People, quality of life and environment 

(7) Safety and Security Culture beyond EU borders 

• Principles of good governance - 2 Topics, namely:  

(8) Science based policies and nuclear safety and security legislation 

(9) Ethics. 

 

In Topic 1 (“three pillars of the EU Energy Policy”), for example, the following priorities 

were proposed for Euratom RIE in nuclear fission and radiation protection: 

 

"Nuclear has ample capability to contribute to the three EU energy policy pillars 

simultaneously, certainly with more research and innovation: 

• Nuclear is CO2 free, if using a good fuel cycle; but its safety record has received a serious 

dent. Waste management and proliferation controls should be further improved. Better 

understanding of low-dose effects of radiation could ameliorate its reputation and 

acceptability. 

• Security of supply is offered by resource availability (possibly using fast reactors), stable 

but dispatchable electricity production facilities capable of load following and large 

turbine-generators providing inertia to the system, permitting reactive power control for 

voltage stability. 

• Nuclear leads to cheap decarbonisation, if it can keep its investment and operational costs 

low. Future load following, however, must be examined as an important issue." 

 

"2012 Interdisciplinary Study": socio-political part - general recommendations for Euratom 
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To set the socio-political scene of the Study, a total of 16 external experts were consulted to 

discuss questions pertaining to three domains, namely: decision making; risk governance; 

Euratom research and training priorities. Civil society (including interest groups and non-

governmental organisations /NGOs/) was represented in this Study as follows:  

 

• EESC which was co-organising the subject "2013 Symposium" with the EC 

• a group of independent socio-political experts, some of them belonging to the European 

Technology Platforms or authoritative expert associations.  

 

Based on the general recommendations (ten in total – see Annex 1.3) issued by the 2012 

Interdisciplinary Study and endorsed by the subsequent 2013 Symposium, clear objectives are 

given for Euratom RIE programmes, e.g.: 

 

• towards more science-based support for the EU energy policy, with emphasis on access 

rights, security of supply, safety, and sustainability (“Ethics Opinion no. 27”) 63 

• towards new and emerging technologies not only to support nuclear safety and security 

aspects but also to develop innovative areas such as nuclear medicine  

• towards a world-wide common nuclear safety and security culture, based on the highest 

achievable standards related to scientific, human and organisational aspects 

• towards more active participation in the changing research and innovation scene world-

wide, through international partnerships wherever there is advantage for the EU 

• towards more multi-sectorial and interdisciplinary programmes (e.g. scientific-

technological and socio-political sciences) including new ways of engaging the public 

• towards the creation and transfer not only of knowledge but also of skills and competences, 

taking advantage of instruments developed by EU and national policies. 

 

The recommendations of the socio-political experts of the Study reflected also what happens 

in the public debate between critics and defenders of nuclear power (Annex 3.8). One of the 

big challenges is how to (re)construct the confidence climate between public at large and 

nuclear experts (see cartoon picture after Section 8).  

 

3.4 Towards more robust decision making, taking advantage of "Best Available Science" 

 

In a rapidly changing multicultural world full of political and economic uncertainties, robust 

decision making (notably regarding energy policies) has become harder than ever. Science as 

a support to energy policy decision making, is important, in particular, in the nuclear fission 

and radiation protection domain, as demonstrated, for example, in the following topics:  

          

• Life Cycle Assessment and innovation management (including business model) 

• Risk governance in the sectors of nuclear fission and radiation protection 

• Energy forecasts and "Best Available Science" (more science based policies). 

 

3.4.1 Life Cycle Assessment and innovation management (including business model) 

 

Life Cycle Assessment (LCA) of primary energy source applications (i.e. renewable, fossil 

and fissile) is a structured, comprehensive method for quantifying material and energy flows 

and the environmental impact in the life cycles of processes or products. The environment, 

society, economy and political context are considered as independent, but interrelated, 
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subsystems. An interdisciplinary and multi-sectorial cradle-to-grave approach is necessary, 

based on synergy between (1) the STEM research community (Science, Technology, 

Engineering and Mathematics), (2) SSH experts (Social Sciences and Humanities - e.g. 

analysis of externalities) and (3) decision makers and opinion leaders.  

 

An externality is commonly defined as a cost that arises when the social or economic 

activities of one group of persons have an impact on another group and that impact is not 

fully accounted for by the first group. This definition of externalities comes from the non-

Euratom FP6 project EUSUSTEL 64 (2005 - 2006). This project introduced the concept of 

total social cost of electricity generation, that is: the sum of the private and external costs of a 

technology based on its use of resources from an economic and environmental point of view. It 

can be regarded as a relative measure for sustainability. Externalities arise, for example, in all 

stages of the nuclear fuel cycle, upstream and downstream, such as mining and processing of 

fuels, plant construction, waste treatment and final decommissioning. Thus, to fully calculate 

the external costs, major impacts at all stages have to be considered. The evaluation of 

externalities is in fact a complex issue, encompassing scientific and non-scientific aspects 

(e.g. personal bias, a priori commitments, emotional involvement).  

 

During operation of a nuclear power plant, there might be emissions which cause damage to 

human health, crops and materials, etc., generating an externality because the resulting 

impacts are not taken into account by the plant owner. Radiological emissions, in particular, 

are an issue under exceptional “beyond design basis accident” conditions (i.e.: so-called 

“severe" or "major" accident like TMI-2, Chernobyl or Fukushima – Sections 4.2 and 7.3).  

 

An extended form of LCA would integrate externalities such as socio-economic aspects 

related to risks affecting, for example, sustainability, security of supply, and competitiveness 

of energy. Consideration should also be made of “shadow costs” at both national and 

international level, such as those related to decarbonisation of the economy. Some countries 

(e.g. the USA) decided to go for "cap-and-trade" legislation that sets a price on carbon 

emissions: the utilities would favour the cheapest renewable (e.g. wind). EU countries 

encourage more directly some specific technologies (e.g. solar) with "feed-in tariffs" that 

require electric utilities to pay premiums (e.g. to solar power producers), be they commercial 

power plants or private homes that pump energy in the grid. Another option is for the 

government to invest directly in a specific technology (e.g. by funding the construction of a 

giant plant). Whatever the governmental option chosen, there are additional "shadow costs" 

related to the impact of the chosen technology, to the regional image, or to regulatory aspects.  

Ensuring uninterruptible power supply (24/7/365), including associated fuelling or/and 

electrical grid infrastructure, is a challenge especially if massive use is made of renewables. If 

energy-intense applications are present (e.g. heavy industry, electrified railway grid, 

electrification of large cities), large amounts of electricity are needed, while ensuring strict 

control of voltage and system frequency: this has also a “shadow cost” - see Annex 1.1).  

 

 
64 EUSUSTEL ("European Sustainable Electricity; Comprehensive Analysis of Future European Demand and  

    Generation of European Electricity and its Security of Supply", 2006) under the sixth EC RTD Framework 

Programme (2002 – 2006) - http://www.eusustel.be/public/documents_publ/Final%20Technical%20Report.pdf 

= complementary to projects EXTERNE (Eur 21951 report, 2005) - http://www.externe.info/ and NEEDS ("New 

Energy Externalities Developments for Sustainability", FP6 project, 2009) - http://www.needs-project.org/  

http://www.eusustel.be/public/documents_publ/Final%20Technical%20Report.pdf
http://www.externe.info/
http://www.needs-project.org/
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As far as nuclear fission is concerned, a number of economic studies have been published by 

authoritative associations supported by the European Commission (e.g. in the context of EU 

Climate and Energy Policy), and by OECD/NEA and IEA, as well as by IAEA. It should be 

stressed that nuclear power plants are expensive to build but relatively cheap to run, and, in 

particular, that waste disposal and decommissioning costs are included in the operating costs 
65. At national level, it is worth mentioning the French Court of Auditors' report "The costs of 

the nuclear power sector" (January 2012) 66, based on facts and figures provided by EDF, the 

French electric utility company (largely owned by the French government). Their 

investigation exclusively relates to the past, current and future cost of producing nuclear 

energy in France (excluding both transport and distribution of electricity): due account is 

taken of internal and external costs over the entire life cycle of the generation chain, including 

the fuel cycle. At EU level, a more recent EC DG ENER driven study is also worth 

mentioning: “Synthesis on the Economics of Nuclear Energy” (November 2013) 67, based on 

general considerations of sustainability and external costs, including system effects.  

 

Further widening the LCA approach, it is worth investigating “out of the box thinking” 

concepts such as “energy returned on invested”, EROI (as opposed to “energy money 

returned on invested” or EMROI). EROI describes the overall life-cycle efficiency of a power 

supply technique by answering the simple question “How much useful energy do we obtain 

for a certain effort to make this energy available ?”. It has been evaluated for typical power 

plants representing wind energy, photovoltaic, solar thermal, hydro, natural gas, biogas, coal 

and nuclear power. The Institut für Festkörper-Kernphysik (Berlin) 68, for example, has 

applied the strict energy concept and updated material databases to directly compare the 

overall efficiency of such power plants. The result is that nuclear, hydro, coal, and natural gas 

power systems (in that order) are one order of magnitude more effective than photovoltaic and 

wind power. For nuclear fission, in particular, the results are as follows: EROI = 75 (or = 105 

in the case of 100 % centrifuge enrichment) and energy payback time (i.e. the time after 

which the returned energy equals the energy invested) = circa 2 months. 

 

Innovation management requires, in particular, a new type of business model.  

 

The completion of large innovative projects goes through a RD&DD (Research – 

Development – Demonstration – Deployment) cycle – see Section 1.3.1. Scientific and 

financial risk sharing becomes an issue at the third phase. To build a "Demonstrator", public 

funding usually comes from other sources than EU RIE programmes (e.g. from EU Structural 

and Investment Funds – Section 2.3 – or from the European Investment Bank). At this stage a 

Business Model is needed, able to "sell" the transfer of innovation from laboratory to market. 

 
65 Economics of Nuclear - http://www.world-nuclear.org/info/Economic-Aspects/Economics-of-Nuclear-Power/ 
66 Cour des comptes - http://www.ccomptes.fr/Publications/Publications/Les-couts-de-la-filiere-electro-nucleaire 

(experts = a.o. Jacques Percebois, chairman of French "Énergies 2050", and Claude Mandil, former DG of IEA) 
67 William D. D’haeseleer, KU Leuven, November 2013 - Study for the European Commission, DG Energy 

http://www.bruegel.org/fileadmin/bruegel_files/Events/Event_materials/2014/February/Synthesis_economics_nu

clear_20131127-0_reduced_size.pdf 
68 "Energy intensities, EROIs, and energy payback times of electricity generating power plants",  

     by D. Weißbach; G. Ruprecht ; A. Huke; K. Czerskia; S. Gottlieb; A. Husseina (Energy / Volume 52,  

     1 April 2013, Pages 210–221) - http://www.sciencedirect.com/science/article/pii/S0360544213000492 

http://www.world-nuclear.org/info/Economic-Aspects/Economics-of-Nuclear-Power/
http://www.ccomptes.fr/Publications/Publications/Les-couts-de-la-filiere-electro-nucleaire
http://www.bruegel.org/fileadmin/bruegel_files/Events/Event_materials/2014/February/Synthesis_economics_nuclear_20131127-0_reduced_size.pdf
http://www.bruegel.org/fileadmin/bruegel_files/Events/Event_materials/2014/February/Synthesis_economics_nuclear_20131127-0_reduced_size.pdf
http://www.sciencedirect.com/science/article/pii/S0360544213000492
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There is no one definition of a Business Model. Most definitions are vague and usually refer 

to a loose conception of how a company does business and generates income.  

 

An interesting definition is provided by A. Osterwalder and Y. Pigneur 69, namely: "A business 

model describes the rationale of how an organization creates, delivers, and captures value." 

More precisely these authors state the following: “The business model is an abstract 

representation of the business logic of a company. And under business logic we understand an 

abstract comprehension of the way a company makes money, in other words, what it offers, to 

whom it offers this and how it can accomplish this”. They have developed a user-friendly 

(visual and conceptual) tool that seems well suited for the economic assessment of 

breakthrough innovative businesses (like Generation IV systems).  

 

The above authors have developed a Model Canvas for Business Models that can be described 

as a set of 9 building blocks resuming the main characteristics of the company as follows: 

 

• The Value Proposition is the set of products and services that add value for the specific 

customers. 

• The Customer Segments define the different groups of people or organisations that the 

stakeholder aims to reach and serve. 

• The Channels describe how the stakeholders communicate with and reach customers in 

order to deliver their value proposition. 

• The Customer Relationships are the types of relationship a stakeholder establishes with his 

customers. 

• The Revenue Stream represents the cash a company generates from the sale of value to his 

customers.  

• The Key Resources are the most important assets required to make the business model 

work.  

• The Key Activities are the most important things a company must do to make its business 

model work.  

• The Key Partners represent the network of suppliers and partners that will make the 

business model work. 

• The Cost Structure describes all costs incurred to operate the business model.  

 

It is worth mentioning that the subject business model is used by the European consortium 

developing the High Temperature Reactor – see SNE-TP / Nuclear Cogeneration Industrial 

Initiative (NC2I) / 16. In the NC2I study, the authors (including the industrial organisations 

Fortum Oyj and E.On) consider the case of a chemical park being coupled to a HTR. The 

HTR delivers heat and electricity to the chemical industries in the park and distributes the 

extra-energy to the grid. Here is an excerpt of the tentative (very preliminary) business model 

that is proposed for the Energy Manager of the chemical park:  

 

• Value Proposition: ensure the supply of heat and electricity 24-7  

• Customer Segments: industries located in the chemical park 

• Channels: direct relationships (on site) 

• Customer Relationships: enable the chemical industries to focus on their core business 

• Revenue Stream: contracts from industries and money from surplus electricity 

• Key Resources: juridical workforce 

 
69 A. Osterwalder and Y. Pigneur., "Business Model Generation", Hoboken, NJ, USA: John Wiley & Sons. 2010  

    - http://www.businessmodelgeneration.com/downloads/businessmodelgeneration_preview.pdf 

http://www.businessmodelgeneration.com/downloads/businessmodelgeneration_preview.pdf
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• Key Activities: negotiate contracts with industries, buy electricity from the grid 

• Key Partners: CHP owner, grid operator, utility (external grid)  

• Cost Structure: energy bought from CHP operator (cogeneration of heat and power). 

 

3.4.2 Risk governance in policies related to nuclear fission and radiation protection 

 

Let us remind ourselves that change is accompanied by risks and that these are thus a 

permanent and important part of life. We should not be afraid of risk. “A ship is always safe at 

the shore, but that is not what it is built for”, as the saying goes. In a risk-averse culture, 

people go for ‘safe bets’, which do not lead to progress. Willingness and capacity to take and 

accept risk are crucial for achieving social and economic development. Research and 

experience feedback have demonstrated that risks, and in particular those arising from power 

generation technologies, are often accompanied by potential benefits and opportunities.  

 

History of inventions shows how ordinary men and women have changed our lives – both 

socially and professionally – by taking risks using their knowledge and creativity. Our rapidly 

changing world relies, in particular, on so-called "technical miracles of the 20-th century" as 

stated by the US National Academy of Engineering 70. 

 

 “Risk” is a common word, which may convey different meanings to different people. For the 

purpose of making comparisons between different types of risk, the risk associated with a 

specified event is defined – in a very simplified way - as the “consequence of the event per 

unit time”. It is usually expressed in “acute fatalities per person-year” in the case of 

individual or societal risks. The risk can be computed in an obvious way, from the frequency 

of the event and the magnitude of the consequences of the event, as follows: 

 Risk (consequences / unit time) = frequency (events / unit time) x magnitude 

(consequences / event). 

 

As far as death toll after a severe accident is concerned, it should be recalled that radiation 

protection experts in charge of risk estimates are faced with many uncertainties, such as: (1) 

epidemiological uncertainty in the data (e.g. biases due to errors in detection long time after 

exposure); (2) dosimetrical uncertainty (e.g. biases in gamma-ray measurements); (3) 

uncertainty in projection of current fatal cancer risk estimates to lifetime risk; (4) uncertainty 

in extrapolating risk obtained at high dose to that appropriate for low dose and low-dose rate 

exposure. 

 

It should also be noted that the impact of major accidents is not limited to potential health 

effects. Other consequences are important, such as upheaval in the lives of many, in 

particular, because large geographical areas are affected for long time (Section 4.2.4).  

 

Risk governance deals with identification, assessment, management and communication of 

risks. It is a systemic approach to decision making processes usually associated with natural 

 
70 "Technical miracles of the 20-th century" = 1. Electrification / 2. Automobile / 3. Airplane / 4. Safe and 

Abundant Water / 5. Electronics / 6. Radio and Television / 7. Agricultural Mechanization / 8. Computers / 9. 

Telephone / 10. Air Conditioning and Refrigeration / 11. Interstate Highways / 12. Space Exploration / 13. 

Internet / 14. Imaging Technologies / 15. Household Appliances / 16. Health Technologies / 17. Petroleum and 

Gas Technologies / 18. Laser and Fiber Optics / 19. Nuclear Technologies / 20. High Performance Materials 



43 

 

and technological risks. If the risk is of a global, systemic nature, cohesion is necessary 

between countries and all stakeholders should be included (in particular, government, 

industry, research, academia and civil society). Risk governance is in fact a difficult issue, not 

least because it includes societal objectives, ideology, beliefs, and numerous other non-

scientific issues (in the strict sense of the word). 

 

Risk assessment, in particular, should take into account risk aversion, which may depend on 

various factors such as: voluntary versus involuntary risk; group versus individual risk; 

immediate versus deferred hazards; unfamiliar versus natural or established risks; catastrophic 

versus regularly occurring effects, etc. The complexities of these factors require in fact the 

collaboration of the safety experts with social scientists and psychologists. 

 

Risk governance is particularly important in the case of low and protracted exposure of 

ionising radiation which is of interest to both industry and hospitals (radio-medicine). 

Radiation is energy that travels in the form of waves or high speed particles. It should be 

noted that, for health physicists, there are three main routes of radiation exposure or 

exposure pathways: inhalation, ingestion and direct exposure. There are two competing 

theories in the domain of dose-risk assessment: 

• the “linear no-threshold” /LNT/ model - there is a direct linear correlation between dose 

and risk, with no safe dose 

• the (non-linear) “hormesis” model - hormesis is “any physiological effect that occurs at 

low doses and which cannot be anticipated by extrapolating from toxic effects at high 

doses” – e.g., low doses of radiation may have beneficial effects (Section 4.4).  

 

The Euratom norms in radiation protection, so far, are strongly based on the precautionary 

principle, essentially due to the lack of proper scientific assessment of the effects of low 

radiation doses. Better quantification and understanding of these particular risks and how 

they vary between individuals (radio-sensitivity) is needed. European research and 

innovation in this domain is left principally in the hands of the authoritative expert 

association MELODI 17. To better understand the impact of low irradiation doses, one could 

use the latest findings of the following scientific disciplines: 

• cellular and molecular biology research on the interaction of radiation with 

deoxyribonucleic acid (DNA), cells, organs and the body 

• epidemiology and modelling of disease development (combined with related progress in 

ICT-based equipment e.g. for medical imaging). 

 

This will impact policy (and hence public / private spending) in many areas, ranging  

• from the management of spent fuel or high level waste (including support for emergency 

response, environmental restoration after a severe accident in a nuclear installation and 

Decontamination and Decommissioning /D&D/ operations)  

• to decisions on screening programmes in medical diagnostic imaging where a balance must 

be sought between benefits and potential harm – see Section 4.4 on "Radiation protection 

safety culture in health care organisations". 

 

Energy policies (in particular, those related to nuclear fission and radiation protection) should 

take advantage of advanced benchmarking techniques developed during the last decade, such 

as NEEDS and EUSUSTEL 64. A most interesting approach to aid decision making for energy 

policies is the so-called Multi-Criteria Decision Analysis (MCDA), successfully tested in the 
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European FP6 project NEEDS. By means of the MCDA method, the performance of 

competing technologies is measured by different decision-making criteria. Performance for 

each criterion is judged by what may be called “indicators” or “metrics”. Such indicators are 

either quantitative or qualitative. The criteria are supposed to reflect the “3-pillar” model of 

sustainability, consisting of environmental, economic and societal requirements. The MCDA 

method is a handy tool to quantify the outcome of so-called participatory approaches on 

energy-policy decision making. 

 

Managing the unexpected is a tough challenge, in particular, whenever radiological risks are 

generated for populations, the environment or industrial installations. Safety, in particular, 

cannot be seen independently of the core process (or business) of the system, hence the 

emphasis on the ability to function under "both expected and unexpected conditions" rather 

than simply avoiding failure. This naturally leads to the concept of resilience to unexpected 

events. Here is a practical definition of resilience: "The intrinsic ability of a system to adjust 

its functioning prior to, during, or following changes and disturbances, so that it can sustain 

required operations under both expected and unexpected conditions” 71. This definition also 

applies to an organisation (be it political or industrial) if the word “organisation” is substituted 

for “system”. 

 

As a result of good governance application, individuals and societies are expected to be able 

to better identify and assess various risks, and consequently, wherever possible, to benefit 

from change while minimising the negative consequences of associated risks. 

 

3.4.3 Forecasts regarding optimal energy mix - towards more science based policies 

 

Some famous predictions should be recalled. For example, in the early 1900s, most physicists 

believed that physics was complete, described by classical mechanics, thermodynamics, and 

the Maxwell theory. In a famous address to the British Association for the Advancement of 

Science in 1900, Lord Kelvin (William Thomson) declared “There is nothing new to be 

discovered in physics now. All that remains is more and more precise measurement.” Nobody 

anticipated the incredible journey of physics (and the many technological applications) over 

the next 100 years: for example, at that time, nothing was known about the structure of atoms 

and nuclei (only two fields were known: gravitation and electromagnetism). 

 

Here are other famous quotes relating to predictions: 

 

• “I only know that I know nothing”, paraphrase of the famous Socrates quote (one of the 

foremost philosophers of ancient Greece  - 5th century B.C.). This quote entertains the 

notion that we should question everything. 

 

• "The best way to predict your future is to create it”  by Abraham Lincoln, one of the 

greatest U.S. presidents (1809 - 1865, in office from 1861 till 1865) 

 

• "Prediction is very difficult, especially if it's about the future", by Niels Bohr (Danish 

Physicist, 1885 – 1962). 

 

 
71 "Resilience Engineering" by E. Hollnagel (Mines ParisTech, Centre for Research on Risk and Crises), 2006 

    - http://www.gowerpublishing.com/pdf/SamplePages/Resilience_Engineering_in_Practice_Prol.pdf  

http://www.gowerpublishing.com/pdf/SamplePages/Resilience_Engineering_in_Practice_Prol.pdf
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• “The Stone Age came to an end not for a lack of stones, and the oil age will end, but not 

for a lack of oil.", statement pronounced in September 2000 by Sheikh Zaki Yamani, a 

Saudi Arabian who served as his country's oil minister from 1962 to 1986 (i.e. during the 

Arab oil embargo of the 1970's, OPEC crisis).  

 

Forecasting exercises are extremely difficult, especially when it comes to long-range energy 

forecasts (e.g. consumption, production, and prices), as is demonstrated in a reference RAND 

Corporation study supported by U.S. DoE in 2002: "A Half Century of Long-Range Energy 

Forecasts: Errors Made, Lessons Learned, and Implications for Forecasting" 72. It is 

necessary to make room for the unexpected: breakthrough technological findings or major 

political developments may redirect the course of history. 

 

We are transitioning into a post-carbon economy – what some people call the Third Industrial 

Revolution. This will have a significant impact in the 21-st Century, of similar importance as 

the First Industrial Revolution in the 19th Century (based on coal and steam) and the Second 

Industrial Revolution in the 20th Century (based on oil). The Third Industrial Revolution is 

not just a consequence of convergence between new energy and new communication 

technologies but depends on the uptake of this convergence by a large majority of consumers 

and end users that turn these developments into a “revolution” (declaration of European 

Parliament in 2011) – see also discussion on "ownership" in Section 3.2. New energy 

technologies in the Third Industrial Revolution focus on energy conservation (the "new 

ethic") and de-carbonisation (notably through renewable sources and nuclear fission).  

 

In this transition period, engineering and technical feasibility forecasts are very important. In 

the past 50 years, however, they were often wrong, e.g. when predicting that some new 

technologies may be "5 years away from being commercially viable". 

 

In this context it is worth recalling a few facts and figures.  

 

• World population will continue to increase, primarily in the developing countries. This will 

increasingly influence future energy and environmental trends, related problems, and the 

policies and technologies developed to address them. 

 

• Electricity cannot be easily stored: this is a real technical challenge. It has to be converted 

to other forms of energy such as chemical, thermal, mechanical, kinetic, potential or 

electromagnetic which involves heavy equipment and conversion losses. 

 

• The gradual electrification of the EU economy will continue, and the economy will 

become more electricity intensive over time. The general conclusion for all 

“decarbonisation scenarios” is that by 2050 electricity will play a much greater role than 

now (almost doubling its share in final energy demand – see EU Energy Roadmap 2050 in 

Section 2.2) 

 

• Energy technologies, technology requirements, and technology development will be more 

influenced by environmental concerns than by most other factors. Moreover, in most 

countries world-wide, the trend seems to be that government intervention is required to 

ensure adequate energy technologies and supplies. 

 
72 "Long-Range Energy Forecasts" by R. H. Bezdek and R. M. Wendling, Journal of Fusion Energy, Vol. 21,  

      Nos. 3/4, Dec. 2002  - http://misi-net.com/publications/LR_Energy_Forecasts.pdf  

http://misi-net.com/publications/LR_Energy_Forecasts.pdf
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• Surprises - both pleasant and unpleasant - will periodically continue to occur. Examples 

from the past include the collapse of the Soviet Union in 1991, the collapse of oil prices in 

1986 and currently (crude plunged from USD 107 a barrel in June 2014 to as low as USD 

43.46 in March 2015), the internet (TCP/IP protocol in 1983), personal computing (first 

PCs in the mid-1970s), wireless technologies (Bluetooth standard in 1999), and the 

terrorist attacks of September 11, 2001, to name but a few.  

 

• Water splitting technologies using decarbonised power sources (e.g. high-temperature 

electrolysis by nuclear fission, photo-electrochemical or photo-catalytic) will produce 

hydrogen and oxygen, paving the way for the broad use of hydrogen as a clean fuel. 

  

• Unconventional oil and natural gas (found in highly compact rock or coalbeds and 

requiring specific production techniques such as hydraulic fracture), shale gas in particular, 

has been called the future of gas supply in North America ("holy grail" ?).  

 

• Energy Storage is the missing link for a successful transition to a sustainable future. 

Storing the excess energy and using it when needed seems to be a great solution. But it 

should be recalled that the real technical challenge is that electricity cannot be easily 

stored. 

 

Forecasts and decisions regarding optimal energy mix raise complex issues and often require 

a strong scientific base. An interdisciplinary approach is required using a language that should 

be understood by knowledgeable non-specialists. A new way of "developing / teaching 

science" (resulting, in particular, in guidelines how to select the Best Available Science /BAS/) 

is emerging and being tested in research and innovation projects in many countries, with the 

aim of supporting the development of robust, equitable and socially acceptable energy 

systems. In this context, it is worth noting that some governmental and industrial 

organisations have developed extensive science programmes to support their decision making 

processes – see, for example, in the paper "Science at the EPA and the Establishment of 

Regulatory Science " 73 issued by the U.S. Environmental Protection Agency (EPA). 

 

The author of the latter EPA document concludes as follows: 

 

The Regulatory Science Sunshine Act would require a reorientation of the EPA’s R&D 

with the objective to develop processes, procedures, and methods for transparency in 

regulatory decisions. EPA should be required to identify assumptions, judgments, 

default data, or other similar systems used in the regulatory process, identify potential 

alternatives, and how the conclusion would be different if alternative assumptions, 

judgments, and similar parameters were used. In addition, EPA should attempt to 

describe the content of all mathematical formulations in words. Furthermore, the Act 

should mandate that EPA makes a concerted effort to describe these activities in a 

language that is understandable to a knowledgeable non specialist or, better yet, to an 

average person. 

 

 
73 THE NEED FOR REGULATORY SCIENCE TRANSPARENCY AT THE EPA - A. A. Moghissi, Institute for 

   Regulatory Science, Committee on Science, Space, and Technology, U.S. House of Representatives, Nov 2011 

   - http://science.house.gov/sites/republicans.science.house.gov/files/documents/hearings/113011_Moghissi.pdf 

http://science.house.gov/sites/republicans.science.house.gov/files/documents/hearings/113011_Moghissi.pdf
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4 – EURATOM DIRECTIVES AND LESSONS LEARNED FROM ACCIDENTS (FOCUS ON SAFETY 

CULTURE IN NUCLEAR INSTALLATIONS AND HEALTH CARE ORGANISATIONS) 

 

 4.1 Euratom Treaty and associated EU legislation: “facilitating Community Research 

and Training programmes” in nuclear fission and radiation protection 

 

The purpose of the Euratom Treaty 1 is set out in its Preamble, first article, namely: the 

peaceful development of atomic energy in a world-wide collaborative spirit. The signatories 

of the Euratom Treaty (i.e. 6 founding States of the EU in 1957) were "RECOGNISING that 

nuclear energy represents an essential resource for the development and invigoration of 

industry and will permit the advancement of the cause of peace, and .. DESIRING to associate 

other countries with their work and to cooperate with international organisations concerned 

with the peaceful development of atomic energy." 

 

Of particular interest in the Euratom Treaty is the second title that focuses on how cooperation 

in the field is to take place. It sets out the provisions to encourage progress in the field of 

nuclear energy (promotion of research, dissemination of information, health and safety, ... 

joint undertakings, ... safeguards, ... external relations  …). 

 

Article 4.1 of the Euratom Treaty explicitly mentions research and training as a twofold 

objective: “The EC is in charge of promoting and facilitating nuclear research activities in 

the MS and to complement them through a Community Research and Training programme”. 

 

Article 6d of the Euratom Treaty reads: “To encourage implementation of (national) research 

programmes, the EC can:  

 - bring financial support to research contracts, 

 - provide facilities, equipments or expert assistance to Member States, people or enterprises, 

 - stimulate joint financing (from MS, people, enterprises)”. 

 

Article 7 is the legal basis for the Community research and training programme (i.e. indirect 

actions in national laboratories under DG RTD 22 and direct actions in DG JRC 23 institutes). 

 

As far as nuclear training programmes at EU level are concerned, a number of “Conclusions” 

and "Situation reports" are issued under Euratom, such as (1) EU Council conclusions 2008, 

(2) First Situation Report 2011, and (3) Second Situation Report 2014, below: 

 

(1) EU Council conclusions on the need for skills in the nuclear field (RECH 341 - 

ATO 99), Brussels, 13 November 2008 74  

 

The Council encourages the Member States and the Commission to establish a "review of 

professional qualifications and skills" in the nuclear field for the European Union and invites 

the European Commission and the Member States to provide regular information about 

existing programmes devoted to basic higher education (university level or equivalent) as well 

as continuous professional development (i.e.: lifelong learning).  

 
74 RECH 341 - ATO 99 / http://register.consilium.europa.eu/doc/srv?l=EN&f=ST%2015406%202008%20INIT 

http://register.consilium.europa.eu/doc/srv?l=EN&f=ST%2015406%202008%20INIT
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(2) "First Situation Report on Education and Training in the Nuclear Energy Field in 

the EU", published as EC Communication (COM(2011) 563, Brussels, 16.9.2011) 75. 

One of the conclusions is that the Commission proposes to report regularly on EU 

initiatives to improve education and training in the nuclear sector.  

 

(3) "Second Situation Report on Education and Training in the Nuclear Energy Field 

in the EU", «Commission Staff Working Document», 3 October 2014 (Brussels, 

SWD(2014) 299 / 13874/14) 76.  

 

The collaboration of the European Human Resources Observatory in the Nuclear Energy 

Sector (EHRO-N – see Section 5.4 and Annex 3.3.2), created in 2009 by ENEF 16 and 

supported by DG ENER 2, was instrumental to prepare the two above Situation Reports. 

Reference is made, in particular, to the E&T policy instruments proposed by DG Education 

and Culture aiming at fostering lifelong learning and cross-border mobility, notably: the 

“European Credit Transfer and accumulation System” /ECTS/ (Erasmus or 1999 Bologna 

process) and the "European Credit System for Vocational Education and Training" / ECVET/ 

(2002 Copenhagen process). 

 

"Council Directives” also are regularly issued under Euratom – some deal, in particular with 

"expertise and skills" needed to maintain safety in the domains of waste management, 

radiation protection and NPP construction and operation – see items (4), (5) and (6) below. 

 

(Reminder about EU legislation: Directives usually bind Member States as to the objectives to 

be achieved within a certain time limit while leaving to the national authorities the choice of 

form and means to be used – Directives have to be implemented in national legislation in 

accordance with the procedures of the individual Member State). 

 

(4) Euratom “Waste Directive" - Council Directive 2011/70/Euratom of 19 July 2011 

on the management of spent fuel and radioactive waste - (L 199/48 Official Journal of 

the European Union 2.8.2011) 77 

 

This Directive provides legally binding standards for safe and responsible management of 

radioactive waste and spent fuel. The main bases are the IAEA Safety Standards and the Joint 

Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste 

Management ("the Joint Convention"). In the explanatory memorandum, the objective of the 

Directive is described as “the establishment of a Community framework for responsible 

management of spent fuel and radioactive waste, ensuring that Member States make 

appropriate national arrangements for a high level of safety and maintain and promote public 

information and participation”. The scope covers spent fuel and radioactive waste from 

civilian activities: all stages of waste management are considered (from generation to 

disposal). 

 

A number of "General Principles" are recalled, such as: Avoid undue burdens on future 

 
75 First Report E&T - http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0563:FIN:EN:PDF 
76 Second E&T - http://www.parlament.gv.at/PAKT/EU/XXV/EU/04/03/EU_40380/imfname_10498273.pdf  
77 Waste Directive - http://ec.europa.eu/energy/nuclear/waste_management/waste_management_en.htm  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0563:FIN:EN:PDF
http://www.parlament.gv.at/PAKT/EU/XXV/EU/04/03/EU_40380/imfname_10498273.pdf
http://ec.europa.eu/energy/nuclear/waste_management/waste_management_en.htm
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generations; 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. Member States shall submit a report to the Commission on the 

implementation of this Directive for the first time by 23 August 2015, and every 3 years 

thereafter, taking advantage of the review and reporting under the Joint Convention (Article 

14 - Clause 1). 

 

The EC's focus is on assisting Member States in drafting national waste and spent fuel 

management programmes. The EC is monitoring the funding regimes in the Member States 

with a view to properly applying the "polluter pays" principle (Art 191 of Lisbon Treaty – 

Section 2.1). The EC has also prepared the Third report to the European Parliament and the 

Council on funding of decommissioning and waste management. It is also finalising the 8th 

Situation Report on Radioactive Waste and Spent Fuel Management in the EU (publication 

expected early 2016), which will be followed by a report to the European Parliament based on 

the national reports provided according to the Directive. 

 

As far as nuclear competences and E&T are concerned, it is worth noting the following 

excerpt: 

 

"Whereas (39)" Scientific research and technological development supported by technical 

cooperation between actors may open horizons to improve the safe management of spent fuel 

and radioactive waste, as well as contribute to reducing the risk of the radiotoxicity of high-

level waste. 

 

Article 8 is devoted to "Expertise and skills - Member States shall ensure that the national 

framework requires all parties to make arrangements for education and training for their 

staff, as well as research and development activities to cover the needs of the national 

programme for spent fuel and radioactive waste management in order to obtain, maintain and 

to further develop necessary expertise and skills." 

 

(5) Euratom "Basic Safety Standards" (BSS) - Council Directive 2013/59/Euratom of 

5 December 2013 laying down basic safety standards for protection against the 

dangers arising from exposure to ionising radiation, and repealing Directives 

89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Euratom and 

2003/122/Euratom - (L 13/31 Official Journal of the EU 17.2.2014) 78 . 

 

The first Directive on Basic Safety Standards was adopted more than fifty years ago, namely: 

Directive of 2 February 1959 (OJ L 11, 20.2.1959, p. 221). Since then, a significant body of 

EU legislation in radiation protection has been set up. The revised Directive of December 

2013 modernises and consolidates in a single coherent document the European radiation 

protection legislation. It takes into account recent international recommendations and 

standards which reflect the state of play in science and technology (Articles 30 and 31 of the 

 
78Basic Safety Standards - http://ec.europa.eu/energy/nuclear/radiation_protection/radiation_protection_en.htm 

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


50 

 

Treaty). It covers all relevant radiation sources, including natural, and integrates the 

protection of workers, members of the public, patients and the environment. It allows for all 

exposure situations, planned, existing, and emergency, and harmonises numerical values with 

international standards. EU Member States have four years for the transposition and 

implementation of this new Directive. 

 

The BSS 2013 Directive provides, in particular: 

• better protection of workers (including medical staff and workers in workplaces with 

indoor radon and in activities processing naturally occurring radioactive material) 

• better protection of the public (including from radon in dwellings), also taking into account 

economic and societal factors 

• better protection of patients (including with regard to the avoidance of incidents and 

accidents in radio-diagnosis and radio-therapy) 

• emergency preparedness and response  

• obligations to ensure Transparency (Communication with undertakings and individuals 

subject to medical exposure) – as already discussed in Section 3.2. 

 

The BSS 2013 Directive also strengthens requirements on emergency preparedness and 

response - see its "Section 5 - Emergency exposure situations - Articles 97 – 99":  

Establishment of national emergency 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.  

 

Of particular interest in the above 2013 BSS Directive is the incorporation of a new Chapter 

IV specifically covering E&T, namely "Requirements for Radiation Protection Education, 

Training and Information". Amongst other items, this chapter requires Member States to have 

systems in place for the education, training and recognition of specific experts. Moreover 

Chapter IX is about “Requirements for regulatory control” / “Section 1 – Institutional 

Infrastructure”, containing the definitions of "Radiation protection experts" (RPE - Article 

82), of "Medical physics experts" (MPE - Article 83) and of "Radiation protection officers" 

(RPO - Article 84).  

 

Finally the 2013 BSS Directive recalls the three principles of radiation protection (in 

"Chapter III – System of Radiation Protection - Article 5 – "General principles of radiation 

protection"), namely: 

 

• justification of radiation exposures 

• optimisation of radiation protection (i.e.: implementation of ALARA - all exposures shall 

be kept as low as reasonably achievable)  

dose limitation (i.e. application of individual dose limits).  
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(6) Revised Euratom Safety Directive - Council Directive 2014/87/Euratom of 8 July 

2014 amending Directive 2009/71/EURATOM establishing a Community framework 

for the nuclear safety of nuclear installations - (L 219/42 Official Journal of the EU 

25.7.2014)  79 (to be transposed into national legislation by 15/08/2017) 

 

When the Fukushima accident took place, the EU decided to revise this Directive earlier than 

initially planned to incorporate the lessons learned from the accident. This Euratom Directive 

also reflects the provisions of the main international instruments in the field of nuclear safety: 

the IAEA Convention on Nuclear Safety 80 is particularly important in this context (Euratom 

accessed in 1999). The subject revised Euratom Safety Directive constitutes a major step 

toward achieving a common, legally binding framework and a strong nuclear safety culture.  

 

The revised Directive introduces improvements in 6 key areas (see also Annex 4.3.4): 

 

• introduction of the most stringent Nuclear safety objective for nuclear installations in the 

world (Specific Obligation - Article 8a – copied just below): accident prevention and 

mitigation (avoidance of offsite consequences) 

 

• establishment of a strong safety culture as one of the lessons learnt from the Fukushima 

accident (Specific Obligation - Article 8b "Implementation of the nuclear safety objective 

for nuclear installations" contains a list of concrete measures) 

 

• instigation of topical peer reviews by competent regulatory authorities every six years in 

“Specific Obligation - Article 8e Peer reviews” and “Chapter 2a - Peer Review and 

Reporting” (focussing on safety issues - ENSREG may manage this activity (see Annex 

4.2) - these peer reviews can be combined with IAEA "Integrated Regulator Review 

Service" /IRRS/ missions to EU Member States); topics to be considered: e.g. containment 

venting, pressure vessel integrity  

 

• obligation to ensure transparency of regulatory decisions and operating practices (e.g. 

monitoring) + obligation to foster public participation in the decision making process -  

communication in decision making with public was already discussed in Section 3.2 

 

• Requirement for role, powers and independence of national regulators in decision making 

 

• Specific obligation to obtain, maintain and further develop expertise and skills in nuclear 

safety, in particular, through a special effort on education and training (Art. 7 “Expertise 

and skills in nuclear safety”) and periodic safety review based on the most recent research 

results (Specific Obligation - Article 8c, copied just below). 

 

Excerpt: "Specific Obligation Article 8a / Nuclear safety objective for nuclear installations" 

 
79 Revised Directive - http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014L0087&from=EN  

    Euratom legislation (DG ENER website): http://ec.europa.eu/energy/nuclear/safety/safety_en.htm 
80 IAEA Convention on Nuclear Safety (1994): the obligations of the Parties are based on the IAEA document  

   "The Safety of Nuclear Installations" and cover e.g. siting, design, construction, operation, availability of  

    adequate financial and human resources, assessment and verification of safety, quality assurance and 

   emergency preparedness  - http://www.iaea.org/publications/documents/treaties/convention-nuclear-safety 

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014L0087&from=EN
http://ec.europa.eu/energy/nuclear/safety/safety_en.htm
http://www.iaea.org/publications/documents/treaties/convention-nuclear-safety
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1. Member States shall ensure that the national nuclear safety framework requires that 

nuclear installations are designed, sited, constructed, commissioned, operated and 

decommissioned with the objective of preventing accidents and, should an accident occur, 

mitigating its consequences and avoiding: 

(a) early radioactive releases that would require off-site emergency measures but with 

insufficient time to implement them; 

(b) large radioactive releases that would require protective measures that could not 

be limited in area or time. 

 

2. Member States shall ensure that the national framework requires that the objective set out 

in paragraph 1: 

(a) applies to nuclear installations for which a construction licence is granted for the 

first time after the date of the entry into force of this Directive. 

(b) is used as a reference for the timely implementation of reasonably practicable 

safety improvements to existing nuclear installations, including in the framework of 

the periodic safety reviews as defined in Article 8c(b). 

 

Specific Obligation Article 8c Initial assessment and periodic safety reviews …This review 

aims at ensuring compliance with the current design basis and identifies further safety 

improvements by taking into account ageing issues, operational experience, most recent 

research results and developments in international standards, using as a reference the 

objective set in Article 8a. 

 

As far as future Euratom legislation on nuclear safety is concerned, common criteria could be 

defined for siting, design, construction and operation of NPPs. In terms of emergency 

preparedness and response, EU Member States should consider expanding cross-border 

nuclear risk management plans to better prepare for an emergency and to coordinate their 

response actions. This point is discussed in Section 5 of this monograph and in a Chapter of 

the above 2013 BSS Directive dedicated to nuclear off-site emergency preparedness and 

response. Nuclear third party liability and insurance are discussed in another Euratom 

legislative document. 

 

4.2 Lessons learned from major accidents (TMI 1979, Chernobyl 1986, Fukushima 2011) – 

"Stress Tests" in all EU NPPs 

 

In over 15 000 cumulative reactor-years of commercial operation (as of end 2013) in 438 

reactors spread over 31 countries world-wide plus Taiwan (Taiwan is not a member of the 

United Nations /UN/), there have been three major accidents:  

Three Mile Island unit 2 (TMI-2) in Pennsylvania (1979 – Section 4.2.1) 

Chernobyl in the former Soviet Union (Ukraine, 1986 – Section 4.2.2) 

(this one being of little relevance to reactor designs outside the old Soviet bloc) 

Fukushima Daiichi units 1, 2 and 3 in Japan (2011– Section 4.2.3). 
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In other words, the world-wide statistics for severe accidents with core melt is 0.0002 (i.e. 2 x 

10E-4) per reactor-year 81. 

 

4.2.1 Three Mile Island-2 (USA, Pennsylvania, Harrisburg, 28 March 1979)  

 

Reminder about facts. The TMI accident 82 was a small-break "loss of coolant accident" 

(LOCA), an event given significantly less attention because of the major emphasis on the 

large-break LOCA at the time. The major characteristic difference between a small-break and 

a large-break LOCA is in the rates of coolant discharge and pressure variations with time. In 

general, small break LOCAs are characterized by an extended period (this can be tens of 

minutes to several hours) after the occurrence of the break, during which the primary system 

remains at a relatively high pressure and the core remains covered. After in-depth 

experimental / theoretical analysis, it became apparent that the TMI accident had progressed 

further than believed. Large quantities of molten core material had relocated from the core to 

the lower plenum of the reactor pressure vessel, and thermal / chemical damage had occurred 

to the lower head region. While the TMI reactor involved was destroyed, all radioactivity was 

contained – as designed – and there were no deaths or injuries. The accident was rated 5 on 

the INES scale 62. 

 

The TMI accident had a significant effect also on Western reactor design and operating 

procedures. It also changed dramatically the picture of safety and reliability evaluation in 

nuclear power and other fields. Within nine months of the accident, the US industry had 

formed the Institute of Nuclear Power Operations (INPO) 83, whose mission was and still is to 

promote the highest levels of safety and reliability in the operation of nuclear power plants in 

the USA. INPO works to help the nuclear power industry achieve "excellence" (the 

company's motto) through: Plant evaluations; Training and accreditation; Event analysis and 

information exchange; Assistance. Of particular interest for RIE programmes, is the National 

Academy for Nuclear Training, formed in 1985 with the aim to improve training. Nuclear 

professionals from across the United States – and throughout the world – attend training at the 

INPO facility in Atlanta and take the various online courses offered by INPO.  

 

Post-TMI-accident study groups urged greater emphasis on probabilistic techniques. In its 

report (October 1979), the Presidential Commission in the USA (so-called "Kemeny 

Commission") recommended that "continuing in-depth studies should be initiated on the 

probabilities and consequences (on-site and off-site) of nuclear power plant accidents, 

including the consequences of meltdown" as part of the formal safety assurance programme. 

As a consequence, the USA developed safety goals (in particular, probabilistic safety criteria) 

for nuclear power plants. In this context, a number of probabilistic techniques were developed 

to evaluate reactor safety and reliability from a comprehensive point of view. 

 
81 "Reassessing the frequency of partial core melt accidents", April 27th, 2011 by T. B. Cochran, NRDCL 

     "EU Energy Policy Blog" edited by François Lévêque, prof of Law and Economics at Ecole des mines Paris 

   - http://www.energypolicyblog.com/2011/04/27/reassessing-the-frequency-of-partial-core-melt-accidents/ 
82 ANS - Nuclear Café - http://ansnuclearcafe.org/2014/03/25/what-did-we-learn-from-three-mile-island/ 
83 Institute of Nuclear Power Operations (INPO) - http://www.inpo.info/Index.html 

http://www.energypolicyblog.com/2011/04/27/reassessing-the-frequency-of-partial-core-melt-accidents/
http://ansnuclearcafe.org/2014/03/25/what-did-we-learn-from-three-mile-island/
http://www.inpo.info/Index.html
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Here are other world-wide lessons learned from TMI: 

 

- specific design choices: e.g. far more attention on other than worst case scenarios, such as 

the possible impact of events like “small break” loss of cooling accidents 

 

- specific operating procedures: e.g. emergency operator procedures / severe accident 

management guidelines (SAMG) independently of recognition of the initiating event and 

insights into its development, due to difficulties in understanding the accident 

 

- control systems and man-machine interfaces: e.g. an extensive effort was made to improve 

the control rooms for existing plants and to devise regulations that increased the attention paid 

to human factors, man-machine interfaces, and other facets of control room design 

 

- training programs: e.g. the aim is for all plants to have their own simulators that are 

designed to mimic the particular plant and are provided with the same operating procedures 

used in the actual plant 

 

- information sharing programs: e.g. the industry invested a great deal of effort into a 

sustained programme to share operating experience. 

 

It was also TMI which brought world attention to the importance of human failures: Man – 

Technology – Organisation (MTO), a new concept (wider than man-machine interface) 

helped to stimulate the application of a comprehensive system perspective on NPP safety.  

 

Worth noting is the International Standard Problem (ISP) that was organised in the early 

1990s by OECD/NEA, following an initiative taken by the US-DOE (Idaho), to investigate 

the core damage progression analysis, the metallography of core debris samples and structural 

materials, as well as the mechanisms controlling fission product behaviour during the 

accident, on the basis of sample acquisition. The TMI-2 Vessel Investigation Project 84 (VIP) 

was jointly sponsored by 11 countries (namely: Belgium, Finland, France, Germany, Italy, 

Japan, Spain, Sweden, Switzerland, the United Kingdom and the United States). The total cost 

was USD 9 million and the project period was 1 January 1988 to 31 March 1993.  

 

It should be noted that, in the USA, the orders for new nuclear power plants had already 

stopped several years before the TMI accident, and the accident’s emotional and financial 

impacts added another obstacle to new plant project development. In the USA, it then took 

more than 30 years to finally begin building new nuclear power plants. In February 2012, 

U.S. regulators approved plans to build the first new NPP in more than 30 years: Atlanta-

based Southern Co has been allowed to build and operate two new NPPs (AP1000 reactors 

 
84 "TMI-2 Vessel Investigation Project – Integration report" by J.R. Wolf & J.L. Rempe, Idaho National   

    Engineering Laboratory – February 1994: http://library.iit.edu/govdocs/resources/NUREGCR6197part01.pdf  

    * OECD/NEA TMI-2 Accident Evaluation Programme : https://www.oecd-nea.org/jointproj/tmi-vip.html 

http://library.iit.edu/govdocs/resources/NUREGCR6197part01.pdf
https://www.oecd-nea.org/jointproj/tmi-vip.html
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from Westinghouse) at its existing Vogtle nuclear power plant in Georgia (the two units are 

expected to enter service in December 2017 and December 2018). 

 

4.2.2 Chernobyl (Ukraine, ex-Soviet Union, 25 April 1986) 85 

 

Reminder about facts. On 25 April 1986, prior to a routine shutdown, the reactor crew at 

Chernobyl 4 unit began preparing for a test. The operators in fact completely disregarded the 

safety standards: they disconnected a series of technical protection systems, leaving the 

reactor in a dangerous condition, in particular by removing too many of the control rods, 

resulting in the lowering of the reactor's Operating Reactivity Margin (ORM = number of 

equivalent control rods remaining in the core). However, the operating procedures did not 

emphasise the vital safety significance of the ORM but rather treated the ORM as a way of 

controlling reactor power. It could therefore be argued that the actions of the operators were 

more a symptom of weak safety culture during the Soviet era (and of the lack of knowledge of 

nuclear reactor physics and engineering on the part of the operators) rather than the result of 

carelessness or lack of competence on the part of the operators. The accident was rated 7 on 

the INES scale. 

 

Of course, it should be noted that the design of the soviet reactor RBMK-1000 was unique: a 

boiling light water reactor (without concrete containment building) made of graphite 

moderated pressure tubes with “positive void coefficient” under certain conditions, i.e.: an 

increase in steam bubbles (“voids”) is accompanied by an increase in core reactivity. Positive 

feedback in control systems theory means that a system reacts to a stimulus by reinforcing 

that stimulus (instability via exponential growth or "runaway reactions"). 

 

As far as the death toll in Chernobyl is concerned, the official (Soviet) statistics of 1986 

mentioned 56 direct deaths (47 NPP and emergency workers and 9 children with thyroid 

cancer), i.e., deaths due to the explosion and initial radiation release. Later on, from 1987 till 

today, many deaths from cancer, heart disease, birth defects (in victims' children) and other 

causes may result from exposure to radiation. Various sources provide significantly different 

estimations starting from 30 000 ‑ 60 000 casualties and up to 200 000 and even up to 985 

000 casualties. However, these deaths may also result from other causes not related to the 

accident, for example, pollution from non-nuclear sources ‑ industry, transportation, etc. In 

general, accurate estimation of all deaths related to the Chernobyl NPP accident is impossible. 

 

Chernobyl also made it clear that an event at one plant impacted every plant and that nuclear 

safety was everyone's business. Faced with this reality, the leaders of every commercial 

nuclear reactor in the world set aside their competitive and regional differences and came 

together in 1989 to create the World Association of Nuclear Operators 86 (WANO - inaugural 

meeting in Moscow on 15 May 1989 – international equivalent of INPO). Its mission is clear: 

 
85 "THE INTERNATIONAL CHERNOBYL PROJECT TECHNICAL REPORT - Assessment of Radiological 

Consequences and Evaluation of Protective Measures, Report by an International Advisory Committee" - ISBN 

92-0-129191-4 (IAEA – Vienna – 1991) - http://www-pub.iaea.org/MTCD/publications/PDF/Pub885e_web.pdf  
86 World Association of Nuclear Operators (WANO) - http://www.wano.info/en-gb/aboutus/ 

http://www-pub.iaea.org/MTCD/publications/PDF/Pub885e_web.pdf
http://www.wano.info/en-gb/aboutus/
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to maximise safety and reliability of nuclear power plants worldwide by working together to 

assess, benchmark and improve performance through mutual support, exchange of 

information and emulation of best practices. Today, WANO represents more than 130 

members who operate more than 430 civil nuclear power reactors in more than 30 countries 

around the world. 

 

Here are some world-wide lessons learned from Chernobyl: 

 

- development of the whole concept of " nuclear safety culture" and strategy based on 

prevention and workers' participation ("safety culture" in next Sections 4.3 and 4.4). Since 

1989, over 1000 nuclear engineers from the former Soviet Union have visited Western 

nuclear power plants and there have been many reciprocal visits. Over 50 twinning 

arrangements between East and West nuclear plants have been put in place, most of them 

under the auspices of WANO. The EU Programme TACIS (“Technical Assistance to the 

Commonwealth of Independent States” / CIS originating from the Former Soviet Union) was 

also very instrumental in this regard during the period 1991 – 2006 (Section 4.5).  

 

- development of laws and regulations related to safety and health at work, in particular, 

regarding radiation protection. Chernobyl had indeed a strong impact from a legal point of 

view. Until then, many countries lacked laws and regulations to protect the workforce and the 

population, and, even more important, to prevent severe accidents. After Chernobyl, they 

adopted regulations on nuclear safety, accidents, assistance, etc. International agencies (in 

particular, the IAEA) and Euratom adopted international standards and safety guidelines 

related, in particular, to "Basic Safety Standards for Protection against Ionizing Radiation" 

and to "Preparedness and response for a nuclear and radiological emergency" (Section 4.1). 

 

The IAEA played a pivotal role in recognising the complexities of safety culture and in 

expanding the concept with time, in particular, through their International Nuclear Safety 

Group (INSAG, created in 1986). Safety culture is considered to be specific organizational 

culture in all types of organizations with activities that give rise to radiation risks. The aim is 

to make safety culture strong and sustainable, so that safety becomes a primary focus for all 

activities in such organizations, even for those, which might not look safety related at first – 

see, in particular, the pioneering INSAG-4 document “Safety Culture” in 1991 (Section 4.3). 

 

After TMI and Chernobyl, human behaviour could no longer be understood in isolation from 

the context in which it took place. Recognition of the importance of man - technology - 

organisation interface and of human behaviour for safety in highly complex production 

systems was reinforced by the lessons learned from the two nuclear severe accidents and from 

other industrial disasters, such as Bhopal, 1984. The latter severe accident is considered the 

world's worst industrial disaster - more than 3 500 people died from immediate exposure to 

highly toxic gas (remember: forty tonnes of highly poisonous gas / methyl isocyanate / leaked 

out of a pesticide factory in India).  
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Lessons learned from the aforementioned accidents not only had an impact on nuclear 

industries but also on other sectors, and launched a virtuous circle of improvements in all of 

them. As a result, safety culture and the impact of managerial and human factors on safety 

performance have become crucial concepts in the international arena. 

 

4.2.3 Fukushima Daiichi (Great East Japan Earthquake, 11 March 2011) 

 

Reminder about facts. Following a major earthquake (Richter magnitude 9), a 15-metre high 

tsunami wave disabled the power supply and cooling of three Fukushima Daiichi reactors 

(units 1, 2 and 3), causing a nuclear accident on 11 March 2011. All three reactor cores 

largely melted in the first three days. It should be noted however that the first seismic signals 

of the earthquake had triggered an automatic shutdown of the reactors. The accident was rated 

7 on the INES scale, due to high radioactive releases over days 4 to 6 (highest accident 

severity according to all 3 INES criteria – Section 3.2). After two weeks, the three reactors 

were stable with water addition and by July 2011 they were being cooled with recycled water 

from the new treatment plant. Official "cold shutdown condition" was announced in mid-

December 2011.  

 

There have been no deaths or cases of radiation sickness from the nuclear accident, but over 

200 000 people residing within 20 km of the plant had to be promptly evacuated from their 

homes (information dated March 2011). Nearly three years after the Fukushima disaster, 

however, disaster-caused injuries as well as stress (e.g. stemming from long stays at shelters) 

and other illnesses related to the 2011 quake and tsunami had killed more than 1 600 people 

in Fukushima Prefecture, according to data compiled by the prefecture and local police. 

Around 90 percent of those who died of indirect causes were aged 66 or older. Moreover 

around 136 000 people are still displaced in the prefecture (information dated February 2014). 

 

The Fukushima severe accident confirmed the importance of organizational and societal 

preconditions that might lead to major structural and/or societal failure, such as the 

combination of cultural, political, financial, professional, and industrial pressures that may 

bear on a project with the risk of critical safety rules being overlooked. One of the main 

lessons learned is the absolute need for independent national regulatory authorities.  

 

Japan managed to keep people safe from the physical effects of radiation - but not from the 

psychological impacts. Such impacts include effects such as anxiety, fear, depression but also 

unexplained physical symptoms. Psychological effects and post-traumatic stress response, 

however, were not restricted to the evacuees and the normal population alone, they also 

occurred in workers at the Fukushima NPP and even in other people.  

 

Here are other world-wide lessons learned from the Fukushima severe accident (Annex 4.1): 

 

• improvements of plant (multi-reactor) robustness in extreme situations (in particular, 

seismic events, fires, floods or other extreme weather conditions), leading to Loss Of Off-

site Power (LOOP), Station BlackOut (SBO), loss of Ultimate Heat Sink (UHS) or loss of 

the primary UHS combined with SBO  
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• safety improvements in areas beyond the design basis (severe accident management) such 

as: procedures and guidelines; special equipment for accident management; reactor coolant 

system depressurisation; hydrogen control and mitigation measures (e.g. passive 

autocatalytic recombiners); molten corium stabilisation; containment venting systems; 

prevention of re-criticality; filtration and confinement strategies for radioactive materials; 

radiological issues 

 

• Spent Fuel Pools (SFP): SFP instrumentation; SFP make up capacity; prompt transfer of 

spent fuel to dry cask storage 

 

• improvements related to nuclear emergency management on- and off-site (e.g. 

preparedness, response and recovery measures including staffing needs and 

communication capabilities); training and exercises in severe accident management and 

related procedures 

 

• public engagement (as a consequence of the "stress tests" in the EU): suggestions raised by 

the public in ad-hoc meetings, conclusions of the interactions of stakeholders and 

contribution to peer reviews (see 2014 revised Safety Directive) 

 

• re-orientation of international research and development (see Annex 4.3) as well as ETI 

(education, training and information) programmes. 

 

4.2.4 Comparative analysis including human/environmental impact and cost estimate 

 

A comparative analysis of the accidents of Chernobyl and Fukushima was conducted in 2012 

by the French Institute for Radiation Protection and Nuclear Safety (IRSN) 87. The 

environmental severity of an accident - be it in atmosphere, hydrosphere, biosphere or 

pedosphere - should not be evaluated only by the size of radioactive releases. At least two 

other parameters play a key role:  

• weather conditions at the time of release (e.g. wind direction, rain or snow)  

• environmental conditions (marine, agriculture, relief ...) and season.  

 

In the course of the Fukushima accident, the majority of the radionuclides (more than 80%) 

was transported offshore and deposited in the Pacific Ocean. This has caused marine 

contamination, but the strong currents have led to a rapid dilution of radioactivity. 

 

Monitoring campaigns after both accidents revealed that the environmental impact of the 

Chernobyl accident was much greater than of the Fukushima accident. Both the highly 

contaminated areas and the evacuated areas are smaller around Fukushima and the projected 

health effects in Japan are significantly lower than after the Chernobyl accident. This is 

mainly due to the fact that food safety campaigns and evacuations worked quickly and 

efficiently after the Fukushima accident. In contrast to Chernobyl, as already said, no fatalities 

due to acute radiation effects occurred in Fukushima. 

 
87 * « Comparaison entre Tchernobyl 1986 et Fukushima Daiichi 2011 (impact environnemental: radioactivité 

sur terre – mer – air; contamination des denrées alimentaire, etc) » – IRSN (Institut de Radioprotection et de 

Sûreté Nucléaire, France) -  http://www.irsn.fr/FR/connaissances/Environnement/expertises-incidents-

accidents/comparaison-tchernobyl-fukushima/Pages/sommaire.aspx?utm_content=NL13&utm_term=NL13  

http://www.irsn.fr/FR/connaissances/Environnement/expertises-incidents-accidents/comparaison-tchernobyl-fukushima/Pages/sommaire.aspx?utm_content=NL13&utm_term=NL13
http://www.irsn.fr/FR/connaissances/Environnement/expertises-incidents-accidents/comparaison-tchernobyl-fukushima/Pages/sommaire.aspx?utm_content=NL13&utm_term=NL13
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Additional conclusions can be drawn from these two accidents, as follows: 

 

• a new type of regulatory and technological actions is being developed world-wide to 

optimise severe accident management (SAM), taking into account human and 

organizational factors under high stress and harmful conditions (see also Revised Safety 

Directive /Council Directive 2014/87/Euratom of 8 July 2014/ 79 - Section 4.1). 

 

• Protection and control actions implemented during the accident or during the following 

weeks are crucial on the health impact of the accident: 

- Chernobyl: late or no protection, resulting in (1) epidemic of thyroid cancer in 

   Ukraine, Belarus, Russia, and (2) workers affected by acute radiation syndrome 

- Fukushima: gradual implementation of emergency management actions and 

   preventive measures (no cases of acute radiation syndrome identified to date). 

 

• Impact of major accidents is not limited to potential health effects. Four other 

consequences are particularly important:  

 

- upheaval in the lives of many (e.g. non-radiation-induced diseases such as 

anxiety, depressions, or post-traumatic stress), in particular, because large 

geographical areas are affected for long time (ecological devastation in Chernobyl 

much worse than in Fukushima; evacuation of population more than 270 000 

around Chernobyl and more than 200 000 around Fukushima) 

 

- socio-economic impact influenced by public mistrust in governmental actions in 

the aftermath of the disasters, followed by widespread loss of trust in nuclear 

technology (public perception of nuclear changed worldwide) 

 

- strong political dimension world-wide: Chernobyl, for example, resulted in a 

cessation of nuclear power programs in many EU countries; Fukushima initiated 

Germany's abandoning of nuclear energy and triggered application of the "stress 

tests" in the EU Member States and beyond (next Section 4.2.5 and Annex 4) 

 

- revision of nuclear safety legislation to incorporate the lessons learned: one of the 

main lessons learned is the absolute need to (re)define role, powers and 

independence for national regulatory authorities in decision making (see, in 

particular, Euratom revised Safety Directive - Section 4.1) 

 

As far as cost estimates of major accidents are concerned, the French 2012 Court of Auditors 

report provided figures for the amount of insurance premiums to cover the risk of these 

events (being considered as low-probability high-consequence events). On the basis of a cost 

of Euro 70 billion (earlier estimate made by IRSN), the creation of a "virtual" compensation 

fund endowed with Euro 70 billion would result in an allocation of Euro 580 million per 

year, i.e. Euro 1.41 per MWh. This fund should be treated as an external cost (Section 3.4.1).  
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The same IRSN published in March 2013 updated figures for two types of severe accidents 

occurring in a reactor of 900 MWe in France, taking account of 100 different meteorological 

conditions 88: 

 

• an accident involving core meltdown but with controlled radioactive releases (so-called 

"severe" accident) => updated cost estimate by IRSN = Euro 120 billion 

• an accident with massive radioactive releases (so-called "major" accident)  

=> updated cost estimate by IRSN = Euro 430 billion. 

 

The IRSN study distinguishes 5 categories of costs: on-site radiological costs; off-site 

radiological costs; management of contaminated territories; increased costs of electricity 

production (e.g. loss of 10 years lifetime of the electro-nuclear fleet); and "image costs” (e.g. 

limited export of agricultural products; loss of tourists).  The IRSN methodology however is 

unclear and important assumptions are not explained such as cost of human life, discount 

rate, value of the contaminated territories. The problem is that statistics are not available due 

to the low frequency of such accidents (only 2 worldwide: Chernobyl and Fukushima). 

Anyway a fund of Euro 430 billion would mean Euro 8.7 per MWh (interview B. Barré 89). 

 

4.2.5 “Stress tests”: targeted reassessments of the safety margins of nuclear power plants 

 

It should be recalled that the European Council requested on 24/25 March 2011 (two weeks 

after the Fukushima Daiichi accident) that the safety of all EU nuclear power plants should be 

reviewed, on the basis of a comprehensive and transparent risk and safety assessment ("stress 

tests" – see Annex 4).  

 

The “stress tests” were defined by the EC as targeted reassessments of the safety margins of 

nuclear power plants and were developed by ENSREG 25. As security threats were not part of 

the mandate of ENSREG, a dual-track process has been developed. The “safety track” 

covered extraordinary triggering events and the consequences of any other initiating events 

potentially leading to multiple loss of safety functions requiring severe accident management. 

Regarding the “security track”, COREPER (Brussels-based group made up of the heads of 

mission from the EU Member States) decided on the establishment of the Ad Hoc Group on 

Nuclear Security.  

 

In the context of the "Stress Tests", reports were produced by the national regulators in the 14 

EU Member States with NPPs and subsequently reviewed by Review Teams (peer review 

process set up by ENSREG). The ENSREG Summary Report 91 was endorsed on 26 April 

2012, together with the country-specific peer review reports attached to it. As soon as the peer 

review process started, the public and stakeholders were provided with an opportunity to 

engage in the “stress tests”. In conclusion (EC Communication COM(2012) 571, dated 4 

October 2012) 25, the stress tests have demonstrated that nuclear safety is an area where cross-

 
88 Coût économique des accidents nucléaires - deux scénarios d’accident (grave et majeur) – IRSN, April 2013: 

http://www.irsn.fr/FR/connaissances/Installations_nucleaires/Les-accidents-nucleaires/cout-economique-

accident/Pages/2-cout-economique-pour-2-scenarios.aspx  
89 Accident nucléaire: Quel coût ? B. Barré, May 2013: http://energie.lexpansion.com/energie nucleaire/accident-

nucleaire-quel-cout-quelles-assurances-_a-32-7780.html and http://www.bertrandbarre.com/Whoami_en.htm  

http://www.irsn.fr/FR/connaissances/Installations_nucleaires/Les-accidents-nucleaires/cout-economique-accident/Pages/2-cout-economique-pour-2-scenarios.aspx
http://www.irsn.fr/FR/connaissances/Installations_nucleaires/Les-accidents-nucleaires/cout-economique-accident/Pages/2-cout-economique-pour-2-scenarios.aspx
http://energie.lexpansion.com/energie%20nucleaire/accident-nucleaire-quel-cout-quelles-assurances-_a-32-7780.html
http://energie.lexpansion.com/energie%20nucleaire/accident-nucleaire-quel-cout-quelles-assurances-_a-32-7780.html
http://www.bertrandbarre.com/Whoami_en.htm
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border cooperation and action at EU level bring tangible benefits – see Annex 4.2.5. 

Significant safety improvements have been identified in all participating countries. The total 

cost of the upgrades in the EU nuclear power plants is estimated at some Euro 25 billion, 

averaging about Euro 190 million per reactor. It is worth noting that EDF, in particular, plans 

to go for a large refurbishment or major refit (= “grand carénage”): overall, in France, the 

investment until 2025 could be up to Euro 55 billion for the 58 reactors that are currently in 

operation (Annex 3.2). 

 

The “stress tests” have also been instrumental in boosting international collaboration within 

and beyond EU borders (Section 4.5 and Annex 4.1). The stress test process, and particularly 

its peer-review component, could indeed serve as a benchmark or a model for the 

international community. The latter suggestion was developed by EC President Mr José 

Manuel Durão Barroso (length of term in office: 2004 – 2014) in his declaration "EU Action 

on Nuclear Safety" 90 at the Nuclear Security Summit in Seoul, South Korea, 26-27 March 

2012 (see excerpt in Annex 4.1.2). As a consequence, many non-EU countries and territories 

also conducted comprehensive nuclear risk and safety assessments, based on the EU stress-

test model – Section 1. The European Commission is now holding discussions with some of 

these countries regarding possible peer review of their stress tests.  

 

In conclusion of Section 4.2, it should be noted that many organisations have worked to 

examine the causes of the three major accidents and to pinpoint lessons learned with a view to 

appropriate follow-up actions being taken at national and international levels. Worth 

mentioning is the major international effort dedicated, in particular, to understanding what 

happened at the Fukushima Daiichi NPPs and how the subsequent response (e.g. legislative 

changes and dedicated research & development programmes) was organised at an 

international level (Annex 4). In the EU, the main lessons learned from Fukushima are 

summarized in the "Final report on the Peer Review of EU Stress Tests” (26 April 2012) 91. 

 

4.2.6 Deterministic and/or probabilistic safety assessment methodologies 

 

Until the late 1970’s, nuclear reactor designers mainly focused on improvements to the 

multilevel defence-in-depth concept with the aim to control postulated incidents and accidents 

(for example, through improved quality assurance, removal of deficiencies identified by the 

first "probabilistic safety assessment" /PSA/ studies and consideration of internal/external 

hazards), that is: safety assessment was based principally on postulated accidents, so-called 

design basis accidents (DBA). 

 

Accidents are postulated in Safety Analysis Reports (SAR). In the case of pressurized water 

reactors (PWRs), they are usually classified as follows:  

• Condition 1 (normal operation, just defects) 

• Condition 2 (once per year, no fuel damage – e.g. uncontrolled boron dilution) 

 
90 Europa Press Release Rapid - http://europa.eu/rapid/press-release_SPEECH-12-227_en.htm?locale=en  
91 "Final report on the Peer Review of EU Stress Tests”, 26 April 2012 - http://www.ensreg.eu/node/407  

    and http://ec.europa.eu/energy/nuclear/safety/stress_tests_en.htm  and  http://www.ensreg.eu/EU-Stress-Tests 

http://europa.eu/rapid/press-release_SPEECH-12-227_en.htm?locale=en
http://www.ensreg.eu/node/407
http://ec.europa.eu/energy/nuclear/safety/stress_tests_en.htm
http://www.ensreg.eu/EU-Stress-Tests
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• Condition 3 (once per plant life, fuel damage expected – e.g. small-break LOCA) 

• Condition 4 (design basis accidents, fuel damage expected). 

 

Following the NRC / CFR definition 92, a design basis accident (DBA) or maximum credible 

accident (MCA) is a postulated accident that a nuclear facility must be designed and built to 

withstand without loss to the systems, structures, and components necessary to assure public 

health and safety. Subtypes of DBAs are: design-basis criticality; design-basis earthquake; 

design-basis event; design-basis explosion; design-basis fire; design-basis flood; design-basis 

tornado. Design-basis events (DBE), in particular, are postulated events used in the design to 

establish the acceptable performance requirements of the structures, systems, and 

components. Examples of design-basis events are: 1. major rupture of a main steam line 

(steam break accident /SBA/); 2. major rupture of a main feedwater pipe; 3. single reactor 

coolant pump locked rotor; 4. single reactor coolant pump shaft break; 5. rupture of a control 

rod drive mechanism housing (rod cluster control assembly ejection); 6. large-break loss of 

coolant accident (LB LOCA, requesting emergency core cooling systems). Integration of 

reactor design, operations, and safety, including the role of initiating events and DBEs, is at 

the centre of many nuclear research programmes 93 of interest to both industry and regulators. 

 

Since TMI (and especially since Chernobyl), it is clear that one of the key objectives is that 

any (reasonably credible) accident must be controlled within the reactor containment, with no 

off-site consequences. In OECD countries nowadays - and increasingly also in other countries 

- consideration of severe accidents is becoming an integral part of the nuclear safety 

regulation. As a consequence, the defence-in-depth concept has been extended, for example 

by implementing accident management measures and by considering multiple failures 

(including human errors).  

 

According to the European Utility Requirements (EUR) who dedicated special attention to the 

subject since the mid 1990's, beyond design basis accidents (BDBA) or severe accidents are 

“unlikely event sequences beyond Accident Conditions involving significant core damage 

which have the potential to lead to significant releases: they are a subset of the Design 

Extension Conditions (DEC)” 94. Examples of severe accidents or BDBAs are: high-pressure 

core melt; containment over-pressurisation; hydrogen combustion and detonation; basemat 

melt-through; steam explosions, both in-vessel and ex-vessel (Annex 4.3.6). Containment by-

pass accidents can also be considered here, because of their potential to release large 

quantities of radioactivity into the environment. Severe accidents are thus events of very low 

 
92 NRC Regulations / Title 10, Code of Federal Regulations / http://www.nrc.gov/reading-rm/doc-collections/cfr/ 

    NRC Glossary: http://www.nrc.gov/reading-rm/basic-ref/glossary/design-basis-accident.html    
93 MIT OpenCourseWare makes the materials used in the teaching of almost all of MIT's subjects available on 

   the Web, free of charge ( “Nuclear Science and Engineering”- http://ocw.mit.edu/courses/nuclear-engineering/) 
94 European Utility Requirement (EUR): http://www.europeanutilityrequirements.org/  

    The EUR organisation includes 17 European utilities (CEZ, EDF, EDF energy, Endesa, ENEL (SOGIN), 

     EnergaoAtom, Fortum, Gen Energija, Iberdola, MVM, NRG, RosEnergoAtom, Swissnuclear, GDF- 

     Suez/Tractebel Engineering (now Engie), TVO, Vattenfall, and VGB Powertech). 

    The follow-up organisation (after EUR) is the "European Nuclear Installations Safety Standards Initiative" 

    (ENISS) which was created in 2005 in Brussels within FORATOM - http://www.eniss.eu/  

http://www.nrc.gov/reading-rm/doc-collections/cfr/
http://www.nrc.gov/reading-rm/basic-ref/glossary/design-basis-accident.html
http://ocw.mit.edu/courses/nuclear-engineering/
http://www.europeanutilityrequirements.org/
http://www.eniss.eu/
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probability but high consequences, with possible trans-frontier and long-term effects, 

requiring innovative mitigation measures and safety systems. This challenge becomes 

particularly demanding in countries where large-scale evacuation and land contamination are 

practically prohibited because of high population density.  

 

According to the EUR, situations and phenomena which could lead to early failure of the 

containment system and subsequent uncontrolled large releases of fission products into the 

environment should be practically eliminated by design. For example, for the evolutionary 

reactor EPR, the main safety objectives are to further reduce the core melt probability and, 

in the hypothetical case of a severe core melt accident, to improve the containment of fission 

products by excluding in a “deterministic” way any major off-site damage, that is: to 

“practically eliminate”, by design, accident situations and phenomena that could lead to 

large early releases. 

 

Practical elimination of severe accidents is a challenging concept. High-pressure ejection of 

molten core leading to direct containment heating, in-vessel core debris and ex-vessel debris 

interaction with water (hydrogen generation and steam explosions) and reactivity accidents 

(including heterogeneous boron dilution) have all to be prevented by design, that is: 

practically eliminated. Other situations, as low pressure core melt, should be dealt with – or 

controlled – by ensuring that the decay heat of the molten core can be removed out of the 

reactor pressure vessel and out of the containment building 95 and that the containment can 

withstand the associated loads. For example, for the management of the low pressure core 

melt accident, in principle, two approaches are possible: either in-vessel melt retention (as it 

occurred in the TMI accident) or ex-vessel melt cooling (e.g. through spreading on a core 

catcher).  

 

There are two basic approaches, complementary to each other, to evaluate the safety of NPPs: 

 

• the deterministic approach 96, best illustrated by the traditional defence-in-depth concept 

(e.g. multiple barriers against radioactive releases and appropriate reactor siting), and large 

safety margins (e.g. design of the safety systems in such a way as to prevent overheating of 

the fuel elements or damage to the various barriers) 

 

• the probabilistic approach 97 which focusses on severe accident risk evaluation, based on 

plant data (to evaluate initiating event frequencies and component failure probabilities) and 

on simulator data (to evaluate human error probabilities) – this approach plays an 

increasingly important role in reactor design and regulatory process. 

 

Besides deterministic and probabilistic approaches, expert judgement plays an important role, 

especially to define initiating events and to guide through the uncertain phenomenology of 

 
95 Reminder: A particular aspect of reactor safety is the need to guarantee the safe shut-down of the fission chain 

reaction. About 7 % of heat output is typically derived from delayed neutron fission, the decay of fission 

products and other transuranic elements. When the chain reaction is stopped, this source of heat, known as decay 

heat, remains. This heat (about 200 MWth of a 3000 MWth plant) has to be adequately removed after the shut-

down of the reactor. This is usually done through "active" systems in the current generation of NPPs. 
96 US-NRC Regulations (10 CFR) - Appendix A to Part 50 - General Design Criteria for Nuclear Power Plants 

    (updated Dec 2014)  - http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-appa.html#5_appa  
97 “Risk informed regulation of nuclear facilities: Overview of the current status” (IAEA-TECDOC-1436), 2005  

-  http://www-pub.iaea.org/MTCD/publications/PDF/TE_1436_web.pdf  

http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-appa.html#5_appa
http://www-pub.iaea.org/MTCD/publications/PDF/TE_1436_web.pdf
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many physical processes, in particular, in the area of severe accidents (see also ISAM in Gen-

IV / Section 7.5). The organisational process of reactor safety obviously is also crucial. 

 

The deterministic approach is based on engineering principles (e.g. redundancy, diversity, 

defence in depth and integrity of the successive barriers between the radioactive products and 

the environment). Moreover, in conservative analyses, the single failure criterion should be 

applied: a single failure should never result in loss of capability of the (fluid or electric) 

system to perform its safety functions (e.g. safety systems should be independent, diverse, and 

redundant). This approach usually contemplates a selection of accident scenarios - called 

maximum credible or design-basis accidents - leading to the evaluation of the maximum 

loadings on the system, traditionally using conservative assumptions. This conservative 

approach has provided a way of taking into account uncertainties in the performance of 

equipment and humans. The deterministic approach is essential in defining the success criteria 

for systems but is limited by the fact that it usually cannot go beyond DBAs.  

 

To deal with beyond-DBA events or severe accidents (such as TMI, Chernobyl or 

Fukushima), a probabilistic approach together with a study of the possible consequences is 

more appropriate. This second way of looking at the problem is based on the concept of risk 

(Section 3.4.2) and is using probability of failure as a guide. Probabilistic safety assessment 

(PSA) methods are developed by considering 3 levels:  

 

- Level 1 is the identification of all the ways in the design and operation of the plant in 

which the plant can malfunction in such a way as to lead to potential releases of 

radioactive products from the core. Fault sequences are identified that can lead to core 

damage and the Core Damage Frequency (CDF) is estimated. Level 1 PSAs have now 

been carried out for most NPPs world-wide. 

 

- Level 2 is the categorisation of the releases of radioactivity arising from severe 

damage to reactor fuel in terms of size and frequency taking into account containment 

performance. The chronological progression of core damage sequences identified in 

Level 1 PSA is evaluated. Level 2 PSA identifies ways in which releases of 

radioactivity can result in releases to the environment. A quantitative assessment is 

conducted, leading to the definition of the radiological source term (i.e. the amount of 

radioactive material released in an accident). Moreover the Large Early Release 

Frequency (LERF) is estimated. 

 

- Level 3 is the calculation of the consequences of the release (originating from the 

above source term) in terms of exposure of individuals. The dose to public is 

estimated (e.g. cumulative probability distribution of late cancer deaths), together with 

the early and latent fatality risks. Public health and other societal consequences of 

“severe accidents” are estimated, such as contamination of land or food due to release 

of radioactivity to the environment.  
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As far as innovation is concerned, it is worth noting the methodology developed by the 

Generation IV International Forum (GIF) 98 under the Risk and Safety Working Group 

(RSWG). This group produced in 2011 the "Integrated Safety Assessment Methodology" 

(Section 7.5) for use throughout the Generation-IV technology development cycle. ISAM is a 

tool that can be used throughout from concept development to design and then to licensing. It 

combines probabilistic and deterministic perspectives. It improves understanding of safety 

related design vulnerabilities and the contribution to risk. It also helps identify areas for 

additional research and data collection. 

 

 4.3 Nuclear safety culture in industry: impact of human and organisational factors on 

       safety performance 

 

Safety culture is in fact an issue of interest in many organisations involved in power 

generation, be it at the industrial or at the regulatory side, as discussed in the “Ethics 

Opinion no. 27” 63. Here is an excerpt of its "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.” 

 

In the specific nuclear fission sector, the concept of safety culture was initially developed by 

the IAEA driven "International Nuclear Safety Advisory Group" (INSAG) after the 

Chernobyl accident in 1986 (Section 4.2.2). To better understand the concept of safety 

culture, it is worth quoting the IAEA Director General at the "Meeting of the Contracting 

Parties to the Convention on Nuclear Safety" in 2002: 

 

“As we have learned in other areas, it is not enough simply to have a structure; it is not 

enough to say that we have the necessary laws and the appropriate regulatory bodies. All 

these are important, but equally important is that we have in place a safety culture that gives 

effect to the structure that we have developed. To me, effectiveness and transparency are 

keys.  So, it is an issue which I am pleased to see, you are giving the attention it deserves 

and we will continue to work with you in clarifying, developing and applying safety culture 

through our programmes and through our technical cooperation activities.” 

 

Human and organizational factors (HOF) and, in particular, leadership for safety, play a 

pivotal role in the continuous improvement of nuclear safety culture. Experience gained 

world-wide in this domain will be shared at an IAEA event in February 2016 99.  

 

Nuclear safety culture is mentioned several times in the revised Safety Directive /Council 

Directive 2014/87/Euratom of 8 July 2014/ 79. Here are two excerpts of this Directive: 

 

 
98 GIF Portal – Public: https://www.gen-4.org/gif/jcms/c_9260/public 
99 IAEA event "International Conference on Human and Organizational Aspects of Assuring Nuclear Safety - 

Exploring 30 Years of Safety Culture", Vienna (Austria), 22 to 26 February 2016 – 400 participants expected  

- http://www-pub.iaea.org/iaeameetings/50800/-International-Conference-on-Human-Dynamics-Assuring-

Nuclear-Safety-Exploring-30-Years-of-Safety-Culture 

https://www.gen-4.org/gif/jcms/c_9260/public
http://www-pub.iaea.org/iaeameetings/50800/-International-Conference-on-Human-Dynamics-Assuring-Nuclear-Safety-Exploring-30-Years-of-Safety-Culture
http://www-pub.iaea.org/iaeameetings/50800/-International-Conference-on-Human-Dynamics-Assuring-Nuclear-Safety-Exploring-30-Years-of-Safety-Culture
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(1) “Whereas …. (18)" … - "Together with defence-in-depth, an effective nuclear safety 

culture is regarded as a fundamental factor in achieving a high level of nuclear safety and 

its continuous improvement." 

 

(2) Article 8 Transparency / SECTION 2 Specific obligations  

……………. 

Article 8b Implementation of the nuclear safety objective for nuclear installations …..  

2. In order to achieve the nuclear safety objective set out in Article 8a, Member States shall 

ensure that the national framework requires that the competent regulatory authority and the 

licence holder take measures to promote and enhance an effective nuclear safety culture. 

 

Safety culture is essential not only for nuclear plant operators in industry (this Section 4.3) 

but also for radiation physicists in hospitals (next Section 4.4) or research workers in nuclear 

laboratories, and in many other sectors utilising ionising radiation (e.g. industrial 

radiography or ionising radiation sterilization with X-rays or gamma rays). Safety culture is 

in fact an issue in all energy-intensive industries, as discussed in the “Ethics Opinion no. 

27”. As a consequence, special attention is devoted in Euratom E&T programmes to the 

transfer of knowledge, skills and competences (KSC) needed to achieve the highest levels of 

safety culture (see, in particular, FP7 project NUSHARE in Annex 5.1). 

 

There are varying definitions of safety culture (e.g.: MIT, IAEA, WANO and US-NRC / 

INPO), as described below: some include the incorporation of beliefs, values and attitudes 

shared by a group (see list of reference documents in website 100).  

 

(1) “Organizational Culture and Leadership” (1992) by Edgar H. Schein (MIT Sloan School 

of Management / former member of INPO's Advisory Council / author of "The Corporate 

Culture Survival Guide", culture iceberg or multilevel model of Schein)  

 

The following definition is proposed for “culture”: 

“Culture is a pattern of basic assumptions – invented, discovered or developed by a given 

group as it learns to cope with its problem of external adaptation (how to survive) and 

internal integration (how to stay together) – which have evolved over time and are handed 

down from one generation to the next.” 

 

(2) IAEA “Safety Culture” (INSAG-4) in 1991, revised as INSAG-15 in 2002 (ref 101) 

 

It is stated that the establishment of a strong safety culture within a nuclear facility is one of 

the fundamental management principles needed for safe operation. INSAG-4 defines nuclear 

safety culture 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.” It also recognizes that "safety culture 

has two general components. The first is the necessary framework within an organization and 

is the responsibility of the management hierarchy. The second is the attitude of staff at all 

levels in responding to and benefiting from the framework.” 

 
100 "Nuclear Safety Group” on LinkedIn, containing e.g. IAEA, OECD/NEA, NRC, HSE as well as INPO 

documents ( “Traits of a Healthy Nuclear Safety Culture”, April 2013) -  http://nuclearsafety.info/safety-culture/ 
101 "INSAG-4: Safety Culture" and "INSAG-15: Key Practical Issues in Strengthening Safety Culture" 

    (INSAG = International Nuclear Safety Group) -  http://www-ns.iaea.org/committees/insag.asp 

    "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  

http://nuclearsafety.info/safety-culture/
http://www-ns.iaea.org/committees/insag.asp
http://www-pub.iaea.org/MTCD/Publications/PDF/TE_1707_CD/PDF/TECDOC_1707.pdf
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The IAEA launched in 2008 the concept of "Safety Culture Assessment Review Team" 

(SCART) 102 aiming at assessing in a comprehensive way a number of non-technical features 

such as attitudes, behaviour norms and human values in nuclear installations. The SCART 

service is one of a suite of complementary Safety Review Services offered by the Division of 

Nuclear Installation Safety of the IAEA: Integrated Regulatory Review Service (IRRS); 

Operational Safety Review Team Service (OSART); Design Evaluation and Safety Analysis 

Modular Review Service (DESAR); Integrated Safety Assessment of Research Reactors 

Service (INSARR);  Safety Culture Assessment Review Team Service (SCART). 

 

The IAEA distinguishes“five characteristics of safety culture". The purpose of SCART 

missions is to assess these characteristics by focussing on a number of "attributes", as follows: 

 

 (1) Safety is a clearly recognized value: “Safety shall be paramount within the management 

system, overriding all other demands” (e.g. Attribute A.4. "Individuals are convinced that 

safety and production go hand in hand") 

 

 (2) Leadership for safety is clear: a leader is a person who has an influence on the thoughts, 

attitudes and behaviour of others - leaders cannot control, but may influence safety culture. 

(e.g. "Attribute B.5. "Management ensures that there are sufficient competent individuals") 

 

 (3) Accountability for safety is clear: all individuals should know their specific assigned 

tasks, i.e. what they have to accomplish, and how to recognize good results (e.g. Attribute 

C.5. " ‘Ownership’ for safety is evident at all organizational levels and for all individuals") 

 

 (4) Safety is integrated into all activities: it should be clearly apparent that safety is 

integrated into all activities in the organization (e.g. Attribute D.6. "Factors affecting work 

motivation and job satisfaction are considered") 

 

 (5) Safety is learning driven: the capacity to learn from experience should be well developed 

- training, benchmarking and self-assessment are often used to improve performance (e.g. 

Attribute E.1. "A questioning attitude prevails at all organizational levels"). 

 

(3) 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 world-wide: 

 

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. 

 

 
102 "Reference report for IAEA Safety Culture Assessment Review Team (SCART)", IAEA Services Series no 

16 

     - SCART guidelines, July 2008 - http://www-ns.iaea.org/downloads/ni/s-reviews/scart-guidelines.pdf 

http://www-ns.iaea.org/downloads/ni/s-reviews/scart-guidelines.pdf
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(4) US Nuclear Regulatory Commission and Institute of Nuclear Power Operations (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”. 

(US NRC, “Safety Culture Policy Statement” (NUREG/BR-0500), December 2012, and 

INPO 12-012, Revision 1, April 2013, “Traits of a Healthy Nuclear Safety Culture”). 

 

Finally it should be noted that highly skilled positions with significant technical and 

educational requirements for safety management purposes are typical not only in the nuclear 

sector but also in sectors such as aviation. Aviation regulator workforces, in particular, are 

implementing "Safety Management Systems" (SMS) with emphasis on competencies and 

behaviours that demonstrate proficiency. Core SMS competencies for inspectors in the civil 

aviation domain are also discussed in international bodies such as the "Safety Management 

International Collaboration Group" (SM ICG) 103, containing, in particular, the "European 

Aviation Safety Agency" (EASA) – similarly to the IAEA in the nuclear domain. 

 

4.4 Radiation protection safety culture in health care organisations (radiation 

techniques for medical diagnosis and treatment) 

 

It is worth recalling that ionising radiation has been used in medicine for more than a century 

and has proven to be an essential component of modern medical diagnosis and treatment. 

The technology has made much progress in the past decades and it is fair to speak of a 

technological revolution aiming at limiting exposure of healthy tissue, in X-ray imaging 

through advanced computerized technology, in molecular imaging through the introduction 

of new radioisotopes and equipment, and in radiotherapy through sophisticated computerized 

treatment planning and precision in the delivery of the radiation to the tumour (progressive 

transfer from surgery to image-guided interventions at constant irradiation). Dose 

optimisation in radiology (aiming at appropriate image quality for different clinical tasks) is 

in fact one of the biggest research and innovation challenges for the scientific-technological 

community concerned. 

 

Medical mistakes and accidents in nuclear treatment, however, are an issue central to health 

care in most countries. Medical procedures are a significant man-made source of radiation 

exposure for the population at large (in the USA, it is actually by far the largest source). 

Exposure has further increased in the past decades due to the mass introduction of new 

radiation techniques for diagnosis and treatment of patients. It seems that a proportion of 

diagnostic procedures are performed without clear medical need and/or with higher than 

necessary and appropriate radiation doses. In radiotherapy, interventional techniques and 

computed tomography, accidents and errors can cause severe radiation injuries to patients. 

Significant incidents related to medical radioisotopes are reported as INES events of level 2 

or higher (Section 3.2): investigations of root causes often reveal a lack of safety culture in 

the hospital concerned, either in the organisation of the medical operating team or in the 

storage and handling of the source. 

 

In this context, safety culture is crucial and applies to all uses of ionising radiation: incidents 

(i.e. unjustified irradiation) should be minimised in all medical, industrial and scientific uses 

as well as in all nuclear installations (in particular, power plants and associated fuel cycle 

 
103 SM ICG is a joint cooperation between many regulatory authorities in civil aviation – see skybrary website: 

    http://www.skybrary.aero/index.php/Safety_Management_International_Collaboration_Group_(SM_ICG) 

http://www.skybrary.aero/index.php/Safety_Management_International_Collaboration_Group_(SM_ICG)
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industry). There is however one difference between “Nuclear safety culture” (previous 

Section 4.3), and “Radiation protection safety culture” (this Section 4.4), namely: 

 

• 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. 

 

In the medical sector indeed (e.g. radiation techniques for diagnosis and treatment of 

patients), the big difference is that medical patient irradiation is wilful and deliberate, 

because it is inherent in the medical procedure. In medical applications, there is a logic of 

the risk / benefit type - contrary to irradiation in the NPPs which should be prevented or at 

least minimized to regulatory “allowable radiation levels”, keeping in mind that their main 

goal is power generation in a safe way.  

 

In medical applications subject to radiation protection, beyond avoiding incidents, the goal is 

to optimise operating strategies by minimising the ratio of radiation risk versus benefit to the 

patient. Hence in medical uses, radiation protection safety should not pre-empt or override 

patient safety, especially in emergency situations. For example, life saving measures should 

always pre-empt radiation concerns relating to a patient injected with a radio-pharmaceutical 

or subject to X-rays for image-guided interventions.  

 

The challenge for health care professionals using ionizing radiation is to ensure that safe and 

effective patient care is delivered following the "General Principles of Radiation Protection" 

(Section 4.1). Radiation protection safety culture in the medical world is thus faced with the 

challenge of optimal combination of safety and effectiveness of radiation treatment (as well 

as dialogue with the patient and efficiency in the use of resources). 

 

The "International Radiation Protection Association" (IRPA) has issued in 2014 a series of 

guiding principles with reference to the need of education and training 104. Of particular 

interest is the IRPA view on the “EVOLUTION OF RADIATION PROTECTION 

CULTURE” which consists in different phases, namely: Pathological; Reactive; Calculative; 

Proactive; Generative. Here is an excerpt of this 2014 IRPA document regarding training:  

 

"Culture can be considered as a system of endurance of knowledge and expertise, with 

continuity through education and transfer to the next generation. …. Generally speaking, the 

concept of culture relates to the ideas, beliefs and customs that are shared and accepted by 

people in a society. It is also a complex whole, which includes knowledge, belief, art, 

morals, law, customs, values, symbols,  rituals and any other capabilities and habits, 

acquired by people as members of society that determine appropriate attitudes and 

behavior. Radiation protection culture is a combination of science, values and ethics (i.e. 

equity), as well as experience. The radiation protection culture principles include the well-

established justification, optimization and dose limitation principles, but also include the 

sharing of competence by training and education." 

 

As a consequence, establishing a strong radiation protection safety culture in health care 

organisations is a fundamental management principle, similarly to what is requested in 

 
104 GUIDING PRINCIPLES FOR ESTABLISHING A RADIATION PROTECTION CULTURE – 

www.irpa.net 

    Ref: http://www.irpa.net/members/IRPA-Guiding%20Principles%20on%20RP%20Culture%20-2014%20.pdf 

http://www.irpa.net/
http://www.irpa.net/members/IRPA-Guiding%20Principles%20on%20RP%20Culture%20-2014%20.pdf
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nuclear power plants. Moreover, to avoid radiation accidents in general, a structured 

radiation protection framework is necessary, together with associated quality assurance and 

quality control programmes. Guidance in this domain is provided in the “BSS” Directive 

/Council Directive 2013/59/Euratom of 5 December 2013/ 78 (see Section 4.1). 

 

 4.5 EU international cooperation in nuclear fission - Instrument for Nuclear Safety 

Cooperation (INSC /  EEAS) and Instrument for Stability (IfS / DEVCO) 

 

International cooperation (i.e. outside the EU) has long been – and is still - at the core of 

Euratom research and training programmes, as it forms part of the 1957 Euratom Treaty 1 

under Chapter 10 (“external relations”). A number of bilateral Euratom Fission Cooperation 

Agreements have indeed been signed with non-EU countries to support scientific 

collaboration and technical exchanges in nuclear fission and radiation protection research (as 

well as in fusion energy research), such as: Argentina in 1997; Canada (AECL) in 1998; 

Russian Federation (Rosatom) in 2002; Ukraine in 2002; Kazakhstan in 2003; Uzbekistan in 

2003; USA DOE in 2003 and USA NRC in 2009; Japan in 2006; China (MOST) in 2008; 

Australia in 2012. As a result, for example, in the Seventh Euratom Framework Programme 

more than fifty entities from fourteen non-EU countries participated in 37% of the fission 

research projects. Beneficial cooperation was accounted in fusion R&D as well, especially 

with the ITER partners.  

 

The EU fosters, in particular, nuclear regulatory training beyond its territory through a series 

of EU nuclear safety and security programmes. This work is mainly conducted by DG 

DEVCO (International cooperation and Development – "Building partnerships for change in 

developing countries") 105.  

 

European External Action Service (EEAS, i.e.: ex DG RELEX) 

 

The EEAS is the European Union's diplomatic service. On nuclear it has competence on non-

proliferation and global security issues and counter-terrorism.  

 

In this monograph, the emphasis is on the Instrument for Nuclear Safety Co-operation (INSC) 

 

The Instrument for Nuclear Safety Cooperation (INSC) 106 was established in 2007, in a 

follow-up to the TACIS nuclear programme. It should be noted that, as a consequence of 

Chernobyl, during the period 1991 – 2006 under the TACIS Programme (“Technical 

Assistance to the Commonwealth of Independent States” / Former Soviet Union), a total of 

Euro 1120 million (including Euro 226 million for Chernobyl Funds) was spent on safety and 

(Radiological and Nuclear) security. 

 

Through cooperation under the INSC, the EU contributes to the improvement of nuclear 

safety levels and efficient and effective nuclear safeguards in non-EU countries. Through the 

 
105 DG DEVCO / Energy / nuclear safety - http://ec.europa.eu/europeaid/what/energy/nuclear_safety_en.htm  
106 Website of “European External Action Service” - http://eeas.europa.eu/nuclear_safety/index_en.htm 

http://ec.europa.eu/europeaid/what/energy/nuclear_safety_en.htm
http://eeas.europa.eu/nuclear_safety/index_en.htm
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INSC, the EU supports joint projects with the IAEA, and contributes towards completion of 

the Chernobyl projects through the Chernobyl Funds (Chernobyl Shelter Fund /CSF/ and 

Nuclear Safety Account /NSA/) managed by the European Bank for Reconstruction and 

Development (EBRD). The EU is the largest donor to these Funds devoted to the completion 

of vital work at Chernobyl. 

 

A budget of Euro 524 million has been allocated for the period 2007 - 2013 to support EU 

activities and promote the highest levels of nuclear safety, radiation protection and effective 

nuclear safeguards globally. Under the new MFF, the budget of the INSC 2014-2020 has been 

drastically reduced (down to Euro 225 million). 

 

Major elements of INSC cooperation with non-EU countries include the promotion and 

development of effective regulatory frameworks, technical support to regulatory bodies, 

nuclear operators and national technical safety organisations, including in the field of nuclear 

safeguards, radioactive waste management and emergency preparedness. EU support is aimed 

at ensuring that nuclear safety is the leading concept in regulatory and legal frameworks and 

operational decisions in non-EU countries. Cooperation under INSC is ongoing or planned 

with approximately 15 countries worldwide, bilaterally and regionally.  

 

For the current period 2014 – 2020, a number of specific objectives are put by the EU Council 

and Parliament to the INSC as follows: 

 

(a) promotion of an effective nuclear safety culture and governance, and 

implementation of the highest nuclear safety standards and radiation protection  

(b) responsible and safe management of spent fuel and radioactive waste, 

decommissioning and remediation of former nuclear installations in third countries 

(c) establishment of frameworks and methodologies for the application of efficient and 

effective safeguards for nuclear material in third countries. 

 

The Commission also provides Euratom loans and carries out assistance programs aiming, 

inter alia, at upgrading nuclear safety in non-Member States. For example, a Euro 600 million 

loan (made of 50 % by Euratom and 50 % by the EBRD) has been negotiated and signed with 

Ukraine in September 2013. The loan is exclusively granted for the safety upgrade of active 

nuclear power plants in Ukraine. Conditions attached to this loan required the legislation of 

Ukraine to comply with the most important principles and objectives of the Euratom law, 

including requirements from secondary legislation such as the Nuclear Safety Directive, 

which imposes, inter alia, an independent regulatory authority. In December 2014, the 

checking of fulfilment by Ukraine of the conditions included in the Euratom Loan contract 

has been closed. Consequently, first disbursements tranches started in 2015.  

 

As far as non-proliferation of weapons of mass destruction, conventional weapons and space 

are concerned, the EEAS strategy is based on effective multilateralism, close cooperation with 

key partners and other third countries, and effective and complementary use of all available 

instruments and financial resources. EU priorities in the area are: 
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(a) strengthening the international system of non-proliferation; pursuing 

universalization of multilateral agreements; 

(b) reinforcing strict implementation of and compliance with these agreements; 

cooperating closely with key partners; 

(c) assistance to third countries.  

 

The strategy is being implemented and Projects are ongoing with the IAEA, the Organization 

for the Prohibition of Chemicals Weapons (OPCW) and the Comprehensive Nuclear-Test-Ban 

Treaty Organization (CTBTO), as well as in support of the Biological and Toxin Weapons 

Convention (BTWC) and UNSC Resolution 1540 (security against weapons of mass 

destruction - April 2004). 

 

EC Directorate-General for International Cooperation and Development (DG DEVCO)  

 

DG DEVCO is responsible for designing European international cooperation and 

development policy and delivering aid throughout the world. DG DEVCO is in charge of 

development cooperation policy in a wider framework of international cooperation, adapting 

to the evolving needs of partner countries 

 

In this monograph, the emphasis is on the Instrument for Stability and Nuclear safety (IfS). 

 

The financial and political Instrument for Stability (IfS) 107 (or “Instrument contributing to 

Stability and Peace”) is managed by DEVCO and financed by EEAS (ex-RELEX). The IfS 

supports, inter alia, CBRN (Chemical, Biological, Radiological and Nuclear) risk mitigation 

activities (they are building CBRN centres abroad), including support to the ISTC 

(International Science and Technology Centre) in Moscow and the STCU (Science and 

Technology Centre in Ukraine) in Kiev for alternative employment of scientists and 

engineers. Both ISTC and STCU, to which the EU is a founding party, up to 2010 played a 

fundamental role in the development of Euratom research cooperation with Russia and 

Ukraine. For example, contact expert groups (CEGs) to the programmes ISTC and STCU 

were instrumental for the success of a number of bilateral Euratom – Russian / Ukrainian 

research projects in reactor safety in 2007-2013, co-financed by EEAS / DEVCO. 

 

The 2007-2013 budget for CBRN activities was Euro 270 million. One of the initiatives of the 

IfS is setting up a network of “Centres of Excellence” (with a 2007-2013 budget of Euro 110 

million): the aim is to mitigate CBRN risks of criminal, accidental or natural origin by 

promoting a coherent policy, improving coordination and preparedness at national and 

regional levels and by offering a comprehensive approach covering legal, scientific, 

enforcement and technical issues. As far as biological threats of natural origin are concerned, 

we refer, in particular, to the human pandemic of Influenza A (“Swine Flu”) that afflicted the 

 
107 IfS for global security and development challenges - http://ec.europa.eu/europeaid/how/finance/ifs_en.htm  

    - EU CBRN Risk Mitigation Centres of Excellence Initiative - Strengthening health laboratories to minimize 

    potential biological risks (together with World Health Organization) : http://www.cbrn-coe.eu/Home.aspx  

http://ec.europa.eu/europeaid/how/finance/ifs_en.htm
http://www.cbrn-coe.eu/Home.aspx
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world in 2009 – 2010, causing more than 100 000 fatalities, mostly in Africa and Southeast 

Asia – this is known as the H1N1 virus, which also caused the Spanish Flu pandemic in 1918 

killing an estimated 50 million people (Source: Wikipedia “2009 flu pandemic”).  

 

DG DEVCO provides assistance, in particular through targeted training actions, to nuclear 

regulators in third countries in the domain of safety. DG DEVCO is the main policy designer 

(together with EEAS) and implementer of the Programme and projects under the INSC, 

applicable to the whole world. IfS actions in nuclear E&T are usually of the Tutoring & 

Training type (T&T) 108, i.e. customized tutoring is offered for educating both young and 

experienced experts based on real day-to-day work, thereby significantly increasing the level 

of knowledge, skills and competence of students and tutees, and generating opportunities for 

networking. The focus of the T&T actions of DG DEVCO is on South-East Asia as well as on 

Ukraine, Belarus, Jordan and Brazil.  

 

The objective fixed by the EU Council and Parliament to the IfS is three-fold:  

 

(a) respond to urgent needs due to political instability or a major disaster 

(b) build conditions for long term stability in particular by addressing major risks and 

threats that prevent political security and economic development (e.g. terrorism, 

organized crime, illicit trafficking, chemical-biological-nuclear risks) 

(c) participate in the crisis management cycle by supporting Common Security and 

Defence Policy operations.  

 

There is of course synergy between the two instruments, INSC and IfS: the common aim is to 

globally promote a high level of nuclear safety and radiation protection and to foster the 

application of efficient and effective safeguards of nuclear material (relying, inter alia, on the 

contribution of DG JRC services specialised in nuclear security - Section 5.2). 

 

International cooperation with IAEA and OECD/NEA 

 

International nuclear education and training programmes have been developed by Euratom 

not only under the aforementioned EU instruments, INSC and IfS, but also in the framework 

of IAEA and OECD/NEA collaborative initiatives. Knowledge, skills and competences are 

transferred in a sustainable way over several generations of the workforce. It should be 

stressed that “from cradle to grave may exceed 100 years”.  

 

International cooperation is especially important for emerging nuclear energy countries 

(Annex 3.4). When organising relevant E&T actions, Euratom of course applies guidance 

proposed by the international organisations wherever appropriate. Here are a few examples: 

 

 
108 DG DEVCO project coordinated by ENSTTI (January 2012 – December 2015) is an example of T&T  

    - "Training and Tutoring for experts of the Nuclear Regulatory Authorities and their Technical Safety   

       Organisations for developing or strengthening their regulatory and technical capabilities"  

    - http://www.enstti.eu/index.php?option=com_content&view=featured&Itemid=214  

http://www.enstti.eu/index.php?option=com_content&view=featured&Itemid=214
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• IAEA – International Atomic Energy Agency: knowledge management (KM) in nuclear 

energy. IAEA offers a selection of world-wide information and manages an Internet 

Directory of Nuclear Resources. In 2000, the IAEA published guidance regarding 

development, implementation and evaluation of training programmes covering both 

technical and non-technical skills of NPP personnel (IAEA Systematic Approach to higher 

level Training /SAT/) 109.  Typically, SAT is organized into five distinct phases of 

Analysis, Design, Development, Implementation, and Evaluation, and relies on feedback as 

a process for continuous improvement. The KMAV (Knowledge Management Assist 

Visits) methodology (first used in 2005) is particularly interesting: the purpose of a KMAV 

is to provide assistance, education and consultancy to a counterpart seeking to benefit from 

the application of the best practices in the implementation of knowledge management 

processes and tools. The guidance documents regarding nuclear safety culture are 

particularly important in the EU context (Sections 4.3 and 4.4). 

 

• OECD/NEA (Nuclear Energy Agency): Education and Knowledge Management. The NEA 

established an ad-hoc expert group at the end of 2009, involving experts from 15 countries, 

Euratom and the IAEA. The group has produced in 2012 a study related to nuclear 

education and training (including a taxonomy for certain sectors and functions): "Nuclear 

Education and Training: From Concern to Capability" 110. Recommendations and a list of 

“actions" are proposed to be taken up urgently by government, industry, universities, 

research institutes and the NEA.  

 

Also worth mentioning in this context is the French State Agency created in 2008 within the 

CEA: the “Agence France Nucléaire Internationale” (AFNI) 111 with the aim of advising 

emerging countries willing to host a nuclear industry in the framework of bilateral agreements 

and to respond to requests for technical assistance and study needs.  

 

 
109 (1) Analysis phase of systematic approach to training (SAT) for nuclear plant personnel 

   IAEA-TECDOC-1170, August 2000 – http://www-pub.iaea.org/MTCD/publications/PDF/te_1170_prn.pdf 

    (2) Knowledge Management for Nuclear Research and Development Organizations 

    IAEA-TECDOC-1675, May 2012 - http://www-pub.iaea.org/MTCD/publications/PDF/TE_1675_web.pdf  

    (3) Planning and Execution of Knowledge Management Assist Missions for Nuclear Organizations  

          IAEA-TECDOC-1586, May 2008 - http://www-pub.iaea.org/MTCD/publications/PDF/TE_1586_web.pdf  
110 OECD/NEA Report no 6979 (2012): http://www.oecd-nea.org/ndd/pubs/2012/6979-nuclear-education.pdf   
111 Agence France Nucléaire Internationale (AFNI, integrated in CEA) - Politique internationale de la France en 

     matière nucléaire (2014) - http://www.developpement-durable.gouv.fr/Politique-internationale-de-la.html       

     * summary in http://www.diplomatie.gouv.fr/fr/IMG/pdf/TNP_DossierPresse_plaquetteAFNIVF.pdf  

http://www-pub.iaea.org/MTCD/publications/PDF/TE_1675_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/TE_1586_web.pdf
http://www.oecd-nea.org/ndd/pubs/2012/6979-nuclear-education.pdf
http://www.developpement-durable.gouv.fr/Politique-internationale-de-la.html
http://www.diplomatie.gouv.fr/fr/IMG/pdf/TNP_DossierPresse_plaquetteAFNIVF.pdf
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5 – ACHIEVEMENTS OF EURATOM RIE UNDER FP7: FROM KNOWLEDGE CREATION TO 

COMPETENCE BUILDING 

 

5.1 Holistic approach in EU research & innovation and regional initiatives 

 

A holistic approach is needed in today’s European research & innovation programmes, 

thereby contributing to bridging for example the following gaps between  

 

- scientific disciplines (e.g. a bridge between "Science, Technology, Engineering and 

Mathematics" /STEM/ and "Social Sciences and Humanities" /SSH/) 

 

- nuclear power technologies (e.g. commonalities between fusion and fission such as 

nuclear safety requirements, advanced materials, balance of plant components) 

 

- sustainable nuclear and renewable energy: the primary goal is to investigate 

synergies and complementarities between two apparently opposed fields  

 

- EU countries (e.g. common qualification framework and mutual recognition of E&T 

schemes within the EU through cross-border mobility programmes)  

 

- scientific approaches (e.g. deterministic versus probabilistic approach for risk 

assessment; component analysis versus systems engineering for construction) 

 

- professional sectors  (e.g. academia, research, regulatory bodies and industry): this 

happens through the European Technology Platforms (Section 1.3.1) 

 

- generations of experts (e.g. knowledge creation and competence building through 

lifelong learning – and teaching - programmes) to ensure continuity of expertise  

 

- levels of expertise and experience (e.g. in the nuclear domain, Euratom actions 

addressing nuclear experts, nuclearised workers and nuclear-aware people). 

 

A holistic approach is needed also between the different services of the EC dealing with 

nuclear fission. Between 1972 and 2004 there was an inter-DG group dealing with nuclear 

fission, namely: the NRWG or "Nuclear Regulators’ Working Group": it was created in 

1972 to advise the Commission on nuclear safety matters (safety methodologies, criteria, 

standards, etc). The NRWG was composed of external experts with regulatory and research 

background, nominated by DG ENER (former DG XVII) and DG RTD (former DG XII), 

respectively, who produced a remarkable report: "30 Years of NRWG activities towards 

harmonisation of nuclear safety criteria and requirements" (EUR 20818 EN, November 

2002) 112. This joint report, published by both DG ENER and DG RTD (with close 

collaboration of DG JRC), describes the expert discussions held and the agreement achieved 

at EU level by the regulatory and the research communities concerned in 10 areas that are 

still of high importance today (Annex 3.5.2.1). 

 

 
112 30 Years report 2002 - http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/36/090/36090338.pdf  

http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/36/090/36090338.pdf
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More recently, a holistic approach was applied quite successfully in Euratom RIE 

programmes (FP6 /2002 – 2006/, FP7 /2007 – 2013/, Horizon-2020 /2014 – 2020/), as is 

demonstrated in the following list: 

 

• “Knowledge Triangle” in the EU: national and international programmes for nuclear 

research, innovation and education (Section 1.2) with end-user oriented mindset, for the 

benefit of both industry and society at large  

 

• synergy between stakeholders: all are on-board through the Technology Platforms (ETPs), 

i.e.: research organisations; systems suppliers; energy providers; regulators and/or TSOs; 

higher E&T institutions + policy makers and civil society (Section 1.2) 

 

• RD&DD in large international projects: “Research” and “Development” is being 

conducted in research organisations, while liaising with industry and regulators who are 

the main actors of the follow-up steps of “Demonstration” and “Deployment”  

 

• EU research related to energy mix optimisation: system's approach based on complex 

relationships between production (from primary energy sources); transmission; storage 

or/and distribution (usually of energy carriers); and consumption (markets) 

 

• sustainable nuclear and renewable convergence: focus on advanced materials and 

processes for energy challenges; energy storage for the integration of renewable energy 

production; energy efficiency; and instrumentation and control (I&C) systems 

 

• life cycle assessment of primary energy source applications and evaluation of “total social 

costs” of energy systems: a multi-sectorial cradle-to-grave approach is applied to evaluate 

and compare pros and cons of each primary energy source 

 

• from system design to system operation: state-of-the-art modelling and simulation 

environments are developed to increase energy and transportation system safety, 

dependability and performance throughout their lifecycle - e.g. MODRIO 113 in NB 

 

• assessing software reliability of computer-based safety systems (nuclear I&C standards): 

develop a common justification framework in synergy with utilities, vendors and TSOs 

(remember: software can usually not be proven to be completely defect-free, and 

postulated residual defects might lead to common-cause failure) 

 

• data mining in Nuclear Knowledge Management: involving methods at the intersection of 

artificial intelligence, machine learning, statistics, and database systems - the goal is to 

extract information from a data set and transform it into an understandable structure, i.e.: 

transforming data into knowledge (Section 5.3.4) 

 

• High Performance Computing (HPC) for Nuclear Fission Science and Engineering: 

improve collaboration between the HPC community and Nuclear Engineering and Reactor 

Physics groups by developing common computational approaches with the aim to explore 

phenomena beyond the edge of experimental exploration. 

 

 
113 “MODRIO” – Model Driven Physical Systems Operation - European ITEA3 research project in mechatronic  

under EUREKA (38 partners / Sept 2012 - Nov 2015) - https://itea3.org/project/modrio.html 

https://itea3.org/project/modrio.html
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In the latter area (HPC), four research domains are of particular interest to predict properties 

of fluids, materials and isotopes for nuclear applications: Computational Fluid Dynamics; 

Computational Materials Science (including Computational Thermodynamics); 

Computational Chemistry; Nuclear Reaction Cross-sections. Many academic and research 

institutions are now equipped with HPC services able to provide computational and cloud 

resources to the research community with high efficiency and at relatively low cost (e.g. 

Imperial College, London 114). The Nuclear Engineering and Reactor Physics groups are 

interested, in particular, in the development of high-fidelity “virtual reactor” models to be 

used for NPP design and optimization. 

  

The FP7 Euratom project PERFORM-60 (coordinated by EDF, 2009 - 2013) is worth 

mentioning in this context. It is about industrial applications of multi-scale and multi-physics 

modelling to predict irradiation damage in nuclear structural materials (including combined 

effects of irradiation and corrosion) 115: one of the challenges is experimental validation at 

the relevant scale (from “nm3 and ps” /ab initio level/ to “m3 and year” /finite element 

level/).  

 

Of particular interest to understand the synergy between Euratom RIE and industry is the 

following statement given in the FISA-2003 introductory lecture 116 by a leading European 

integrated energy company (they concluded about a multiplication “factor of 10”): 

 

“To give an idea of the quantitative benefits which can be obtained from sharing costs 

in the framework of European programs, we can mention a few illustrative figures : 

taking all R&D areas, in 2002, EDF brought about 20 MEuro in projects which were 

under progress and the total costs of which were more than 200 MEuro. In the nuclear 

field, EDF brought about 3.5 MEuro and got access to R&D results worth 36 MEuro. 

This factor of 10 is obviously a strong incentive for a utility to get actively involved in 

the European Research Area ! 

Of course, this is made possible because European programs are well in line with the 

utility priorities as it has been stated previously.” 

 

A number of regional initiatives at EU level, involving research organisations and 

governmental stakeholders (e.g. whenever EU Structural and Investment Funds are 

available), should be mentioned in this context, such as: 

 

• RIE in reactor technologies (focus on safety): V4G4 Centre of Excellence /Visegrád-4/ 

composed of Slovakia, the Czech Republic, Hungary and Poland, with focus on 

Generations III and IV/ and BRILLIANT /Baltic Region Initiative/ – see Annex 3.5) 

 

 
114 Imperial College HPC Service for Classical Molecular Dynamics (MD), Quantum Chemistry, Bioinformatics, 

    Computational Fluid Dynamics (CFD) and Statistics + others - http://www3.imperial.ac.uk/ict/services/hpc  
115 PERFORM-60 project : “Prediction of the Effects of Radiation For reactor pressure vessel and in-core  

   Materials using multi-scale modelling – 60 years foreseen plant lifetime”, large-scale integrating FP7 project  

   coordinated by EDF (March 2009 – Dec 2013) - http://cordis.europa.eu/project/rcn/89385_en.html  

   * project coordinated by EDF R&D, 2014 award "Etoiles de l'Europe" from Education and Research Ministry 

   - http://www.enseignementsup-recherche.gouv.fr/cid84866/les-etoiles-de-l-europe-2014.html 
116 "A utility opinion about the impact of the European Research Area”, Jean-Pierre HUTIN, Director, EDF 

    - FISA-2003 international conference / EU Research in Reactor Safety (10-13 November 2003,  

     EC Luxembourg) - ftp://ftp.cordis.europa.eu/pub/fp5-euratom/docs/fisa2003_1_hutin_en.pdf 

http://www3.imperial.ac.uk/ict/services/hpc
http://cordis.europa.eu/project/rcn/89385_en.html
http://www.enseignementsup-recherche.gouv.fr/cid84866/les-etoiles-de-l-europe-2014.html
ftp://ftp.cordis.europa.eu/pub/fp5-euratom/docs/fisa2003_1_hutin_en.pdf
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• RIE in Generation IV systems: the “European Sustainable Nuclear energy Industrial 

Initiative” 16 (ESNII) has set fast neutron spectrum reactors as their priority, and is 

proposing a number of demonstrators (Section 6.2.1 and Annex 3.6):  

 

- ASTRID (Advanced Sodium Technological Reactor for Industrial Demonstration) 

- MYRRHA (Multipurpose hYbrid Research Reactor for High-technology 

Applications) 

- ALFRED (Advanced Lead Fast Reactor European Demonstrator) 

- ALLEGRO (Gas fast Reactor) demonstrator with helium gas (prepared by V4G4).  

 

In the next Section 5.2, a summary presentation is made of some key scientific and 

technological achievements obtained under the Euratom FP7 research and training 

programme /2007–2013/ through indirect (driven by RTD 22) as well as direct (carried out by 

JRC 23) actions. As a result, a sound scientific and technical basis was provided, in particular, 

to support the safe operation of nuclear systems, management of long-lived radioactive waste, 

and implementation of a robust system of protection of man and environment against the 

effects of ionising radiation. 

 

NB: “MODRIO” – "Model Driven Physical Systems Operation" (EUREKA project) 

 

With a budget of Euro 21 million, the project “MODRIO covers all phases of the 

development cycle - from early concept design, over detailed system design, to verification 

and validation - and operational use including diagnostics during the entire system's life cycle. 

As a result, for example, unscheduled maintenance tasks will be reduced and overall 

operational availability will be increased in sectors such as: power plants, wind turbines, high-

speed trains, aircrafts, data centres, buildings and on-line system operation of business 

processes. The project counts 38 industrial and research organizations from Europe, and is 

coordinated by EDF R&D (Chatou,  France). 

 

The computer language used is Modelica (developed in Europe, based on open standards), a 

freely available, object-oriented language for modelling of large, complex, and heterogeneous 

systems (efficient handling of > 100 000 equations). It is suited for multi-domain modelling, 

for example, mechatronic models in robotics, automotive and aerospace applications 

involving mechanical, electrical, hydraulic control and state machine subsystems, process 

oriented applications and generation and distribution of electric power. Models in Modelica 

are mathematically described by differential, algebraic and discrete equations.  

 

Modelica is suited and used for hardware-in-the-loop simulations and for embedded Power 

Plant Control Systems. Having such a tool available offers great benefits such as: 

 

• Tests on the real plant shall be avoided, since these are: expensive, due to cost of fuel and 

loss of profit; dangerous, since they might cause damages; limited with respect to the 

number of tests and the allowed operating range. 

• Speeds up the development of improved controllers. 

• Will improve the quality and enable systematic quality assurance (QA). 

 

5.2 Euratom FP7 /2007–2013/ (indirect /DG RTD/ and direct /DG JRC/ actions) 

 

One of the main goals of the Euratom research and training programmes, in compliance with 

the Euratom Treaty (1957), is to contribute to the sustainability of nuclear energy by 
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generating knowledge (research) and developing competences (training). This twofold 

objective (research and training) is specific to Euratom (Article 4.1 of the Euratom Treaty in 

Section 4.1).  Hence Euratom contributes to the construction of both the European Research 

Area (ERA) and the European Higher Education Area (EHEA).  

 

Success criteria are important in Euratom RIE programmes. “Key performance indicators” 

(KPI) are listed in the SET-Plan Information System (SETIS) with the aim of defining a set 

of values used to measure against. Choosing the right KPIs, be they of a quantitative or 

qualitative type, relies upon a good understanding of what is important to achieve the 

objectives fixed. For example, an organization may use KPIs to evaluate its success in terms 

of progress toward strategic goals (KPIs of ESNII in Annex 2.1.2).  

 

The Euratom “indirect actions" 22 carried out by EU Member States organisations under the 

umbrella of EC DG RTD, Brussels (mission statement in Annex 1.1).  Indirect actions under 

the seventh Euratom Research and Training Framework Programme (FP7 /2007-2013/) were 

managed as a set of multi-partner projects over several years, using funding instruments such 

as: collaborative projects; networks of excellence; or coordination/ support actions.   

 

Here are the Euratom FP7 topics, subdivided into 3 thematic and 2 cross-cutting areas: 

 

• Safe operation of reactor systems: RIE to support continued safe operation, taking into 

account new challenges such as plant lifetime extension, and research to assess safety and 

waste management aspects of future reactor systems (e.g. Generation IV) 

• Management of ultimate radioactive waste: implementation-oriented RIE on all remaining 

key aspects of deep geological disposal of spent fuel and long-lived radioactive waste, and 

research on partitioning and transmutation and/or other concepts aimed at reducing the 

amount and/or hazard of waste for disposal 

• Radiation protection: in particular, research on risks from low protracted doses, medical 

uses and emergency management in order to provide a scientific basis for a robust, 

equitable and socially acceptable system of protection 

• Infrastructures: supporting the availability of and access to key infrastructures of pan-

European interest in the above research activities 

• Human resources, mobility and training: to support the retention and further development 

of scientific competence and human capacity (i.e.: knowledge transfer and competence 

building). 

 

The results of all Euratom FP7 projects were presented at three public events in 2013 117. The 

FP7 projects in the areas of “Safe operation of reactor systems” and “Management of ultimate 

radioactive waste” were presented at the Joint FISA 2013 and Euradwaste 2013 conferences, 

14-16 October 2013 - Vilnius, Lithuania. These two events (both taking place for the 8th time 

since 1995) were co-organised by the EC (DG RTD together with DG JRC and DG Energy) 

and the Lithuanian Ministry for Education and Science, under the auspices of the Lithuanian 

Presidency of the EU (second semester of 2013). The radiation protection research 

community discussed their Euratom FP7 results at the Fifth International MELODI 

Workshop, October 7-10, 2013, Brussels, organised by the MELODI association and by the 

DoReMi Network of Excellence co-funded by the EC (DG RTD). 

 

 
117 (1) FISA 2013 and (2) Euradwaste 2013:  http://cordis.europa.eu/fp7/Euratom-fission/fisa-Euradwaste-

2013_en.html  / (3) “Multidisciplinary European Low Dose Initiative” (MELODI 2013) - www.melodi2013.org 

http://cordis.europa.eu/fp7/euratom-fission/about-reactor_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-radwaste_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-radiation_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-infrastructures_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-hr_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-reactor_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-radwaste_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-radwaste_en.html
http://cordis.europa.eu/fp7/Euratom-fission/fisa-Euradwaste-2013_en.html
http://cordis.europa.eu/fp7/Euratom-fission/fisa-Euradwaste-2013_en.html
http://www.melodi2013.org/
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Worth mentioning are the Euratom National Contact Points 118: the NCPs are instrumental 

in raising awareness of the many funding opportunities, bringing specific advice to 

prospective participants in Horizon-2020 project proposals. 

 

The Euratom “direct” actions 23 are being conducted in the institutes of DG JRC (mission 

statement in Annex 1.1) – mainly ITU in Karlsruhe, IET in both Petten and Ispra, and IRMM 

in Geel. The main JRC activities (2004 – 2013) related to RIE in nuclear fission and radiation 

protection are described in their project browser 119 and cover 3 domains: Nuclear safety and 

security; Security and crisis management; Reference materials and measurements.  A special 

effort is being made to facilitate access for interested students and research workers to the 

infrastructures of JRC. A quick overview of the nuclear fission programme of JRC is given 

here below. 

 

The JRC is working on the Safety of Generation II and III reactors through actions dedicated 

to safety of nuclear fuels and fuel cycles, nuclear reactor accident analysis and modelling and 

nuclear fuel cycle simulations, as well as knowledge and competence management, training 

and education in reactor design and operation. The JRC has also developed an initiative on 

NPPs that provides operational feedback on events of common interest. This initiative, called 

“EU Nuclear Safety Clearing House for Operational Experience Feedback” 120, is organised 

via a network of EU regulators and Technical Support Organizations. The JRC has launched a 

Science Hub 121 with the aim of bringing together, in a single platform, all scientific 

knowledge produced by the European Commission’s in-house science service and its research 

institutes across Europe. This Science Hub also features exchange and networking 

opportunities bringing together policy-makers, the scientific community and industry. 

 

The JRC is also working on Generation IV systems through actions dedicated to alternative 

nuclear fuel cycles, fundamental properties of actinides and nuclear materials, and materials 

performance assessment for safety. The GIF is a co-operative international endeavour 

organised to carry out the R&D needed to establish the feasibility and performance 

capabilities of the next generation of nuclear systems (Section 7). JRC is the implementing 

agent of the GIF Framework Agreement for Euratom. As a consequence, JRC is also the 

coordinator of all European contributions (i.e.: Euratom direct and indirect actions + Member 

States) to GIF related research conducted in the EU.  

  

It should be noted that the EC deals with nuclear activities from three angles:  

 

• nuclear safety is about the safe operation of nuclear installations. It is complemented by 

radiation protection and radioactive waste management. 

• nuclear security relates to the physical protection of nuclear material and installations 

against intentional malicious acts.  

• nuclear safeguards are measures to ensure that nuclear materials are used only for the 

purposes declared by the users. 

 

As a consequence, the JRC is particularly active in the above domains of Safety, Security and 

Safeguards (“3S”) – see also their “EN3S” E&T programme (Annex 5.2). JRC research 

 
118 NCP – http://ec.europa.eu/research/participants/portal/desktop/en/support/national_contact_points.html 
119 Search through Actions conducted since 2004 - http://projects.jrc.ec.europa.eu/jpb_public/mainMenu.html 
120 The overall objectives of the "Clearing House" is to facilitate efficient sharing and implementation of 

    operational experience feedback to improve the safety of  NPPs - https://clearinghouse-oef.jrc.ec.europa.eu/  
121 JRC Science Hub, a gateway to ten science areas - https://ec.europa.eu/jrc/en/news/discover-science-hub  

http://cordis.europa.eu/fp7/euratom-fission/about-infrastructures_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-infrastructures_en.html
http://cordis.europa.eu/fp7/euratom-fission/about-infrastructures_en.html
http://ec.europa.eu/research/participants/portal/desktop/en/support/national_contact_points.html
http://projects.jrc.ec.europa.eu/jpb_public/mainMenu.html
https://clearinghouse-oef.jrc.ec.europa.eu/
https://ec.europa.eu/jrc/en/news/discover-science-hub
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actions on Safety are described above. JRC research actions on Security and Safeguards are 

principally related to information analysis, nuclear and trace analysis for safeguards, 

providing metrological tools to support nuclear safeguard activities, forensic analysis and 

combat of illicit trafficking, nuclear traceability and sealing systems. The JRC also provides 

technical support for the implementation of EU instruments promoting nuclear safety outside 

the EU. This includes technical input for the development and implementation of projects of 

the above Instrument for Nuclear Safety Cooperation (INSC) and Instrument for Stability 

(IfS) supporting the strengthening of regulatory authorities and regulatory practices, 

improving NPP operational safety and dealing with legacy waste issues in more than 20 

countries world-wide (Section 4.5).  As far as Nuclear Knowledge Management (NKM) is 

concerned, JRC is exploring advanced data (or text) mining techniques with the aim to 

structure the knowledge and expertise stored in libraries and databank. All above JRC 

activities are conducted in close collaboration with the IAEA and with the OECD/NEA. 

 

Research on reference materials and measurements is also an important activity at JRC, 

through actions dedicated to nuclear measurement techniques, basic research in nuclear 

physics and nuclear data standards, radionuclide metrology for primary standardisation and 

policy support and environmental radioactivity monitoring.  

 

5.3 Towards a "European Higher Education Area" (ECTS - academia) and a “European  

      Area of Skills and Qualifications” (ECVET - continuous professional development) 

 

First remember the difference between education and training: 

 

• Education is a basic and lifelong learning process. It is broader than training, 

encompassing the need to maintain completeness and continuity of expertise across 

generations. It is essentially a knowledge transfer process, primarily involving academic 

institutions as "suppliers", and students as "customers". It deals mainly with knowledge 

(and understanding). 

 

• Training involves acquiring specific skills and competences - in addition to specific 

knowledge - required to properly perform a well-defined job or function, usually to an 

established standard. It is a knowledge, skills and competences (KSC) building process 

(other than regular education programmes), involving experts in continuous professional 

development as "suppliers", and learners (or participants) as "customers".  

 

The new governance structure for education and training in the EU is being developed 

following the “Open Method of Coordination” (OMC) 122. The OMC is a light but structured 

tool EU Member States use to cooperate at European level in the field of culture. For E&T in 

all sectors at EU level, two processes were set up by the Member States (Bologna 1999 and 

Copenhagen 2002), each with their own Agenda and Roadmap, namely: 

 

• Bologna Declaration on the "European Higher Education Area" (EHEA, June 1999):  

(in 1999, this Declaration had 29 signatory States; meanwhile, their number has risen to 

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

 

• Copenhagen Declaration on “enhanced European cooperation in VET” (Nov. 2002): 

 
122 European cooperation: the Open Method of Coordination (first introduced in the field of culture in  2008)  

   - http://ec.europa.eu/culture/policy/strategic-framework/european-coop_en.htm  

http://ec.europa.eu/culture/policy/strategic-framework/european-coop_en.htm
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signature by all countries of the European Economic Area (= 27 EU Member States + 

Iceland, Liechtenstein and Norway) + Switzerland + two candidate countries (FYROM, 

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

 

The above Copenhagen 2002 process, designed by DG EAC (Education and Culture) and 

implemented by the CEDEFOP agency, is particularly ambitious and innovative (Section 6.3): 

it involves Vocational Education and Training (VET) – i.e. Continuous Professional 

Development (CPD) - in all industrial sectors and services, at all educational levels. The 

European Credit System for Vocational Education and Training (= ECVET) was launched 

more than ten years ago and has been successfully tested in a wide range of service and 

industrial sectors (notably in aeronautics and the automotive industry). There are similarities 

to the Bologna 1999 process for students, based on the well-known European Credit Transfer 

and accumulation System (ECTS).  

 

ECVET’s objective is to promote mutual trust, transparency and recognition of learning 

outcomes regardless of the system or context in which they were acquired. Following the 

ECVET definition, "learning outcomes" are defined in terms of knowledge, skills and 

competences (KSC) that can be assessed and validated (definitions in Annex 5.4.1 and 5.4.2). 

"Learning outcomes" are in fact a key factor in the common language required between the 

world of education and that of work. ECVET points, if necessary, can be allocated to units of 

learning outcomes, enabling the learner to add these points to those necessary to achieve a 

particular qualification. The units of learning outcomes achieved in-house and/or abroad are 

recorded in a learner's "Personal Transcript of Records", e.g. as part of the Europass 123. The 

establishment of ECVET partnerships (including "Memorandum of Understanding" and 

"learning agreement" between "competent institutions") for lifelong learning and cross-border 

mobility is crucial. This EU policy for E&T is also aimed at facilitating freedom of 

establishment of individual citizens (and, in particular, service providers) amongst the MS, 

including for regulated professions.  

 

"The ECVET is a technical framework for the transfer, recognition and where appropriate, 

accumulation of individuals’ learning outcomes with a view to achieving a qualification. 

ECVET tools and methodology comprise the description of qualifications in terms of units of 

learning outcomes with associated points, a transfer and accumulation process and 

complementary documents such as Learning Agreements, transcripts of records and ECVET 

users’ guides." (source = Recommendation of EP and Council of 18 June 2009) 124. 

 

 
123 EUROPASS = “Five documents to make your skills and qualifications clearly and easily understood in  

     Europe” : Curriculum Vitae + European Skills Passport (containing: Language Passport; Europass Mobility;  

     Certificate Supplement; Diploma Supplement) - http://europass.cedefop.europa.eu/en/home 

     National Europass Centre in each MS - http://europass.cedefop.europa.eu/en/about/national-europass-centres 
124 Sources for EU policy in lifelong learning (DG Education and Culture, EAC-executive agency and Cedefop):  

   (1) EU instruments for lifelong learning and borderless mobility, and list of National Agencies (32 countries)  

        - http://ec.europa.eu/education/lifelong-learning-programme/national_en.htm   

   (2) the Copenhagen Declaration on enhanced European cooperation in vocational education and training  

        (30  November 2002)  - http://ec.europa.eu/education/pdf/doc125_en.pdf  

    (3) Recommendation of the European Parliament and of the Council of 18 June 2009 on the establishment of 

   a European Credit System for Vocational Education and Training (ECVET) - (Official Journal 2009/C 155/02)  

        - http://Eur-lex.Europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2009:155:0011:0018:EN:PDF   

http://europass.cedefop.europa.eu/en/home
http://europass.cedefop.europa.eu/en/about/national-europass-centres
http://ec.europa.eu/education/lifelong-learning-programme/national_en.htm
http://ec.europa.eu/education/pdf/doc125_en.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2009:155:0011:0018:EN:PDF
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Practical information about ECVET and "ERASMUS +" opportunities under Horizon-2020 is 

provided in each Member State by “ECVET support teams” 125. The aim is to offer better 

qualifications to the next generation of European talents, taking advantage of a variety of 

learning pathways, of the changing multicultural environment and of networks of 

competences. For example, recommendations are given regarding learning outcomes: they are 

usually defined in terms of "action verbs", based on the pioneering work of B Bloom in 

"learning in action" (taxonomy of educational objectives in the cognitive domain /Learning, 

Teaching, and Assessing/), Chicago, 1956) 126 or on adaptations (e.g. L W Anderson and D R 

Krathwohl, 2001) – practical examples of "action verbs" used to define knowledge, skills and 

competences are provided in Annex 5.4.1. Further developments of the ECVET system 

during 2014-2020 take place under the “Erasmus+” programme (Section 6.3).  

 

Currently implementation of a “European Area of Skills and Qualifications” is facing a 

number of challenges, such as: 

 

(1) consolidation of European policies and instruments related to mutual recognition (across 

the EU Member States) and transparency of skills and qualifications, including learners and 

workers, governmental bodies, education and training institutions, employers, qualification 

authorities, guidance services, experts 

 

(2) further implementation of a common qualification approach: a European reference system 

is needed to improve transparency between different countries’ national qualification systems 

(European Qualifications Framework for Lifelong Learning /EQF/) – see Annex 5.4.3 – it 

should be noted that Euratom E&T actions focus on EQF levels > 5 for historical reasons 

 

(3) development of a common taxonomy: a common language is needed between the world of 

education and the world of work – a first attempt of a common taxonomy in the nuclear sector 

was developed by the OECD/NEA in 2012 110 (Section 4.5 and Annex 5.4.4). 

 

(4) implementation of national quality assurance frameworks for VET providers in line with 

the European Quality Assurance reference framework for VET /EQAVET/  (e.g. how to 

improve quality assurance of e-learning in VET ?) 

 

(5) development of portfolios of units of learning outcomes under ECVET partnerships and 

dissemination of "Personal Transcripts of records" using, for example, the "Europass (CV 

and European Skills Passport)" format 123 to describe learning achievements and acquired 

qualifications in a coherent manner recognized by all potential employers in the EU. 

 

 
125 ECVET support teams: the ECVET User’s Group has developed several reference documents: a brochure 

answering questions about ECVET; a brochure giving an introduction into using ECVET for Geographical 

Mobility; a brochure with scenarios and examples on how ECVET can support Lifelong Learning; European 

Templates for Learning Agreement and Memorandum of Understanding - http://www.ecvet-projects.eu/   

* find "ERASMUS +" opportunities: http://ec.europa.eu/education/opportunities/index_en.htm 

NB: Cedefop - The Cedefop is the "Centre Européen pour le développement de la formation professionnelle"  

        or "European Centre for the Development of Vocational Training" - http://www.cedefop.europa.eu/EN/  
126 Taxonomy of educational objectives: the classification of educational goals (1956) - division into three 

"domains": Cognitive, Affective, and Psychomotor - http://en.wikipedia.org/wiki/Bloom's_Taxonomy 

A mythology has grown up around this Taxonomy handbook, possibly due to the large number of people 

learning about the taxonomy through second hand information. Bloom himself considered his handbook "one of 

the most widely cited yet least read books in American education". 

http://www.ecvet-projects.eu/
http://ec.europa.eu/education/opportunities/index_en.htm
http://www.cedefop.europa.eu/EN/
http://en.wikipedia.org/wiki/Bloom's_Taxonomy


84 

 

Making lifelong learning and cross-border mobility a reality (thereby improving 

employability across the EU) is thus an important objective of the Education, Youth and 

Culture policy of the EU. This requires, as a consequence, mutual recognition of job 

qualification processes amongst EU Member States.  Benefits could be drawn from IAEA's 

experience in nuclear knowledge management (NKM), in particular, regarding programme 

accreditation, as shown in the following excerpt from the IAEA 2014 report, "Nuclear 

Engineering Education: A Competence Based Approach to Curricula Development" 127 ": 

 

Independent assessment, review and evaluation by organizations external to the university are 

vital for the credibility of any academic programme, although approaches to accreditation 

vary widely. In some countries, a government ministry or agency carries out the accreditation. 

Alternatively, separate organizations, non-governmental in nature, undertake the 

accreditation. The accreditation process is extremely important to ensure quality in nuclear 

engineering academic programmes. 

 

5.4 "Euratom Fission Training Schemes" (EFTS) for lifelong learning and cross- 

border mobility – European Nuclear Education Network (2003) and EHRO-N (2009) 

 

Continuous improvement of nuclear safety culture is a key objective of Euratom research and 

training in nuclear fission and radiation protection, keeping in mind that safety is a process, 

not a state. Especially after the Fukushima accident, it is ever more necessary to provide 

sufficient and adequate knowledge, skills and competences, thereby ensuring international 

expertise. This is necessary in order to further improve global nuclear safety culture in 

operational conditions, and, in particular, to strengthen emergency preparedness and response 

in extreme accidental situations.  

 

As far as training is concerned, there are two types of initiatives in the Euratom RIE projects:  

 

• Euratom Fission Training Schemes (dedicated E&T actions - see ENEN association), using 

the instruments developed under the EU policy for Education, Youth and Culture (in 

particular, ECTS and ECVET – Section 5.1).  

 

• interdisciplinary training workshops embedded in collaborative projects, aiming to 

promptly transfer the latest scientific results to the research community (Annex 5.2.1). 

 

Faced with the challenge of shortages of skilled professionals, the nuclear fission community 

has called for a steady upgrade of the level of knowledge, skills and competences while 

striving to attract a new generation of experts. The time horizon of the nuclear sector, 

however, is a big challenge. It should be noted that the life cycle of new NPPs covers a period 

of approximately 100 years, from design and construction to dismantling and "green field". 

 

Several studies were conducted to evaluate the current workforce in the nuclear energy sector 

and to forecast future needs. Such studies are conducted, for example, in the European 

Human Resources Observatory - Nuclear Energy (EHRO-N) 128, under the umbrella of the 

European Nuclear Forum Energy (ENEF) 16 who was interested to better understand the skill 

gaps in the industry. This Observatory is also active in the practical implementation of 

ECVET in the nuclear sector (see Annex 3.3.2). The French nuclear energy sector employs 

 
127 IAEA - Nuclear Engineering Education - NUCLEAR ENERGY SERIES No. NG-T-6.4, Vienna 2014  

    - http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1626web-52229977.pdf 
128 EHRO-N (the implementing agent is EC DG JRC IET, Petten, Netherlands) - http://ehron.jrc.ec.europa.eu/ 

http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1626web-52229977.pdf
http://ehron.jrc.ec.europa.eu/
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the biggest share of all nuclear experts in the EU. In a 2013 study of the EHRO-N, the need 

for specific profiles of employees for the French nuclear energy sector (a study done for up to 

2012) was taken as the basis for a hypothetical breakdown by main profiles of employees in 

the nuclear energy sector for the EU as a whole. Thus, in the EU, the workforce in the nuclear 

energy sector, which in total is estimated at some 500 000, is hypothetically divided like this: 

• 16% are nuclear experts 

• 74% are nuclearised engineers, other graduates, and technicians 

• 10% are support and other employees (so called nuclear-aware employees). 

 

A similar breakdown is proposed in the so called competence pyramid mentioned in the 2012 

OECD report on “Nuclear Education and Training: From Concern to Capability” 110. 

 

It should be recalled that Euratom E&T actions are primarily addressing students as well as 

research and industry workers with higher education levels, i.e. EQF level 6 to 8 (= bachelor, 

master and doctorate levels or equivalent, respectively – see Annex 5.4). The "Euratom 

Fission Training Schemes" (EFTS) are Euratom indirect actions ("coordination actions") in 

specific areas where a shortage of skilled professionals has been identified. The target public of 

EFTS is shifting from students (education) to learners (training). The emphasis is on safety-related 

jobs or functions of EU interest in applications of nuclear fission energy and ionising radiation. The 

proposed training schemes consist of portfolios of units of learning outcomes (made up not 

only of knowledge, but also of skills and competences /KSC/) that are needed to perform jobs 

or functions identified (e.g. in the above EHRO-N and OECD/NEA studies) as critical.  

 

Knowledge is usually created in higher education institutions and in (private and public) 

research organizations. Skills and competences are usually the result of specific training and 

on-the-job experience, required to properly perform a specific job or function, usually to an 

established standard. Development of skills and competences – over and above knowledge – 

are of course essential, especially in jobs or functions where safety (and/or security) culture 

plays an important role 63 (see also discussion in Section 4.5 on “training and tutoring” for 

educating both young and experienced experts based on real day-to-day work).  

 

The EFTSs quite naturally take into account a number of scientific-technological and socio-

political “end user requirements” (Section 1.2) and are based on the EU education and 

training instruments (in particular, ECTS in the Bologna 1999 process and ECVET in the 

Copenhagen 2002 process). These training schemes are ambitious modular VET or CPD 

programmes (usually 3 years, total budget of circa Euro 1 million each of which 80 % are 

paid by EC). The EFTS is thus a significant development across the EU, aimed at structuring 

training and career development in the sectors of nuclear fission and radiation protection.  

 

First attempts are being made to develop, in synergy with the regulators, a EU approach for 

assessing and validating portfolios of learning outcomes in connection with specific jobs or 

functions. This is the case, in particular, of those EFTS dedicated to radiation protection 

safety culture that are based on EC DG ENER guidelines 129 for “learning outcomes” 

expressed in terms of knowledge, skills and competences (e.g. FP7 projects ENETRAP III 

and EUTEMPE RX in Annex 5.1). They are currently discussing with authoritative expert 

associations such as HERCA 17 about mutual recognition of qualification processes. 

 

 
129 RP-174 and RP-175 - http://ec.europa.eu/energy/nuclear/radiation_protection/medical/publications_en.htm  

http://ec.europa.eu/energy/nuclear/radiation_protection/medical/publications_en.htm
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As far as cross-border mobility of experts is concerned, however, attention should be drawn to 

a potential barrier: in some EU countries, a national licensing process is required for specific 

jobs or functions ("regulated" safety-related jobs, usually at higher education level).  

 

To ensure the highest achievable standards for nuclear education and training at EU level, a 

non-profit association was formed in September 2003 (under French 1901 law): this is the 

European Nuclear Education Network (ENEN) 130. This legal entity, located at CEA / INSTN 

Saclay-Paris, is composed of 66 members as of March 2015 (universities, research 

organisations, industry) from 18 EU Member States + Switzerland, South Africa, the Russian 

Federation, Ukraine and Japan. As far as international collaboration is concerned, ENEN has 

signed a Memorandum of Understanding (MoU) with the Joint Research Centre (JRC) of the 

European Commission, with the European Nuclear Society (ENS), with the International 

Atomic Energy Agency (IAEA), with the Nuclear Energy Agency (OECD / NEA) and with 

the World Nuclear University (WNU). The synergy of ENEN with national E&T networks 

(Annex 5.3.1) in EU Member States and with the European Technology Platforms  16 and 

authoritative expert associations 17  is also instrumental for the success of Euratom E&T 

actions. 

 

The ENEN members play a key role in the design and implementation of the above "Euratom 

Fission Training Schemes". As of February 2014, there are 11 EFTS in total - more are 

planned under Horizon-2020, following the standard competitive process of EU research 

programmes. One of the aims of the EFTS is to contribute to the continuous improvement and 

dissemination of safety culture competences in all domains concerned (NPP and medical).  

 

A list of EFTS follows, together with their respective "end-users" and contractual duration 

(Annex 5.1 contains the main objectives, list of participants and website of each EFTS): 

 

• 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 and 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 2016) 

• ENEN-RU-II - Cooperation with Russia in Nuclear E&T and Knowledge Management: 

mirror project by ROSATOM and MEPhi (July 2014 – June 2017) 

 
130 European Nuclear Education Network (ENEN) - http://www.enen-assoc.org 

http://www.enen-assoc.org/
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• ENETRAP-III - European Network on E&T in Radiological Protection: addressing mainly 

the nuclear regulatory authorities and TSOs (June 2014 – May 2018). 

 

Some of the above EFTS are developing Europasses 123 for specific jobs or functions, based 

on Personal Transcripts of Records: portfolios of units of learning outcomes are defined 

through various paths (traditional face-to-face or virtual classroom education, Tutoring & 

Training, internships, workshops, webinars, electronic on-line or blended learning – also 

called “e-“ or “b-“learning" - or even "flipped classroom" and MOOCs – see Annex 5.3).  

 

It is clear, however, that the above mentioned Europass will never constitute per se a license 

of a practice or an official authorisation (in the regulatory sense following national or 

Euratom legislation) e.g. 

  - in nuclear installations: to construct, operate or supervise, or to release radioactive effluents  

  - in the medical domain: to establish a diagnosis or administer patient doses. 

 

As success stories of lifelong learning and cross-border mobility programmes, based on 

ECVET implementation under Euratom FP7, the following list of jobs or functions in nuclear 

fission and radiation protection should be noted:  

 

• "Fluid System Construction and Commissioning Engineer" (ENEN III project) 

• "Radiation Protection Expert" /Euratom  BSS 2013 Directive/ (ENETRAP II project)  

• “Safety Analysis Expert for Deep Geological Disposal” (PETRUS II project) 

• "Medical Physics Expert" /Euratom BSS 2013 Directive/ (EUTEMPE RX project) 

• "Compliance of Contractors with Safety Systems" (TRASNUSAFE project) 

• "EuroMaster in nuclear and radiochemistry /NRC/" (CINCH II project) 

• "Executive Euromaster in nuclear reactors and fuel cycles" (GENTLE project) 

•  "European Master in Radioecology" (Norwegian University of Life Sciences -  

   Environmental risk from radioactive nuclides, Prof. Brit Salbu, N-1432 Ås, Norway)  

 

As far as education and training towards the needs of industry is concerned, the European 

Master in Nuclear Energy (MSc EMINE) should be mentioned: this is an initiative of the KIC 

InnoEnergy aiming at establishing a partnership between universities, major companies and 

research institutes which are hosting EMINE students for hands-on exercises at their 

experimental reactor sites (in particular, EDF and CEA – Annex 5.2.1).  
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6 - EURATOM OBJECTIVES UNDER THE SET-PLAN AND HORIZON-2020: SYNERGY BETWEEN 

RESEARCH, INNOVATION AND EDUCATION  

 

In November 2007, as a follow-up of the EU Council of March 2007, the EC published a 

European Strategic Energy Technology Plan (SET-Plan) 131, which was endorsed by the EU 

Energy Council in February 2008. The estimated budget for the SET-Plan is up to Euro 72 

billion over 10 years (“Investing in the Development of Low Carbon Technologies (SET-

Plan)” - COM(2009) 519 - Brussels, 7.20.2009). Under the SET-Plan, a strong technology 

push is being undertaken by the EU and Member States to address the main bottlenecks. 

Breakthrough energy solutions are proposed from the creation stage through to first-of-a-kind 

deployment and system integration stages. The SET-Plan, first of all, proposes a new 

governance method for energy technologies, based on joint strategic planning. The Set-Plan 

has changed the way energy research is performed in Europe. Many national Energy Research 

Strategies are clearly aligned to the objectives of the SET-Plan (Annex 2.4.1).  

 

The SET-Plan has two major timelines, which are important, in particular, for the planning of 

long-term RIE actions in the energy field: 

 

• by 2020, the SET-Plan provides a framework to accelerate the development of cost-

effective low carbon technologies. With such comprehensive strategies, the EU is on track 

to reach the "Objectives 20/20/20 for 2020" (Section 2.2). 

• by 2050, the SET-Plan is targeted at limiting climate change to a global temperature rise of 

no more than 2°C (vision to reduce EU greenhouse gas emissions by 80 - 95%).  

 

Progress in implementation of the SET-Plan is reported in the Strategic Energy Technologies 

Information System (SETIS) 132 operated by DG JRC IET Petten. At the SET-Plan 

Conferences of Dublin (7-8 May 2013) and Rome (10-11 December 2014) 133, a broad range 

of stakeholders including the research community, industry, financial community, policy-

makers and international partners discussed the main achievements and future prospects. 

 

6.1 "Innovation Union" - Turning ideas into jobs, green growth and social progress  

 

Horizon 2020, which is based on the Flagship Initiative "Innovation Union" (Section 1.2), 

pursues three priorities: (1) generating “Excellent science”, (2) creating “Industrial 

leadership” and (3) tackling “Societal challenges” 134 (details in the following sub-sections 

6.1.1, 6.1.2 and 6.1.3, respectively). 

 

6.1.1 Priority 1 - Excellent science (containing 4 topics ERC, FET, MSCA and ESFRI) 

 

• European Research Council or ERC 135: the focus is on frontier research by the best 

individual teams with total funding of Euro 13 095 million under Horizon 2020 

 

 
131 Strategic Energy Technology Plan - http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm 
132Strategic Energy Technologies Information System (SETIS) - seven roadmaps - http://setis.ec.europa.eu/about-

setis/technology-roadmap/the-set-plan-roadmap-on-low-carbon-energy-technologies 
133 Strategic Energy Technology Plan Conference 2013 Dublin - http://www.setplan2013.ie/  - and 2014 edition 

      in Rome "Driving the energy transition together: R&I for the Energy Union" - http://www.setplan2014.it/  
134 Horizon 2020 programme sections - http://ec.europa.eu/programmes/horizon2020/en/h2020-sections  
135 High quality research through competitive funding - European Research Council - http://erc.europa.eu/  

http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm
http://setis.ec.europa.eu/about-setis/technology-roadmap/the-set-plan-roadmap-on-low-carbon-energy-technologies
http://setis.ec.europa.eu/about-setis/technology-roadmap/the-set-plan-roadmap-on-low-carbon-energy-technologies
http://www.setplan2013.ie/
http://www.setplan2014.it/
http://ec.europa.eu/programmes/horizon2020/en/h2020-sections
http://erc.europa.eu/
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The ERC is the independent body that funds investigator-driven frontier research by 

individual teams in the EU. Created in 2007 (it was part of FP7) to provide a new source and 

strategy for competitive funding, based on peer-reviewed excellence as the sole criterion for 

success, the ERC is aiming to set new standards and create a level playing field for research 

of an interdisciplinary nature. The evaluation criterion is “ground-breaking nature, ambition 

and feasibility” in relation to the Principal Investigator and the research project.  

 

The total budget allocated to the ERC for the previous period 2007 to 2013 was Euro 7.5 

billion (i.e. 15% of the overall FP7 budget / support to more than 10 000 doctoral students and 

more than 5 000 postdocs). National Contact Points have been set up throughout Europe to 

provide information about ERC and personalised support to applicants in their native 

languages. 

 

Three panels are considered in ERC:  

- "Physical Sciences & Engineering" (PE / 44 %) 

- "Life Sciences" (LS / 39 %) 

- “Social Sciences & Humanities” (SH / 17 %).  

 

The following sub-panels cover basic research that could be of interest to nuclear fission and 

radiation protection: "Fundamental constituents of matter" (PE2), "Synthetic Chemistry and 

Materials" (PE5), and "Molecular and Structural Biology and Biochemistry" (LS1), “Cellular 

and Developmental Biology” (LS3). For example, the UNCLE project ("Uranium in non-

conventional ligand environments", March 2009 – April 2012) in the category PE5 was 

developing a uranium nitride complex which could help in work to extract and separate the 

few per cent of highly radioactive material in waste 136.  

 

• Future and emerging technologies (FET) programme 137 (originally launched by DG 

CONNECT) with a budget of Euro 2 696 million under Horizon-2020 

 

For example, the FET Flagships are visionary, large-scale, science-driven research initiatives 

which tackle scientific and technological challenges across scientific disciplines, requiring 

sustained support of up to 10 years. The two winners of the first call in 2010 were the 

Graphene and the Human Brain Project. Other “FET” research projects deal with the 

development of better tools to capture information, to extract knowledge, to construct and to 

validate the models for complex systems (e.g. data mining, multi-level modelling, etc.). 

 

• Marie Skłodowska-Curie actions 138 (MSCA – new name for Marie Curie Actions) and 

COFUND with a total funding of Euro 6 162 million over Horizon-2020  

 

Marie Skłodowska-Curie research fellowships are research grants available to researchers of 

all ages and levels of experience in all research fields. The aim is to provide opportunities for 

training and career development, including in the private sector, while encouraging movement 

across borders (within and outside the EU).  

 
136 "Scientists create 'trophy molecule' that could revolutionise nuclear industry" (= understand the nature and 

    extent of the covalency in the chemical bonding of uranium) - http://cordis.europa.eu/news/rcn/34791_en.html  
137 Future and emerging technologies - FET is the incubator and pathfinder for new ideas for long-term research. 

    Its mission is to promote high risk research, offset by potential breakthrough with high technological or  

    societal impact - http://ec.europa.eu/digital-agenda/en/future-emerging-technologies-fet  
138 Marie Skłodowska Curie - Career Opportunities for Researchers    

    - http://ec.europa.eu/programmes/horizon2020/en/h2020-section/marie-sk%C5%82odowska-curie-actions  

http://cordis.europa.eu/news/rcn/34791_en.html
http://ec.europa.eu/digital-agenda/en/future-emerging-technologies-fet
http://ec.europa.eu/programmes/horizon2020/en/h2020-section/marie-sk%C5%82odowska-curie-actions
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There are several types of MSCA: 

 

- research networks: support for Innovative Training Networks (ITN) 

- individual fellowships (IF): support for experienced researchers undertaking mobility 

(the MSCA also support industrial doctorates, combining academic research study 

with work in companies, and other innovative training that enhances employability 

and career development) 

- International and inter-sectorial cooperation through Research and Innovation Staff 

Exchanges (RISE) 

- Co-funding of regional, national and international programmes that finance 

fellowships involving mobility to or from another country (COFUND actions).  

 

For example, the Fellowship project URALLOY (April 2012 – March 2014) at the University 

of Bristol deals with Uranium alloys (in particular, the chemical behaviour of uranium-

molybdenum alloys in contact with gases and vapours) 139. 

 

• "European Strategy Forum on Research Infrastructures" /ESFRI/, including nuclear 

facilities (JHR and MYRRHA) 

 

State-of-the-art research infrastructures have become increasingly complex and costly, often 

requiring integration of different facilities, services and data sources, as well as extensive 

transnational collaboration. The objective is to ensure the implementation and operation of 

EU and world class research infrastructures, including the development of regional partner 

facilities and the integration of and access to national research infrastructures.  

 

The "European Strategy Forum on Research Infrastructures" 140 /ESFRI/, created in 2002, 

brings together high-level stakeholders in charge of RD&DD (research – development – 

demonstration – deployment) of large infrastructures. They also produced a Roadmap and a 

map of research infrastructures that provide transnational access to researchers. The ESFRI 

Roadmap is an ongoing process. First published in 2006, with 35 projects, it was updated in 

2008 bringing the number of RIs of pan-European relevance to 44. The latest update focusing 

on projects dealing with energy, food and biology was published in December 2010 and 

identifies a total of 48 projects including 10 “success stories” of projects which were already 

under construction or operation by the end of 2010. It is a goal of the Innovation Union that 

60% should be implemented by 2015/16. ESFRI is committed to support this goal by helping 

projects achieve implementation. The total EU financial contribution to ESFRI projects until 

2013 amounted to around Euro 550 million.  

 

As far as nuclear fission research is concerned, two large facilities of EU interest - JHR and 

MYRRHA (see also Annex 3.6) – are identified in the ESFRI Roadmap. The following 

statement comes from the ESFRI strategy document: “In the field of nuclear fission, the need 

for further experimental reactors has been identified.” 

 
139 “Intra-European Fellowship” project URALLOY - http://cordis.europa.eu/projects/rcn/103674_en.html 
140 ESFRI has identified 48 projects for new research infrastructures or major upgrades (referring to  facilities, 

resources and related services) - http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri  

- JHR (Jules Horowitz Reactor – in ESFRI roadmap since 2006), a high flux reactor for fission reactor material  

   testing, built on the Cadarache site in France - http://www-cadarache.cea.fr/rjh/index.html  

- MYRRHA (Multipurpose hYbrid Research Reactor for High-technology Applications – in ESFRI roadmap 

   since 2010), a Fast Spectrum Irradiation Facility, planned in Belgium - http://myrrha.sckcen.be  

http://cordis.europa.eu/projects/rcn/103674_en.html
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri
http://www-cadarache.cea.fr/rjh/index.html
http://myrrha.sckcen.be/
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6.1.2 Priority 2 – Industrial leadership / focus on “Risk-Sharing Finance Facility” 

 

In order to maintain and increase the Union's industrial leadership there is an urgent need to 

stimulate private sector research and development and innovation investment, promote 

research and innovation with a business driven agenda and accelerate the development of new 

technologies which will underpin future businesses and economic growth. This Priority 2 

should facilitate access to risk finance for innovative companies and projects. 

 

The Risk-Sharing Finance Facility (RSFF, recently renamed "InnovFin", i.e.: EU Finance for 

Innovators) is of particular interest. RSSF is a joint effort of the EIB (European Investment 

Bank) 141 and the European Commission enabling the EIB to provide loans, guarantees, equity 

investment and other support. It is a facility that has been operational since 2007 and is 

reinforced under Horizon-2020. The aim is to improve access to debt finance for private 

companies and public entities investing in research and innovation in EU Member States and 

Associated Countries. This instrument can support riskier but creditworthy RDI (Research, 

Development, Innovation) projects through risk-sharing between the EU and the EIB.  

 

6.1.3 Priority 3 - Societal challenges (containing 7 topics, from health to transport) 

 

A budget of Euro 5 931 million has been allocated to topic no 3 (out of 6) of the Societal 

Challenges entitled “Secure, clean and efficient energy” for the period 2014-2020. As 

mentioned in Section 1.2.1, the Euratom RIE programme in nuclear energy (covering both 

fission and fusion) is a complement of Horizon 2020 (it is referred to under Societal 

Challenge no 3 of Horizon-2020 (see also Section 1.2.1). 

 

6.1.4 European Institute of Innovation and Technology (EIT) - KIC InnoEnergy 

 

The EIT 142 is an important programme within Horizon-2020: it is ranked at the same level as 

the above priorities no 1, 2 and 3 (above Sections 6.1.1, 6.1.2 and 6.1.3, respectively). The 

EIT, established in 2008 by the European Parliament and Council, aims to become a flagship 

for excellence in European innovation. Business creation activities are coupled with Research 

and Innovation Projects as well as with Education & Training. The EIT consists of a number 

of “Knowledge and Innovation Communities” (KIC) in all sectors of industry and society, 

with a funding of Euro 2 711 million under Horizon 2020. Furthermore the EIT provides 

enhanced opportunities for links with the EU Cohesion policy (Section 2.3).  

 

Of particular interest for nuclear fission research and training is the KIC InnoEnergy 143, a 

company created in 2009, with all its implications: built upon an industrial plan, results and 

output oriented, with commitment from shareholders for an initial period of 7 years, 

financially sustainable in the medium term. KIC InnoEnergy covers all the Set-Plan themes 

(next Section 6.2.1), shared between 6 Co-location Centres, one of which being "Sustainable 

nuclear & renewable energy convergence" (coordinated by the French node Colocation 

Centre Alps Valley; core members = AREVA, CEA, Grenoble INP and Ecole de 

Management) - see Annex 5.2.2.   

 
141 Sharing risk in research, development & innovation - http://www.eib.org/products/rsff/index.htm?lang=en  
142 The EIT integrates education and entrepreneurship with research and innovation: http://ec.europa.eu/ 

programmes/horizon2020/en/h2020-section/European-institute-innovation-and-technology-eit  
143 KIC InnoEnergy http://www.kic-innoenergy.com/homepage.html - http://eit.europa.eu/kics/kic-innoenergy/  
  - EuroMaster in Nuclear Energy - http://www.kic-innoenergy.com/education/msc-programmes/msc-emine.html 

http://www.eib.org/products/rsff/index.htm?lang=en
http://ec.europa.eu/%20programmes/horizon2020/en/h2020-section/European-institute-innovation-and-technology-eit
http://ec.europa.eu/%20programmes/horizon2020/en/h2020-section/European-institute-innovation-and-technology-eit
http://www.kic-innoenergy.com/homepage.html
http://eit.europa.eu/kics/kic-innoenergy/
http://www.kic-innoenergy.com/education/msc-programmes/msc-emine.html
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6.2 “Resource efficient Europe” - Towards a resource-efficient, low-carbon economy  

 

Based on wide consultation across the Member States, the EU proposed to launch a number of 

European Industrial Initiatives (EIIs), aligned with the SET-Plan objectives, that cover both 

energy efficiency and clean applications of primary energy sources, including nuclear fission. 

As far as Euratom RIE is concerned, two items of the SET-Plan are particularly interesting 

(EII and EERA – next sub-Sections 6.2.1 and 6.2.2). 

 

6.2.1 SET-Plan "European Industrial Initiatives" (EII) including “sustainable nuclear 

   Energy (ESNII) 

 

RD&DD (research – development – demonstration – deployment) of large industrial projects 

of common EU interest is one of the main challenges for implementation of the SET-Plan. A 

number of concrete actions (six EIIs in total, described below) are proposed for the period 

2010-2020, with detailed implementation plans and Technology Roadmaps, taking into 

account priorities and available resources. 

 

This European RD&DD programme on low carbon energy technologies has been estimated 

by the Commission together with the industry to cost between Euro 58 and 72 billion over 10 

years, divided between the EIIs (Euro 48 – 60 billion) and the Smart Cities Initiative (Euro 10 

to 12 billion). Costs should be shared between industry, the Member States and the European 

Commission. Typically, research and development programmes should have a prominent 

public and EU investment component, whereas the demonstration programmes should have a 

strong industrial drive (accompanied by public support, both EU and national) and the 

deployment programme should be under the responsibility of industry, thereby closing the 

RD&DD cycle. 

 

Here is the list of the six proposed EIIs and their cost estimates as of 2009 (currently under 

revision): 

 

1 - Wind energy (total public and private investment needed in Europe over the next 10 years 

is estimated at Euro 6 billion + creation of 250 000 skilled jobs) 

 

2 - Solar energy, including photovoltaics (PV) and concentrated solar power (CSP) 

(total investment needed is estimated at Euro 16 billion + creation of 200 000 skilled jobs) 

 

3 - Electricity networks (creating a real internal market; integrating a massive increase of 

intermittent energy sources; and managing complex interactions between suppliers and 

customers – total investment needed is estimated at Euro 2 billion) 

 

4 - Sustainable bio-energy (total is estimated at Euro 9 billion + creation of 200 000 jobs) 

 

5 - CO2 capture, transport and storage /CCS/ (total investment Euro 10.5 to 16.5 billion) 

 

6 - Sustainable nuclear energy (ESNII) 16 (total investment Euro 5 to 10 billion) 

 

Nuclear fission has to move towards long-term sustainability with a new generation of reactor 

type: Generation-IV. These will be designed to maximise inherent safety, increase efficiency, 

produce less radioactive waste and minimise proliferation risks. Commercial deployment is 
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foreseen for 2040, but to achieve that target, work has to start now. Section 7 is dedicated to 

the high-level goals agreed upon for Generation IV systems. 

 

The bulk of this EII no 6 (actions to be carried out by the Member States up to 2020) will be 

the design and construction of prototypes and demonstrators, fuel production workshops and 

experimental facilities, together with a research programme to develop new materials and 

components and thereby improve the industrial and economic viability of reactors. This effort 

will build upon a solid basis of competences and experience in current nuclear technology 

which is contributing to meeting the 2020 SET-Plan objectives. The total public and private 

investment needed in Europe over the next 10 years is estimated at Euro 5 to 10 billion. By 

2020, the first Generation-IV prototypes should be in operation. The first advanced co-

generation reactors (“CHP” or combined heat and power) could also appear within the next 

decade as demonstration projects to test the technology for coupling with industrial processes. 

 

EII no 6 is called the European Sustainable Nuclear Industrial Initiative (ESNII). It is an 

outcome of the SNE-TP 16 and was launched on 15 November 2010 at the SET-Plan 

Conference in Brussels. The ESNII addresses, in particular, the need for demonstration of 

Generation-IV fast neutron technologies, together with the supporting research infrastructures, 

fuel facilities and research work. The ESNII also covers part of the Euratom contribution 

under the intergovernmental GIF agreement. The three types of fast reactor (using, 

respectively, sodium, lead or gas as coolant) have a comparable potential for making efficient 

use of uranium and minimising the production of high level radioactive waste. When it comes 

to priorities, the previous work in the EU on sodium technology gives this option a strong 

starting position. As an alternative to sodium, however, the lead and gas fast reactors also 

offer a number of interesting features. 

 

        6.2.2 "European Energy Research Alliance" and “Education and Training Initiatives” 

 

The European Energy Research Alliance (EERA)  144 under the SET-Plan was established as 

a partnership between research organisations in October 2008. The key objective of the EERA 

is to integrate European research capacities in order to advance the SET-Plan long-term 

Agenda. A total of 13 Joint Research Programmes (JP) have been set up based on their own 

resources, to accelerate the development of new energy technologies in support of the SET-

Plan. This involves more than 2000 researchers from over 150 research organisations. In this 

way, cooperation between national research institutes is being elevated to a new level: from 

ad-hoc participation in uncoordinated joint projects to collectively devising and implementing 

joint programmes, combining national and Community sources of funding while maximising 

complementarities and synergies.  

 

Three priorities apply to EERA:  

 

(1) taking ideas out of the laboratory and developing them to the point where they can be 

taken up by industry is a step that needs to be considerably shortened 

 

(2) launch and implementation of 13 Joint Programmes /JP/ (with links with the European 

Industrial Initiatives to ensure industrial relevance) 

 

 
144 European Energy Research Alliance – 13 Joint Programmes - http://www.eera-set.eu/   

http://www.eera-set.eu/
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Four EERA JPs were launched in June 2010, Madrid (Photovoltaic; Wind Energy; Smart 

Grids; Geothermal), three in November 2010, Brussels (Carbon Capture and Storage; 

Materials for Nuclear /JP-NM/ 145; Bioenergy), six in November 2011, Warsaw 

(Concentrated Solar Power; Ocean Energy; Smart Cities; Advanced Materials and Processes 

for Energy Applications; Energy Storage; Fuel Cells and Hydrogen). 

 

(3) "Energy Education and Training Initiative" under the SET plan, involving universities  

 

The Energy Education and Training initiative was made up of 13 Working Groups and had 

their kick-off meeting in 2011: 

 

• Vertical Groups (11 in total): (1) Bioenergy / (2) Carbon Capture and Storage / (3) 

Concentrated Solar Power / (4) Energy Efficient Buildings, Heating and Cooling 

Networks, Smart Cities Integration Aspects / (5) Energy Storage / (6) Fuel Cells and 

Hydrogen / (7) Geothermal Energy / (8) Nuclear Energy / (9) Photovoltaics / (10) Wind 

and Ocean Energy // (11) Electricity Grids 

 

• Horizontal Groups (2 in total): (12) System Integration / (13) Coordination of Education 

and Training Systems. 

 

Working Group no 8 dedicated to "Nuclear Energy" was coordinated by the nuclear E&T 

partner of KIC InnoEnergy (i.e. Grenoble Institute of Technology /INP/) 143.  

 

Within the framework of the Strategic Energy Technology Plan (SET-Plan), stakeholders 

have formulated a collective "SET-Plan Roadmap on Education and Training" to foster 

transition to a low-carbon energy mix by 2050. This Roadmap was published by JRC / SETIS 

(= SET-Plan Information System) / 146 and presented at the Set-Plan Conferences 133 of 

Dublin in May 2013 and Rome in December 2014. A key element of the Roadmap is to bring 

about structural change in the European E&T landscape by enhancing the coordination and 

integration of national capacities through dedicated networks and fostering industrial 

involvement through targeted instruments and partnerships at EU level. The Euratom part of 

the SET-Plan Integrated Roadmap focuses on "Research and innovation actions /  

Competitive, Efficient, Secure, Sustainable and Flexible Energy System" (Annex 2.4.2). 

 

Here are the main guiding objectives: 

 

• to address needs and gaps in knowledge, skills and competences by building networks, 

pooling capacities and allowing rapid and broad-based replication 

• to reinforce the E&T system’s link with the business and research environment 

•  to plan and enable skill development and recognition, while at the same time facilitating 

the dissemination of new knowledge, techniques and tools. 

 

 
145 The JP on "Materials for Nuclear" groups together 16 participants (EERA JPNM coordinated by KIT, 

Karlsruhe): CIEMAT (ES), CEA (FR), CNR (IT), CNRS (FR), ENEA (IT), HZDR (DE), JRC (EU), KIT (DE), 

KTH (SE), NRG (NL), IRN (RO), PSI (CH), RCR Ltd. (CZ), SCK-CEN (BE), Uni. Oxford (UK), VTT (FI) and 

8 Associates (EDF, IET, MPA, KIT, POLITO, UA, ULB, UPC) - http://www.eera-set.eu/index.php?index=25 
146 "Strategic Energy Technology (SET) Plan Roadmap on Education and Training - Availability and 

mobilisation of appropriately skilled human resources" (Science and Policy Report by the JRC of the EC, 2014) 

Energy E&T Initiative (SET Plan) - http://setis.ec.europa.eu/setis-deliverables/education-training-roadmap 

http://www.eera-set.eu/index.php?index=25
http://setis.ec.europa.eu/setis-deliverables/education-training-roadmap


95 

 

The Roadmap serves as a programmatic guide for energy education and training activities 

within the EU and its Member States. It puts forward comprehensive E&T measures, which 

are the key for the development and uptake of low carbon technologies in Europe, thus 

contributing to SET-Plan implementation and the Energy Roadmap 2050 vision. Excerpts of 

this Roadmap concerning Euratom ("Integrated Challenge 4") are provided in Annex 2.4.2. 

 

6.3 “An agenda for new skills and jobs - A European contribution towards full 

employment” (“Erasmus+” programme 2014-2020)  

 

The main objective of the Flagship Initiative "An agenda for new skills and jobs" 13 is to 

contribute towards full employment in a global economy. DG EAC and DG EMPL 

(employment, social affairs and inclusion) are in charge of monitoring a number of actions in 

the context of the Education, Youth and Culture policy. Four key priorities are proposed: 

better functioning labour markets; a more skilled workforce; better job quality and working 

conditions; stronger policies to promote job creation and demand for labour.  

 

“Comprehensive lifelong learning” is quoted as a “considerable challenge”. Emphasis is on 

improved access to lifelong learning, thereby helping people move to high value added 

sectors and expanding occupations. The modularisation of learning programmes is fostered as 

a way of facilitating transition between the phases of work and learning. A number of flexible 

pathways should allow for the validation of formal, non-formal and informal learning and be 

based on learning outcomes. The stakeholders should be more closely involved in the 

implementation of lifelong learning. Effective incentives and cost sharing arrangements 

should be established to enhance public and private investment in continuing training of the 

workforce. 

 

“Erasmus+” is the new EC funding programme for Education, Training, Youth and Sport 

(2014 - 2020) 14 with a budget of Euro 14.7 billion under Horizon-2020 (i.e. nearly Euro 19 

billion at current prices). In times of austerity, it is also one of only very few programmes in 

the EU budget to have seen a strong increase in funding, a nearly 40% rise over the previous 

programme. This programme refers to three “Europe 2020” flagship initiatives: the 

“Innovation Union” and ‘Youth on the Move’ as well as the above-mentioned “Agenda for 

new skills and jobs”. 

 

The new Erasmus+ programme replaces seven programmes bringing together: the Lifelong 

Learning Programme (Erasmus, Leonardo da Vinci, Comenius, Grundtvig and Jean Monnet); 

the Youth in Action programme; five international cooperation programmes (Erasmus 

Mundus, Tempus, Alfa, Edulink, the programme for cooperation with industrialised 

countries); as well as the new sport action. 

 

It is worth stressing in the new Erasmus+ programme the emphasis put on lifelong learning 

(requested by people of all ages) and on cross-border mobility (increasingly globalised labour 

market): E&T systems must deliver the knowledge and skills requested by changing society. 

 

The programme is structured in three "Key Actions" reflecting the level of intervention, i.e. 

the individual level with "Key Action 1: learning mobility of individuals", the institutional 

level with "Key Action 2: cooperation for innovation and exchange of good practices" and 

finally the political and systemic level with "Key Action 3: opportunities to support policy 

reform". The list below presents some concrete examples of the type of activities that could be 



96 

 

supported by the Erasmus+ programme in the area of nuclear fission and radiation protection. 

A detailed description of the programme content and implementation modalities can be found 

in the Erasmus+ website 147. 

  

Key Action 1 - "Learning Mobility of Individuals" (at least 63 % of total budget) 

 

The objective is to offer learning, teaching and training mobility scholarships for students, 

trainees and staff from higher education or vocational training institutions in order to spend a 

teaching, learning or training period in another country. The mobility scholarships can 

concern short-term teaching/training assignments, as well as learning periods recognised as a 

part of the home degree or leading to the award of a full (joint or double) degree. The aim is 

to facilitate transition from education to the world of work. Transnational traineeships in 

enterprises and opening up access for learners to methods, practices and technologies used in 

other countries, will also help to improve their employability in a global economy. 

 

Of particular interest is the "Erasmus Mundus Joint Master Degree" that offers support to the 

creation and implementation of international master degrees organised and delivered by a 

consortium of higher education institutions and, if relevant, other types of organisations (such 

as research centres or public/private enterprises). The study/training programme must last 

between 1 and 2 years, includes a mandatory mobility in two different European countries and 

leads to the award of a double, multiple or joint degree (see also previous Erasmus Mundus 

programme 2009 – 2013 in website 148). 

 

Key Action 2 – " Cooperation for innovation and the exchange of good practices" (> 28 %) 

 

The focus is on strengthening innovative partnerships between higher education institutions 

and, where relevant, other types of organisations (such as research centres or public/private 

enterprises). For higher education, emphasis will be on capacity building, concentrating on 

neighbourhood countries as well as strategic partnerships with developed and emerging 

economies. 

 

The objective is to support activities aiming at strengthening the links and closing the gaps 

between the professional (/employment) sectors and the education (for the "Knowledge 

Alliances") or vocational training (for the "Sector Skills Alliances) sectors. Supported 

activities can concern inter alia the design, development and delivery of new 

learning/teaching approaches; the design of continuing education programmes with and 

within organisations; the development of joint innovative solutions for challenging issues; the 

definition of training needs in specific sectors. Five networking approaches are possible: 

 

• Strategic Partnerships in the field of education, training and youth: a number of field-

specific priorities have been identified, such as: higher education, VET (vocational 

educational and training), adult education, youth. For example, as far as "VET" is 

concerned, the emphasis is on supporting the development of high quality VET 149 with a 

 
147 Erasmus+ website:  http://ec.europa.eu/programmes/erasmus-plus/index_en.htm and 

https://eacea.ec.europa.eu/erasmus-plus/actions_en 
148 Erasmus Mundus - http://eacea.ec.europa.eu/erasmus_mundus/programme/about_erasmus_mundus_en.php 
149 Example of "Erasmus +" project in the nuclear sector: BRIDGE (September 2014 – August 2017) "Better 

undeRstandIng anD recoGnition of nuclEar skills and qualifications" - project conducted under the scheme 

http://ec.europa.eu/programmes/erasmus-plus/index_en.htm
https://eacea.ec.europa.eu/erasmus-plus/actions_en
http://eacea.ec.europa.eu/erasmus_mundus/programme/about_erasmus_mundus_en.php
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strong work-based learning component (including apprenticeships and dual learning 

models), involving strong partnerships between education and employment (in particular, 

companies and social partners).  

 

• Knowledge Alliances for higher education: 150 alliances are planned, involving 1500 

higher education institutions and enterprises. 

 

• Sector Skills Alliances (SSA) 150: 175 alliances are planned (average  grant  nearly Euro 850 

000 per project), involving (1) VET providers, (2) partners representative of a sector (e.g. 

enterprises) and (3) bodies responsible for qualification / certification / accreditation. One 

of the current strategic priorities consists of sectorial projects aiming at creating new 

sector-specific curricula, developing innovative forms of VET.   

 

• Capacity building in the field of higher education 

 

• Capacity building in the field of youth. 

 

There is also an action dedicated to IT support platforms and virtual mobility: deliver peer 

learning and exchange of good practices to a greatly enlarged group of potential beneficiaries 

(e.g. e-courses and virtual mobility, including collaboration with neighbourhood countries). 

 

Key Action 3 – "Prospective initiatives" or Support for policy reform (4.2%)  

 

The objective is to support the development of new policies in the fields of education, training 

or youth, as well as joint cooperation and mutual learning activities between stakeholders 

having impact on European policy making. 

 

6.4 Innovation challenges in Euratom (nuclear fission and fusion energy) 

(excellent science, societal challenges, integration in energy systems, sustainability) 

 

When setting up the objectives of Euratom Horizon-2020 for nuclear fission, various 

stakeholders were consulted (in particular, the European Technology Platforms and the 

authoritative expert associations) and their recommendations were taken into consideration. 

As a result, innovation (in particular, in connection with safety and sustainability) is at the 

heart of the current Euratom research and training programme in nuclear fission and radiation 

protection. This is naturally aligned with the main achievements of Euratom FP7 in the areas 

of knowledge creation and competence building, as is discussed in Section 5. 

 

As far as fission RIE under Horizon-2020 is concerned, a total of five scientific priorities 

were agreed upon (they are very similar to Euratom FP7 /2007-2013/ - Section 5.2): 

 

• Support safe operation of nuclear systems (Societal Challenges) 

• Contribute to the development of solutions for the management of ultimate waste 

(Excellent Science, Societal Challenges) 

• Support the development and sustainability of competences (Excellent Science) 

 
Strategic Partnerships for VET and composed of two universities and one training organisation (= "partner 

institutions") who joined in a consortium with one electronuclear utility (= "end-user institution") – Annex 5.4.5 
150 Education, Audiovisual and Culture Executive Agency in Brussels – see also Erasmus+ Programme Guide: 

    - http://ec.europa.eu/programmes/erasmus-plus/documents/erasmus-plus-programme-guide_en.pdf  

http://ec.europa.eu/programmes/erasmus-plus/documents/erasmus-plus-programme-guide_en.pdf
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• Foster radiation protection (Excellent Science, Societal Challenges) 

• Ensure availability and use of research infrastructures (Excellent Science). 

 

The above five scientific priorities are reflected in the work programme 2014-2015 of 

Euratom research and training 151. Two topics in the latter call-for-proposals are aligned, in 

particular, with the conclusions of the "2012 Interdisciplinary Study" 15 (Annex 1.3), namely: 

 

• NFRP 11: Modelling and analysing the energy system, its transformation and impacts 

• NFRP 12: Nuclear developments and interaction with society. 

 

In the longer term (beyond 2015), the priorities of the Euratom research and training 

programme will be aligned with the upcoming “Integrated Roadmap of the SET Plan”, also 

called "Strategic Energy Technology (SET) Plan / Towards an Integrated Roadmap - Energy 

System Research Innovation Challenges and Needs: Contributions from the Stakeholders". 

Following the above holistic approach, important energy system challenges are, for example: 

the "Active consumer at the centre of the energy system" (challenge 1), the "Demand focus – 

increasing energy efficiency across the energy system" (challenge 2), "System optimisation" 

(challenge 3), and "Secure, cost-effective, clean and competitive supply" (challenge 4) as well 

as "Education" and "Socio-economics in support of policymaking" (Annex 2.4). 

 

As far as fusion RIE under Horizon-2020 is concerned, many changes happened during the 

transition from FP7 to Horizon-2020. At the end of 2013, the European Fusion Development 

Agreement known as EFDA came to an end. EFDA was in charge of the Joint European 

Torus (JET, Culham, UK) and of “Fusion Associations”. EFDA used to cover 7 key physics 

and technology areas: 

 

• two Task Forces set up respectively in 2002 and 2003: Plasma Wall Interaction (PWI) 

and Integrated Tokamak Modelling (ITM) 

• Five Topical Groups set up in 2008: Fusion Materials Development; Diagnostics; 

Heating and Current Drive, Transport and Plasma Stability and Control. 

 

EFDA has since been reborn in the form of a consortium called Eurofusion 152. The JET 

actions have been collected in the NJOC (new JET operation contract – Euro 105 million). A 

major achievement in FP7 was the development of the European Fusion Energy Roadmap, 

approved by all EU fusion laboratories in late 2012. The Roadmap is goal oriented and 

outlines the research and technology developments needed to demonstrate fusion electricity 

production around the middle of the century (DEMO). Eurofusion thus supports roadmap 

missions and research in preparation of ITER. Eurofusion is also involved in the preparation 

of the new ITER generation of scientists. This is being done through the Fusenet Association, 

which is the coordination platform for European fusion education activities (Annex 5.2.5). 

 

As far as ITER (International Thermonuclear Experimental Reactor) is concerned, in 2010 

the Council decided to limit the EU’s contribution to Euro 6.6 billion. The total price of 

setting up the experiment is expected to be in excess of Euro 15 billion. By Decision of the 

Council of Ministers held on 7-8 February 2013, it was decided that ITER will not be 

incorporated in Horizon-2020 but in the Multiannual Financial Framework /MFF/ (together 

 
151 EURATOM WORK PROGRAMME 2014 – 2015 (European Commission C(2013)8563 of 10 Dec. 2013) 

 http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/euratom/h2020-wp1415-euratom_en.pdf  
152 EUROfusion - http://www.efda.org/newsletter/background-from-efda-to-eurofusion/ 

http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/euratom/h2020-wp1415-euratom_en.pdf
http://www.efda.org/newsletter/background-from-efda-to-eurofusion/
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with European satellite communication and navigation system /Galileo/ and Global 

Monitoring for the Environment and Security /GMES/). ITER will be financed by the MFF 

(outside H-2020) with a maximum amount of Euro 2 915 million for 2014-2020. 

 

The agreement on establishment of the ITER International Fusion Energy Organisation was 

signed on 21 November 2006 by 7 partners: the European Atomic Energy Community 

(Euratom), China, India, Japan, Korea, Russia and the United States. As the host party and 

largest contributor during the construction phase (five elevenths, around 45% of the total), 

Euratom has responsibilities and special obligations. The EU’s contribution is financed by 

Euratom (80% of the total) and by the host country, France (the remaining 20%), and covers 

construction and running costs, as well as contingency costs. A European Joint Undertaking 

for ITER was established in Barcelona (Spain) under the Euratom Treaty: this is the 

Development of Fusion Energy ("Fusion for Energy" or "F4E" in short) 153. It acts as the 

"Domestic Agency" to provide and manage the Euratom contribution to ITER Organization 

(IO) through contracts with industry and research laboratories. It is also responsible for the 

implementation of a programme of long term R&D activities in preparation for a future 

demonstration fusion reactor (DEMO – operation planned by 2040-2050). This is the result of 

Council Decision of 13 December 2013 regarding the European joint undertaking for ITER 

(above "Fusion for Energy"). 

 

 
153 Fusion for Energy (F4E): European Joint Undertaking for ITER - http://fusionforenergy.europa.eu 

http://fusionforenergy.europa.eu/
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7 – GENERATION-IV: BREAKTHROUGH TECHNOLOGIES TO IMPROVE SUSTAINABILITY, 

SAFETY & RELIABILITY, SOCIO-ECONOMICS AND PROLIFERATION RESISTANCE 

 

7.1 GENERATION-I, -II, -III AND -IV OF NUCLEAR FISSION REACTORS: RESEARCH, 

DEVELOPMENT AND CONTINUOUS IMPROVEMENT FOR MORE THAN FIVE DECADES  

 

Several generations of nuclear fission reactors are commonly distinguished (Generation-I, -II, 

-III and -IV).  

 

• Generation-I reactors were developed in the 1950-60s, and none are still running today. 

Gen-I refers to the prototype and power reactors that launched civil nuclear power, using 

natural uranium (U). This kind of reactor typically ran at power levels that were aiming to 

demonstrate technological and financial viability. 

 

During the period 1950 – 1969, reactor technology deployed in the following 

countries: USA, USSR, UK, France, Sweden, Italy, West German, Japan, Spain, 

Switzerland, Netherlands, Canada and Belgium – some were dual purpose reactors. 

 

Generation-II refers to a class of commercial reactors designed to be economical and 

reliable, following the model of the present US and French fleets, using enriched 

uranium. Gen-II systems began operation in the late 1960s and comprise the vast 

majority of the world’s 400+ commercial PWRs and boiling water reactors (BWR). 

They are derived from designs originally developed for naval use. As far as safety is 

concerned, these reactors use traditional active safety features involving electrical or 

mechanical operations that are initiated automatically or can be initiated by the 

operators of the nuclear reactors.  

 

In the 1970s reactor technology further deployed in Pakistan, India, Argentina, 

Bulgaria, East Germany, Armenia, Finland, Ukraine, Lithuania and Taiwan. In the 

1980s it was the turn of South Korea, Hungary, Lithuania, Czechoslovakia, South 

Africa and Brazil. Finally in the 1990s came Romania, Mexico and China. 

 

• Generation-III nuclear reactors are essentially Gen-II reactors with evolutionary, state-of-

the-art design improvements. These improvements are in the areas of safety systems 

(notably those related to severe accident management), fuel technology, thermal efficiency 

and digital instrumentation & control. Improvements in Gen-III reactor technology are 

aiming at achieving longer operational life for NPPs (typically up to 60 years of operation) 

and at higher fuel burnup (thus reducing fuel consumption and waste production). Perhaps 

the most significant improvement of Gen-III systems over Gen-II designs is the 

incorporation in some designs of passive safety features that do not require active controls 

or operator intervention but instead rely on gravity or natural convection to mitigate the 

impact of abnormal events.  

 

Gen-III designs have advanced safety features and set the worldwide standards for the Safety, 

Security and Safeguards concept (“3S”). However, they have also produced a legacy of 

significant quantities of used fuel, require relatively large electric grids, and present public 

acceptance challenges. 
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• Generation-IV reactor systems are nuclear alternatives some of which still require 

considerable research and development efforts. Conceptually, Gen-IV reactors have all 

features of Gen-III units, as well as the ability, when operating at high temperature, to 

support combined heat and power /CHP/ generation (aiming e.g. at producing economical 

and decarbonized hydrogen through thermal energy off-taking). In addition, these designs, 

when using fast neutron spectrum, include full actinide recycling and on-site fuel-cycle 

facilities based on advanced aqueous, pyro-metallurgical, or other dry-processing options. 

Gen-IV options include a range of plant power ratings, including "batteries" of 100 MWe, 

modular systems rated around 400 MWe, and large monolithic plants of up to 2000 MWe. 

 

It is worth recalling the IAEA definition of advanced nuclear plant designs: 

 

• "evolutionary" (Generation-III): the designs emphasise improvements based on proven 

technology and experience. No prototype is needed for their industrial deployment. From a 

safety point of view, the two aims of "evolutionary" reactors are a further reduction of the 

core damage frequency (e.g. increased use of passive safety, wherever justified) and a 

limitation of the off-site consequences, should a severe accident occur (e.g. strengthening 

the function of the containment) 

 

• “visionary” or "revolutionary” (Generation-IV): the designs emphasise the use of new or 

entirely revisited features, particularly with regard to full actinide management and 

enhanced safety. Prototypes will be needed for their industrial deployment. The main aim 

of these reactors is to integrate all GIF Goals in the design ("built in" features, not "added") 

and, in particular, to develop a "robust" safety architecture to demonstrate the "practical 

elimination" of severe accidents. 

 

"Generation-IV International Forum" and selection of six reactor systems (> 1000 MWe) 

 

In 1999 a group of nine countries, led by the U.S. Department of Energy (DOE), launched an 

international project to select a series of nuclear systems of a "revolutionary" type that would 

deploy industrially before 2040. The countries involved were: Argentina, Brazil, Canada, 

France, Japan, South Africa, the Republic of South Korea and the United Kingdom, as well as 

the USA. They all signed the GIF Charter in 2001, thereby creating the Generation-IV 

International Forum (GIF). The Charter was originally for a duration of 10 years, and in 2011 

the signatories unanimously prolonged this duration indefinitely. In 2002, Switzerland too 

became a forum member. The European Atomic Energy Community (Euratom) which 

represents the EU Member States, signed the Charter on 30 July 2003 by a decision of the EC 

pursuant to Article 101(3) of the Euratom Treaty 1. 

 

The main goal of GIF is to foster world-wide the multilateral collaborative effort around next 

generation of nuclear reactor systems by fixing high-level goals and providing guidance in 

connection with viability and performance capabilities of the selected systems, as is reported 

in the GIF annual reports 154 and further discussed in next Section 7.2.  

 

 
154 GIF website (hosted at OECD/NEA) with GIF Annual Reports - Symposium Publications – Technology 

    Roadmap and R&D Outlook Publications: https://www.gen-4.org/gif/jcms/c_44720/annual-reports 

https://www.gen-4.org/gif/jcms/c_44720/annual-reports
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Six innovative nuclear systems (composed of power reactor and associated fuel cycle) were 

selected in 2002 after evaluation of more than 100 different designs by more than 100 experts 

from a dozen countries world-wide, namely: 

 

• Sodium-Cooled Fast Reactor System (SFR)  

• Lead-Cooled Fast Reactor System (LFR)  

• Gas-Cooled Fast Reactor System (GFR) 

• Molten Salt Reactor System (MSR)  

• Very-High-Temperature Reactor System (VHTR) 

• Supercritical-Water-Cooled Reactor System (SCWR). 

 

Most of the six systems employ a closed fuel cycle to maximise the natural resource base 

(non-fissionable but fertile Uranium-238) and minimise high-level wastes (minor actinides) to 

be sent to a repository. The bulk of the GIF international R&D effort is on power sizes 

ranging from 1000 to 2000 MWe (or equivalent thermal). Temperatures range from 510 °C to 

1000 °C, compared with less than 330 °C for today's light water reactors (LWR). The six 

systems and the related R&D projects are described in the GIF website 154. The emphasis in 

this introductory Section is on generic issues of EU interest.  

 

Moreover a number of GIF cross-cutting methodologies are under development, as follows: 

 

• the Risk and Safety Working Group (RSWG) which produced in 2011 a "Integrated Safety 

Assessment Methodology" (Section 7.5) 

• the Economics Modelling Working Group (EMWG) which produced in 2007 a "Cost 

Estimating Guidelines for Generation-IV Nuclear Energy Systems" (Section 7.6) 

• the Proliferation Resistance and Physical Protection Working Group (PR&PPWG) which 

produced in 2011 a "Evaluation methodology for PR&PP of Generation-IV nuclear energy 

systems" (Section 7.7). 

 

Accession to GIF brings with it certain obligations, including co-funding of the OECD/NEA’s 

GIF technical secretariat activities. The Nuclear Energy Agency (OECD/NEA) is indeed the 

official Depositary of the GIF Framework Agreement (FA). As a consequence, the NEA also 

is in charge of coordinating the international GIF R&D programme through various dedicated 

committees (see GIF website 154). 

 

As far as education and training in Generation-IV systems in the EU is concerned, it is worth 

mentioning the "Training scheme for the development and pre-conceptual design of 

Generation-IV nuclear reactors" proposed by SCK-CEN (Mol, Belgium) and AREVA GmbH 

(Offenbach, Germany) under the Euratom FP7 project ENEN-III (2009 - 2012). This Euratom 

Fission Training Scheme is defined in terms of Learning Outcomes related to Knowledge 

(e.g. structural integrity analysis), Skills (e.g. communication and organisational skills) and 

Attitudes (e.g. active versus passive behaviour), as discussed with relevant industrial 

stakeholders and training organisations concerned with Generation-IV - see Annex 5.1.2. 

 

Under the GIF umbrella, a senior industry advisory panel (SIAP), composed of executives 

from the nuclear industries of GIF members, was established in 2003 to provide 

recommendations on long-term strategic issues, including regulatory, commercial and 

technical aspects. In particular, the SIAP provides guidance on taking into account investor-
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risk reduction and incorporating the associated challenges in system designs at an early stage 

of development. For example, the SIAP was asked to advise the GIF on the following: 

 

• how to ensure the supply chain for Gen-IV systems, including identification of gaps in the 

supply of non-LWR reactor components (e.g. emphasis on availability of materials and 

industrial practices as well as international standards) 

• how to enhance knowledge management in advanced reactor R&D, given the history of 

knowledge management in the LWR industry (e.g. emphasis on capture of expert 

knowledge in a manner that “survives” changes in personnel). 

 

As far as official regulatory opinion w.r.t. Generation IV is concerned, in April 2014, the 

French Nuclear Safety Authority (ASN) clarified their position on the safety of future SFRs 

before the "Parliamentary Office for Evaluation of Scientific and Technological Options" 

(Opecst) and in writing: "For ASN, this new generation of reactors must provide significant 

safety gains compared to the third generation reactors of the EPR type". Regarding the Astrid 

prototype, ASN will be satisfied with "a level of safety at least equivalent to that required for 

the most recent reactors (Generation 3)". The reactor must also take into account all the 

lessons learned from the Fukushima accident. 

 

Finally a remarkable study by the French Technical Safety Organisation IRSN (Institut de 

Radioprotection et de Sûreté Nucléaire) should be mentioned: "Review of Generation-IV 

Nuclear Energy Systems" 155, December 2014. The IRSN carried out a review of the six 

systems from the point of view of safety and radiation protection. Their conclusion reads:  

 

"It should be borne in mind that any industrial deployment of a Generation-IV reactor system 

in France will be linked to its advantages, not only regarding reactor fleet operation and 

safety, but also in terms of the coherence and performance of the associated fuel cycle. This 

concerns all aspects relating to safety, radiation protection, material management and efforts 

made to minimise the quantities of radioactive waste generated, without overlooking the 

overall economic competitiveness of the nuclear system. Ultimately, the choice of system must 

be made as part of an integrated approach, based on studies that cover multiple criteria and 

all the aspects mentioned above." 

 

Small nuclear power reactors (< 300 MWe) 

 

A special mention is needed regarding small GIF systems of power under 300 MWe that are 

under construction in the world (preparing the licensing process and the industrial deployment 

phase of larger power plants).  

 

There is indeed revival of interest in small and medium (also called "modular") nuclear power 

reactors (SMRs) for generating electricity and/or process heat, mainly in view of export to 

emerging nuclear energy countries. The IAEA defines "small" as under 300 MWe, and up to 

about 700 MWe as "medium" – together they are now referred to by IAEA as small and 

medium reactors (SMRs). Generally, modern SMRs are expected to have greater simplicity of 

design, economy of series production largely in factories, short construction times, and 

reduced siting costs. As a result, the capital costs are reduced and electric power is provided 

 
155 IRSN 2014 Report “Review of Generation-IV Nuclear Energy Systems" 

http://www.irsn.fr/EN/newsroom/News/Pages/20150427_Generation-IV-nuclear-energy-systems-safety-

potential-overview.aspx 

http://www.irsn.fr/EN/newsroom/News/Pages/20150427_Generation-IV-nuclear-energy-systems-safety-potential-overview.aspx
http://www.irsn.fr/EN/newsroom/News/Pages/20150427_Generation-IV-nuclear-energy-systems-safety-potential-overview.aspx


104 

 

away from large grid systems These SMRs also are expected to have lower core damage 

frequencies and longer post-accident coping periods, due to a high level of passive or inherent 

safety. They are usually more resistant to natural phenomena and have potentially smaller 

emergency preparedness zones than currently licensed reactors.  

 

Several small reactors of power under 300 MWe are considered amongst the six GIF systems 

and are under construction in the world, notably in the areas of (V)HTR, LFR and SFR: 

 

• (V)HTR (High Temperature Reactor-Pebble-bed Modules /HTR-PM or HTR-200/ 

designed for commercial power generation) under construction in China:  

- the world first modular high temperature gas-cooled reactor demonstration plant 

(composed of two modules of 250-MWt, driving together a steam turbine generating 

200 MWe) will be installed at the Shidaowan plant, near the city of Rongcheng in 

Shandong Province. Design is by the Institute of Nuclear Energy Tsinghua University 

(INET) and development is by China Nuclear Engineering & Construction 

Corporation (CNEC) and Huaneng. Construction began at the end of 2012, with the 

pour of the concrete basemat occurring in April 2014. 

 

• LFR (pool type) firmly planned in the USA, in Russia and in the EU (Belgium): 

- a small size transportable system in the USA ("Small, sealed, transportable,   

 autonomous reactor" /SSTAR/: 45 MWt / 20 MWe) with a very long core life 

- a system of intermediate size in Russia (BREST-OD-300) that is to be built at the 

site of the Siberian Chemical Combine in Seversk (formerly known as Tomsk-7), 

Tomsk region (located in the south-eastern part of western Siberian lowland): 700 

MWt / 300 MWe, with uranium-plutonium nitride fuel with high density/ 

- a smaller and newer Russian design is the Lead-Bismuth Fast Reactor (SVBR-100) 

which is expected to be built at the site of the Research Institute of Atomic Reactors 

(NIIAR) in Dimitrovgrad, Ulyanovsk Volga region: 280 MWt / 100 MWe, with a 

wide variety of fuels (refuelling interval 8 years) 

- a fast spectrum irradiation facility with lead-bismuth coolant, focussing on minor 

actinide burning in SCK-CEN, Mol, Belgium (MYRRHA “Multipurpose hYbrid 

Research Reactor for High-technology Applications”), accelerator driven system of 

50-100 MWt, reactor project open to the research community – see Section 7.3. 

 

• SFR (small modular SFR configuration /SMFR/) planned under GIF: a small size (50 to 

150 MWe) modular-type reactor with uranium-plutonium-minor actinide-zirconium metal 

alloy fuel, supported by a fuel cycle based on pyro-metallurgical processing in facilities 

integrated with the reactor. 

 

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

 

In the millennium year 2000, the IAEA in Vienna launched a complementary initiative: the 

INPRO programme (International Project on Innovative Nuclear Reactors and Fuel Cycles 

(INPRO) 156. The aim was to help ensure that nuclear energy is available to contribute to 

meeting the energy needs of the 21-st century in a sustainable manner. This project was 

proposed at the United Nations Millennium Summit and confirmed by the UN’s General 

Assembly in 2001. To achieve this, INPRO brings together mainly nuclear technology users 

 
156 INPRO in Brief - International Project on Innovative Nuclear Reactors and Fuel Cycles, IAEA, 2012 

"Enhancing Global Nuclear Energy Sustainability" (INPRO: 40 members in 2014) - www.iaea.org/INPRO 

http://www.iaea.org/INPRO
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to jointly consider international and national actions that would result in required innovations 

in nuclear reactors, fuel cycles or institutional approaches.  

 

INPRO's membership currently consists of 41 Members (40 IAEA Member States and the 

European Commission), namely: 

 

Algeria, Argentina, Armenia, Bangladesh, Belarus, Belgium, Brazil, Bulgaria, Canada, Chile, 

China, Czech Republic, Egypt, France, Germany, India, Indonesia, Israel, Italy, Japan, 

Jordan, Kazakhstan, Kenya, Republic of Korea, Malaysia, Morocco, Netherlands, Pakistan, 

Poland, Romania, Russian Federation, Slovakia, South Africa, Spain, Switzerland, Thailand, 

Turkey, Ukraine, United States of America, Vietnam and the EC. 

 

INPRO produced in the early 2000's a methodology to assess the sustainability of Innovative 

Nuclear energy Systems (INS). In 2005, INPRO was requested to provide guidance in using 

the proposed methodology in the form of an INPRO assessment manual. The resulting 

INPRO manual 157 comprises an overview volume (no 1), and eight additional volumes 

(available on the IAEA website) covering the areas of economics (Volume 2), infrastructure 

(Volume 3), waste management (Volume 4), proliferation resistance (Volume 5), physical 

protection (Volume 6), environment (Volume 7), safety of reactors (Volume 8), and safety of 

nuclear fuel cycle facilities (Volume 9).  

 

In summary, INPRO focuses on the needs of the “end-users” of innovative systems (i.e.: 

focus on the demand side) while GIF is more concerned with the relevant international 

Research – Development & Demonstration – Deployment (RD&DD) collaboration (i.e.: focus 

on the supply side). As a result of the GIF and INPRO programmes, a framework exists 

world-wide for all stakeholders interested in research and innovation in nuclear fission. The 

aim is to solve not only scientific and technological but also political, socio-economic and 

environmental challenges related to nuclear fission systems of the 21-st century.  

 

OECD/NEA "Multinational Design Evaluation Program" (MDEP) 

 

International collaboration in the development of next generation systems was also stimulated 

on the regulatory side. A number of national regulatory authorities agreed to share the 

resources and the knowledge accumulated during their assessment of new reactor designs. As 

a result, the Multinational Design Evaluation Program (MDEP) 158 was launched in 2005 by 

the US-NRC.  

 

MDEP's main objectives can be defined as follows: 

(1) to enhance multilateral co-operation within existing regulatory frameworks 

(2) to encourage multinational convergence of codes, standards and safety goals 

(3) to implement the MDEP products in order to facilitate the licensing of new reactors, 

including those being developed by the GIF. 

 

 
157 INPRO manual - http://www-pub.iaea.org/MTCD/publications/PDF/TE_1575_web.pdf  
158 Multinational Design Evaluation Program  (OECD/NEA) - https://www.oecd-nea.org/mdep/index.html 

    As of November 2014, the MDEP members include national regulators from 12 countries: Canada (CNSC); 

    People's Republic of China (NNSA); Finland (STUK); France (ASN); India (AERB); Japan (NRA); Republic 

    of Korea (NSSC); Russian Federation (Rostechnadzor); Republic of South Africa (NNR); Sweden (SSM);  

    United Kingdom (ONR); United States (NRC). Current MDEP associate members include national  

    regulators from Turkey (TAEK) and United Arab Emirates (FANR). 

http://www-pub.iaea.org/MTCD/publications/PDF/TE_1575_web.pdf
https://www.oecd-nea.org/mdep/index.html
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The MDEP focusses notably on EPR, AP-1000, APR-1400, VVER and ABWR. Particular 

attention is devoted to "common regulatory practices and regulations that enhance safety", 

e.g. in the areas of design basis accidents and emergency core cooling system performances, 

severe accident requirements, digital Instrumentation & Control (I&C). Convergence of 

"codes and standards for designs" is fostered across the world. As far as GIF – MDEP synergy 

is concerned, a good collaboration exists with the Risk and Safety Working Group (RSWG). 

The technical secretariat of the MDEP  is with OECD/NEA (like for GIF). 

 

7.2 GOALS FOR GENERATION-IV AND GIF "TECHNOLOGY ROADMAP 2013" UNTIL 2030 

(THREE PHASES BEFORE DEPLOYMENT: VIABILITY, PERFORMANCE, DEMONSTRATION) 

 

In order to prepare the first GIF Technology Roadmap 2002 159, it was necessary to establish 

goals for these innovative nuclear energy systems. The goals had three purposes:  

 

• they served as the basis for developing criteria to assess and compare the systems in the 

Technology Roadmap 

• they were challenging and stimulated the search for innovative nuclear energy systems 

(both fuel cycles and reactor technologies) 

• they also served to guide the R&D on Generation-IV systems as collaborative efforts got 

underway. 

 

Four guiding principles were defined in 2002 in connection with the selection of the GIF 

systems: 

 

1. Sustainability (e.g. optimal utilization of natural resources, which is also related to 

    security of supply; waste minimization, environmental protection) / Section 7.4 

2. Safety & reliability / Section 7.5 

3. Economics (e.g. industrial competitiveness) / Section 7.6 (socio-economics) 

4. Proliferation resistance and physical protection / Section 7.7.  

 

Eight high-level technology “Goals for Generation-IV Nuclear Energy Systems” (also called 

GIF technology goals - see below) were announced in the original 2001 GIF Charter 98 

pertaining to the above four guiding principles (sustainability; safety and reliability; 

economics; proliferation resistance and physical protection). These ambitious goals are shared 

by a large number of countries as they aim at responding to the economic, environmental and 

social requirements of the 21-st century. They establish a framework and identify concrete 

targets for focusing GIF R&D efforts. 

 

(guiding principle 1) Sustainability 

 

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

2. Minimise radioactive waste and reduce the long term stewardship burden. 

 
159 * GIF Roadmap 2002 / “A Technology Roadmap for Generation-IV Nuclear Energy Systems”  

    (Dec. 2002): https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/genivroadmap2002.pdf 

    * GIF Roadmap 2013 / "Technology Roadmap Update for Generation-IV Nuclear Energy Systems:  

    Preparing Today for Tomorrow’s Energy Needs", January 2014, issued by the OECD NEA for the GIF  

    - https://www.gen-4.org/gif/upload/docs/application/pdf/2014-03/gif-tru2014.pdf 

https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/genivroadmap2002.pdf
https://www.gen-4.org/gif/upload/docs/application/pdf/2014-03/gif-tru2014.pdf
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Two major achievements should be ackowledged in this domain: 

• the needs of improved waste management, minimal environmental impacts, effective fuel 

utilization (e.g. by converting non-fissile U-238 to new fissile fuel) 

• development of new energy products that can expand nuclear energy’s benefits beyond 

electrical generation. 

 

(guiding principle 2) Safety and reliability 

 

3. Excel in safety and reliability 

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

5. Eliminate the need for offsite emergency response. 

 

Two major achievements should be ackowledged in this domain: 

• simplified designs that are safe and further reduce the potential for severe accidents and 

minimize their consequences, thereby enhancing public confidence in the safety 

• systematic consideration of human performance as a major contributor to the plant 

availability, reliability, inspectability and maintainability. 

 

(guiding principle 3) Economics 

 

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

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

 

Two major achievements should be ackowledged in this domain: 

• accommodation of future nuclear energy systems to the worldwide transition from 

regulated to deregulated energy markets (including new options for deploying NPPs) 

• anticipate needs for a broader range of energy products beyond electricity (including 

smaller units), such as hydrogen, process heat, district heating, and potable water. 

  

(guiding principle 4) Proliferation resistance and physical protection (Non Proliferation 

Treaty) 

 

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

provide increased physical protection against acts of terrorism.  

 

Two major achievements should be ackowledged in this domain: 

• further improvement of the safeguards in all nuclear material inventories involved in 

enrichment, conversion, fabrication, power production, recycling, and waste disposal 

• design advanced systems from the start with improved physical protection against acts of 

terrorism, thereby increasing public confidence in the security of nuclear facilities. 

 

The GIF Technology Roadmap 2002 159 defined three phases for each GIF system: 

 

• viability phase (pre-conceptual design): basic concepts for reactor technologies, fuel cycle 

and energy conversion processes, established through testing at appropriate scale under 

relevant conditions, with all potential obstacles identified and resolved, at least in theory; 

very preliminary cost analysis / 10-25 years required 

 



108 

 

• performance phase (conceptual design): assessment of the entire system, sufficient for 

procurement specifications for construction of a demonstration plant;  validation of waste 

management strategy; materials capabilities are optimized under prototypical conditions; 

detailed cost evaluation / 10-20 years needed 

 

• demonstration phase (preliminary design): demonstration of safety features through large 

scale testing; environmental impact assessment; safeguards and physical protection 

strategy for the system; application meetings with regulatory agency;– in view of the 

engineering design for the industrial phase / at least 10 years needed.  

 

It should be noted that only the above phases 1 (viability) and 2 (performance) are covered by 

the GIF collaboration agreements. As a consequence, the multilateral collaborative effort 

coordinated by the GIF covers the following design phases: 

 

• pre-conceptual and conceptual design: a "Viability Report" is produced, involving mainly 

fundamental research and academic institutions 

 

• preliminary design: a "Performance Report" is usually produced, involving mainly applied 

research organisations and industrial experts. 

 

The implementation of the last phase 3 (demonstration - preliminary design) is left to specific 

arrangements among GIF members, because it is considered to be too close to commercial 

exploitation. At the time being, half of the GIF systems are well advanced in their 

performance phase (conceptual design) whereas the other half is still in the viability phase 

(pre-conceptual design).  

 

After establishing the GIF Technology Roadmap2002, the GIF members expressed a strong 

will to establish an international legal framework. An important step then was the signature of 

the Framework Agreement for International Collaboration on Research and Development of 

Generation-IV Nuclear Energy Systems (in short, the GIF Framework Agreement or FA) 98: 

the original version of this FA was open for signature on 28 February 2005. It is in fact an 

intergovernmental agreement, from a legal point of view comparable to the ITER agreement 

(which was officially signed in Paris on 21 November 2006 by Ministers from the seven 

ITER Members – Section 6.4). Recently, on 26 February 2015, the GIF Framework 

Agreement was extended for another ten years, thereby paving the way for continued 

collaboration among participating countries. 

 

The Russian Federation and China joined GIF in 2006. As a result, the GIF has ten active 

members since 2006, i.e. members who have signed the Charter and signed, ratified or 

acceded to the GIF Framework Agreement and are effectively contributing to GIF work, 

namely: the USA, Canada, France, Japan, South Africa, the Republic of South Korea, 

Switzerland, Euratom as well as China and Russian Federation.  

 

Out of the six GIF systems, three are fast neutron reactors and thus have a closed fuel cycle 

(which makes them “sustainable”). They utilise fast neutrons, generating power from 

plutonium (Pu) while making more of it from the U-238 isotope. The gas (helium)-, lead-, and 

sodium-cooled fast reactors (GFR, LFR, and SFR) are designed to burn plutonium and minor 
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actinides. The actinides are separated from the spent fuel and returned to the fission reactors. 

One may consider a fourth and fifth system with full actinide recycle: the Molten Salt Fast 

Reactor and the Supercritical Water-Cooled Reactor (SCWR) which can be built as fast 

reactor systems.  

 

While the fast reactor systems of Generation-IV type get more than 60 times as much energy 

from the original uranium compared with the normal reactors, they are expensive to build and 

should still demonstrate that they are likely to offer a significantly improved level of safety 

compared with Generation-III reactors. Much more research is still required, e.g. few studies 

are available on the behaviour of these systems under severe accident conditions, as 

mentioned in the above mentioned French IRSN report 155. 

 

All above systems operate at higher temperatures than the Generation-II and -III reactors 

currently in operation – this is a 21-st century requirement of industry. The new systems range 

from a supercritical-water-cooled reactor (SCWR, the only one that is cooled by water), 

which operates above 500 °C, to a helium-cooled very-high-temperature gas reactor (VHTR), 

which has an operating temperature of 1000 °C. In particular, four are designed for hydrogen 

production. The very high temperature reactor (VHTR), helium- and lead-cooled fast reactors 

(GFR, LFR), and the molten salt reactor (MSR) are all designed to generate electricity and 

also to operate at sufficiently high temperatures, for example to produce hydrogen by thermo-

chemical water cracking.  

 

Each Generation-IV system requires R&D challenges: some are common to all, whereas 

others are system specific, as it is demonstrated by the following list of "projects":  

 

• Advanced fuel (AF) 

• Conceptual design and safety (CD&S) 

• Component design and balance-of-plant (CD&BOP) 

• Computational methods validation and benchmarking (CMV&B) 

• Fuel and core materials (FCM) 

• Fuel and fuel cycle (FFC) 

• Fuel qualification test (FQT) 

• Global actinide cycle international demonstration (GACID) 

• Hydrogen production (HP) 

• Materials and chemistry (M&C) 

• Materials (MAT) 

• System integration and assessment (SIA) 

• Safety and operation (SO) 

• Thermal-hydraulics and safety (TH&S). 

 

The distribution of "projects" is as follows: 

 

• the VHTR system consists of four "projects": HP, FFC, MAT (with  3 working groups: 

Metals, Graphite, Ceramics), CMB&V (and SIA soon to come) 

• the SFR system consists of five "projects": AF, GACID, CD&BOP, SO and SIA 
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• the SCWR system consists of four "projects": M&C, TH&S, SIA and FQT 

• the GFR system consists of two "projects": CD&S, FCM 

• the LFR and MSR systems have no signed arrangements (only a MoU) because of lack of 

sufficient participants – LFR and MSR run with their own rules, in parallel to VHTR, SFR, 

SCWR and GFR. 

 

The list of Generation-IV safety crosscut items comprises, for example system optimization 

and safety assessment methodology; emergency planning methods; licensing and regulatory 

framework; radionuclide transport and dose assessment; human factors. Additional R&D 

areas are proposed as: instrumentation & control; human machine interface; reactor physics 

and thermal-hydraulics; risk management; operation and maintenance. 

 

According to the updated GIF (Technology) Roadmap 2013 159, the most advanced GIF 

systems are as follows: SFR and LFR (performance phase due to finish in the early 2020s), 

followed by VHTR and SCWR (2025) and GFR and MSR (after 2030) - see Figure below. 

 

 
 

Figure: GIF Roadmap 2013 - viability, performance and demonstration phases 

 

The general strategy of the GIF members is to continue to build Generation-III reactors 

between now and 2040. For each system, three phases are planned as mentioned above (from 

pre-conceptual to final design): viability, performance and demonstration. The aim is to 

deploy the first commercial Generation-IV reactors around 2040, i.e. when the demonstration 

phase is completed (see GIF Technology Roadmap 2013 and above Figure). Expenditure so 

far is in line with the initial estimate of USD 6 billion over 15 years - about 80% of the cost is 

being met by the USA, Japan and France. 

 

7.3 "EUROPEAN SUSTAINABLE NUCLEAR INDUSTRIAL INITIATIVE" AND EURATOM 

RESEARCH AND TRAINING PROGRAMME IN FAST NEUTRON REACTOR SYSTEMS 

 

The EU Council approved the accession of Euratom to the GIF Framework Agreement in its 

Decision no. 14929/05, Brussels, 2 December 2005. This accession was notified in EU 

Commission Decision C(2006)7 of 12 January 2006.  On 11 May 2006, the European Atomic 



111 

 

Energy Community (Euratom) formally acceded and thus became a Party to the GIF 

Framework Agreement. As far as practical implementation is concerned, Article 2 of the latter 

EU Commission Decision states the following:  

"The Joint Research Centre is confirmed in its role as co-ordinator of the Community 

participation in GIF and thus will represent Euratom as its own "Implementing Agent" in 

accordance with Article III.2 of the Framework Agreement." 

 

As a consequence, the EU is committed to international cooperation in Generation-IV 

development, which is also linked to one of the initiatives of the European Strategic Energy 

Technology (SET-Plan, 2008), in particular, the European Sustainable Nuclear Industrial 

Initiative /ESNII/ discussed in this Section. As mentioned above, the Commission named its 

DG Joint Research Centre (JRC) as its Implementing Agent in representing Euratom interests 

in GIF. The JRC is thus the coordinator of all contributions of EU Member States related to 

GIF research (i.e.: Euratom indirect, direct actions and national research and innovation 

programmes – Section 7.1). 

 

It should be noted that in the EU, socio-economics is at the heart of many policies. Therefore 

the GIF guiding principle no. 3 (Section 7.2) "Economics" should cover a wider domain than 

just economics – ideally it should be renamed "Socio-economics". In this context, it should be 

recalled that, in view of their decision on the Euratom part of Horizon-2020, the EU Council 

(Council meeting of 28 June 2011) requested that the Commission "organise a symposium in 

2013 on the benefits and limitations of nuclear fission for a low carbon economy. The 

symposium will be prepared by an interdisciplinary study involving, inter alia, experts from 

the fields of energy, economics and social sciences". As a consequence, a "2012 

Interdisciplinary Study" was launched in April 2012, composed of two parts (scientific-

technological and socio-political) and published on the occasion of and presented at the 2013 

Symposium (Brussels, 26-27 February 2013) 15. 

 

An Ethics study covering all energy sources was also conducted in this context and was 

published in the proceedings of the above 2013 Symposium as well as in a separate EC/EGE 

document 63. The title of the Ethics study is "Ethical framework for assessing research, 

production, and use of Energy" – it was issued on 16 January 2013 and referred as “Ethics 

Opinion no. 27”.  

 

The above high-level “Goals for Generation-IV Nuclear Energy Systems” in fact are not new 

(e.g. Enrico FERMI / 1901 – 1954 / already mentioned similar goals) and are shared world-

wide by many countries (more than, strictly speaking, the GIF Members), as they aim to 

respond to a number of 21-st century requirements. It should also be noted that three of the 

GIF guiding principles (nos. 1, 2 and 3 – Section 7.2) are crucial for many energy generation 

technologies (whatever the primary energy source: renewable, fossil or fissile). Guiding 

principle no 2 “Safety & reliability” as well as security, in particular, are the subject of a 

recommendation (no. 4.2) in the above-mentioned “Ethics Opinion no. 27" which reads: 

“Proper impact assessment methodologies to compare the security and safety of the energy 

mix instruments are necessary.”. 
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In this context the important role of the "Sustainable Nuclear Energy Technology Platform" 

(SNE-TP) 16 should be stressed. The SNE-TP provides guidance to European research, 

innovation and education programmes in three domains, covering all generations of NPPs and 

the most important applications of nuclear fission, namely:  

 

1. NUclear Generation-II & -III Association /NUGENIA/ dedicated to Gen-II (e.g. 

long-term operation issues) / Gen-III (e.g. severe accident management) 

2. European Sustainable Nuclear energy Industrial Initiative /ESNII/ dedicated to 

Gen-IV systems of fast neutron type and associated fuel cycle facilities 

3. Nuclear Cogeneration Industrial Initiative /NC2I/. 

 

The ESNII is in fact an outcome of the above SNE-TP and was launched on 15 November 

2010 at the SET-Plan Conference in Brussels. It should be recalled that a more competitive 

resource-efficient economy (i.e.: moving towards a circular economy 39) is an important 21-st 

century requirements for transforming Europe. In this context, the ESNII addresses the need 

for closed fuel cycles in nuclear fission systems, i.e.: their focus is on Generation-IV fast 

neutron technologies including the supporting research infrastructures, fuel facilities and 

research work. As a result, the ESNII initiatives cover part of the Euratom contribution under 

the GIF Framework Agreement.  

 

According to the ESNII, the three types of fast reactors (using, respectively, sodium /SFR/, 

lead /LFR/ or gas /GFR/ as coolant) have a comparable potential for making efficient use of 

uranium and minimising the production of high level radioactive waste. When it comes to 

priorities, the previous work in the EU on sodium technology gives this option a strong 

starting position. As an alternative to sodium, however, the lead and gas fast reactors also 

offer a number of interesting features. 

 

In line with the priority put on fast neutron spectrum reactors, the ESNII is supporting the 

design and construction of four demonstrators (see also Annex 6.3), namely:  

 

• ASTRID demonstration reactor with sodium coolant (“Advanced Sodium Technological 

Reactor for Industrial Demonstration”) 

 

• MYRRHA research reactor project with lead-bismuth coolant (“Multipurpose hYbrid 

Research Reactor for High-technology Applications”) 

 

• ALFRED demonstrator with lead coolant (Advanced Lead Fast Reactor European 

Demonstrator) 

 

• ALLEGRO demonstrator with helium coolant (Gas Cooled Fast Reactor). 

 

NB: Historical reminder about the "European Fast Reactor" project (1984 – 1993) 

 

The bases for the "European Fast Reactor" (EFR) co-operation were laid in 1984 when the 

governments of Belgium, France, Germany, Italy and the UK signed a memorandum of 

understanding to harmonise their fast reactor development programmes and to come to a 
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more efficient pooling of their experiences and resources 160. Utilities, design companies and 

R&D organisations were involved during a decade.  

 

Three subsequent specific agreements were signed shortly after 1984: 

 

• the "R&D Agreement", relating to research and development, which was signed by 

European R&D organisations 

• the "Industrial Agreement", relating to co-operation in design, construction and marketing, 

which was signed by European design and construction companies 

• the "Intellectual Property Agreement", setting out the terms and conditions controlling the 

use of existing and future know-how information at the disposal of the European partners. 

 

More than 1000 specialists worked efficiently together, even if they were located in twenty 

or so offices and laboratories spread across Europe, and even if they belonged to several 

companies of different nature, terms of reference and management structures.  

 

The end of the EFR Project came almost unnoticed after the Concept Validation Phase, 

which expired at the end of 1993. First, the governments, especially in the United Kingdom 

and in Germany, withdrew from financing the Research and Development Program. Then 

the European utilities (European Fast Reactor Utilities Group /EFRUG/) stopped financing 

the design companies. It is believed nevertheless that the EFR collaboration represented a 

very successful example of how an advanced technological development can be handled 

across nations, thereby sharing costs and taking the benefits of international skills and 

expertise. 

 

7.4 SUSTAINABILITY (EFFICIENT NATURAL RESOURCE UTILISATION + MINIMIZATION OF 

RADIOACTIVE WASTE) 

 

Two GIF goals (nos. 1 and 2) are defined in connection with Sustainability: 

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

• 2. Minimise radioactive waste and reduce the long term stewardship burden. 

 

Before discussing sustainability of Generation-IV systems, a reminder about natural U and 

composition of spent nuclear fuel (SNF) is necessary 161. U natural is composed of 0.005 % 

U-234, 0.720 % U-235 and 99.275 % U-238. Fuel used in standard LWR relies on the fissile 

isotope U-235, which is typically enriched to U-235 concentrations in the range of 4 %. It 

should be noted however that some 40 % of the energy produced in the course of a nuclear 

fuel cycle in a LWR comes from plutonium-239 (Pu-239), which is thus an excellent fuel 

material. Moreover mixed oxide fuel (MOX, which is UO2 + PuO2), consisting of about 7-10 

% Pu mixed with depleted uranium (U-238), is equivalent to uranium oxide (UO2) fuel 

enriched to about 4.5 % U-235, assuming that the Pu contains about two thirds fissile 

isotopes.  

 

After about 3 years of permanence inside the reactor core, the spent fuel of a LWR of 1000 

MWe (typical burn-up of 40 000 MWd/tHM, initial enrichment to 4 % U-235; 5 years 

 
160 EFR: http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/25/028/25028985.pdf  

"The Story of the European Fast Reactor Cooperation", Dr. Willy Marth, Kernforschungszentrum Karlsruhe 

KfK 5255, Dezember-1993 - http://bibliothek.fzk.de/zb/kfk-berichte/KFK5255.pdf 
161 The Nuclear Fuel Cycle - Material balance for the annual operation of a 1000 MWe NPP  

- http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Introduction/Nuclear-Fuel-Cycle-Overview/ 

http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/25/028/25028985.pdf
http://bibliothek.fzk.de/zb/kfk-berichte/KFK5255.pdf
http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Introduction/Nuclear-Fuel-Cycle-Overview/
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cooling) is transferred to cooling pools (note: MWd/tHM = MegaWatt-days per ton of 

Heavy Metal).  

 

The average composition of the above SNF (5 years after unloading) is as follows:  

 

(i) 94 % U-238 

(ii)  1 % U-235 (hence, SNF is still enriched if compared to U natural) 

(iii) 1 % plutonium 

(iv) 4 % fission products and transuranium elements other than Pu, with the  

       following composition in average: 

 

• 3.35 % of stable fission products, which pose little concern (majority of non-

uranium isotopes) 

• 0.3 % of short lived strongly thermo-genic fission fragments, such as strontium-90 

and cesium-137 (with half-lives in the order of 30 years), which generate most of 

the hazard for the first hundreds of years of disposal 

• 0.1 % of long lived fission fragments, such as technetium-99, iodine-129 and 

cesium-135, that last for hundreds of thousands of years and must be isolated from 

the environment 

• 0.1 % of other less long lived fission products 

• 0.15 % of trans-uranium elements other than Pu, mainly minor actinides (MA) such 

as: neptunium (Np), americium (Am), and curium (Cm). 

 

The core of a standard NPP of 1000 MWe, like above-mentioned reactor contains about 72 

ton low-enriched uranium. According to the above composition of SNF, in a yearly 

operating cycle (refuelling annually with one third replaced, i.e. 24 ton U / year), the spent 

fuel contains about 23 ton uranium (including 240 kg U-235), 240 kg Pu-239 and about 1 

ton fission products and trans-uranium elements other than Pu. There are thus about 36 kg 

minor actinides (i.e.: Np, Am and Cm, equivalent to 0.15 % of total SNF). 

 

The radioactivity of the SNF evolves over time as the various elements decay. The same is 

true of its radiotoxicity (expressed in "Sv / metric tonne") versus natural uranium: that of 

fission products decreases very rapidly in a few hundred years and then persists at low level 

for millions of years, because of the presence of long-lived fission products. The radioactivity 

of the SNF in fact decays by a factor of 65 within one year after unloading from the reactor 

core, as a result of the decay of relatively short-lived fission products and actinides. The 

radioactivity of plutonium (mostly of half-lives 24 000, 6 500 and 87 years) represents less 

than 10 % of the total toxicity of the spent fuel when it comes out of the reactor. With the 

passage of time and the disappearance of the short-lived products, this proportion increases. 

Also minor actinides (Np, Am, Cm) contribute significantly to the radiotoxicity balance 

during a few thousand years. After several thousands of years, plutonium dominates and 

represents nearly 90 % of the radiotoxicity. 

 

A reminder about conversion (or transmutation) of fertile to fissile fuel might also be useful. 

The conversion ratio C is the ratio of the rate of production of fissile nuclei in a reactor 

(typically U-233, Pu-239, Pu-241), continuously generated from fertile material (typically 

Th-232, U-238, Pu-240), to the rate of consumption of fissile nuclei. If C is small, the 

reactor is called a burner (e.g. C = 0.6 in LWRs with 3 – 5 % U-235 in the initial fuel); if C 

is between 0.7 and 1.0 it is called a converter (e.g. C = 0.75 in LWRs with 5 % Pu). If C 

exceeds unity, it is called breeding ratio (BR): then it is a breeder (e.g. C = 1.4 in Liquid 
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Metal Fast Breeder Reactors /LMFBR/ with 15 – 20 % Pu). It should be noted that 

historically the main incentive for the development of fast breeder reactors was the extension 

of uranium supplies through a better use of U-238 which is non-fissionable in LWRs and is 

present at 99.275 % in natural uranium. 

 

Above GIF Goal no 1 "Generate energy sustainably and promote long-term availability of 

nuclear fuel" leads to the issue of Plutonium (in particular, Pu-239) as fuel for fast neutron 

spectrum reactors.  

 

In this type of reactors, a chain reaction takes place in which the neutrons are not thermalised 

(there is no moderator) but instead produce fission at relatively high energies (in the order of 

1.0 MeV). With Uranium fuel, Pu-239 is produced by the capture of neutrons in U-238: as 

mentioned above, the SNF contains 94 % U-238. As a result of this physical process (based 

on breeding of fissile Pu-239 fuel from non-fissionable but fertile U-238), fissile material is 

produced and consumed in the reactor before the fuel is removed, supplementing the original 

U-235 in the fresh fuel. To avoid thermalisation of the neutrons, fast breeder reactors use a 

coolant with high mass number to reduce moderation, such as liquid metals (e.g. sodium Na-

23 or lead Pb or eutectic lead-bismuth Pb-Bi, all in liquid state).  The fuel of fast breeder 

reactors is made of pellets of mixed Pu and U oxides: PuO2 (about 20 %) and UO2 (about 80 

%). Uranium depleted in U-235 is commonly used (residue from earlier enrichment) – non-

conventional (usually more expensive) uranium ores could also be used. An alternate 

breeding cycle is based on thorium: this implies conversion of fertile Th-232 to fissile U-233 

which is investigated in some countries (e.g. India, Canada / thorium is four times more 

abundant than uranium in the earth's crust). 

 

According to the GIF strategy, fast neutron reactors can be used also to consume unwanted 

plutonium (rather than to produce plutonium as a fuel) and to destroy other heavy elements 

in weapons stockpiles or radioactive waste: in this case they act as burners instead of 

breeders. 

 

Above GIF Goal no 2 "Minimise radioactive waste and reduce the long term stewardship 

burden" leads to the issue of recycling, i.e.: separating and conserving everything that is 

potentially recyclable (namely U and Pu).  

 

As regards Generation-II and –III, this approach nowadays is rather exceptional in the world. 

Recycling (or reprocessing) of civilian fuel in view of MOX fuel fabrication is performed in 

only few countries, namely:  

 

• in Europe: LWR fuel in Cap de la Hague site in France active (started in late 1950's and 

expanded through 1992) and in Sellafield site in the United Kingdom stalled (two nuclear 

fuel reprocessing plants: a plant for Magnox fuel from British reactors that started in the 

1960's, and the Thermal Oxide Reprocessing Plant (Thorp) for fuel from AGRs  and LWR 

from around the world),  

• in the Russian Federation active (LWR fuel in the “Mayak Chemical Combine”, situated in 

the province of Chelyabinsk in the southern Ural mountains) - takes back VVER-440 fuel 

from other countries  

• in Japan stalled (LWR fuel in two nuclear fuel reprocessing plants: Tokai plant that started 

operation in 1981 and Rokkasho-mura plant where Japan Nuclear Fuel Ltd hopes to get an 

operating licence by March 2016) 

• U.S.: none (no commercial reprocessing).  
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Smaller scale reprocessing plants are operating in Japan (FBR fuel at Tokai), in India 

(CANDU fuel at Tarapur and FBR fuel at Kalpakkam) and in China (LWR fuel at Lanzhou). 

It should also be noted that not-civilian (weapons) plutonium is used for MOX fuel 

fabrication (after reprocessing) in the USA (LWR-MOX fuel fabricated at Savannah River) 

and in Russia (LWR-MOX fuel fabricated at Tomsk). 

 

As regards Generation-IV, according to the GIF strategy, partitioning and transmutation 

(P&T) techniques can be used to further improve the desired recycling process. Application 

of these techniques to Pu and other heavy radionuclides, such as the minor actinides Np, Am 

and Cm, aims at reducing volume, heat and toxicity of ultimate radioactive waste for 

disposal. The benefits and limitations of P&T have been documented in the Euratom FP6 

project RED-IMPACT ("Impact of Partitioning, Transmutation and Waste Reduction 

Technologies on the Final Nuclear Waste Disposal") 162.  

 

As far as reprocessing in the U-238 / Pu fuel cycle is concerned, a number of chemical 

separation techniques have been proposed and developed in the past few decades. The most 

efficient process to date remains the PUREX process (Plutonium and Uranium Recovery by 

Extraction). This process uses nitric acid and organic solvents to dissolve and extract 

selectively U and Pu, resulting in two separate product streams (U on one side and Pu on the 

other side of the process chain). As far as reprocessing in the Th-232 / U-233 fuel cycle is 

concerned, the THOREX (Thorium Oxide Recovery by Extraction) technology must be used, 

also based on dissolution in nitric acid and solvent extraction (with special care however for 

the extraction of protactinium-233, for the separation of U-232 and U-233, and for the 

dissolution of thorium dioxide in pure nitric acid HNO3). 

 

Much of the calculated long-term waste hazard comes from a limited set of minor actinides 

(about 0.15 % of the SNF or 36 kg per year in a standard NPP of 1000 MWe, as explained 

above), with half-lives ranging from tens to millions of years such as Cm-244 and Np-237, 

respectively. Exposure of these radio-nuclides to high neutron fluxes could transmute them 

into much less hazardous nuclides. In such cases, chemical separations are necessary to 

allow the partitioning of selected groups of radio-nuclides into different waste streams.  

 

Generation-IV reactor systems of fast neutron spectrum type in fact include waste 

destruction as an integral part of the fuel cycle, rather than as a separate process. In a still 

more ambitious project, involving an accelerator-driven fission system, all the waste 

products are continuously recycled and selected trans-uranium nuclides destroyed. This is 

the purpose, for example, of the above-mentioned MYRRHA Project. 

 

In conclusion of this Section 7.4, Generation-IV systems of the fast neutron type will 

manage to enhance fuel utilisation (by recycling Uranium and Plutonium), while minimising 

volume, heat and toxicity of ultimate radioactive waste (by partitioning and transmutation). 

As a consequence, SNF is not waste but could become a huge source of power for the future, 

since the current Generations -II and -III of NPPs burn only a very small amount of the 

uranium resource. A very large amount of energy is still to be found in what has erroneously 

come to be known as “waste”. In fact up to 96 % (U-238, U-235, and Pu) could be recycled 

in Generation-IV reactor systems. Pu is thus not a liability but a "valuable asset": there will 

be plenty of fuel for once the U-238 resource can be optimally exploited, i.e.: when fast 

 
162 RED-IMPACT final report (2007, 23 partners, coordinated by Forschungszentrum Jülich):  

     ftp://ftp.cordis.europa.eu/pub/fp6-euratom/docs/red-impact-final-published-report_en.pdf 

ftp://ftp.cordis.europa.eu/pub/fp6-euratom/docs/red-impact-final-published-report_en.pdf
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neutron spectrum reactors of the Generation-IV type with actinide burning capacities come 

into service reactors.  

 

7.5 SAFETY & RELIABILITY (MAXIMUM SAFETY PERFORMANCE THROUGH DESIGN, 

TECHNOLOGY, REGULATION AND CULTURE) 

 

Three GIF Goals  (nos. 3, 4 and 5) are defined in connection with Safety and reliability: 

• 3. Excel in safety and reliability 

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

• 5. Eliminate the need for offsite emergency response. 

 

Before discussing safety & reliability of Generation-IV systems, a reminder about safety 

principles and the safety case approach is necessary. A pioneering role was played in this 

domain by a EC document in the early 1980's as it paved the way to later international 

documents (e.g. those elaborated by the IAEA): « Safety principles for LWR nuclear power 

plants », published as COM (81)519. Later on, the TMI and Chernobyl accidents stressed the 

importance of the work on international collaboration in the establishment of common safety 

objectives, and, in particular, regarding severe accident management. 

 

Safety objectives are fixed for every nuclear installation. These objectives should be 

measurable, both qualitatively and quantitatively, and should include both prevention of 

severe accidents and mitigation of the consequences, should prevention fail, as it has been 

clearly stated in a series of IAEA INSAG reports. When setting safety objectives, other 

factors (notably non-fatal health effects) should also be taken into account, as learnt from the 

historical severe accidents.  

 

In fact there are different philosophies in the world with respect to safety goals. For example, 

in the EU the fear of accidents, especially of (hypothetical) severe accidents, has led some 

countries to propose very stringent safety targets implying the “practical” prohibition of large-

scale evacuation and land contamination subsequent to an accident. It should be noted that, in 

the revised 2014 Euratom Safety Directive 79 the EU promotes the most stringent safety 

principles in the world to improve nuclear safety standards. Also worth noting is that the 2013 

Euratom "Basic Safety Standards" (BSS) Directive 78 recommends, in particular, that social, 

legal and ethical aspects should be included in addition to purely technical considerations. In 

the US approach for safety objectives until recently, the emphasis was placed on mortality and 

direct monetary costs of in- or off-site consequences, i.e.: Cost Benefit Analysis aspects were 

very important (e.g. taking into account the monetary value of human life, estimated up to 

several million US Dollars).  

 

Above GIF Goal no 3 "Excel in safety and reliability" refers, for example, to the need of 

providing robust safety cases describing the safety practices. In fact there is a good 

convergence of safety practices in the Member States, notably, in the following domains:  

 

• ALARA (As Low As Reasonably Achievable) policy to reduce the doses to the personnel 

and the public  



118 

 

• defence in depth and integrity of the successive barriers between the radioactive products 

and the environment (including active and passive safety systems) 

• radiological consequences of postulated accidents (see e.g. 2013 BSS Directive) 

• deterministic safety analysis => identification of postulated or design basis accidents  

• probabilistic safety analysis (PSA)  => evaluation of the overall risk from the plant, 

including severe accidents analysis and management (e.g. mitigation measures for high-

consequence low-frequency events) => PSA levels 1, 2 and 3. 

 

Above GIF Goal no 4 "Have a very low likelihood and degree of reactor core damage" 

requires a reminder of the Reactor Safety Study WASH-1400 163 in the USA which was in 

1975 amongst the first to examine the phenomenology of severe accidents. They used 

methodologies developed by the Department of Defence and the National Aeronautics and 

Space Administration (NASA) such as event trees and fault trees. They were then able to 

compare the likelihood of nuclear and non-nuclear accidents (man-caused events as well as 

natural events) having similar consequences (expressed in terms of fatalities and property 

damage in US Dollars). The main risk issues in NPPs of the LWR type were identified, 

namely: molten corium behaviour, fission product release and hydrogen combustion. A 

number of containment failure modes or challenges were identified as follows: 1. 

Overpressure; 2. Dynamic pressure (shock waves); 3. Internal missiles; 4. External missiles 

(not applicable to core melt accidents); 5. Melt-through; and 6. Bypass. As a consequence of 

WASH-1400 and of the introduction of PSA after the TMI accident, a number of regulatory 

authorities world-wide introduced nuclear safety objectives of the probabilistic type.  

 

Of particular interest are the following probabilistic safety criteria: Core Damage Frequency 

(CDF) and Large Early Release Frequency (LERF – typically 100 TBq Cs-137) calculated in 

Level 1 and Level 2 PSA, respectively. In INSAG-3, safety goals of the quantitative 

probabilistic type are proposed for both CDF and LERF: the LERF value is usually 10 times 

smaller than the CDF value. For existing NPPs, a safety target of < 10E-4 / reactor-year was 

proposed as the likelihood of occurrence of severe core damage (CDF). Accident management 

and mitigation measures should reduce the probability of large off-site releases (requiring 

short term off-site response) to < 10E-5 / reactor-year. Implementation of the INSAG Safety 

Principles at future plants should lead to safety improvements by a further factor of 10 (for all 

events). The latter threshold value (< 10E-6 / reactor-year) for unacceptable consequences is 

already required for existing NPPs in many OECD countries. For the radiological definition 

of the off-site release limits during normal operation and incidents and for the off-site release 

targets for accidents, other internationally widely recognised standards are usually taken, as 

the IAEA and/or EU Basic Safety Standards ("BSS"). 

 

GIF Goal no 5 "Eliminate the need for offsite emergency response" is embedded in the 

revised 2014 Euratom Safety Directive 79. It is also at the heart of the European Utility 

Requirement (EUR) 94 organisation. As far as safety requirements are concerned, the EUR 

organisation has dedicated special attention to severe accident management since the mid 

 
163 N.C. Rasmussen, “Reactor Safety Study: An assessment of accident risk in US commercial nuclear   

    power plants”, AEC Report, WASH-1400-MR (NUREG-75/014), United States NRC, Washington, DC, 

    1975 - http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/35/053/35053391.pdf 

http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/35/053/35053391.pdf
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1990's. Situations and phenomena which could lead to early failure of the containment 

system and subsequent uncontrolled large releases of fission products into the environment 

should be practically eliminated by design (Section 4.2.6). For example, for the evolutionary 

reactor "European Pressurized Reactor" (EPR), the main safety objectives are to further 

reduce the core melt probability and, in the hypothetical case of a severe core melt accident, 

to improve the containment of fission products by excluding in a “deterministic” way any 

major off-site damage, that is: to “practically eliminate”, by design, accident situations and 

phenomena that could lead to large early releases. 

 

The main question behind above GIF Goal nos. 3, 4 and 5 is:  how safe is safe enough ? To 

answer this question from a technical point of view, an integral assessment approach is 

needed. This is provided by the GIF through their Risk and Safety Working Group (RSWG). 

This group produced in 2011 a methodology, called the "Integrated Safety Assessment 

Methodology" (ISAM - GIF/RSWG/2010) 164 for use throughout the Gen-IV technology 

development cycle. ISAM allows evaluation of a particular Gen-IV concept relative to 

various potentially applicable safety metrics or “figures of merit”. ISAM is particularly 

efficient to assess active versus passive safety components and systems. To help facilitate 

the use of the methodology, in 2014, the RSWG developed a supporting Guidance 

Document for ISAM (GDI – Rev 1, 2014) to provide the users with further help for the 

ISAM implementation 165. 

 

The ISAM is a tool that can be used throughout from concept development to design and 

then to licensing. It combines probabilistic and deterministic perspectives. It improves 

understanding of safety related design vulnerabilities and the contribution to risk. It also 

helps identify areas for additional research and data collection. The ISAM consists of five 

steps: (1) Qualitative Safety Features Review; (2) Phenomena Identification and Ranking 

Table; (3) Objective Provision Tree; (4) Deterministic and Phenomenological Analyses; (5) 

Probabilistic Safety Analysis. 

 

(1) Qualitative Safety Features Review (QSR). It is a check list structured following the 

principle of the defence-in-depth, and includes a comprehensive set of qualitative 

recommendations. It provides designers with useful means to help ensure that safety truly is 

“built-in, not “added-on”, from the early phases of the design of Gen-IV systems. 

 

(2) Phenomena Identification and Ranking Table (PIRT). This technique, relying heavily on 

expert elicitation, identifies a spectrum of safety-related phenomena or scenarios that could 

affect systems. Those phenomena or scenarios then are ranked on the basis of their 

importance (often related to their potential consequences) and of the state of knowledge. 

 

(3) Objective Provision Tree (OPT). There is a natural interface between the OPT and the 

PIRT in that the PIRT identifies phenomena and issues that could potentially be important to 

safety, and the OPT focuses on identifying design provisions (in fact essential “lines of 

protection” /LOP/). The purpose of the OPT is to document the implementation of essential 

LOPs to ensure successful prevention, control or mitigation of phenomena that could 

potentially damage the nuclear system.  

 

 
164 ISAM by GIF cross-cutting methodology working group Risk & Safety - https://www.gen-

4.org/gif/upload/docs/application/pdf/2013-09/gif_rsgw_2010_2_isamrev1_finalforeg17june2011.pdf  
165 GIF - Integrated Safety Assessment Methodology - https://www.gen-4.org/gif/jcms/c_9366/risk-safety 

https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/gif_rsgw_2010_2_isamrev1_finalforeg17june2011.pdf
https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/gif_rsgw_2010_2_isamrev1_finalforeg17june2011.pdf
https://www.gen-4.org/gif/jcms/c_9366/risk-safety
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(4) Deterministic and Phenomenological Analyses (DPA). Conventional deterministic and 

phenomenological analyses will feed the PSA as an essential input to quantify the results. It 

is anticipated that DPA will be used from the late portion of the pre-conceptual design phase 

through ultimate licensing and regulation of the Generation-IV system. 

 

(5) Probabilistic Safety Analysis (PSA). It can only be meaningfully applied to a design that 

has reached a sufficient level of maturity. Thus, it is performed and iterated beginning in the 

late pre-conceptual design phase, and continuing until the final design stages. Also worth 

mentioning is the concept of “living PSA” which is becoming increasingly accepted in 

Generation-IV systems. 

 

As far as practical applications of ISAM are concerned, it is worth mentioning two limited 

scope trial applications to a realistic, developing advanced reactor development effort: one 

for a Japanese Sodium Fast Reactor (JSFR) concept, and one for a French Sodium Fast 

Reactor concept.  

 

Other applications of the ISAM concern Euratom FP7 /2007 – 2013/ projects such as: 

 

• between 2010 and 2013, the small or medium-scale focused project LEADER ("Lead-

cooled European Advanced DEmonstration Reactor"), coordinated by Ansaldo in Italy 

(total of 16 partners, total budget of Euro 5.7 million including Euro 3 million from EC) – 

application also to the ALFRED design 

 

• between 2010 and 2013, the collaborative project EVOL ("Evaluation and Viability Of 

Liquid fuel fast reactor systems") project, associated to the Rosatom project MARS 

("Minor Actinides Recycling in molten Salt"), which was the main frame of international 

scientific co-operation on Th-U MSFR (Molten Salt Fast Reactor) concepts – project 

coordinated by CNRS in France (total of 11 partners, total budget of Euro 1.8 million 

including Euro 1 million from EC). 

 

• between 2012 and 2013, the coordination and support action SARGEN-IV ("Proposal for a 

harmonized European methodology for the safety assessment of innovative reactors with 

fast neutron spectrum planned to be built in Europe"), coordinated by IRSN in France 

(total of 22 partners, total budget of Euro 1.3 million including Euro 1 million from EC). 

 

In Gen-IV designs of very innovative type, there are a number of structures-systems-

components (SSC) and phenomena that could bear specific risks and uncertainties. When 

developing the safety case (in particular, the transient and accident analysis), the applicant 

designer should pay special attention to the identification and assessment of:  

 

• initiating events (i.e.: events that create a disturbance in the plant that has the potential to 

lead to core damage, depending on the successful operation of required mitigating systems 

in the plant) – the HAZOP 166 and/or FMECA 167 approaches (well known in industry) 

seem well suited for this purpose. 

 
166 The "HAZard and Operability" technique (HAZOP) is based on "intuition and good judgment" – similar to 

the PIRT – and provides a systematic examination of planned processes in order to identify and evaluate 

problems that may represent risks to personnel or equipment, or prevent efficient operation. The HAZOP 

technique was initially developed to analyze chemical and mining operation processes.  
167 Another widely used reliability analysis technique in the initial stages of product/system development is the 

"Failure Modes, Effects, and Criticality Analysis" methodology (FMECA). FMECA is usually performed during 
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• phenomena expected to occur on the nuclear installation – the above PIRT (Phenomena 

Identification and Ranking Table) approach seems well suited. 

 

In conclusion of this Section 7.5, to answer the question "how safe is safe enough ?" from a 

non-technical point of view, the attention is drawn to managerial and human factors and, in 

particular, to their impact on safety performance. This concern is at the heart of the 

development of a common nuclear safety culture in nuclear fission installations, and, in 

particular, in NPPs and in the fuel cycle industry. In medical, industrial and scientific 

applications of ionising radiation, the focus is on radiation protection safety culture. 

 

7.6 SOCIO-ECONOMICS (ECONOMIC ADVANTAGE OVER OTHER ENERGY SOURCES + PUBLIC 

ENGAGEMENT IN DECISION MAKING) 

  

Two GIF goals (nos. 6 and 7) are defined in connection with Economics: 

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

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

 

To assess socio-economics, the collaboration is needed of experts with skills in finance and 

accounting, hard sciences (e.g. energy, environment, new technologies, life sciences), as 

well as soft sciences (e.g. sociology, psychology, risk perception). This question is 

particularly complex due to various technological and socio-economic uncertainties and 

because of the long time horizon involved (remember: the horizon for NPP development is 

in the order of 100 years). 

 

GIF Goal no 6 "Have a life cycle cost advantage over other energy sources" means in fact 

minimising the Levelized Unit Energy Costs (LUEC): this favours large units with 

economies of scale. The LUEC methodology is an economic assessment of the cost to build 

and operate a power-generating asset over its lifetime (usually several decades) divided by 

the total power output of the asset over that lifetime: typically the unit of LUEC is 

Euro/MWh.  

 

A good understanding of nuclear economics is provided by the authoritative cost study of the 

French Court of Auditors dated January 2012 ("Les coûts de la filière électro-nucléaire" or 

"The costs of the nuclear power sector", Cour des Comptes) 66. This French report is a 

unique work in that it is the first time all the costs of nuclear energy generation are put on the 

table, since construction and operation of the plants until decommissioning and waste 

treatment: there are no hidden costs. It should be noted that in nuclear power plants, all costs 

are included in the price of electricity production, from upstream (exploration of ore, 

research, etc.) to downstream (waste management, dismantling, geological disposal, etc.). In 

this accounting system, no benefit is drawn from the avoided CO2 emissions. 

 

The French Court of Auditors estimated the historical cost of electricity generation 

(Generation-II reactors) in France close to Euro 50 per MWh. According to the results of this 

analysis, the total fuel cycle cost would then represent less than 13 %, and the back-end cost 

would be about 6.5 % of this historical cost. Additional costs however should be taken into 

account by the utilities for implementing safety improvements as a consequence of the 
 

the conceptual and initial design phases of the system in order to assure that all potential failure modes have been 

considered and the proper provisions have been made to eliminate these failures. 
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"stress tests": these costs are estimated by the EC 25 to be in the range of Euro 30 million to 

Euro 200 million per reactor unit (in the EU, total cost of upgrade of NPPs is estimated 

approximately Euro 25 billion). 

 

A recent report 168 (2015) by the International Energy Agency (IEA) and the Nuclear 

Organisation for Economic Co-operation and Development/International Energy Agency 

(OECD/NEA) has analysed the relative costs of electricity generation using fossil fuel, 

nuclear or renewable sources of energy. They convened an "Expert Group on Projected 

Costs of Generating Electricity" (EGC Expert Group) to compare the LCOEs (= Levelized 

Cost of Electricity) for three base-load technologies (13 natural gas-fired CCGTs, 14 coal-

fired plants and 11 nuclear plants). It is a forward-looking study, based on the expected cost 

of commissioning these plants in 2020. At a 3% discount rate, nuclear is the lowest cost 

option for all countries. However, consistent with the fact that nuclear technologies are 

capital intensive relative to natural gas or coal, the cost of nuclear rises relatively quickly as 

the discount rate is raised. As a result, at a 7% discount rate the median value of nuclear is 

close to the median value for coal, and at a 10% discount rate the median value for nuclear is 

higher than that of either CCGTs or coal. More precisely, LCOEs at a 3% discount rate 

range from USD 29/MWh in Korea to USD 64/MWh in the United Kingdom, USD 40/MWh 

(Korea) to USD 101/MWh (United Kingdom) at a 7% discount rate and USD 51/MWh 

(Korea) to USD 136/MWh (United Kingdom) at 10%. These results include a carbon cost of 

USD 30/tonne, as well as regional variations in assumed fuel costs.  

 

For series of new build reactors of the Generation-III type (e.g. EPR), electricity production 

costs are estimated by the above 2012 French report to be in the range of Euro 70 to 90 per 

MWh, taking into account the new technical characteristics: availability nearly 92 % (i.e. 

8000 hours/year), overheads amortized over power greater than that of Generation-II 

reactors, fuel consumption lower than that of Generation-II, service life of 60 years.  

 

At present, cost estimates for electricity production are even higher in some countries. For 

example, in Turkey, the discussion with Rosatom focusses on a fixed price Power Purchase 

Agreement for 15 years under a Build-Own-Operate (BOO) scheme: the weighted average 

cost is USD 123.5 per MWh and the quantity of electricity is fixed. In the UK, EDF has been 

offered an investment contract for Hinkley Point C (i.e.: the construction of UK's first 

nuclear plant in 28 years) with a "strike price" for its electricity output of GBP 92.50 (i.e. 

Euro 125 - in 2012 prices) per MWh which will be adjusted (linked to inflation) during the 

construction period and over the subsequent 35 years tariff period: this "strike price" for 

electricity from Hinkley Point C is roughly twice the current wholesale price of power. 

 

Taking construction costs, operation & maintenance (O&M) and fuel cycle costs together, a 

GIF study regarding future Gen-IV systems estimated the LUEC. The results range as 

follows (the discount rate was set on 10 %): from USD 50 for SCWR to 225 for GFR (in 

2009 prices). 

 

GIF Goal no 7 "Have a level of financial risk comparable to other energy projects" means 

minimizing Capital-at-Risk (i.e.: investment before commercial operation): this rewards 

smaller units that require less capital. Capital investment costs should be seen in the context 

of the total social costs (= private + external costs) and the nuclear sector should be 

compared to renewable and fossil energy sectors.  

 
168 "Projected Costs of Generating Electricity" 2015,  joint report by the International Energy Agency (IEA) and 

       the OECD / NEA on Levelized Costs of Electricity by 2020 – http://www.oecd-nea.org/ndd/egc/2015/ 

http://www.oecd-nea.org/ndd/egc/2015/
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The private and external costs can be described as follows: 

 

• Private costs: (i) capital investment cost (60 - 85 %); (ii) O&M cost (10 - 25 %); (iii) Fuel-

cycle cost (7 - 15 %) including the natural uranium (circa 5 %)  

 

• External Costs: (i) Radioactive emissions; (ii) Long-term waste disposal (often already 

internalized); (iii) Accidents – liability; (iv) Proliferation; (v) Avoided CO2 emissions; (vi) 

System effects (in particular, on electrical grid stability). 

 

It should be noted that the above-mentioned EGC experts of IEA and OECD/NEA also 

analysed the overnight costs for nuclear technologies in OECD countries: the range of is 

large, from a low of USD 1 087/kWe in Korea to a high of USD 6 215/kWe in Hungary. 

 

In fact a large part of the external costs (outside the fuel cycle from front-end to back-end) is 

included in the price of electricity production. They are however particularly difficult to 

estimate, such as insurance to cover nuclear accident damage (e.g. what reasonable measures 

to implement ? what is the causal link between an accident and disease occurring many years 

after the event ?).  

 

The uncertainty is even greater when it comes to estimating the “capital expenditures” 

(CAPEX) for new build reactors, be it Generation-III or -IV. At the end of 2012, EDF 

announced that stricter regulation in the wake of the Fukushima nuclear disaster contributed 

to bringing the total cost of the 1600 MWe Flamanville EPR to Euro 8.5 billion (i.e.: Euro 

5300 per kWe). It should be noted however that these are not costs of the EPR series (-nth of 

a kind /NOAK/), which should be lower.  

 

Construction costs have been estimated by scaling from known cost distributions and 

adaptation by expert judgement. Besides scaling to power level, other considerations may lead 

to increase or decrease certain accounts with respect to the accounts of the reference design, 

such as: the reactor vessel and other reactor plant equipment; Space requirements;  

Containment size;  Application of passive safety systems;  Need for an intermediate circuit;  

Complex fuel handling in HTR, the FR and MSR;  Use of chemically highly reactive sodium 

as coolant in SFR;  Use of Rankine vs. Brayton cycle. In this way, the above GIF study 

estimated the following ranges for overnight construction costs in Euro / kWe: from 2500 for 

SCWR to 8500 for LFR (in 2009 prices). 

 

In 2007, the Economics Modelling Working Group (EMWG) 169 of GIF prepared "Cost 

Estimating Guidelines for Generation-IV Nuclear Energy Systems" (GIF/EMWG/2007) for 

economic optimization during the viability and performance phases of the Generation-IV 

project. This project has upgraded existing nuclear-economic sub-models, and developed 

new ones where needed, addressing each of the following five economic areas: Capital and 

Production Cost Models, Nuclear Fuel Cycle Model, Optimal Scale Model, and Energy 

Products Model. These five models have been brought together in an integrated nuclear 

energy economic model (INEEM) and a software tool called G4-Econs (available from the 

 
169 GIF - Cost Estimating Guidelines for Generation-IV Nuclear Energy Systems 

- https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/emwg_guidelines.pdf 

https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/emwg_guidelines.pdf
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GIF secretariat at OECD/NEA) has been developed to provide a global economic 

assessment. 

 

The GIF Cost Estimating tool G4-Econs has been applied to identify and assess plant design 

characteristics of future nuclear reactor designs and their associated fuel cycles. All six 

Generation-IV designs have been investigated and compared to a reference Generation-III 

design. The Fuel cycle costs were divided into front-end and back-end costs. When 

estimating costs for Generation-IV reactor fuel cycles, non-conventional fuels should be 

taken into account.  

 

In conclusion of this Section 7.6, as a result of the application of the EMWG tools, the total 

capital investment and the levelized unit electric cost could be estimated for future Gen-IV 

systems. As far as socio-economics of nuclear fission technologies is concerned, the 

following question is particularly important: How to improve public information and 

engagement in energy policy issues, notably in connection with nuclear decision making ? 

Breakthrough technologies in the nuclear sector are under development world-wide: they are 

discussed not only amongst scientists and engineers but also with national regulators and 

civil society (see Science based policies and legislation in Topic 8 of “2012 

Interdisciplinary Study” 15 ). Communication with undertakings and public participation in 

the decision making process are crucial in the development of energy policies, notably in the 

domain of nuclear fission (e.g. see revised 2014 Euratom Safety Directive and 2013 Euratom 

BSS Directive).  

 

7.7 PROLIFERATION RESISTANCE AND PHYSICAL PROTECTION (PROTECTION AGAINST ALL 

KINDS OF TERRORISM) 

 

One GIF Goal (no. 8) is defined in connection with "Proliferation resistance and physical 

protection": 

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

provide increased physical protection against acts of terrorism. 

 

The fear of so-called "rogue nations" acquiring nuclear weapons, or terrorist organisations 

carrying out malevolent actions by misuse of nuclear materials, clearly remains strong. As a 

consequence, a great number of political and technological experts are working on reducing 

the risk of dissemination and proliferation of nuclear weapons. It should be recalled, 

however, that during the Cold War, the objective risk of proliferation was high, with more 

than twenty countries trying to develop nuclear weapons, nine of which did so. In contrast, 

since the end of the Cold War, less than a handful of countries have attempted proliferation 

and only one – North Korea – has succeeded 170.  

 

Some experts claim that recycling plutonium in the form of MOX fuel helps combat nuclear 

proliferation by “burning” it in the reactor, while other experts claim that isolating, handling 

and storing plutonium should be prohibited as it could be easily diverted by terrorists. The 

ambition of Generation-IV in this domain focuses on two breakthrough technologies:  

 

(1) removal of the minor actinides, thereby reducing the radiotoxic inventory of the 

waste to be disposed and the possible radiological impact in the scenario of 

accidental human intrusion into the repository – for this purpose, new reprocessing 
 

170 “Nothing to Fear but Fear Itself ? Nuclear Proliferation and Preventive War”, by Debsy and Monteiroz, Pol. 

Science, Yale Univ, 2010 - http://www.yale.edu/leitner/resources/papers/DebsMonteiro2011-01.pdf 

http://www.yale.edu/leitner/resources/papers/DebsMonteiro2011-01.pdf
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(partitioning) techniques are developed, where U and Pu are no longer separated as is 

the case in the traditional PUREX process (Section 7.4), and  

 

(2) new fuel fabrication techniques (including transmutation targets) for fast neutron 

flux reactor systems aiming to use (fertile) U-238 to breed (fissionable) Pu-239, 

while burning the minor actinides Np, Am and Cm (the isotopes Np-237 and Am-

241, Am-242m, and Am-243 could be used in a nuclear explosive). Minor actinide 

bearing fuel needs special handling precautions during fabrication and reprocessing. 

 

In this context it is worth recalling an important international political initiative: the “Global 

Nuclear Energy Partnership” (GNEP), launched by the US-DOE in 2006. Euratom signed 

the GNEP agreement to become an “observer organisation” like the IAEA and GIF. The 

original aim of this international partnership was to 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 in two parts:  

 

• “fuel supplier nations,” which supply enriched uranium fuel and take back spent fuel once 

the advanced recycle technologies are demonstrated and deployed (fuel reprocessing and 

burning of plutonium and minor actinides would occur in advanced burner reactors of 

Generation-IV type), and 

 

• “user nations”, which operate nuclear power plants under appropriate conditions (besides 

avoiding the capital investment of building a fuel handling infrastructure, a comprehensive 

package of fuel service benefits could include “cradle-to-grave” fuel leasing that 

incorporates “used fuel take-back”). 

 

Some countries and analysts, however, criticized the GNEP proposal for discriminating 

between countries as nuclear fuel cycle “haves” and “have-nots”. The Partner countries of 

the GNEP then formally agreed in 2010 to transform the partnership into the “International 

Framework for Nuclear Energy Cooperation” (IFNEC) 171 and adopted a new Mission 

Statement. The scope of IFNEC is broader, with wider participation (33 Participant 

countries, 4 Observer organisations and 31 Observer countries). This allows it to 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. 

 

Also interesting is the international initiative on a holistic Safety, Security and Safeguards 

concept (“3S”) for nuclear energy that was launched with the G8 "Nuclear Safety and 

Security Group" (NSSG) at the G8 summit of 2008 172, and is converging on the idea of 

internationally binding security and safety standards in collaboration with the IAEA. DG 

JRC is conducting many research and development actions in the “3S” domain in 

collaboration with the IAEA. As security threats are usually treated in separate national 

tracks, however, the ultimate technologies (software and hardware) in this sensitive domain 

are not shared on a wide scale. 

 
171 International Framework for Nuclear Energy Cooperation  ("Steering Group" /chair is USA, Vice Chairs are 

France, China and Japan/ + "Infrastructure Development Working Group" /chairs are UK and USA/ + "Reliable 

Nuclear Fuel Services Working Group" /chairs are France and Japan) - http://www.ifnec.org/ 
172 G8 Leaders Stress Safe, Peaceful Nuclear Development at their summit in Japan from 7-9 July 2008 (G8 

     = Canada, France, Germany, Italy, Japan, Russian Federation, UK and USA - the EU also participates 

     -  https://www.iaea.org/newscenter/news/g8-leaders-stress-safe-peaceful-nuclear-development  

http://www.ifnec.org/
https://www.iaea.org/newscenter/news/g8-leaders-stress-safe-peaceful-nuclear-development
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In 2011, the Proliferation Resistance and Physical Protection Working Group (PR&PPWG) 

of GIF prepared a document that describes the "Evaluation methodology for PR&PP of 

Generation-IV nuclear energy systems" - Rev. 6 (GIF/PRPPWG/2011/003) 173. For a 

proposed design, the methodology defines a set of challenges, analyses system response to 

these challenges, and assesses outcomes. Uncertainty of results is recognized and 

incorporated into the evaluation at all stages. The results are intended for three types of 

users: system designers, program policy makers, and external stakeholders. 

 

The PR&PP methodology can be applied to the entire fuel cycle or to portions of a design. It 

was developed, demonstrated, and illustrated by use of a hypothetical “example sodium fast 

reactor” (ESFR), by members of the PR&PP WG. The ESFR case study was the first 

opportunity to test the full methodology on a complete system, and many insights were 

gained from the process. Others, in national programs, have adapted the PR&PP 

methodology to their specific needs and interests, such as: 

 

• in the USA, the methodology has been used to evaluate alternative spent fuel separations 

technologies  

• in Belgium the PR&PP methodology was used in the PR analysis of the MYRRHA 

accelerator-driven system. 

 

As far as terrorism is concerned, the question of cyber-terrorism should be raised (e.g. an 

attack causing serious damage to a critical infrastructure). Until now only hackers where 

involved in cyber-terrorism actions targeting industrial systems. In the nuclear sector, the 

computer worm "Stuxnet", discovered in June 2010, was created to attack Iran's nuclear 

facilities: it went via Microsoft Windows and targeted Siemens industrial control systems. 

The widely suspected probable target was the uranium enrichment infrastructure in Iran: the 

Iran nuclear program has indeed been damaged. It has been demonstrated that other types of 

cyber-attacks could destroy, for example, vulnerable physical components of the electric 

grid. 

 

As far as terrorism is concerned, it is also worth recalling the poisoning of Alexander 

Litvinenko, a former officer of the Soviet-era KGB, who died in London in November 2006, 

becoming the first confirmed victim of lethal polonium-210-induced acute radiation 

syndrome. Unlike most common radiation sources, polonium-210 emits only alpha particles 

that do not penetrate even a sheet of paper or the epidermis of human skin, thus being 

invisible to normal radiation detectors (Annex 3.7). It should be noted that hospitals only 

have equipment to detect gamma rays: special equipment is needed to test for alpha-emitters. 

The symptoms seen in Litvinenko using special equipment appeared consistent with an 

administered activity of approximately 2 GBq (50 mCi) which corresponds to about 10 

micrograms of Po-210, that is: 200 times the median lethal dose in the case of ingestion 

(source: “Poisoning of Alexander Litvinenko” on Wikipedia). 

 

 

 

 

 

 
173 GIF - Evaluation methodology for PR&PP of Gen IV - https://www.gen-4.org/gif/jcms/c_9365/prpp 

https://www.gen-4.org/gif/jcms/c_9365/prpp
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8 – SUMMARY OF STAKEHOLDER NEEDS, COMMON VISION AND IMPLEMENTATION 

INSTRUMENTS 

 

In a rapidly changing multicultural world full of uncertainties (notably regarding 

sustainability, security/diversification of supply and competitiveness of the energy mix), a 

strong interaction between energy policies and Research, Innovation and Education /RIE/ 

may help reduce uncertainties. The common aim of policy makers and RIE programme 

managers is to develop robust, equitable and socially acceptable energy systems that are based 

on a balanced energy mix, made of renewable, fossil and fissile sources, preferably using 

"best available science". This ambitious objective implies a number of scientific-technological 

and socio-political challenges, involving a large spectrum of stakeholders, i.e.: providers and 

end-users of “RIE products and services” aiming at improving energy systems.  

 

In the specific domain of Euratom RIE (i.e.: dedicated to nuclear fission and radiation 

protection, including applications of ionising radiation, e.g. for medical applications), the 

major stakeholder groups are represented in “European Technology Platforms” and consist of: 

 

• 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. electro-nuclear utilities and industrial heat suppliers) 

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

• academia and higher education and training institutions dedicated to nuclear fission 

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

 

The above stakeholder groups usually share similar RIE priorities, especially when aiming at 

strengthening the role of nuclear fission in the energy mix. As a consequence, all stakeholder 

groups are interested to participate in Euratom RIE projects. It is important however to stress 

that each stakeholder group draws conclusions from the RIE projects in an independent 

manner. This is especially true for the nuclear regulators (or TSOs) participating in joint RIE 

projects and having strict obligations for powers and independence in decision making.  

 

It is also worth noting that the civil society is involved whenever societal issues are at stake. 

Representatives of the civil society (such as non-governmental organisations /NGO/) are 

consulted, for example, through ad-hoc events organised by the sister EU institution 

European Economic and Social Committee (EESC) or they are invited in public debates 

organised by Euratom – but they usually do not participate directly in RIE projects. 

 

The European Technology Platforms and the authoritative expert associations that are 

dealing with Euratom matters, play an important advisory (not decisional) role in the design 

of the relevant RIE programme, especially under the current EU Horizon-2020 programme of 

research and innovation (2014 – 2020). These stakeholder groups provide guidance and input 

to identify common needs, to develop a common vision and to share implementation 

instruments in connection with the main areas of Euratom research and training. 
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Before discussing stakeholder needs, common vision and implementation instruments for 

Euratom RIE, it is worth recalling some facts of the context (Section 8.1 below) and quoting 

the latest Euratom Directives i.e.: binding legislation (Section 8.2 below), in connection with 

the question "what is the role of Euratom RIE in the energy mix today and tomorrow ?". 

 

8.1 Reminder about applications of nuclear fission and ionising radiation (today and in the 

future) 

 

(a) Facts and figures about nuclear fission: = 27 % of electricity production in the EU 

 

In the EU, the generation of electricity through nuclear fission is a fact of life. In 2013 in the 

EU, a total of 131 units were operable in 14 Member States, i.e.: a total installed electricity 

capacity of 122 GWe net and a gross electricity generation of 833 TWh (i.e.: 27 % of gross 

electricity production or 14 % of gross inland primary energy consumption). World-wide in 

2013, there were 438 nuclear power reactors in operation in 32 countries, which meant over 

15 000 cumulative reactor-years of commercial operation (i.e.: 11 % of world electricity 

generation and 5.7 % of the world's energy). More than 45 Member States of the IAEA (on 

top of the above 32 countries) have communicated a serious expression of interest in nuclear 

power plant (NPP) construction. The front runners amongst the emerging nuclear energy 

countries are Iran, United Arabic Emirates (UAE), Turkey, Vietnam, Belarus, Poland and 

possibly Jordan.  

 

Research, innovation and education are at the heart of the Euratom Treaty (1957). Article 4.1 

of the Euratom Treaty mentions explicitly research and training as a twofold objective: “The 

EC is in charge of promoting and facilitating nuclear research activities in the Member States 

and to complement them through a Community Research and Training programme”. The aim 

of Euratom is to contribute to the sustainability of nuclear energy by generating appropriate 

knowledge (in particular, through research and innovation /R&I/) and developing 

competences (in particular, through education and training /E&T/). RIE is needed, in 

particular, to support continued safe operation, taking into account new challenges such as 

plant lifetime extension, and to assess and improve safety of waste management.  

 

(b) Energy forecast in the EU: doubling of electricity consumption by 2050 

 

The gradual electrification of the EU economy will continue, and the economy will become 

more electricity intensive over time. The general conclusion of all “decarbonisation 

scenarios” in the EU (see EU Energy Roadmap 2050) is that by 2050 electricity will play a 

much greater role than now and will have to contribute to the decarbonisation of transport and 

heating/cooling. Electricity in the EU will almost double its share in final energy demand - 

from 21 % today to 40 % in 2050. Doubling the electricity consumption by 2050 is a big 

challenge: how to produce this electricity in a "secure/diverse, clean and efficient" way 

following the requirements of the 21-st century ?  

 

Euratom and national RIE are needed, in particular, to prepare the nuclear industry to adapt to 

the energy networks proposed for the future. These networks will include more renewable 

energy sources (sometimes associated with rigid support schemes such as priority grid access) 

and smart grids for the generation and distribution of electricity and other forms/vectors of 

energy. Scientific support will also be needed to develop new regulation and continuously 

improve standards for nuclear safety and radiation protection. 
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(c) Time horizon for industrial programmes of nuclear fission development: 100 years 

 

Industrial and political competition in the energy sector is very tough world-wide. Moreover, 

more specifically in the nuclear sector, one of the big challenges is the time horizon: “from 

cradle to grave may exceed 100 years”. In our rapidly changing world, however, robust 

decision making over a long time horizon - notably in the complex interdisciplinary and 

international context of nuclear fission - has become harder than ever.  

 

Euratom RIE exists since the early 1960's and covers most parts of the nuclear fuel cycle 

(upstream and downstream, from mining and milling to disposal of spent fuel and other 

radioactive waste), thereby contributing to the credibility of the nuclear energy industry. 

Euratom RIE funding is dedicated to the continuous improvement of reactor safety, radiation 

protection and waste management. On top of economic considerations, there are also more 

fundamental drivers for the progression of technologies and regulations regarding waste 

management, particularly the ethical and social obligations to remediate to the historical 

liabilities and not to create cost and burden for later generations. Euratom funding in waste 

management traditionally has been focussing on deep geological disposal. Decommissioning 

issues also will be covered, including generation of reusable materials, thereby demonstrating 

that closing the nuclear energy cycle is feasible. Material valorisation and recycling are 

becoming increasingly important in the context of the circular economy, as promoted by EU 

(see "resource efficiency agenda" established under the Europe 2020 Strategy). The finality of 

decommissioning indeed is environmental plus economic valorisation, once a site is cleaned 

and can be released from regulatory control and reused for other purposes.  

 

The IAEA has published guidance for emerging nuclear energy countries who want to 

develop a national infrastructure for nuclear power. The decision to embark on a nuclear 

programme should be based upon a commitment to use nuclear power for peaceful purposes, 

in a safe and secure manner. This commitment requires the establishment of a sustainable 

national infrastructure that provides governmental, legal, regulatory, managerial, 

technological, human and industrial support for the nuclear programme throughout its life 

cycle. International nuclear RIE can contribute to satisfy this long-term political commitment. 

 

(d) Breakthrough research and development: Generation-IV systems (reactors and fuel cycles) 

 

A large collaborative effort of 10 countries world-wide (including Euratom), under the 

umbrella of GIF ("Generation-IV International Forum"), is focusing on nuclear alternatives, 

called Generation-IV reactor systems. The common aim is to drastically improve 

sustainability, safety & reliability, socio-economics and proliferation resistance of nuclear 

fission systems (industrial deployment planned around 2040). Conceptually, Generation-IV 

reactors have all features of Generation-III units, as well as the ability, when operating at high 

temperature, to support combined heat and power /CHP/ generation (aiming e.g. at producing 

economical and decarbonized hydrogen through thermal energy off-taking). In addition, these 

designs, when using fast neutron spectrum, include full actinide recycling and on-site fuel-

cycle facilities. As a consequence, these Generation-IV reactor systems are able to maximise 

the natural resource base (i.e.: Uranium-238 which is non-fissionable but fertile) and 

minimise high-level wastes (i.e.: minor actinides) to be sent to a repository, while maximising 

inherent safety, increasing efficiency and minimising proliferation risks. Generation-IV 

options include a range of plant power ratings, including "batteries" of 100 MWe, modular 

systems rated around 400 MWe, and large monolithic plants of up to 2000 MWe. 
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In the EU, the European Sustainable Nuclear Industrial Initiative (ESNII) is focusing on 

Generation-IV fast neutron technologies, together with the supporting research infrastructures 

and fuel facilities. The three types of fast reactor (using, respectively, sodium, lead or gas as 

coolant) have a comparable potential for making efficient use of uranium and minimising the 

production of high level radioactive waste. When it comes to priorities, the previous work in 

the EU on sodium technology gives this option a strong starting position. As an alternative to 

sodium, however, the lead and gas fast reactors also offer a number of interesting features. 

 

As far as safety and radiation protection of Generation-IV is concerned, it is worth quoting a 

study by the French Technical Safety Organisation IRSN: "Review of Generation-IV Nuclear 

Energy Systems" (2014). Their conclusion is valid world-wide and reads:  

 

"It should be borne in mind that any industrial deployment of a Generation-IV reactor system 

in France will be linked to its advantages, not only regarding reactor fleet operation and 

safety, but also in terms of the coherence and performance of the associated fuel cycle. This 

concerns all aspects relating to safety, radiation protection, material management and efforts 

made to minimise the quantities of radioactive waste generated, without overlooking the 

overall economic competitiveness of the nuclear system. Ultimately, the choice of system must 

be made as part of an integrated approach, based on studies that cover multiple criteria and 

all the aspects mentioned above." 

 

(e) Medical applications of ionising radiation subject to radiation protection 

 

The main benefits from nuclear-related technologies usually refer to nuclear fission and 

electricity production. There is however an increasing number of industrial and medical and 

other applications of ionising radiation, requiring also highly educated experts with very 

specific knowledge, skills and competences (KSC) in nuclear sciences. It is worth recalling 

that ionising radiation has been used in medicine for more than a century and has proven to be 

an essential component of modern medical diagnosis and treatment of patients.  

 

In medical applications subject to radiation protection (as opposed to electro-nuclear 

installations), the big difference is that medical patient irradiation is wilful and deliberate, 

because it is inherent in the medical procedure. In medical applications, there is a logic of the 

risk / benefit type - contrary to irradiation in NPPs which should be prevented or at least 

minimized to regulatory “allowable radiation levels”, keeping in mind that the main goal of 

NPPs is power generation in a safe, secure and affordable way.  

 

(f) International nuclear legislation: focus on safety technology, regulation and culture 

 

International safety concerns are notably summarized in the warning: “A (severe) nuclear 

accident anywhere is an accident everywhere”. Euratom directives (which are legally binding 

for all EU Member States) play naturally a dominant role in the choice of RIE priorities at EU 

level, notably, in domains connected to reactor safety, radiation protection and waste 

management (Section 8.2 below on Euratom Directives). It is also worth recalling that 

international cooperation is one of the purposes of the Euratom Treaty as set out in its 



131 

 

Preamble, first article, namely: "the desire to associate other countries with their work and to 

cooperate with international organisations concerned with the peaceful development of 

atomic energy."  

 

Equally important is the emphasis put world-wide (upon initiatives of both IAEA and 

OECD/NEA after the Chernobyl accident, 1986) on the continuous development and sharing 

of nuclear safety and radiation protection culture, based on technical, human and 

organisational excellence (be it in industry or in health care organisations). As a consequence, 

actions are conducted world-wide to develop and share the specific knowledge, skills and 

competences that are needed, in particular, to develop human and organizational factors 

fostering leadership for safety (i.e.: sense of responsibility and ownership as well as 

questioning attitude of all staff members in the nuclear organisation from top to bottom).  

 

The role of IAEA is particularly important w.r.t. the Treaty on the Non-Proliferation of 

Nuclear Weapons /TNP/ (IAEA 1970, signed by 190 States, including Euratom). The main 

objective is to develop peaceful applications of nuclear fission energy and ionising radiation 

for the benefit of both society and industry, i.e.: continuously improving proliferation 

resistance and physical protection (in particular, protection against all kinds of terrorism). In 

the EU, TNP issues are treated principally by the diplomatic service EEAS who, in the 

nuclear domain, has competence on non-proliferation and global security issues as well as 

counter-terrorism. Euratom RIE plays a role of technical support (e.g. development of new 

instrumentation for nuclear safeguards, nuclear inspections and nuclear forensics). 

 

(g) "2012 Interdisciplinary Study" and 2013 EU Symposium on "Nuclear Fission Research" 

 

In view of their decision on the Euratom part of Horizon-2020, the EU Council requested in 

2011 that" the Commission organise a symposium in 2013 on the benefits and limitations of 

nuclear fission for a low carbon economy. The symposium will be prepared by an 

interdisciplinary study involving, inter alia, experts from the fields of energy, economics and 

social sciences". As a result, the Commission services (coordinated by DG RTD) and the 

EESC launched in April 2012 the "2012 Interdisciplinary Study - Benefits and limitations of 

nuclear fission for a low carbon economy: Defining priorities for Euratom fission research & 

training (Horizon 2020)". It was composed of two parts (a scientific-technological and a 

socio-political part, including an Ethics Study – see item (2) on Common Vision below) and 

was published on the occasion of and presented at the 2013 Symposium on "Nuclear Fission 

Research for a low carbon economy" (Brussels, 26-27 February 2013).  

 

Based on general recommendations (ten in total) which were endorsed by the Council in 

2013, clear objectives were given to future Euratom RIE programmes, e.g.: 

 

• more science-based support for EU energy policy, taking advantage of multi-sectorial and 

interdisciplinary programmes including new ways of engaging the public  
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• creation and transfer not only of knowledge but also of skills and competences, making use 

of implementation instruments developed by EU and national policies. 

 

(h) EU Energy Union (COM(2015) 80): Euratom RIE focus on highest standards of safety 

 

The EU energy policy document “A resilient Energy Union with a forward-looking climate 

change policy” (priority no 3 out of 10 in the high-level agenda of EC 2014-2019) focusses on 

the implementation of the EU Energy Roadmap 2050 with ambitious targets in energy 

conservation and decarbonisation. As underlined in the "Research and Innovation and 

Competitiveness" dimension of the Energy Union, actions should be grouped around 4 core 

priorities - renewables, consumer, energy efficiency, transport - on top of which 2 research 

priorities - carbon dioxide capture and storage (CCS) and nuclear fission – could be added for 

those Member States interested in those technologies. Meeting the challenge of 

decarbonisation, especially in countries with (or planning to go for) nuclear power plants, is 

not just a burden, it is in fact an investment opportunity. 

 

The following excerpt from the EU 2014 Energy Union Communication is important: 

"Section 2.5. An Energy Union for Research, Innovation and Competitiveness" 

….. Nuclear energy presently produces nearly 30% of the EU's electricity. The EU must 

ensure that Member States use the highest standards of safety, security, waste management 

and non-proliferation. The EU should also ensure that it maintains technological leadership 

in the nuclear domain, including through ITER, so as not to increase energy and technology 

dependence. 

 

(i) United Nations 2015 "Sustainable Development Goals" (SDG) 

 

The SDGs (17 in total – see Section 1.3.2) of the UN post-2015 agenda integrate economic, 

social and environmental aspects and recognize their inter-linkages in achieving sustainable 

development in all its dimensions. Of particular interest are SDG no 7 “Ensure access to 

affordable, reliable, sustainable and modern energy for all” and two closely connected 

SDGs, namely:  

 

- no 4 "Ensure inclusive and equitable quality education and promote lifelong learning 

opportunities for all" and  

- no 9 “Build resilient infrastructure, promote inclusive and sustainable industrialization and 

foster innovation".  

 

World population will continue to increase, primarily in the developing countries. This will 

increasingly influence future energy and environmental trends, related problems, and the 

policies developed to address them. Energy technologies, technology requirements, and 

technology development will be more influenced by environmental concerns than by most 

other factors. 
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As far as E&T in the post-2015 agenda and, in particular, the role of Massive Open Online 

Courses (MOOC), is concerned, it is worth quoting a high-level (Gabonese) representative of 

the 2013 UNESCO Leaders' Forum (6 November 2013, UNESCO Headquarters, Paris):  

 

"It seems unrealistic, today, to wish to build an education system that is as inclusive and 

efficient as possible, without integrating the vast potential of information highways and 

specifically MOOCs. As you know, MOOCs allow us to transmit the same lesson to thousands 

of students via a live broadcast as well as to organize assessments and discussion forums with 

teachers and lecturers and thus, at the end of the course, award a certificate. The use of 

MOOCs is therefore a response to the greatest challenge facing the education system: 

enabling the massification of teaching for an ever-growing public and surmounting the 

structural obstacle of a lack of premises and teachers." 

 

8.2 Summary of Directives on reactor safety, radiation protection and waste management  

 

The latest Euratom Directives focus quite naturally on nuclear safety in all domains 

concerned, while containing explicit references to the need of RIE (science based policies) as 

well as high-level expertise and skills. The Directives also are aligned with three key 

principles of good governance: openness, participation, accountability, as shown below. 

 

(a) Revised Euratom “Reactor Safety” Directive (8 July 2014):  

focus on maximum safety while containing obligations to rely on state-of-the-art scientific and 

technical knowledge and to ensure transparency of regulatory decisions and effective 

participation, as shown in the five following excerpts: 

 

• "Whereas (7)" The regulatory decision-making process should take into account 

competences and expertise, which may be provided by technical support organisations. 

This expertise should be based on state-of-the-art scientific and technical knowledge, 

including from operational experience and safety-related research, knowledge 

management, and adequate technical resources. 

 

• Excerpt of "Article 8, dedicated to Transparency”   

“1. Member States shall ensure that necessary information in relation to nuclear 

safety of nuclear installations … is made available to workers and the general public, 

………… 

4. Member States shall ensure that the public shall be given the appropriate 

opportunities to participate effectively in the decision making process relating to the 

licensing of nuclear installations, in accordance with relevant legislation ...” 

 

• The most important improvement is the introduction of a high-level "Nuclear safety 

objective for nuclear installations" under "Specific Obligation - Article 8a" (targeting new 

build /Art. 8a 2a/ as well as existing nuclear reactors /Art. 8a 2b/), namely: 

 

Article 8a 1. Member States shall ensure that the national nuclear safety framework 

requires that nuclear installations are designed, sited, constructed, commissioned, 



134 

 

operated and decommissioned with the objective of preventing accidents and, should 

an accident occur, mitigating its consequences and avoiding: 

(a) early radioactive releases that would require off-site emergency measures 

but with insufficient time to implement them; 

(b) large radioactive releases that would require protective measures that 

could not be limited in area or time. 

Article 8a 2. Member States shall ensure that the national framework requires that the 

objective set out in paragraph 1: 

(a) applies to nuclear installations for which a construction licence is granted 

for the first time after the date of the entry into force of this Directive. 

(b) is used as a reference for the timely implementation of reasonably 

practicable safety improvements to existing nuclear installations, including in 

the framework of the periodic safety reviews as defined in Article 8c(b). 

 

• Specific Obligation Article 8c - Initial assessment and periodic safety reviews … 

This review aims at ensuring compliance with the current design basis and identifies 

further safety improvements by taking into account ageing issues, operational 

experience, most recent research results and developments in international standards, 

using as a reference the objective set in Article 8a. 

 

• Also worth mentioning are “Article 8e – Peer Reviews” and “Chapter 2a - Peer Reviews 

and Reporting” dealing with cross-border peer reviews to be conducted by national 

regulators across the EU (i.e.: a mandatory mutual assistance process resulting from the 

“Stress Tests” carried out in the 131 nuclear units in the EU).  

 

NB. The Stress Tests initiative was launched by EU Commissioner for Energy in March 2011 

following the Fukushima Daiichi accident. As a result, a number of concrete improvements 

are proposed to increase the NPP safety margins. The conclusions must be implemented: the 

associated costs are estimated to be in the range of Euro 30 million to 200 million per reactor 

unit (in the EU, total cost of upgrade of NPPs is estimated approximately Euro 25 billion). 

 

 (b) Euratom "Basic Safety Standards" (BSS) Directive (5 December 2013):  

dealing with radiation protection of workers and public, while also containing obligations to 

ensure Transparency as well as Education, Training and Information and definition of three 

(mandatory) specific functions for regulatory control in the Member States, as shown below. 

 

Excerpt of "Article 77 – Transparency": "Member States shall ensure that information …… is 

made available to undertakings, workers, members of the public, as well as ...." 

 

Of particular interest is the incorporation of a new Chapter IV specifically covering E&T, 

namely "Requirements for Radiation Protection Education, Training and Information". 

Amongst other items, this chapter requires Member States to have systems in place for the 

education, training and recognition of specific experts. Moreover Chapter IX is about 

“Requirements for regulatory control” / “Section 1 – Institutional Infrastructure”, containing 
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the definitions of "Radiation protection experts" (RPE - Article 82), of "Medical physics 

experts" (MPE - Article 83) and of "Radiation protection officers" (RPO - Article 84).  

 

(c) Euratom “Spent Fuel and Radioactive Waste Management” Directive (19 July 2011):  

also containing obligations to ensure research and development and education and training 

(E&T) as well as expertise and skills, as shown in the two following excerpts: 

 

• "Whereas (39)" Scientific research and technological development supported by technical 

cooperation between actors may open horizons to improve the safe management of spent 

fuel and radioactive waste, as well as contribute to reducing the risk of the radiotoxicity of 

high-level waste. 

 

• "Article 8 - Expertise and skills" 

Member States shall ensure that the national framework require all parties to make 

arrangements for education and training for their staff, as well as research and 

development activities to cover the needs of the national programme for spent fuel and 

radioactive waste management in order to obtain, maintain and to further develop 

necessary expertise and skills. 

 

8.3 Identification of society and industry needs: contribution of nuclear to sustainability, 

security of supply, competitiveness 

 

• promoting sustainability of energy, i.e.: limiting the environmental impact of energy 

production, transport and use (aligned with decarbonisation of the global economy) as 

well as waste minimisation (circular economy, i.e.: how to do more with less).  

 

The interaction between human activities and climate change in terms of sustainability can be 

analysed in many ways in RIE projects. The evaluation of “externalities”, in particular, can be 

regarded as a relative measure for sustainability. An externality is commonly defined as a cost 

that arises when the social or economic activities of one group of persons have an impact on 

another group and that impact is not fully accounted for by the first group. 

 

For nuclear applications, sustainability means (following the Generation-IV strategy): 

    - generate energy sustainably and promote long-term availability of nuclear fuel 

    - minimise radioactive waste and reduce the long term stewardship burden. 

 

• increasing security / diversification of supply of energy (especially of electricity) 

 

Ensuring uninterruptible power supply (24/7/365), including stable power grid infrastructure, 

is a challenge. This is true not only in emerging countries but also in industrialised countries 

relying massively on intermittent sources of primary energy with variable loads and dispersed 

generation, and confronted with complex interactions between suppliers and customers. 

 

For nuclear applications in the future energy mix, security of supply means, in particular, to 

integrate the 21-st-century idea of “smart grids”, allowing the electrical system to respond to 

changes in both supply and demand. Nuclear power plants provide the requested rotational 
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inertia to the electrical system, permitting reactive power control for voltage stability. New 

developments might be needed, however, to improve the load following capabilities of NPPs. 

 

• ensuring competitiveness, i.e.: reducing the energy bill for households and businesses.  

 

Competitiveness means principally reducing the energy bill for all customers. It could also 

mean energy storage - which is the missing link for a successful transition to a decarbonised 

economy. Storing the excess energy and using it when needed seems to be a great solution. 

Moreover, taking a broader view, economics cannot be separated from social considerations.  

 

For nuclear applications, socio-economics means, in particular,  

- have a life cycle cost advantage over other energy sources (cost/MWh) 

- have a level of financial risk comparable to other energy projects (cost/kWe), 

while fostering public engagement in decision making. Guidance for Euratom RIE in the 

domain of safe operation of current reactor systems (e.g. integrity of equipment and 

structures) is provided by the "NUclear GENeration II & III Association" (NUGENIA). 

 

Besides electricity generation, nuclear fission energy can be used for cogeneration of heat and 

power, including for energy storage purposes. For example, water splitting technologies using 

decarbonised power sources (e.g. high-temperature electrolysis by nuclear fission) will 

produce hydrogen and oxygen, paving the way for the broad use of hydrogen as a clean fuel. 

 

As far as sustainability at large is concerned, three more stakeholder requirements regarding 

applications of nuclear fission and ionising radiation should be mentioned: 

 

• improve continuously and share safety technology, regulation and culture, in particular, by 

drawing lessons from the major accidents (TMI, Chernobyl, Fukushima) 

 

Three Mile Island /TMI/ (1979): evaluation of reactor safety and reliability from a holistic 

point of view (e.g. balance between deterministic and probabilistic methods, man-technology-

organisation interface; severe accident management) 

 

Chernobyl (1986): whole "safety culture" concept and strategy based on prevention and 

workers' participation as well as development of laws and regulations related to nuclear 

safety, accidents, assistance and health at work 

 

Fukushima Daiichi (2011): improvements of plant (multi-reactor) robustness in extreme 

situations ("Stress Tests" in the EU, 2012, and world-wide) as well as importance of political 

structure (independence of national regulatory authorities). 

 

• lifting uncertainty following low doses due to industrial and medical applications, by 

providing scientific evidence on the radiation risk 

 

There is a strong need to assess scientifically the effects of low and protracted radiation doses, 

using, for example, the latest findings of cellular and molecular biology research. In the 

medical domain, in particular, dose optimisation in radiology (aiming at appropriate image 
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quality for different clinical tasks) is in fact one of the biggest research and innovation 

challenges for the scientific-technological community concerned. 

 

• attract and prepare a new generation of nuclear experts (education and training)  

 

Faced with the challenge of ageing workforce (especially in the industrialised countries) and 

shortages of skilled professionals, the STEM research community (Science, Technology, 

Engineering and Mathematics) at large has called for a steady upgrade of the level of 

knowledge, skills and competences while striving to attract a new generation of experts. There 

is a need to better integrate higher education institutions and stakeholder organisations, in 

particular, in areas where human resources could be at risk. 

 

DG Education and Culture has developed a number of E&T instruments aiming at fostering 

lifelong learning and cross-border mobility, notably: the “European Credit Transfer and 

accumulation System” /ECTS/ (Erasmus or 1999 Bologna process) and the "European Credit 

System for Vocational Education and Training" /ECVET/ (2002 Copenhagen process). These 

EU instruments are aiming at meeting the stakeholder needs in all professional sectors at all 

educational levels (academic or continuous professional and organisational development). As 

a result, most E&T schemes (funded by the EU) consist in units of so-called "learning 

outcomes" that are defined in terms of KSC. This is a key factor in the common language 

required between the world of education and that of work when discussing E&T curricula. 

The process for assessing and validating KSCs, however, still needs to be better qualified, in 

order to facilitate mutual recognition of jobs and functions by employers across the EU.  

 

In the specific nuclear fission domain, a "European Human Resources Observatory - Nuclear 

Energy" (EHRO-N) was created in 2009 with the aim to study demand and supply of nuclear 

expertise. EHRO-N studies are instrumental in setting priorities in the Euratom RIE 

programme. Not surprisingly, E&T programmes in nuclear installations in the EU are also a 

priority for the nuclear regulators, as is concluded e.g. from the above "stress tests”.  

 

To ensure the highest achievable standards for nuclear E&T at EU level, a non-profit 

association was formed in September 2003 (under French 1901 law). This is the European 

Nuclear Education Network (ENEN), located at CEA / INSTN Saclay (Paris) and composed 

of 66 members (universities, research organisations, industry) from 18 EU Member States + 

Switzerland, South Africa, the Russian Federation, Ukraine and Japan. The synergy of ENEN 

with national E&T networks in EU Member States and with the European Technology 

Platforms and authoritative expert associations as well as with the above EHRO-N is 

instrumental to ensure successful design and execution of Euratom E&T actions. 

 

8.4 Convergence towards a common vision: towards a robust, equitable and socially 

acceptable place for nuclear fission 

 

Energy (in particular, nuclear fission) technologies can be transmitted to the next generations 

only within the framework of a responsible strategy regarding sustainability, security of 

supply and competitiveness. This is (not surprisingly) in line with the IAEA statement: “any 

use of nuclear energy should be beneficial, responsible and sustainable, with due regard to 

the protection of people and the environment, non-proliferation, and security”.  
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(a) Towards better governance structure (openness, participation, accountability, effectiveness 

and coherence) 

 

To ensure the above framework for intergenerational transmission, taking into account the 

requirements of robustness, equitability and social acceptance, a new type of governance 

structure is needed.  It should be noted that the EC established its own concept of governance 

in the White Paper on European Governance (2001), in which the term "European 

governance" refers to the rules, processes and behaviour that affect the way in which powers 

are exercised at European level, particularly as regards openness, participation, 

accountability, effectiveness and coherence. These five "principles of governance" are meant 

to inspire all EU policies and actions, including those in the nuclear energy domain (e.g. 

Euratom legislation related to nuclear safety, waste management and radiation protection, as 

shown in above Section 8.2 on Euratom Directives).  

 

It should be stressed however that there are many definitions and interpretations of “principles 

of governance”. Here is the definition from the above EC White Paper (2001): 

 

• Openness: use a language that is accessible and comprehensible for the general public 

• Participation: create greater confidence in the end result and in the Institutions which 

deliver policies, through improved participation  

• Accountability: explain and take responsibility vis-à-vis those affected by your 

(institutional) decisions or actions 

• Effectiveness: ensure effectiveness and timeliness in your policies, deliver what is needed 

on the basis of clear objectives and evaluation of future impact 

• Coherence: ensure a consistent approach within a complex system through (political) 

leadership.  

 

In the specific domain of nuclear fission energy and ionising radiation, one of the main 

objectives is to continuously improve sustainability through strengthening synergy between 

science, stakeholders, society and policy. This raises the question of what kind of science 

should be developed – and how to communicate about it – to best support the decision making 

process ? Under the above governance framework, taking all stakeholders on-board, "best 

available science" should be used to support decisions, for example, in the following domains:  

 

• optimisation of energy mix, using advanced techniques for life cycle assessment (aiming at 

quantifying material and energy flows) 

• evaluation of socio-economic and environmental impact at large (e.g. total social cost of 

electricity generation = sum of private and external costs) 

• risk identification and management (especially for low-frequency high-consequence 

events, i.e.: severe accidents) 

• development of resilient systems (i.e.: ability of systems to function under "both expected 

and unexpected conditions"). 

 

(b) Vision Reports of stakeholders of Euratom RIE (European Technology Platforms and 

authoritative expert associations) 
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It is no wonder that the use of "Best available science" is discussed in the subject Vision 

Reports. Here are excerpts focussing on long-term expectations from Euratom and national 

RIE programmes. 

 

• Vision Report of "Sustainable Nuclear Energy Technology Platform" (SNE-TP) 

 

"This vision report ….  proposes a vision for the short-, medium- and long-term development 

of nuclear fission energy technologies, with the aim of  

- achieving a sustainable production of nuclear energy,  

- a significant progress in economic performance, and  

- a continuous improvement of safety levels as well as resistance to proliferation.  

In particular, …… actions are proposed to harmonise Europe’s training and education, 

whilst renewing its research infrastructures.“ 

 

• Vision Report of "Implementing Geological Disposal of Radioactive Waste Technology 

Platform" (IGD-TP) 

 

"Our vision is that by 2025,  

the first geological disposal facilities for spent fuel, high-level waste, and other long-lived 

radioactive waste will be operating safely in Europe".  

Our commitment is to:  

- build confidence in the safety of geological disposal solutions ……;  

-  encourage the establishment of waste management programmes that integrate geological  

   disposal as the accepted option for the safe long-term management of long-lived and/or 

   high-level waste;  

- facilitate access to expertise and technology …...“ 

 

• Vision Report of "Multidisciplinary European Low Dose Initiative" (MELODI) 

 

"Better quantification of risks at low dose and how they vary between individuals will impact 

policy in many areas, for example:  

- management of spent fuel or high level waste where the concern is potential exposure of  

  populations to very small doses over extremely long time periods;  

- decisions on screening programmes (e.g., mammography) where a balance must be sought 

  between benefits and potential harm;  

- identification of those who are more "radiosensitive", through genetic screening." 

 

(c) Ethics Study on energy use (EC/BEPA/EGE) as part of the "2012 Interdisciplinary Study" 

 

An Ethics Study (called "Ethical framework for assessing research, production, and use of 

Energy") covering all energy sources was conducted independently by ethics experts 

(EC/BEPA/EGE) in the context of the above "2012 Interdisciplinary Study". It was published 

on 16 January 2013 and referred as “Ethics Opinion n° 27”. The objective was to study the 

impact of research into different energy sources on human well-being.  
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Ethics recommendations were made regarding “responsible use of energy”, such as: 

 

 … «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 …» 

 

Safety culture was also discussed in this Ethics Study, as shown in the following excerpt:  

 

“Reducing the risks down to purely technical aspects would not fulfil 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.” 

 

In conclusion, this Ethics Study advocates a fair balance between four criteria - access rights, 

security of supply, safety, and sustainability - in the light of social, environmental and 

economic concerns. These conclusions quite naturally are aligned with the Sustainable 

Development Goals proposed by the United Nations (see above Section 8.1 - item (i)"). 

 

8.5  Development of implementation instruments to meet above needs and vision: funding of 

RIE actions under Euratom Horizon-2020 

 

The main funding instrument for Euratom RIE actions is Horizon 2020, which is based on the 

Flagship Initiative "Innovation Union" - Turning ideas into jobs, green growth and social 

progress.  

 

Calls for proposals are published (as in the previous Framework Programmes) to support, 

Research and Innovation actions (RIA), Coordination and Support actions (CSA) and 

Innovation actions (IA), in line with the provisions foreseen in the Horizon-2020 Work Plan. 

Proposals must be submitted electronically using the electronic submission service of the EC. 

The evaluation of eligible proposals is based on a peer-review carried out by independent 

experts selected from the Horizon 2020 experts’ database. The selection is performed on a 

competitive basis whilst ensuring excellence, transparency and equal treatment of all 

proposals. Here is a brief description of each type of actions: 

 

- Research and innovation actions (RIA): primarily consisting of activities aiming to establish 

new knowledge and/or to explore the feasibility of a new or improved technology, product, 

process, service or solution. For this purpose they may include basic and applied research, 

technology development and integration, testing and validation on a small-scale prototype. 

 

- Innovation actions (IA): primarily consisting of activities directly aiming at producing plans 

and arrangements or designs for new, altered or improved products, processes or services. For 
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this purpose they may include prototyping, testing, demonstrating, piloting, large-scale 

product validation and market replication. 

 

- Coordination and support actions (CSA): primarily consisting of accompanying measures 

such as standardisation, dissemination, awareness-raising and communication, networking, 

coordination or support services, policy dialogues and mutual learning exercises and studies, 

including coordination between programmes (e.g. E&T) in different countries. 

 

Three priorities are pursued in Horizon-2020: (a) generating “Excellent science”, (b) creating 

“Industrial leadership” and (c) tackling “Societal challenges", as follows: 

 

(a) Priority 1 - Excellent science (containing 4 topics ERC, FET, MSCA and ESFRI) 

 

• European Research Council or ERC. The focus is on frontier research by the best 

individual teams. Created in 2007 (it was part of FP7), the ERC is based on peer-reviewed 

excellence as the sole criterion for success. The evaluation criterion is “ground-breaking 

nature, ambition and feasibility” in relation to the Principal Investigator and the research 

project. Three panels are considered in ERC: "Physical Sciences & Engineering"; "Life 

Sciences"; and “Social Sciences & Humanities”. 

 

• Future and Emerging Technologies (FET) programme. FET Flagships are visionary, large-

scale, science-driven research initiatives which tackle scientific and technological 

challenges across scientific disciplines, requiring sustained support of up to 10 years. 

“FET” research projects deal, for example, with the development of better tools to capture 

information, to extract knowledge, to construct and to validate the models for complex 

systems (e.g. data mining, multi-level modelling, etc.). 

 

• Marie Skłodowska-Curie actions   (MSCA – new name for Marie Curie Actions). Research 

fellowships are made available as research grants to researchers of all ages and levels of 

experience in all research fields. The aim is to provide opportunities for training and career 

development, including in the private sector, while encouraging movement across borders 

(within and outside the EU).  

 

• "European Strategy Forum on Research Infrastructures" /ESFRI/, created in 2002, 

including nuclear facilities ("Jules Horowitz Reactor" /JHR/ and "Multipurpose hYbrid 

Research Reactor for High-technology Applications" /MYRRHA/). The objective is to 

ensure implementation and operation of EU and world class research infrastructures, 

including integration of national research infrastructures.  

 

(b) Priority 2 – Industrial leadership / focus on “Risk-Sharing Finance Facility” or "InnovFin" 

 

The aim is to improve access to debt finance for private companies and public entities 

investing in research and innovation in EU Member States. The "InnovFin" facility (i.e.: EU 

Finance for Innovators) is a joint effort of the EIB (European Investment Bank) and the 

European Commission enabling the EIB to provide loans, guarantees, equity investment and 

other support for riskier but creditworthy RDI (Research, Development, Innovation) projects.  
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(c) Priority 3 - Societal Challenges and complementary programme Euratom Horizon-2020 

 

Funding of Horizon-2020 focusses on the following six Societal Challenges: 1. Health, 

demographic change and well-being; 2. Food security, sustainable agriculture, marine & 

maritime research, etc.; 3. Secure, clean and efficient energy (with reference made to the 

Euratom programme); 4. Smart, green and integrated transport; 5. Climate action, resource 

efficiency and raw materials; 6. Inclusive, innovative and secure societies. 

 

The Euratom RIE programme which is referred to in above Societal Challenge no 3, covers 

both fission and fusion, and is in fact a complement to Horizon-2020. It consists in five 

scientific priorities (they are very similar to Euratom FP7 /2007-2013/) 

• Support safe operation of nuclear systems /related to Generations II, III and IV/  

(Societal Challenges) 

• Contribute to the development of solutions for the management of ultimate waste  

/in particular, deep geological disposal/ (Excellent Science, Societal Challenges) 

• Support the development and sustainability of competences /E&T/ (Excellent Science) 

• Foster radiation protection /including medical applications of ionising radiation/ (Excellent 

Science, Societal Challenges) 

• Ensure availability and use of research infrastructures (Excellent Science). 

 

(d) European Institute of Innovation and Technology (EIT) - KIC InnoEnergy 

 

The EIT is an important programme within Horizon-2020: it is ranked at the same level as the 

above priorities nos 1, 2 and 3. The EIT, established in 2008 by the European Parliament and 

Council, aims to become a flagship for excellence in European innovation. Business creation 

activities are coupled with Research and Innovation Projects as well as with E&T. The EIT 

consists of a number of “Knowledge and Innovation Communities” (KIC) in all sectors of 

industry and society (e.g. ICT, Climate, Energy, Raw Materials, Healthy Living and Ageing). 

 

Of particular interest for nuclear fission research and training is the KIC InnoEnergy, a 

company created in 2009, with all its implications: built upon an industrial plan, results and 

output oriented, with commitment from shareholders for an initial period of 7 years, 

financially sustainable in the medium term. KIC InnoEnergy covers all thematic priorities of 

the EU Energy Union. It is shared between 6 Co-location Centres: one of them is dedicated to 

"Sustainable nuclear and renewable energy convergence" (coordinated by the French KIC 

node "Colocation Centre Alps Valley", Grenoble region).   
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9 – Conclusion - Towards a new way of "developing / teaching science" closer to the 

stakeholders 

 

In conclusion, one of the main objectives of Euratom RIE programmes is to bridge the gap in 

science and technology existing between countries in a common effort towards continuous 

improvement of nuclear safety and security. As a consequence scientific, human and 

organisational excellence is continually improved in all nuclear sectors in the EU Member 

States. Euratom experience of including energy, socio-economics, environmental sciences and 

ethics is well recognised. Wherever advisable, the implementation instruments of Euratom 

RIE programmes facilitate synergy between the scientific-technological and socio-political 

communities concerned, thereby meeting the needs of society and industry.  

 

Integrating expert, policy and public knowledge is receiving increasing attention, especially in 

the nuclear sector, as it is also recommended in the above “2012 Interdisciplinary Study” 

ordered by the EU Council. As a result, a new way of "developing / teaching science" is 

emerging, closer to the stakeholders, with emphasis on best available science to support 

decision making. The ultimate aim is to improve the scientific basis (using hard and soft 

sciences) needed for the development of a robust, equitable and socially acceptable energy 

mix. This approach also is aligned with the above European principles of governance (i.e.: 

openness, participation, accountability, effectiveness and coherence). 

 

Euratom Horizon-2020, together with international and national RIE programmes, will 

contribute to the emergence of a new generation of highly qualified experts in nuclear fission 

energy and radiation protection. These experts gain valuable international experience, in 

particular, through continuous professional development based on the best KSC available. 

This new generation of nuclear experts is expected to solve increasingly complex problems 

related to energy, safety and security as well as health and environmental protection.  

 

The following warning, however, should be made regarding Euratom indirect actions in 

nuclear fission and radiation protection (conducted by DG Research and Innovation). Because 

of the rather limited funding available for this Euratom programme (< Euro 60 million per 

year), very strong coordination between the nuclear fission stakeholders is required regarding 

management and financing in order to ensure the necessary resources and programme stability 

over a long period of time. In other words: under Horizon 2020, more than ever, a strong 

governance structure, involving Euratom and all stakeholders, is needed to achieve the 

expected "multiplication factor" in public and private nuclear fission RIE programmes. 

 

As far as transition to post-carbon economy in the long-term is concerned, one could envision 

an alliance between nuclear fission and renewable sources of energy. This alliance would be 

beneficial in terms of sustainability, security/diversification of supply and competitiveness of 

the energy mix (thereby meeting the stakeholder needs). This objective is echoed, for 

example, in the 5th Assessment Report of the Intergovernmental Panel on Climate Change 
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(IPCC-5, Synthesis - Summary for policy makers - November 2014). Here is an excerpt (page 

82): Scenarios that are likely to maintain warming at below 2°C include more rapid 

improvements in energy efficiency and a tripling to nearly a quadrupling of the share of zero- 

and low-carbon energy supply from renewable energy, nuclear energy and fossil energy with 

carbon dioxide capture and storage (CCS) or bioenergy with CCS (BECCS) by the year 2050. 

 

Finally, taking a broader view, it is worth quoting the new “EU approach to science 

diplomacy" as proposed by Mr Carlos Moedas, Commissioner for Research, Science and 

Innovation (1 June 2015, European Institute, Washington), i.e.: how to make best use of the 

common language and ideals of science to improve international relations between countries 

(including, for example, promoting world-wide an effective nuclear safety governance): 

"our approach to science diplomacy, as democratic continents, should be one in which 

everyone is welcome. Where channels of communication are always open. Where peace and 

prosperity are not the by-products of scientific cooperation, but the end goal".  

 

 

 
 

 

No knowledge, no future 

 

"Some of our trading partners are competing with primary resources,  

which we do not have. 

Some compete with cheap labour, which we do not want.  

Some compete on the back of their environment, which we cannot accept,…… 

Building the knowledge society is probably the best, and maybe only, way to sustain the 

European model of society, without having to make a trade-off  

between economic growth, social cohesion and environmental protection." 

 

Janez Potočnik, EU Commissioner for Science and Research (2004 – 2009) 

        (source: ERA News, 2005-02-03) 

 

 

= = = = = = = = = = = = = = = = = = = = = = = = = = 

 

Brussels, 30 September 2015 

< georges.m.vangoethem@gmail.com > 

mailto:georges.m.vangoethem@gmail.com
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Euratom research, innovation and education (RIE) 

with emphasis on lifelong learning and cross-border mobility 
 

Abstract and Take-away Messages 

 

1 – Introduction: Euratom (research and training in nuclear fission and radiation 

protection) within the Energy Union       p. 2 

 

1.1 Short history: from UN "Atoms for Peace" (1953) and IAEA (1957) to EU Euratom 

(1957) and “Energy Union” (2014) 

 

1.2 Drivers for changes in Euratom RIE programme: EU policies (top down) and stakeholder 

requirements (bottom up) 

1.2.1 EU policies and Knowledge Triangle (research, innovation and education) 

1.2.2 Stakeholder requirements (scientific-technological and socio-political) 

 

1.3 Enablers for changes: European stakeholder organisations & national/international RIE 

programmes  

1.3.1 European Technology Platforms and authoritative expert associations 

1.3.2 “European Energy Union” and UN 17 "Sustainable Development Goals" (2015) 

 

1.4 Euratom research and training programme under Horizon 2020 (period 2014-2020) 

 

2 - Political framework: Lisbon Treaty 2007; Climate Change & Energy Policy for EU; 

Europe 2020 strategy for smart, sustainable & inclusive growth  p. 18 

 

2.1 Lisbon Treaty: challenges of globalisation, demographic changes, security, energy 

 

2.2 Climate Change and Energy Policy for Europe including circular economy: from Green 

Paper 2006 to EU Energy Roadmap 2050 

 

2.3 Multi-annual Financial Framework 2014-2020 (including Horizon-2020) and Reformed 

Cohesion policy (European Structural and Investment Funds) 

 

3 – Towards a new governance structure for Euratom decisions, based on science and 

stakeholder involvement        p. 31 

 

3.1 Controversial issues in high-tech domains and STOA Panel at European Parliament 

 

3.2 Governance: openness, participation, accountability, effectiveness and coherence 

 

3.3 “Benefits and limitations of nuclear fission for a low carbon economy” 

 ("2012 Interdisciplinary Study” and “2013 Symposium” requested by Council) 

 

3.4 Towards more robust decision making, taking advantage of "Best Available Science" 

3.4.1 Life Cycle Assessment and innovation management (including business model) 

3.4.2 Risk governance in policies related to nuclear fission and radiation protection 

3.4.3 Forecasts regarding optimal energy mix - towards more science based policies 
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4 – Euratom Directives and lessons learned from accidents (focus on safety culture in 

nuclear installations and health care organisations)    p. 47 

 

4.1 Euratom Treaty and associated EU legislation: “facilitating Community Research and 

Training programmes” in nuclear fission and radiation protection 

 

4.2 Lessons learned from major accidents (TMI 1979, Chernobyl 1986, Fukushima 2011) – 

"Stress Tests" in all EU NPPs  

4.2.1 Three Mile Island (USA, Pennsylvania, Harrisburg, 28 March 1979)  

4.2.2 Chernobyl (Ukraine, ex-Soviet Union, 25 April 1986)  

4.2.3 Fukushima Daiichi (Japan, Great Earthquake, 11 March 2011) 

4.2.4 Comparative analysis incl. human/environmental impact and cost estimate 

4.2.5 “Stress tests”: targeted reassessments of the safety margins of NPPs 

4.2.6 Deterministic and/or probabilistic safety assessment methodologies 

 

4.3 Nuclear safety culture in industry: impact of human and organisational factors on safety 

performance 

 

4.4 Radiation protection safety culture in health care organisations (radiation techniques for 

medical diagnosis and treatment) 

 

4.5 EU international cooperation in nuclear fission - Instrument for Nuclear Safety 

Cooperation (INSC / EEAS) and Instrument for Stability (IfS  / DEVCO) 

 

5 – Achievements of Euratom RIE under FP7: from knowledge creation to competence 

building          p. 75 

 

5.1 Holistic approach in EU research & innovation and regional initiatives 

 

5.2 Euratom FP7 /2007–2013/ (indirect /DG RTD/ and direct /DG JRC/ actions)  

 

5.3 Towards a "European Higher Education Area" (ECTS - academia) and a “European Area 

of Skills and Qualifications” (ECVET - continuous professional development) 

 

5.4 "Euratom Fission Training Schemes" for lifelong learning and cross-border mobility 

– European Nuclear Education Network (2003) and EHRO-N (2009) 

 

6 - Euratom objectives under the SET-Plan and Horizon-2020: synergy between 

Research, Innovation and Education      p. 88 

 

6.1 "Innovation Union" - Turning ideas into jobs, green growth and social progress  

6.1.1 Priority 1 - Excellent science (4 topics: ERC, FET, MSCA and ESFRI) 

6.1.2 Priority 2 - Industrial leadership / “Risk-Sharing Finance Facility” 

6.1.3 Priority 3 - Societal challenges (7 topics, from health to transport) 

6.1.4 European Institute of Innovation and Technology (EIT) - KIC InnoEnergy 

  

6.2 “Resource efficient Europe” - Towards a resource-efficient, low-carbon economy  

6.2.1 SET-Plan "European Industrial Initiatives" (EII) including “sustainable nuclear 

energy” (ESNII) 

6.2.2 "European Energy Research Alliance" and “Education & Training Initiatives” 
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6.3 “An agenda for new skills and jobs - A European contribution towards full employment” 

(“Erasmus+” programme 2014-2020)  

 

6.4 Innovation challenges in Euratom (nuclear fission and fusion energy) 

(excellent science, societal challenges, integration in energy systems, sustainability) 

 

7 – Generation-IV: breakthrough technologies to improve sustainability, safety & 

reliability, socio-economics and proliferation resistance    p. 100 

 

7.1 Generation-I, -II, -III and -IV of nuclear fission reactors: research, development and 

continuous improvement for more than five decades  

 

7.2 Goals for Generation-IV and GIF "Technology Roadmap 2013" until 2030 (three phases 

before deployment: viability, performance, demonstration) 

 

7.3 "European Sustainable Nuclear Industrial Initiative" and Euratom research and training 

programme in fast neutron reactor systems 

 

7.4 Sustainability (efficient natural resource utilisation + minimization of radioactive waste)  

 

7.5 Safety & Reliability (maximum safety performance through design, technology, 

regulation and culture) 

 

7.6 Socio-economics (economic advantage over other energy sources + public engagement in 

decision making)  

 

7.7 Proliferation resistance and physical protection (protection against all kinds of terrorism) 

 

8 – Summary of nuclear stakeholder needs, common vision and implementation 

instruments          p. 127 

 

8.1 Reminder about applications of nuclear fission and ionising radiation (today and in the 

future) 

 

8.2 Summary of Directives on reactor safety, radiation protection and waste management 

 

8.3 Identification of society and industry needs: contribution of nuclear to sustainability, 

security of supply, competitiveness  

 

8.4 Convergence towards a common vision: towards a robust, equitable and socially 

acceptable place for nuclear fission 

 

8.5 Development of implementation instruments to meet above needs and vision: funding of 

RIE actions under Euratom Horizon-2020 

 

9 – Conclusion - Towards a new way of "developing / teaching science" closer to the 

stakeholders          p. 143 
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ANNEXES (under revision – 30/09/2015) 

 

ANNEX 1 

1 - Symposium "Nuclear Fission Research for a low carbon economy" (Brussels, 26-27 

February 2013) 

 

1.1 - Scientific-technological part of the “2012 Interdisciplinary Study” 

  

1.2 - Socio-political part of the “2012 Interdisciplinary Study”  

 

1.3 - Expert recommendations endorsed by policy makers during “2013 Symposium”  

 

ANNEX 2 

 2 - Vision Reports of European Platforms (SNE-TP, IGD-TP) and MELODI + Integrated 

Roadmap of SET Plan (beyond 2016) 

 

2.1 - SNE-TP : A Vision Report (Sept 2007) and ESNII Key Performance Indicators 

2.1.1 Excerpt of the Vision Report (focus on RIE needs) 

2.1.2 Key Performance Indicators for monitoring progress in ESNII 

 

2.2 - IGD-TP: A Vision Report (November 2007) - excerpt with focus on RIE needs 

 

2.3 - MELODI: A Vision Report (High Level Group report, November 2008)  

2.3.1 Excerpt from the Vision Report (focus on RIE needs) 

2.3.2 Estimate of Staffing Levels in Europe (e.g. Medical Physics Expert) 

 

2.4 - Euratom research and training under the SET Plan (beyond 2016) 

2.4.1 Strategic Energy Technology (SET) Plan / Towards an Integrated Roadmap - 

Contributions from the Stakeholders - (posted in SETIS website) 

2.4.2 SET Plan: The Integrated Roadmap / ANNEX I: Research and innovation 

actions / Part II – Competitive, .. Sustainable .. Energy System 

 

ANNEX 3 

3 – Facts about nuclear fission power programmes in the EU and world-wide  

 

3.1 - Facts and figures about nuclear in EU (Eurostat data) and world-wide (IAEA) 

3.1.1 Statistics world-wide and in the EU (total energy, electricity, nuclear 

  power plants) 

3.1.2 Nuclear fuel cycle (from mining and milling to disposal of spent fuel and other 

radioactive waste) 

 

3.2 - Total of 131 units operable in 14 EU Member States (total power = 122 GWe) 

 

3.3 – Event reporting to the Commission (ECURIE) and "European Human  

         Resources Observatory - Nuclear Energy" (EHRO-N) 

 

3.4 - Emerging Nuclear Energy Countries ( > 45 countries according to IAEA)  

 

3.5 - New build in the EU (Generation III) and "European Utility Requirements" 

3.5.1 - New build world-wide (Generation III with passive safety systems)  
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3.5.2 – Harmonisation of regulatory and of industrial requirements: "Nuclear 

Regulators’ Working Group" and "European Utility Requirements" (EUR) 

 

3.6 – "European Research Area of Experimental Reactors" (ERAER) to support innovation 

3.6.1 JHR, MYRRHA and PALLAS in the SRA of the SNETP 

3.6.2 Gen-IV demonstrators in the EU (ASTRID, ALFRED, ALLEGRO) 

 

3.7 - Nuclear energy for peaceful purposes (IAEA NPT signed in 1970) and IFNEC  

 

3.8 - Public debate between critics and defenders of nuclear power  

 

ANNEX 4 

4 – Lessons from Fukushima (2011): ENSREG 2012 ("Stress Tests"), WENRA (2012), 

SNE-TP (2013), OECD/NEA (2013) and Nuclear Safety Directive (2014/87) 

 

4.1 - Fukushima accident and follow-up events in EU and world-wide  

4.1.1 Facts and Figures about Fukushima accident (compared to Chernobyl) 

4.1.2 Main follow-up events world-wide and "Fukushima Nuclear Accident 

Independent Investigation Commission" (NAIIC, July 2012) 

 

4.2 - Summary of the "Stress Tests” (ENSREG 2012) 

 

4.3 - Lessons learned from the "Stress Tests” (focus on RIE in safety technology and culture) 

4.3.1 WENRA Safety Objectives for New NPPs (Reactor Harmonization, 2012)  

4.3.2 Excerpts from "Report of the SNETP Fukushima Task Group", Jan 2013 

4.3.3 Excerpts from OECD/NEA document on lessons learned from Fukushima 

4.3.4 Revised Safety Directive (Council Directive 2014/87/Euratom 08/07/2014) 

4.3.5 "Energy Union" communication (COM 2015 / 80) and EU leadership in nuclear 

4.3.6 Euratom RIE programmes in severe accident management (FP4 - Horizon-2020) 

 

ANNEX 5 

5 - "Euratom Fission Training Schemes" and national nuclear education and training 

initiatives  

 

5.1 ECVET implementation in the nuclear sector / portfolios of Learning Outcomes 

(Knowledge – Skills - Competences) in eleven "Euratom Fission Training Schemes" 

5.1.1 ECNET, ENEN III, TRASNUSAFE, CORONA, CINCH II, EUTEMPE-RX, 

GENTLE, NUSHARE, PETRUS III, ENEN-RU II, ENETRAP-III 

5.1.2 Focus on training for pre-conceptual design of Generation-IV systems under 

Euratom FP7 (2009 -2012) 

 

5.2 - Nuclear E&T initiatives in the EU related to fission and fusion 

5.2.1 Dedicated interdisciplinary E&T workshops embedded in RTD projects  

5.2.2 KIC InnoEnergy, collaboration between industry (innovation) and universities 

(education) 

5.2.3 "European Nuclear Safety and Security School" (EN3S of DG JRC) 

5.2.4 Targeted nuclear E&T initiatives of common interest (including law) 

5.2.5 European FUSION E&T activities (FuseNet Association) 
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5.3 - National nuclear E&T networks and Nuclear Knowledge Management initiatives 

(including MOOC) 

 

5.3.1 National E&T networks (15 in total): CEA / INSTN, BNEN, NTEC, CEIDEN, 

Kompetenzverbund Kerntechnik, CIRTEN, FINNEN, SKC, RONEN, PNPN (Poland), 

CENEN, SNEN, KINT, ELFT, EPFL & ETHZ  

5.3.2 National surveys on the situation of human resources and future needs 

5.3.3 Distance-learning initiatives in nuclear fission world-wide including webinars 

and MOOCs (Massive Open Online Courses)  

5.3.4 Nuclear Knowledge Management (e.g. terms to be avoided, data mining) 

5.3.5 Nuclear communication/information campaigns (some examples in EU) 

 

5.4 – “Bologna 1999” process (academic grades) and “Copenhagen 2002” process 

(continuous professional development) / "Erasmus +" project BRIDGE (2014 –2017) 

 

5.4.1 Learning outcomes / learning attainments 

5.4.2 Formal, Non-formal and Informal learning 

5.4.3 EU Qualification Framework for lifelong learning (2008)  

5.4.4 Towards a common job taxonomy for workforces in the nuclear sector 

5.4.5 "Erasmus +" project in the nuclear sector: BRIDGE (2014 –2017) 

 

 

=============================== 

 

 

Summary paper (18 pages) available on ENEN website: 

(1) http://www.enen-assoc.org/en/training/gvg1.html 

 

(2) http://www.enen-assoc.org/en/training/gvg2.html 

 

 

http://www.enen-assoc.org/en/training/gvg1.html
http://www.enen-assoc.org/en/training/gvg1.html
http://www.enen-assoc.org/en/training/gvg2.html

